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ABSTRACT

Nonpharmacological interventions are one of the mainstreams of 
treatment for patients with spondyloarthritis (SpA). They include 
education, measures regarding joint protection, posture and rest, 
therapeutic exercise, physical therapy modalities, orthoses, and 
acupuncture. A key component in the rehabilitation of patients 
with SpA entities is therapeutic exercise, which can be performed 
as land-based or water-based. Positive effects of the exercises are 
manifested in reducing pain, maintaining mobility, improving po-
sture, increasing aerobic capacity and improving quality of life. 
The best effects can be obtained when exercise is performed un-
der the supervision of a physiotherapist at a health institution. The 
majority of studies on therapeutic exercise in SpA are related to 
ankylosing spondylitis (AS), while there is a paucity of studies 
devoted to other conditions. Although progress has been made in 
the quantity and quality of research on this topic, there are still 
issues regarding the quality of studies and considerable variability 
among them, which makes it difficult to compare different met-
hods and harmonize and develop rehabilitation protocols accor-
ding to evidence-based medicine.

Key words: exercise, physical therapy modalities, rehabilitation, 
spondylarthritis rehabilitation



145

INTRODUCTION 

Spondyloarthritides (formerly spondyloarthro-
pathies) (abbreviation SpA) is a group of he-
terogeneous inflammatory rheumatic diseases 
sharing similar genetic, clinical and radiolo-
gical features. The group includes ankylosing 
spondylitis (AS), psoriatic arthritis (PsA), reac-
tive arthritis, enteropathic or arthritis associated 
with inflammatory bowel disease and undiffe-
rentiated spondyloarthritis (1). The most promi-
nent common features in these entities are: nega-
tive rheumatoid factor, familial aggregation and 
high prevalence of HLA B-27 antigen, clinical 
features which include the involvement of axial 
skeleton (spine and sacroiliac joints) or asymme-
trical and oligoarticular affection of peripheral 
joints, enthesitis, dactylitis and extra-articular 
manifestations such as uveitis, psoriasis, and in-
flammatory bowel disease. Depending on the cli-
nical and radiographic characteristics, SpA may 
be classified either as axial or peripheral, and 
newer classification criteria have expanded the 
spectrum by including early (non-radiographic) 
forms of axial disease detectable on magnetic 
resonance imaging (MRI) (2, 3). Prevalence of 
SpA in the world population ranges from 0.2% 
to 1.61%, bearing in mind that some of the diffe-
rences might be the result of the different defini-
tion and methodology used in these studies (4).
Patients with SpA have reduced physical ability 
and quality of life (QoL) (5). For instance, self-
care and mobility are impaired in more than half 
of patients with AS (6). Working capacity is also 
reduced in these patients, resulting in an increa-
sed economic burden on the patient and the he-
alth system (7). Depending on the study, working 
incapacity for patients with AS ranged between 
3% and 50% (8,9). 
In PsA, alongside physical impairment, the pre-
sence of psoriasis carries a great psychological 
and social burden, too. The disease negatively 
affects the quality of life and leads to an incre-
ased incidence of sleep disorders, exhausti-
on, stress, and depression, creating a negative 
body image and leading to a decrease in work 
productivity (10). It was shown that the risk of 
depression is significantly increased in patients 
with AS and PsA (11, 12). In one study, factors 
associated with deterioration or improvement of 
self-reported depression were fatigue, general 

health, QoL, level of functioning, disease acti-
vity and self-efficacy (13). 
The prerequisite of an adequate plan for rehabi-
litation interventions is an evaluation of a patient 
in regard to the disease activity and functional 
ability (biomedical aspect) as well as the biop-
sychosocial aspect (biometric evaluation). In the 
last 20 years, validated questionnaires for measu-
ring disease activity and functional ability were 
designed for AS and PsA. These instruments con-
sist of questions reported by the patients themse-
lves (Patient Reported Outcomes - PRO-s) and 
some are combining PRO-s with some objective 
measures, e.g. CRP. Some of the most known 
examples for AS are Bath Ankylosing Spondyli-
tis Functional Index (BASFI), Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI) or 
Ankylosing Spondylitis Disease Activity Score 
(ASDAS), while examples of instruments develo-
ped for PsA are Psoriatic Disease Activity Index 
(CPDAI), Disease Activity in Psoriatic Arthritis 
(DAPSA), and Psoriatic Arthritis Disease Activity 
Score (PASDAS) (14, 15). It is worth mentioning 
that due to its heterogeneity, tools for PsA are not 
generally accepted and various instruments are in 
use, most commonly those “borrowed” from rhe-
umatoid arthritis (RA) and AS (15).
From the point of view of physical and rehabilita-
tion medicine, main health issues of SpA patients 
are encompassed by the International Classifica-
tion of Functioning, Disability, and Health (ICF), 
which is based on the biopsychosocial principle 
(16, 17). As a universal conceptual framework ICF 
covers the whole spectrum of issues in the mus-
culoskeletal diseases and is useful for structured 
identification of disability in a particular condition 
and for the particular patient, as the diagnosis itself 
does not reveal what the patient can do, what is 
his/her prognosis or what are the costs of rehabi-
litation. ICF includes domains of body functions 
and structure, activities and participation and envi-
ronmental factors. Among SpA entities, Compre-
hensive and Short Core Set of ICF was developed 
for AS, but not for other SpA entities (18).

GENERAL PRINCIPLES 

The primary objective of any intervention in SpA 
is to achieve best possible long-term health-rela-
ted quality of life (HR-QoL) through the control 
of symptoms, prevention of structural damage 
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progression and preservation and improvement of 
functionality and social participation (19, 20). In 
accordance with these goals, adequate assessment 
and regular patient follow-up are required, ide-
ally within a multidisciplinary team. The number 
of team members can be expanded or reduced as 
needed, but it usually consists of physicians (spe-
cialist in physical and rehabilitation medicine 
and, if necessary, other specialties), physiothera-
pists, occupational therapists, nurses, occasionally 
accompanied by orthopaedic technicians, social 
workers, and clinical psychologists. This approach 
in the rehabilitation of chronic illness, such as 
SpA, encourages the patient to participate more 
actively in the treatment and to take responsibility 
for the decisions related to his/her condition. Non-
pharmacological non-surgical interventions, as the 
mainstream of rehabilitation, are recognized as 
extremely important in patients with SpA (21,22). 
In that regard, therapeutic exercises have a crucial 
role, especially in patients with axial SpA (axSpA) 
(21,22). Other methods used in a non-pharmaco-
logical non-surgical approach for patients with 
SpA usually include education of patients and the-
ir families, occupational therapy, use of different 
physical modalities and in some instances use of 
orthoses and walking aids (22).

EDUCATION

Patient education is included in the domain of se-
lf-help, along with social learning and cognitive-
behavioural therapy (22).
Educational programs include informing patients 
and their families about nature and course of the 
disease, possibilities of self-treatment, conserva-
tive and surgical treatment and the importance 
of modifying habits and professional activities, 
including the use of aids. Studies have shown the 
efficacy of education in improving the functiona-
lity of patients with AS, and better results of these 
programs can be achieved if they are applied at 
an early stage of the disease (23). Level of pati-
ent involvement in decision-making is important, 
as it was shown in patients with PsA, where the 
low level of their involvement resulted in lower 
satisfaction with the treatment (24). Patients sho-
uld realize, accept and implement that investing 
time and energy in these non-pharmacological in-
terventions results in a reduction of disability and 
improvement of the quality of life (25). Possibi-

lities of sport and recreational activities that can 
contribute to the improvement of their functional 
status should be communicated to these patients, 
too. For example, backstroke swimming, skiing, 
basketball, badminton or volleyball can be re-
commended for patients with AS/axSpA, while 
sports and recreational activities that are increa-
sing the load on pectoral muscles and worsening 
thoracic spine kyphosis, such as breaststroke 
swimming, cycling, rowing, hockey, high or long 
jump and contact sports (e.g. boxing) cannot (26). 
Apart from the individual face to face approach 
patients can get information through support gro-
ups, printed materials (e.g. booklets, magazines), 
websites, lectures or public campaigns. A study 
which evaluated the significance of specific ad-
vice given to AS patients showed that the most 
valuable for them were those about the importan-
ce of daily exercise routine (69%), followed by 
the advice about the importance of maintaining 
mobility (55%). Other advices perceived to be 
important referred to sleeping on a hard mattress 
(53%), avoiding the use of large pillows (42%), 
maintaining good posture (38%) and participa-
ting in sports activities (36%) (27). 
Among others, smoking cessation is frequently 
recommended, especially for patients with AS, as 
it was shown that smoking increases disease ac-
tivity, inflammatory activity visible on magnetic 
resonance imaging and spondylophyte formation 
(28,29). Despite that, the effect of smoking ces-
sation on signs and symptoms in AS/axSpA has 
not been proven.
Interventions based on social learning through 
the observation of other patients’ behaviour are 
also included, and for this purpose, problem-sol-
ving and goal-achieving techniques such as bio-
feedback, relaxation, cognitive restructuring and 
encouragement of social participation are appli-
ed (22). One should always consider a question 
of effect-size and cost-effectiveness of these 
interventions in a specific socio-economic envi-
ronment (30-32). 

JOINT PROTECTION, POSTURE AND REST

Certain positions and motions in SpA patients can 
increase the risk of experiencing pain and further 
damage. Joint protection is based on learning to 
position a joint in the least painful way with the 
smallest functional deficit. Studies have provided 



147

strong evidence on the efficacy and long-term 
effectiveness of joint protection programs, which 
should be done under the supervision of an adequ-
ate professional, mostly occupational therapist 
(33, 34). Maintaining proper posture is especially 
important for patients with AS/axSpA. In the initi-
al stage of the disease, lumbar lordosis is reduced, 
followed by the increase of the thoracic kyphosis 
and the reduction of the cervical lordosis, while 
in the later stage of the disease, a hip contractu-
re can occur, which, in order to maintain the ba-
lance, results in compensatory knee flexion. This 
type of posture is called “skier’s stance”. In bio-
mechanical sense, it is rather ineffective in main-
taining proper balance because even in the early 
stage of the disease it shifts the gravitational centre 
forward (35). Therefore, patients should be advi-
sed not to spontaneously stand (or sit) in a flexion 
posture, even though it reduces pain. Implemen-
ting ergonomic rules at home, workplace and du-
ring recreational activities will improve the long-
term functional outcome of the disease. In order to 
minimize long-term consequences, regular change 
of body position, stretching and postural control 
are recommended. When working in an upright 
position, the working surface should be at a height 
that allows working without bending. A chair sho-
uld provide support for the entire spine, including 
the neck, while the hips and knees should be po-
sitioned at 90 degrees, foot pads should be used if 
feet do not reach the floor, while armrests help to 
reduce the strain on the cervical muscles. For peo-
ple who spend more time working at the computer, 
a simple adaptation of the height of the screen and 
the chair can make a significant difference (34). 
Car seats should support the neck and spine, and 
headrest should be at least 7 cm higher than the 
eye level. Specially designed rear view mirrors 
can increase the field of vision (36).
Since the lack of energy and fatigue are important 
symptoms of inflammatory rheumatic diseases, 
patients should be advised on resting, and the re-
sting position should prevent the development of 
the contractures. Patients with AS/axSpA are re-
commended to lie supine but should have a pillow 
under the head, which should be as small as po-
ssible. Hip flexion contractures can be prevented 
by laying prone twice a day for 20-30 minutes or, 
when lying supine, by suspending the leg over the 
edge of the bed, thus stretching the hips (37).

THERAPEUTIC EXERCISE 

Therapeutic exercise is the most important non-
pharmacological intervention in patients with 
SpA, having a preventive and therapeutic purpo-
se. General positive effects of exercise are well 
known, and they include reducing the risk of 
cardiovascular and metabolic diseases (38, 39), 
maintaining cognitive functions (40), improving 
strength, mobility, balance and coordination (41), 
reducing the risk of fall (42), increasing bone 
density (43), and improving mental health (44). 
Therapeutic exercise can be performed in health 
facilities or at home, individually or in groups 
and it can be land-based or water-based. 
In the past two decades, new insights have emer-
ged regarding the role of therapeutic exercise in 
inflammatory rheumatic diseases, therefore mo-
difying the present paradigm. Studies have shown 
that exercise has a significant anti-inflammatory 
effect. The contraction of the muscle, which acts 
as a secretory organ, stimulates the production, 
excretion, and expression of cytokines and other 
peptides, called myokines, derived from the 
muscle fibres. Interleukin – 6 (IL-6) that comes 
from the same family as proinflammatory IL-6, 
is considered to be the most important myokine 
(45). It inhibits the production of tumor-necrosis 
factor – alpha (TNF-α) and stimulates the produc-
tion of anti-inflammatory cytokines IL-1 receptor 
antagonist and IL-10 (45-47). Therefore, contrary 
to the previous belief that exercise is contraindica-
ted in the acute phase of inflammation, therapeutic 
exercise is now viewed as a potential remedy for 
patients with inflammatory rheumatic diseases. 
This can also explain some of the positive effects 
of exercise in other chronic diseases (48).
Therapeutic exercise should be prescribed indivi-
dually for each patient, depending on the current 
disease activity and functional status. Generally, it 
is important to start such a program at low levels of 
load, gradually, increasing its intensity and duration. 
Although the beneficial effects of physical activity 
and exercise are well-known, no specific guidelines 
on the required type and dosage for patients with 
arthritis were available until 2018., when EULAR 
published recommendations for physical activity 
in people with inflammatory arthritis and osteoar-
thritis. Given the evidence of its effectiveness, fe-
asibility and safety, physical activity is advocated 
as an integral part of standard care throughout the 
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course of these rheumatic diseases (49). One should 
be aware of contraindications for therapeutic exer-
cise, and the usual ones for patients with axSpA/
AS are atlanto-axial dislocation, active uveitis, and 
discitis. In inflammatory rheumatic diseases, SpA 
included, pain can increase with rest and decrease 
with motion, but one should keep in mind that it can 
also increase at the start of the exercise cycle (50, 
51). Overall, long-term results in patients with SpA 
are positive not only regarding the improvement 
in physical performances and aerobic capacity but 
also in the reduction of fatigue and improvement in 
mental health (52). The majority of studies on the 
effects of therapeutic exercise in SpA refer to AS. 
A recent meta-analysis has confirmed the effective-
ness of therapeutic exercise on disease activity and 
function in these patients, as was seen by a decrease 
in BASDAI and BASFI (53). For AS patients, espe-
cially younger and working individuals, home-ba-
sed exercise is more practical and time-efficient. In 
a work of Aytekin et al. regular exercise at home (at 
least 5 times a week with a minimum duration of 30 
minutes a day) reduced pain and stiffness of the spi-
ne and improved chest expansion and quality of life 
(54). A recent meta-analysis has confirmed that ho-
me-based exercise improves health-related quality 
of life (55). Despite that, studies have shown that 
health facility-based exercise supervised by a physi-
otherapist was more effective than home-based 
exercise in terms of both alleviating symptoms and 
improving mobility (56, 57). Reasons for this could 
be better exercise technique and better motivation, 
social contact, and communication with other pati-
ents. According to some studies, the duration of the 
disease is not crucial in achieving a positive result, 
i.e. it is possible to prevent further decrease of spinal 
function and improve general condition in short or 
long-lasting disease (58, 59). A recent study on the 
effects of therapeutic exercise in non-radiographic 
axSpA compared to established AS patients showed 
equal effectiveness of intensive exercise program 
on spinal mobility and serum calprotectin level, as a 
marker of disease activity (60).
There are different types of exercise that are used 
and consequently were evaluated in patients with 
axSpA/AS. They include stretching, range of 
motion, strengthening and endurance (especially 
paravertebral, abdominal and chest muscles), 
exercises for improving posture, breathing exer-
cises and aerobic exercises (50, 61).

In AS, shortening and tension of muscles are most 
prominent in the sternocleidomastoid and trape-
zius muscles, shoulder adductors and flexors, hip 
adductors and flexors, hamstrings and m. triceps 
surae. Stretching improves a range of motion and 
posture. It can be preceded or carried out simul-
taneously with thermal physical procedures. A 
technique used in the context of stretching is the 
proprioceptive neuromuscular facilitation (62). It 
is usually performed in a way that a muscle is 
placed in a maximally stretched position and iso-
metrically contracted for 3 seconds, followed by 
2 seconds of muscle relaxation, then actively or 
passively stretched for further 6 seconds. 
In patients with AS, range of motion exerci-
ses include spinal, chest and limb mobilization 
techniques, and for the latter emphasis is put on 
hips and shoulders. Spinal mobilization exerci-
ses can be performed from a supine, crawling or 
seated position. Chest mobilization is especially 
important in patients with AS, and in addition to 
breathing exercises, activities such as singing or 
playing a wind instrument are also encouraged. 
Studies evaluating the effect of therapeutic exer-
cises on pulmonary function in patients with AS 
have shown positive results in multiple pulmo-
nary function outcomes, including chest expan-
sion, maximal inspiratory pressure, maximal 
expiratory pressure and overall pulmonary func-
tion (63). A study by Basakci Calik et al. inve-
stigated the effects of inspiratory muscle training 
and showed that this type of exercise in addition 
to conventional exercises increased inspiratory 
muscle strength, functional exercise capacity and 
positively affected disease activity (64). 
Strengthening exercises are also an important 
part of SpA rehabilitation because the disease le-
ads to loss of muscle strength due to both inacti-
vity and the inflammatory process itself (65, 66). 
In axSpA/AS patients special attention should 
be given to the strengthening of the antigravity 
muscles - spine extensors and gluteal muscles, 
although lateral trunk flexors and trunk rotators 
should not be neglected (50, 61). Caution is requ-
ired in the mobilization of the joints with active 
inflammation or in more mechanically impaired 
joints when gentle active assisted exercises or 
isometric exercises can be prefered because of 
their minimal effect on joint load (67).



149

As postural stability is deteriorating with the pro-
gression of axSpA/AS, exercises for balance and 
posture should be included in the rehabilitation 
program. Demonitis et al. demonstrated positive 
effects of the supervised rehabilitation program 
and home-based rehabilitation program on balan-
ce and postural stability (68). In the study by Gu-
nay et al. balance and postural stability exercises 
in addition to a spa-based rehabilitation program 
increased the duration of maintaining balance (69). 
For AS patients, special exercise programs such 
as the Global Posture Reeducation method have 
been developed. This method is based on exer-
cises for shortened muscular chains, such as the 
posterior chain, anterior diaphragmal chain, an-
teromedial pelvic chain and the scapular chain 
(70, 71). Some studies have shown that this type 
of exercise is better than a conventional exercise 
in outcomes such as forced vital capacity, forced 
expiratory volume in one second and peak expi-
ratory flow (71-73).
Aerobic exercises are very beneficial in patients 
with AS. One type of aerobic exercise often re-
commended to AS patients is swimming, though 
evidence of its overall effectiveness is limited. A 
study by Karapolat et al. showed significant im-
provement in exercise tolerance and pulmonary 
capacity by combining swimming and walking 
(74). In the study of Jennings et al. aerobic trai-
ning led to improvements in aerobic capacity and 
maximum walking distance but did not have an 
impact on functional capacity, mobility, disea-
se activity, quality of life and blood lipid levels 
(75). Although morbidity and mortality of cardi-
ovascular diseases in SpA patients are increasing, 
benefits of aerobic exercise in the reduction of 
cardiovascular risk have not yet been adequately 
studied in this population (76).
Pilates, Tai-chi, Yoga and similar techniques are 
becoming increasingly attractive for various con-
ditions, SpA included. Altan et al. evaluated the 
effect of Pilates exercise in patients with AS, and 
the results showed an increase in functionality, 
measured by BASFI (77). Rosu et al. demonstra-
ted the benefits of multimodal exercise program 
combining Pilates, McKenzie, and Heckscher 
techniques with significant improvement in pain, 
lumbar spine mobility (modified Schober test, 
fingertips-floor distance), BASFI, BASDAI, BA-
SMI and chest expansion (78). There is only one 

study that investigated the efficacy of Tai-chi in 
SpA conditions, and the results suggested that 
this type of exercise can decrease disease activity 
and improve flexibility in patients with AS, altho-
ugh the possibility of the placebo effect could not 
be discounted (79). Yoga seems to be effective in 
decreasing pain and inflammation while increa-
sing QoL in patients with RA (80), but despite the 
increasing acceptance and its use as an effective 
mind-body technique, there are no studies about 
its effect in patients with SpA (81).
As the treatment of AS with TNF-α inhibitors 
is becoming more widespread, a number of stu-
dies analysed the effect of the combination of 
TNF-α inhibitors and therapeutic exercises. Me-
ta-analysis has shown that this combination has 
improved outcomes measuring disease activity 
(BASDAI) and range of motion (BASMI) (82).
The effects of rehabilitation modalities, therape-
utic exercise included, in PsA, as well as other 
SpA-s, have not been sufficiently evaluated so 
far. Nevertheless, the international society of 
experts on psoriasis and PsA (Group for Resear-
ch and Assessment of Psoriatic and Psoriatic Ar-
thritis - GRAPPA) considers rehabilitation to be 
an important component of treatment for these 
patients (21). Physical therapy has been particu-
larly effective in the axial form of the disease and 
in the treatment of enthesitis (83). A recent study 
by Roger-Silva et al. observed positive effects of 
resistance training in PsA patients in the sense of 
improvement in functional capacity and quality of 
life, as well as in the reduction of disease activity 
(measured by BASDAI), although no significant 
increase in muscle strength was observed (84). 
Adherence is one of the most important factors in 
the success of the therapeutic exercise. According to 
some studies, adherence for supervised short-term 
programs (1-12 months) was found to be 68-93%, 
while long-term adherence requiring significant li-
festyle changes was 25-50% (85, 86). Adherence 
was better if exercise technique and purpose had 
been clearly explained and if they could be perfor-
med in a safe environment under the supervision 
of a physiotherapist. One should bear in mind that 
disease activity reduces adherence (87). A study by 
Barlow et al. in AS patients found that the most im-
portant obstacles for exercise were: pain, fatigue, 
boredom, lack of time, inadequate education on the 
safety of exercise, lack of support from family and 
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friends, inadequate equipment and stigma during a 
group exercise (88). Solutions proposed for these 
problems include diversity in exercise programs, 
group exercise, better social support and pain ma-
nagement, establishing therapeutic exercise as a 
form of everyday activity and increasing the con-
fidence in the safety of exercises (88). Swinnen et 
al. aimed to determine whether fear of movement 
and (re)injury [FOM/(R)I] beliefs, measured with 
the Tampa Scale for Kinesiophobia 11-item ver-
sion (TSK-11), influenced activity limitations and 
mediated the relationship between pain severity 
and activity limitations in axSpA (89). The results 
showed that TSK-11 partially mediated the BAS-
DAI/pain/BASFI relationship and that FOM/(R)I 
could be a novel treatment target in these patients 
(89). A study by Santos et al. showed that adheren-
ce in AS was most related to rheumatologist follow-
up belief in the benefits of therapeutic exercise and 
a higher degree of education (90). Also, in a study 
by Passalent et al. the majority of patients stated 
that they did not exercise regularly (more than 3 
times a week) despite knowledge of the positive 
effects of exercise. Fatigue was identified as the 
most important interference factor, and adherence 
decreased with the duration of the disease, too (91). 
Considering the aforementioned studies, besides 
the education on the positive effects of exercise, it 
is important to include exercise in the daily routine 
and create diverse and interesting programs. In that 
context patient’s preferences, expectations and atti-
tudes should be especially respected (51).
Regarding the quality of evidence presented in 
the studies of therapeutic exercise in SpA, the 
comparison between studies is hampered by high 
variability of techniques, duration, frequency and 
number of repeats of exercise. 

HYDROTHERAPY AND BALNEOTHERAPY

Hydrotherapy and balneotherapy are traditio-
nally used in the treatment of patients with diffe-
rent musculoskeletal conditions including dise-
ases from the spectrum of SpA. A water-based 
exercise program should be well designed and 
adjusted to the condition of the patient because 
in the water the patient is feeling freer so there is 
an increased risk of effects of compensatory mo-
vements on the weaker parts of the kinetic chain. 
As for the swimming techniques in AS, backstro-
ke swimming has a good effect on the stretching 

of the pectoral muscles and should be preferred 
to the breaststroke, although breaststroke has a 
good effect on the increase of the cervical lordo-
sis, which is often reduced in these patients (92).
In spite of its widespread use in clinical practi-
ce, effects of hydrotherapy and balneotherapy in 
rheumatic conditions are still a matter of debate. 
A water-based exercise program can improve cir-
culation, muscle strength, flexibility and range of 
motion, coordination, cardiovascular and respira-
tory conditioning and reduction of pain and muscle 
spasm (62, 93). As for AS, several studies showed 
a positive effect of hydrotherapy (therapeutic exer-
cise included) and balneotherapy in these patients. 
A meta-analysis in AS patients showed that the 
effect of combined hydrotherapy and land-based 
therapy was better than land-based therapy alone in 
terms of pain reduction, improvement in physical 
function and global health assessment (94). A study 
by Olah et al. compared the effect of hydrotherapy 
in pipe water and in mineral water and observed 
that mineral water had a better effect on some in-
flammatory markers and serum lipid levels (95). 
Assessing the results of 16 randomized controlled 
studies, Françon and Forestier concluded that bal-
neotherapy resulted in long-term pain reduction, 
decreased use of nonsteroidal anti-inflammatory 
drugs (NSAIDs) and improvement in functional 
ability and/or quality of life in AS and RA patients 
(96). Ciprian et al. evaluated the effect of balne-
otherapy in AS patients treated with TNF inhibi-
tors, and found a greater improvement in functio-
nal status (measured by BASFI), disease activity 
reduction (measured by BASDAI), range of moti-
on increase (measured by BASMI), pain reduction 
(measured by VAS) and functional improvement 
(measured by HAQ) in a combination of TNF in-
hibitor therapy and balneotherapy than when the 
TNF inhibitors were used alone. The improvement 
was maintained after 3 and 6 months (97).
Only a small number of studies evaluated the 
effects of balneotherapy and hydrotherapy in 
other SpA entities. Mustur et al. conducted 
4-week spa rehabilitation study in patients with 
PsA and concluded that such a program signifi-
cantly reduced disease activity parameters (num-
ber of pain and swollen joints, level of pain, dura-
tion of morning stiffness, and composite disease 
activity index DAS28) (98).
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PHYSICAL THERAPY MODALITIES

Different physical therapy modalities are used in 
clinical practice. However, there is a very limi-
ted number of quality studies on their efficacy in 
SpA conditions. So, their use in clinical practice 
is mainly based on experience in treating other 
musculoskeletal disorders (99).
In a study by Gemignani et al. transcutaneous 
electrical nerve stimulation (TENS) in AS pati-
ents provided short-term pain reduction, but it 
was not significant compared to placebo (100). 
In a recent study by Chen et al. TENS had no 
effect on pain reduction, functional improvement 
or quality of life in patients with AS (101).
A study by Turan et al. has shown some posi-
tive effects of magnetotherapy in AS patients, 
but without significant short-term or long-term 
effects on crucial outcomes such as pain, fatigue, 
morning stiffness, functional indices and quality 
of life (102). A study by Karamanlioglu et al. eva-
luated the effect of therapeutic ultrasound in AS 
patients (103). It improved the effect of exercise 
and reduced pain, stiffness and disease activity 
and improved mobility of the lumbar spine and 
the quality of life (103).
Oosterveld et al. observed positive effects of infra-
red sauna in AS patients, regarding significant re-
duction in pain and stiffness, but only immediately 
after the application of the therapy, with the effects 
not lasting for 4 weeks after the intervention (104).
Straburzyńska-Lupa et al. evaluated the effect of 
whole-body cryotherapy (WBC) at -110°C and 
-60°C on disease activity, selected pro-inflamma-
tory cytokines, and oxidative stress in patients 
with AS. The results showed a significantly lower 
disease activity (measured by BASDAI score) af-
ter WBC at -110°C compared to the non-WBC 
group which performed exercise therapy (105). 

ORTHOSES 

In axSpA/AS patients orthoses can be used to 
stabilize the unstable spinal segment, especially 
in the case of advanced manifestations of the di-
sease, such as atlantoaxial dislocation with pre-
sent or potential major neurologic deficit or in the 
case of complications such as vertebral fracture. 
Sometimes a brace is applied in severe exacer-
bation of pain, usually for a very short period, 
although there are no studies supporting its use 

for this purpose. In the peripheral forms of SpA 
conditions, orthoses are sometimes used for re-
ducing joint load and preventing deformation 
and contracture, while orthopaedic shoes can be 
beneficial in the case of major foot deformities 
(22). It should be noted that there are no studies 
on the use of orthoses in SpA conditions. Howe-
ver, from the data in the studies of RA it can be 
concluded that, for example, finger orthoses can 
be effective in correcting deformations and incre-
asing stability and dexterity, while foot orthoses 
can be effective in reducing pain, improving 
function and delaying the development of bunion 
(106). Also, a systematic review has shown the 
efficacy of special shoes in reducing pain and im-
proving function (107).
It is important to note that orthoses should be 
prescribed for a shortest possible period and 
always combined with active therapeutic exerci-
se, due to possible negative effects of prolonged 
immobilization.
Prescription of mobility aids, such as crutches, 
cane, walker or wheelchair is also an important 
part of rehabilitation interventions in patients 
with SpA conditions, especially in cases of seve-
re disability. 

MANUAL THERAPY

Manual therapy is a traditional method of tre-
atment, practiced in clinics, although there is a 
lack of quality studies which could confirm its 
effectiveness, SpA patients included. Widberg et 
al. conducted a small study on a cohort of patients 
with AS (n = 32) who were randomized for self-
mobilization and manual spinal mobilization for 
8 weeks and compared to a control group (108). 
Manual therapy group showed a significant im-
provement in chest expansion index, posture, spi-
nal mobility and functionality, with improvement 
in posture, spinal mobility and functionality ma-
intained for 6 months (108).

ACUPUNCTURE

Acupuncture is increasingly becoming a part of 
treatment in rheumatic conditions (109). A me-
ta-analysis that evaluated the efficiency of acu-
puncture in AS patients demonstrated that it can 
further improve the clinical effect, including 
functional measures such as occiput-wall distan-
ce, chest expansion index and fingertip-to-floor 
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distance, as well as decrease acute phase re-
actants when used alongside with conventional 
synthetic disease-modifying drugs (csDMARDs) 
compared to csDMARDs alone (110). However, 
these results require a careful interpretation due 
to the poor methodological quality of the studies. 
In conclusion, although we are witnessing the 
increasing availability of potent drugs for the tre-
atment of patients with SpA conditions, non-phar-
macological/non-surgical approach still has an 
essential role in the treatment and rehabilitation 
of these patients. The most important component 

of such an approach is therapeutic exercise, which 
demonstrated efficacy in reducing pain, impro-
ving functionality and quality of life. Although 
the number of high-quality studies is increasing, 
further research is needed to determine the effecti-
ve rehabilitation protocols for these patients.
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ABSTRACT

Aim To validate surgical costotransversectomy as a technique 
for creating a scoliosis model in minipigs and to assess whether 
differences in approach (posterior medial approach, posterior pa-
ramedial approach and anterior approach by video-assisted thora-
coscopy) lead to differences in the production of spinal deformity. 
Creation of disease models in experimental animals, specifically 
in minipigs, is controversial, as no appropriate technique has been 
reported. 

Methods Surgical costotransversectomy was performed in 11 mi-
nipigs using 3 different approaches: posterior medial approach (4 
animals, group I), posterior paramedial approach (3 animals, group 
II) and anterior approach by videothoracoscopy (4 animals, group 
III). A conventional x-ray study was performed in the immediate 
postoperative period. Follow-up lasted for 4 months. Specimens 
were humanely killed according to current protocols, and a second 
x-ray study was performed. A deformation was measured using 
the Cobb angle and direct observation of the rotational component.

Results Data from group I revealed a scoliosis deformation of 
27º-41º (mean 34.5º) with a macroscopic rotational component. 
No deformity (<10º) or rotational component was observed in gro-
ups II and III. Only a posterior medial costotransversectomy pro-
duced a significant deformity in minipigs and established a valid 
model for studying scoliosis in these animals. 

Conclusion Only a posterior medial costotransversectomy produ-
ces a significant deformity in minipigs and establish a valid model 
for studying scoliosis in these animals. A tensegrity model wo-
uld elucidate such results and harmonize disparate conclusions. 
Further investigation is needed to demonstrate the reliability of 
tensegrity principles for spinal biomechanics.

Key words: experimental animal, model, spinal curvatures
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INTRODUCTION

Idiopathic scoliosis (IS) is defined as a lateral 
curvature or deviation (left or right) of the spi-
ne >10º that is associated with vertebral rotation 
(1). Its etiology is unknown. Although the most 
obvious abnormality is manifested in the frontal 
plane, vertebral rotation means that scoliosis is a 
three-dimensional deformity (2). The prevalence 
of IS ranges from 0.5% to 3%, depending on age 
group and sex. It is more common in adolescents 
and females (3.6:1 female-male ratio) (3). The 
prevalence of severe impairment (curves >30º) 
decreases to 0.15% to 0.3% (4). Three age gro-
ups have been established for this condition, as 
follows: infantile (<3 years), juvenile (3 to 10 ye-
ars) and adolescent (>10 years) (2).
The treatment of IS varies according to severity 
and progression of the deformity and may be con-
servative (observation and orthopaedic measures) 
in the early stages or aggressive (surgery) in ad-
vanced or progressive forms. The use of braces 
to halt progression of scoliosis has limited use-
fulness in many cases and significantly impacts a 
child´s daily life (5). On the other hand, surgery is 
an aggressive intervention that limits the patient´s 
functional capacity and often needs to be repea-
ted, with a complication rate of around 5.7%. Sur-
gery has proven to be fatal in 0.03% of cases (6).
In this context, scoliosis models in experimental 
animals provide a reasonable approach to the pat-
hophysiology of this disease and to the design of 
possible therapeutic options. More than 50 years 
of experience have been accumulated in this field 
and different procedures have been developed 
to establish the pathogenesis of the model. Ma-
cEwen (7) studied three possible models: natural 
scoliosis, scoliosis caused by systemic agents and 
scoliosis induced by surgical procedures. Natu-
ral scoliosis has been observed in several speci-
es, although few experimental studies have been 
performed, owing to the low caseload and the 
complexity in obtaining and working with these 
animals. Scoliosis induced by systemic agents is 
based on various publications about the “scolio-
genic” potential of some substances (e.g. insulin 
injected into a chicken embryo or 6-aminonico-
tinamide injected into a mouse embryo) or some 
conditions affecting the organism (e.g. hypovi-
taminosis E or pregnant rat hypoxia). However, 
the appearance of multiple concomitant major 

malformations in other organs makes isolated 
study of the spinal deformation difficult. Scoli-
osis induced by surgical procedures is the most 
comprehensive and promising approach, because 
of its ability to generate animal models designed 
exclusively for IS studies and the lack of associa-
ted abnormalities that could distort results.
Numerous techniques have been described to cre-
ate scoliosis models in the experimental animal. 
In the 1980s, Dubousset started the pinealectomy 
line of research, which was based on the ability 
of this technique to produce deformities in chic-
kens that were similar to those of humans IS. La-
ter investigations by Machida and Dubousset (8) 
and O’Kelly and Wang (9) support this model. 
Piggot (10) used unilateral costotransversectomy 
in experimental rabbits to generate scoliotic cu-
rvatures, which led to convex deformity on the 
operated side. The author carried out a clinical tri-
al with 25 patients aged between 2 and 14 years, 
who suffered from rapidly progressive scoliosis 
(with an unknown etiology in most cases). Costo-
transversectomy was performed on the concave 
side of the curvature, resulting in process dece-
leration and, in some cases, a slight regression. 
The author highlighted the need for caution and 
further investigation before results could be con-
sidered conclusive. Subsequently, the validity of 
this principle has been confirmed when applied to 
pinealectomized chickens (11). Braun et al. (12-
14) analysed the results obtained in costotransver-
sectomized goats undergoing flexible posterior 
asymmetric tethering. The authors used a synthe-
tic ligament analogue (made of polyethylene and 
polyester) to tether a row of ribs on the concave 
side (opposite to costotransversectomy), thus en-
hancing the “scoliogenic” process. Coillard et al. 
(15) studied the deformation produced by unilate-
ral epiphysiodesis of the neurocentral cartilage on 
five consecutive vertebrae of the minipig, using 
a screwing method. The results suggest that the 
technique affects mainly the horizontal curvature, 
with little rotational involvement.
Despite the above-mentioned evidence, costo-
transversectomy has failed to produce scoliosis. 
For example, Robin and Stein (16) showed nega-
tive results in primates, as did Cañadell et al. (17) 
in bipedal rats. 
Therefore, no evidence of a valid procedure to cre-
ate scoliosis models in experimental minipigs has 
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been reported. Moreover, no studies confirm the 
ability of costotransversectomy to generate spinal 
deformity in these animals and current interspeci-
es data are contradictory (18). We performed this 
study to validate an experimental scoliosis mo-
del in minipigs. We have resolved the confusion 
surrounding the potential of costotransversectomy 
to produce spinal deformation and explained the 
mechanisms that lead to this condition. 
The primary objective of this work was to va-
lidate costotransversectomy as a technique for 
creating a scoliosis model in the experimental 
minipig. A secondary objective was to assess 
whether differences in approach (posterior me-
dial approach, posterior paramedial, and anterior 
approach by video-assisted thoracoscopy, VAT) 
lead to differences in the production of spinal de-
formity. Both the posterior paramedial approach 
and the VAT anterior approach leave the vertebral 
column intact, an interesting property when stu-
dying treatment of IS.

MATERIALS AND METHODS

Material and study design 

We used 11 male minipigs, with a mean age of 
36 days (range 30-54 days). Costotransversec-
tomy (T6-T10) was performed using different 
approaches: the posterior medial approach (4 ani-
mals, group I), the posterior paramedial approach 
(3 animals, group II), and the VAT anterior 
approach (4 animals, group III).
An approval of the Institutional Animal Care and 
Use Committee was obtained for this study. 

Methods 

Surgical approaches. The posterior medial 
approach (mean operative duration 44±8.4 min) 
consisted of a longitudinal incision of about 12 
cm over the midline, with detachment of the pa-
ravertebral musculature following the contour of 
the spine. The costovertebral joints were exposed 
medially to dissected muscular components. Co-
stotransversectomy involved removal of about 3 
cm of the rib head, including both the costover-
tebral and the costotransversal joints with their 
ligament complexes.
A similar incision was performed for the posteri-
or paramedial approach (mean operative duration 
51±7.2 min), although at about 2 cm from the 

midline of the column. In this case, dissection to 
expose the costotransversal area followed the pa-
ravertebral musculature laterally, although joint 
resection was similar to that of the previous gro-
up (Figure 1). The VAT anterior approach (mean 
operative duration 69 ± 9.8 min) was performed 
using three portals (incisions of 2 cm) over the 
anterior axillary line. The initial portal for the 
endoscopic camera was placed in the sixth or se-
venth interspace, while trying to prevent injury to 
the diaphragm, which is normally more caudal. 
The other 2 portals were placed two and three 
interspaces further up, directly over the ribs in 
order to allow placement above and below the rib 
at each level with a single skin incision. The con-
secutive T6-T10 levels were identified and only 
removal of about 3 cm of the rib head was perfor-
med, because reach of transverse apophysis was 
not possible by VAT anterior approach. Direct 
closure of pleura and skin was always possible 
and a chest tube was not necessary in any case.

Figure 1. Animal in prone position, head on the right side of the 
image. Posterior paramedial approach, 2cm from the midline 
of the column. It is observed that paravertebral musculature 
is undamaged. Dissection to expose the costotransversal area 
followed the paravertebral musculature laterally (Experimental 
Medicine and Surgery Department of Gregorio Marañón, 2015)

Radiography and macroscopic examination. 
Plain X-ray of the column was taken immediately 
after the surgery. Follow-up lasted for 4 months. 
The animals were humanely killed according 
to existing protocols (19-20), and the spine was 
extracted for macroscopic examination and radio-
graphy. Frontal plane deformity was measured in 
all cases using the Cobb method (21). In contrast, 
vertebral rotation was assessed in situ, that is, di-
rectly on the anatomical specimen extracted. There 
were no postoperative deaths or complications, so 
it was possible to include data from all 11 animals. 

Cervera-Irimia et al. Scoliosis induced in minipigs model
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Statistical analysis

Independent samples were compared using the 
Mann-Whitney test. It made paired comparisons 
on data that are ordinal, or continuous but non-
normally distributed, the Mann-Whitney test was 
use. In analysing the data, we considered the con-
tinued merits of these simple yet equally valid 
unadjusted bivariate statistical tests. However, 
the appropriate use of an unadjusted bivariate 
test still required a solid understanding of its uti-
lity, assumptions (requirements), and limitations. 
This understanding mitigated the risk of misle-
ading findings, interpretations and conclusions.

RESULTS

The Cobb angle was 34.5º (27º to 41º) in group 
I, with significant macroscopic vertebral rotation. 
In group II, all cases had curvatures with angles 
<10º and negligible vertebral rotation, as did gro-
up III (Table 1).

approaches (p<0.01).  In addition, a statistically 
significant difference in Cobb angle and vertebral 
rotation was found between the open approaches 
and the VAT anterior approaches (p<0.01).  

Animal Postoperative 
Cobb angle

4th month 
Cobb angle

Vertebral 
rotation

Group I (posterior 
medial approach) 1 <10 31 Yes

2 <10 27 Yes
 3 <10 41 Yes

4 <10 39 Yes
Group II (poste-
rior paramedial 
approach)

5 <10 <10 No

6 <10 <10 No
7 <10 <10 No

Group III (VAT 
anterior approach) 8 <10 <10 No

9 <10 <10 No
10 <10 <10 No
11 <10 <10 No

Table 1. Cobb angle and vertebral rotation*

*Cobb Angle measured using frontal plain X-ray study. Vertebral 
rotation measured by direct observation of the extracted spine; VAT, 
Video-Assisted Thoracoscopy

Figure 2. The macroscopic postmortem study. Posterior me-
dial approach specimen (group I): A) extracted spine for mac-
roscopical examination, B) evident rotational component, C) 
radiograph demonstrating a Cobb angle of 39º (Experimental 
Medicine and Surgery Department of Gregorio Marañón, 2015)

Figure 3. The macroscopic postmortem study. Posteriorpara-
medial approach specimen (group II): A) extracted spine for 
macroscopical examination, B) negligible rotational compo-
nent, C) radiograph demonstrating a Cobb angle <10º (Experi-
mental Medicine and Surgery Department of Gregorio Marañón, 
2015)

The macroscopic postmortem study of the spine 
after dissection and detachment of the paraver-
tebral musculature supported the radiological 
findings (Figure 2, 3). Bone disease other than 
iatrogenic disease was not found in any animal. 
A statistically significant difference was fo-
und in the Cobb angle between the posterior 
medial approach and the posterior paramedial 
approaches (p<0.01). In the same way, a stati-
stically significant difference was obtained in 
terms of vertebral rotation between the posteri-
or medial approach and the posterior paramedial 

DISCUSSION

The data obtained were homogeneous for each 
group, although they are controversial in that 
they confirm the original hypothesis, namely, 
that surgical costotransversectomy is a valid 
technique for creating a scoliosis model in the 
experimental minipig. Several authors have ob-
served disparate results using costotransversec-
tomy in other species. Piggot (10) suggested that 
retardation of posterior rib growth, removal of 
mechanical support from one side of the spine, 
and disturbance of proprioceptive impulses are 
the factors which could initiate the deformity. Se-
vastikoglou et al. (22) also showed unilateral loss 
of mechanical support provided by the ribs to the 
spine as the cause of deformation. Langenskiöld 
and Michelsson (23) pointed to muscle-ligament 
imbalance as responsible for scoliosis, as did 
Werneck et al. (18).
Further analysis of our data shows posteri-
or medial costotransversectomy to be the only 
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approach that leads to spinal deformity, whereas 
the alternative approaches (posterior paramedial 
and VAT anterior) leave the column almost unal-
tered. An alternative approach is found in Robin 
and Stein study in primates, with unsuccessful 
results. Posterior paramedial (2 cm from midli-
ne) approach is described. In the case of bipedal 
rats, Cañadell et al. (17) did not state the type of 
incision used for removal of the costotransversal 
joints. The results for the VAT anterior approach 
are similar, with no significant curvatures. There-
fore, it is interesting to ask why the same osteoar-
ticular injury leads to different structural results 
depending on the surgical approach used.
Tensegrity is a building principle that was first 
described by the architect R. Buckminster Fuller 
(U.S Patent Office, nº 3.063.521, “Tensile-Inte-
grity Structures”, patented Nov. 13, 1961) and 
first visualized by the sculptor Kenneth D. Snel-
son (U.S Patent Office, nº 3.169.611, “Continuous 
Tension, Discontinuous Compression Structures”, 
patented Feb. 16, 1965). Ingber defined tensegrity 
systems as structures that stabilize their shape by 
continuous tension or “tensional integrity” rather 
than by continuous compression (24). Other aut-
hors describe tensegrity as a structural principle 
based on the use of isolated compressed compo-
nents into a continuous network that is stretched 
in such a way that compressed elements (usually 
bars) do not touch each other and are united only 
through tensile elements (usually wires) (25). The 
most important feature of these structures is that 
their balance depends solely on tension and com-
pression forces along the axis of each component. 
In other words, no torsional forces exist in such 
structures (or these forces are decomposed into 
force vectors axial to the elements of the structu-
re). Therefore, a tensegrity structure shows the 
following characteristics: a set of discontinuous 
compression components interacting with a con-
tinuum of tensile components, a pre-stretched 
structure; dynamically linked components, so that 
any force applied to one of them is transferred in-
stantly to the entire structure. 
In 1998, Ingber used tensegrity successfully to 
explain some of the properties of the cytoskele-
ton and cellular signal transduction. A few years 
before, Levin applied the same concepts in bio-
mechanics to further understand joint function 
(26) and he disagreed with the traditional mo-

del in which the spine is considered a pillar: the 
weight exerted by the head with anterior and late-
ral flexion movements should break the structure 
due to the shear forces generated. Moreover, the 
forces required to balance a spine whose centre 
of gravity is constantly changing would be in-
calculable. The author considers that the purpose 
of a pillar is stability, but the aim of the spine 
is flexibility and movement. Biological structu-
res are mobile, flexible, low-energy, and functi-
onally independent of the force of gravity. A pi-
llar, on the other hand, needs a fixed base and a 
rigid conformation to remain stable and cannot 
be considered a useful model to explain the bi-
omechanical properties of the spine. Therefore, 
the vertebral column could be considered a ten-
segrity structure (Figure 4) in which a set of dis-
continuous compression components (vertebral 
bones) interacts with a continuum of stretched 
components (ligaments and muscles). That is, 
soft tissues are not only motor appendages, but 
also part of the structure (27-30).

Figure 4. Tensegrity model of the spine: a set of discontinuous 
compression components (vertebral bones) interacts with a 
continuum of stretched components (ligaments and muscles). 
The vertebral column could be considered a tensegrity struc-
ture (Experimental Medicine and Surgery Department of Gregorio 
Marañón, 2015)

Cervera-Irimia et al. Scoliosis induced in minipigs model
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ABSTRACT

Aim To compare intraoperative hemodynamic and respiratory 
stability and postoperative emergence delirium between two ana-
esthesia regimens in children (caudal block with intravenous con-
tinuous analgosedation versus general endotracheal anaesthesia) 
and intensity of postoperative pain and quality of postoperative 
analgesia.

Method Forty children aged 2-6 years who underwent lower ab-
dominal surgery were randomized depending on performed anae-
sthesia into two groups: caudal block with analgosedation (group 
CB) and general endotracheal anaesthesia (group GA). Intraopera-
tive hemodynamic and respiratory stability were evaluated measu-
ring systolic blood pressure (SBP), diastolic blood pressure (DBP), 
mean arterial blood pressure (MAP), heart rate (HR) and arterial 
oxygen saturation (SaO2) in preinduction (t0), at the moment of 
surgical incision (t1), 10 minutes after surgical incision (t2) and at 
the time of skin suturing (t3). Postoperative emergence delirium 
was evaluated using Paediatric Anaesthesia Emergence Delirium 
score (PAED). Postoperative pain was evaluated by Children’s 
and Infants’ Postoperative Pain score (CHIPPS). Both scores were 
recorded every 5 minutes during first half hour postoperatively, 
additionally after 60 minutes postoperatively for CHIPPS score.

Results SBP, DBP and MAP were lower at t1 (p<0.0001), t2 
(p<0.05) and t3 (p<0.001) in the group CB. HR was lower at all stu-
died time points (p<0.005) in the group CB. SaO2 was lower in the 
CB group but comparable with the GA group. PAED and CHIPPS 
scores were lower at 5, 10, 15, 20 and 25 minutes postoperatively 
(p<0.001) in the CB group.

Conclusion Caudal block with analgosedation provides better 
control of intraoperative hemodynamic conditions, postoperative 
emergence delirium and postoperative pain than general endo-
tracheal anaesthesia.

Key words: analgesia, children, hemodynamic, emergence deliri-
um, postoperative pain
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INTRODUCTION 

General endotracheal anaesthesia could expose 
children to various perioperative hemodynamic 
(53.3%) and respiratory (46.7%) complicati-
ons or metabolic changes with potentially ne-
urotoxic effects (1,2). The risk of perioperative 
complications is higher in children with conge-
nital cardiac abnormalities, in infants born pre-
term and children with acute respiratory infec-
tions. The combination of general anaesthesia 
and regional anaesthesia technique reduces neu-
rohumoral response to surgery, alleviates intra-
operative inhalation and consumption of opioid 
agents, accelerates early mobilisation and reco-
very (3). Caudal block is achieved by applicati-
on of local anaesthetic in epidural space through 
sacral hiatus in caudal canal (4). Although the 
first application of caudal block was described 
in 1933, caudal anaesthesia did not gain a de-
gree of popularity until the early 1960 (5). A 
single shot caudal block as additional technique 
to general anaesthesia is commonly used for 
postoperative pain relief in paediatric urologic, 
lower abdominal and lower limbs surgery (6). 
Certain advantages of caudal anaesthesia in re-
lation to general endotracheal anaesthesia are 
avoidance of endotracheal intubation and the 
use of muscle relaxant, reduction of the inciden-
ce of respiratory depression and postoperative 
apnoea, absence of postoperative nausea and 
vomiting, simplicity of performing and low cost 
of service (7). Caudal block as a sole anaesthesia 
technique for subsequent surgery in infants and 
children seems as a good and safe alternative to 
general anaesthesia. But caudal anaesthesia in 
awake infants and children is associated with 
children’s crying and moving during the caudal 
puncture, which can lead to potential injuries or 
unsuccessful caudal block.
The combination of caudal block with continuo-
us intravenous analgosedation can be used as an 
independent anaesthesia procedure to provide 
good conditions for patients’ status as well as 
operation in general (8). This regimen considers 
performing caudal epidural block as a regional 
block technique simultaneously applying conti-
nuous intravenous analgosedation with propofol 
and ketamine (9). Caudal block with analgoseda-
tion used as a sole anaesthesia allows subsequent 
surgery in sedated and spontaneously breathing 

infants and children. The procedure can be used 
for surgical operations below umbilicus such as 
retention of testicles, torsion of testicles, phimo-
sis, inguinal hernia, appendectomy, hypospadia 
and circumcision (10). Caudal block with analgo-
sedation versus general endotracheal anaesthesia 
was not studied much previously.
Aim of this study was to compare caudal block 
with propofol and ketamin intravenous analgo-
sedation and general endotracheal anaesthesia 
in terms of intraoperative hemodynamic and 
respiratory conditions and intensity of posto-
perative emergence delirium (ED) in children. 
Additionally, a difference between intensity of 
postoperative pain and quality of postoperative 
analgesia depending on two anaesthesia proto-
cols were evaluated.

PATIENTS AND METHODS

Patients and study design

This prospective randomized, double-blinded 
study was conducted at the Department of Anae-
sthesiology and Intensive Care Unit of the Canto-
nal Hospital in Zenica, Bosnia and Herzegovina. 
The study took place during three months, from 
February to May 2017.
Forty children were included in the study. Inclu-
sion criteria were: children aged 2-6 years un-
dergoing elective lower abdominal surgery in 
the supine position and American Society of 
Anaesthesiologists (ASA) physical status cla-
ss I–II (11). Exclusion criteria were: emergence 
surgery, hypovolemia, electrolyte disturbance, 
shock, puncture site or interspinal area infection, 
deformation of spine, dermoid cysts and history 
of allergy to any of the study drugs. A day be-
fore elective surgery children were examined by 
an anaesthesiologist. Evaluation of general sta-
tus, medical documentation and ASA classifica-
tion was conducted. Children who fulfilled eli-
gibility criteria were randomly divided into two 
equal groups of 20 patients each: the CB (caudal 
block) study group in which caudal anaesthe-
sia with analgosedation was performed and the 
GA (general anesthesia) control group in which 
conventional general endotracheal anaesthesia 
was performed. Patients were randomized by a 
nurse who was not involved in the study. Rando-
mization was performed by computer generated 
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random number sequence and placed in opaque 
sealed envelopes until the child was anesthetized.
An approval of the Ethics Committee of the Can-
tonal Hospital Zenica was obtained. Children’s 
parents signed written informed consents.

Methods

Anaesthesia protocol. All children were kept 
fasting for 6 hours and were premedicated using 
midazolam 0.4 mg /kg orally, 30 minutes prior to 
anaesthesia induction. In the operating room, an 
intravenous cannula of 22G or 24G was sited to 
the dorsa of patients’ hand. Before performing 
caudal anaesthesia, children were monitored with 
non-invasive arterial blood pressure, electrocardi-
ography and pulse oximetry. A bolus dose of pro-
pofol 1-1.5 mg/kg was administered intravenously 
for anaesthesia induction, which was followed 
with continuous infusion of propofol 10 mg/kg/h. 
A bolus dose of ketamine 1 mg/kg was admini-
stered before the puncture of caudal block and 
before surgical incision. Caudal anaesthesia was 
performed in aseptic conditions, with the patients 
in left lateral position with legs at 90 over the hips 
and 45 over the knees. Intravascular or subarach-
noid placement were ruled out by maintaining the 
needle open for 10-15 seconds and gently aspira-
ting the syringe. After recording negative aspira-
tion 0.25% ropivacaine 1ml/kg was injected into 
epidural space. During surgical procedure, chil-
dren were breathing spontaneously, lightly seda-
ted. The positioning of the head was adapted for 
the preservation of the free airway. Desaturation 
was defined as a fall of the pulse oximetry to 95% 
SaO2   and oxygen was provided by facial mask at 
flow rates of 4 l/min. If sedation was inadequate 
supplemental doses of propofol 0.5 mg/kg were 
administered. Sedation was considered as adequ-
ate, when the patient was unconscious and arousa-
ble only with significant physical stimulation. Sur-
gery was initiated 10 minutes after performing the 
caudal block. The caudal block was considered as 
unsuccessful block if the patient moved limbs, had 
an increased heart rate, or mean arterial pressure 
more than 15% compared with values obtained 
just before the surgical skin incision. In such in-
stances, the patient was to be withdrawn from the 
study. During the surgery, propofol infusion was 
reduced to 5 mg/kg/h. At the time of skin suturing, 
propofol was stopped. The patients were transpor-

ted still asleep to the postoperative recovery room.
In the GA group, patients were preoxygenated 
by facial mask for 3 minutes. Anaesthesia was 
induced by propofol 3 mg/kg, fentanyl 1 μgr/kg 
and vecuronium bromide 0.1 mg/kg. Endotracheal 
intubation was performed 120 seconds later. Bal-
anced anaesthesia was maintained using sevo-
flurane minimum alveolar concentration 0.5-1 
‰, N2O 50% in oxygen, at a total flow of 2 L/
min. End tidal carbon dioxide was maintained at 
30-35 mmHg. Mechanical ventilation was done 
with a tidal volume of 8-10 mL/kg and the rate of 
20-25 respirations per minute. At the time of skin 
suturing, paracetamol 15 mg/kg was given intra-
venously. At the end of the surgery, patients were 
extubated fully awake and transferred to the post-
operative recovery room. Continuous monitoring 
of vital parameters was used in both groups, in ad-
dition of capnography in the GA group. One expe-
rienced anaesthesiologist performed caudal block 
in all children and another experienced anaesthesi-
ologist performed all general endotracheal anaes-
thesia. They were blinded to the study protocol.
Evaluation of intraoperative hemodynamic 
and respiratory conditions. Systolic blood 
pressure (SBP), diastolic blood pressure (DBP), 
mean arterial blood pressure (MBP), heart rate 
(HR) and arterial oxygen saturation (SpO2) were 
measured at four study time points. The basal 
value (t0) was taken in preinduction, just before 
administration of propofol, t1 – at the moment of 
the surgical incision, t2 – 10 minutes after the sur-
gical incision and t3 – at the time of skin suturing. 
Hypotension and bradycardia or hypertension 
and tachycardia were defined as a 20% decrease 
or increase in SBP and HR from baseline and epi-
sodes of each of them were recorded.
Evaluation of postoperative emergence deliri-
um. Postoperative emergence delirium (ED) was 
defined as a disorder that occurred during awake-
ning from anaesthesia in the immediate postope-
rative period and was evaluated using Paediatric 
Anaesthesia Emergence Delirium score (PAED) 
(12). The scale consists five parameters: eye con-
tact, purposeful actions, awareness of surroun-
dings, child is restless and child is inconsolable. 
Three first items of the PAED scale range from 
0 (extremely) to 4 (not at all). Two last items of 
the PAED scale are scored from 0 (not at all) to 4 
(extremely). ED was recorded every 5 minutes in 
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the first half hour postoperatively. Children with 
a total PAED score of 10 or higher were conside-
red as agitated and received a rescue medication 
of propofol 1 mg/kg intravenously.
Evaluation of postoperative pain intensity and 
quality of postoperative analgesia. Intensity of 
postoperative pain was evaluated using Children’s 
and Infants’ Postoperative Pain score (CHIPPS), 
which includes five items: crying, facial expressi-
on, posture of the trunk, posture of the legs and 
motor restlessness (13). Each item ranked from 
0 to 2 points. The CHIPPS score was estimated 
every 5 minutes in the first half hour postoperati-
vely and repeated at 60 minutes after surgery. The 
total CHIPPS score ≥4 indicated an administrati-
on of paracetamol 15 mg/kg intravenously. The 
quality of postoperative analgesia was assessed 
by recording the time of first and second analgesic 
request and the number of analgesic doses in each 
group in 24 hours postoperatively. 

Statistical analysis 

Sample size was estimated using sample size cal-
culator software with 95% confidence interval 
and power of 80%. Statistical significance was 
considered as p<0.05. Categorical variables were 
analysed by Pearson’s χ2 test or Fisher’s exact 
test and presented as frequency and relative num-
ber of cases (percentage). The parametric varia-
bles were expressed as mean and standard devia-
tion and analysed by Student’s t-test or Levene’s 
Test for Equality of Variances as appropriate.

RESULTS 

Data were obtained from 40 consecutive children 
undergoing subumbilical surgery. None of the 
children required additional sedation in the cau-
dal anaesthesia group and there was no unsucce-
ssful caudal block during the study. No children 
were excluded from the study (Figure 1). There 
was no statistically significant difference of de-
mographic parameters between the groups except 
ASA physical status grade. In the CB group nine 
(45%) children were ASA grade I and 11 (55%) 
children were ASA grade II versus 16 (80%) chil-
dren ASA grade I and four (20%) children  ASA 
grade II in the GA group (p <0.024) (Table 1).
Hemodynamic parameters differed from the basal 
value within each group. Significant decrease of 
the mean SBP was noted at the moment of the sur-

Parameter Group CB Group GA p
Male/Female No (%) 15/5 (25/ 75) 15/5 (25/ 75) 0.642
Age (year) mean (±standard 
deviation) 3.50 (±1.53) 3.70 (±1.62) 0.692

Body weight (kg) mean 
(±standard deviation) 18.75 (±5.486) 19.00 (±8.310) 0.911

Type of surgery No ( %) 0.247
Hernia inguinalis 8 (40) 9 (45)
Cryptochrismus 8 (40) 5 (25)
Hypospadia 1 (5) 5 (25)
Phymosis 1 (5) 1 (5)
Phuniculocella 2 (0) 0 (0)
ASA status class I/II No ( %) 9/11 (45/55) 16/4 (80/20) 0.024
Duration of surgery (minutes) 
mean (±standard deviation) 43.25 (±35.91) 67.25 (±66.89) 0.168

Table 1. Demographic characteristics of the patient groups

Group CB, caudal block with propofol and ketamine analgosedation 
group; Group GA, general endotracheal anaesthesia group; ASA, 
American Society of Anesthesiologists
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Figure 1. CONSORT flow diagram of the study protocol

gical incision (10.1%) in the CB group (p<0.05). 
In the GA group, the mean SBP increased at the 
moment of the surgical incision (7.25%) and de-
creased 10 minutes after the surgical incision 
(12.67%; p<0.05). The mean DBP showed si-
gnificant decrease at the moment of the surgical 
incision (15.01%) and 10 minutes after the surgi-
cal incision (12.01%) in the CB group (p<0.05). 
Contrary, in the GA group, mean DBP increased at 
the moment of the surgical incision (4.48%), and 
then showed a decrease 10 minutes after the sur-
gical incision (14.21%; p<0.05). The mean value 
of the HR remained stable during the study in the 
CB group. In the GA group, the mean value of HR 
decreased at the moment of the surgical incision 
(12.39%) and at the time of skin suturing (6.7%; 
p<0.05). Comparison of hemodynamic parameters 
between the groups presented better hemodyna-
mic conditions in the CB group (Table 2).
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Although respiratory stability in the CB group was 
satisfactory and comparable with the GA group, 
statistical analysis of the mean SaO2 showed si-
gnificant difference between the groups (Table 2).

The CHIPPS score was statistically significantly 
lower at 5, 10, 15, 20 and 25 minutes postopera-
tively in the CB group (Table 4).

Total PAED 
score time

Group CB 
mean (±SD)

Group GA 
mean (±SD) p

t5 0.35 (±0.93) 4.85 (±1.75) 0.00
t10 0.35 (±0.93) 3.60 (±1.18) 0.00
t15 0.30 (±0.92) 2.50 (±1.46) 0.00
t20 0.13 (±0.22) 1.30 (±0.60) 0.01
t25 0.12 (±0.13) 0.55 (±0.42) 0.03
t30 0.30 (±1.55) 0.65 (±0.98) 0.12

Table 3. The mean values of the total Paediatric Anaesthesia 
Emergence Delirium score (PAED) score according to the 
groups and time

Group CB, caudal block with propofol and ketamine analgosedation 
group; Group GA, general endotracheal anaesthesia group; SD; stan-
dard deviation; t5, 5 minutes postoperatively; t10, 10 minutes postopera-
tively; t15, 15 minutes postoperatively; t20, 20 minutes postoperatively; 
t25, 25 minutes postoperatively; t30, 30 minutes postoperatively;

Total CHIPPS 
score time

Group CB 
mean (±SD)

Group GA 
mean (±SD) p 

t5 0.00 (±0.00) 2.65 (±1.79) 0.00
t10 0.00 (±0.00) 2.65 (±1.53) 0.00
t15 0.00 (±0.00) 2.00 (±1.48) 0.00
t20 0.05 (±0.22) 1.45 (±1.39) 0.00
t25 0.05 (±0.22) 0.86 (±1.18) 0.00
t30 0.15 (±0.48) 0.55 (±1.09) 0.14
t60 0.10 (±0.30) 0.35 (±0.87) 0.24

Table 4. The mean values of the total Children’s and Infants’ 
Postoperative Pain score (CHIPPS) score according to the 
groups and time

Group CB, caudal block with propofol and ketamine analgosedation 
group; Group GA, general endotracheal anaesthesia group; SD; 
standard deviation; t5, 5 minutes postoperatively; t10, 10 minutes 
postoperatively; t15, 15 minutes postoperatively; t20, 20 minutes 
postoperatively; t25, 25 minutes postoperatively; t30, 30 minutes 
postoperatively; t60, 60 minutes postoperatively;

Postoperative ED analysis showed that the mean 
value of total PAED score remained stable in the 
CB group, until the change of 13.4% was descri-
bed in the GA group (p<0.05). A total PAED score 
were statistically significant lower at 5, 10, 15, 20 
and 25 minutes postoperatively in the CB group 
(Table 3). None of the children required a rescue 
dose of propofol in the postoperative period.

Parameter Time Group CB
mean (±SD)

Group GA
mean (±SD) p

SBP
t0 112.10 (±11.37) 111.70 (±9.13) 0.903
t1 100.85 (±17.99) 119.88 (±13.71) 0.000
t2 93.90 (±7.99) 104.70 (±16.71) 0.015
t3 91.05 (±7.67) 104.85 (±14.96) 0.001

DBP
t0 69.10 (±10.42) 68.05 (±9.46) 0.741
t1 58.73 (±9.92) 71.10 (±13.36) 0.000
t2 51.15 (±6.04) 61.00 (±11.77) 0.002
t3 48.80 (±6.31) 62.45 (±13.92) 0.000

MBP
t0 83.85 (±11.68) 82.40 (±10.01) 0.676
t1 73.95 (±10.13) 88.08 (±12.63) 0.000
t2 65.45 (±6.71) 77.15 (±16.95) 0.007
t3 63.55 (±7.52) 75.45 (±10.30) 0.000

HR
t0 105.00 (±18.32) 135.60 (±17.24) 0.000
t1 105.25 (±11.88) 118.80 (±16.55) 0.005
t2 107.30 (±13.72) 123.20 (±17.54) 0.000
t3 98.55 (±11.71) 114.95 (±18.63) 0.002

SaO2

t0 97.65 (±0.81) 99.25 (±1.16) 0.000
t1 96.45 (±0.88) 98.95 (±0.82) 0.000
t2 96.15 (±1.18) 99.05 (±1.05) 0.000
t3 97.10 (±1.07) 99.65 (±0.58) 0.000

Table 2. Hemodynamic and respiratory changes according to 
the groups and time

Group CB, caudal block with propofol and ketamine analgosedation 
group; Group GA, general endotracheal anaesthesia group; SD; stan-
dard deviation; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; MBP, mean blood pressure; SaO2, saturation with oxygen; 
t0, time at preinduction just before administration of propofol; t1, 
at the moment of the surgical incision; t2, 10 minutes after surgical 
incision; t3, at the time of skin suturing;

Postoperative analgesia quality results sugge-
sted that the average time of first postoperative 
analgesic request was 10.1 hours in the CB group 
versus 4.1 hours in the GA group (p<0.001). The 
average time of the second postoperative analge-
sic request was 14 hours in the CB group versus 
9 hours in the GA group (p=0.01). Six analge-
sic doses were given in the CB group versus 34 
analgesic doses in the GA group in 24 hours po-
stoperatively (p<0.0001). Four (20%) children 
received one postoperative analgesic dose in the 
CB group versus six (30%) children in the GA 
group (p=0.326). One (5%) child had two posto-
perative analgesic requirements in the CB group 
compared to 14 (70%) children in the GA group 
(p<0.001). There were 14 (70%) children without 
postoperative analgesic request in the CB group 
versus no one (0%) in the GA group (p<0.000).

DISCUSSION 

The presented study evaluated caudal block with 
analgosedation as an independent anaesthesia tech-
nique in children. The results of this study imply 
that caudal epidural block and simultaneous con-
tinuous intravenous analgosedation with propofol 
and ketamine provided optimal hemodynamic and 
satisfactory respiratory conditions during surgery, 
better control of postoperative ED and of posto-
perative pain compared with general endotracheal 
anaesthesia in children. This anaesthesia protocol 
achieved better quality of postoperative analgesia 
by prolonged average time of the first postopera-
tive analgesic administration and decreased the 
number of postoperative analgesic requirements.
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Awake caudal anaesthesia sometimes does not 
ensure enough profound motor block of the 
lower limbs and there is a risk of intraoperative 
movements (14). Because of these reasons, we 
used caudal block with analgosedation in spon-
taneously breathing children as a preferable tech-
nique. Propofol and ketamine in analgosedation 
act complementary and produce fewer adverse 
effects compared to each drug alone. This combi-
nation has several ideal aesthetic properties, e.g. 
hemodynamic stability, absence of respiratory 
depression, fast-acting amnestic effects, antie-
metic and analgesic effects and pleasant recovery 
(15). This analgosedation regimen was used in 
children as a ‘’ketofol’’ mixture or independently 
as a bolus or as a continuous infusion and in va-
rious ratios of the drugs’ doses (16-18). An opti-
mal dose and mixture of propofol and ketamine 
has not been determined yet. With the intention 
to keep spontaneously ventilation we used a bo-
lus dose of propofol 1-1.5 mg/kg for anaesthesia 
induction and continuous infusion of 10mg/kg/h 
for maintenance of sedation. To obscure analge-
sia a bolus dose of ketamine 1mg/kg was added 
before the puncture of caudal block and surgical 
incision. To the best of our knowledge, this ratio 
of the propofol and ketamine for analgosedation 
with caudal block has not been investigated yet.
More stable intraoperative hemodynamic con-
ditions were found in the CB group because the 
local aesthetic given in the caudal epidural spaces 
blocked transmission of impulses at the level of 
nerve axonal membrane, produced sympathec-
tomy and attenuated stress response to surgery 
(19). The sympathomimetic action of ketamine 
compensated for the sympatholytic effects of 
propofol contributed to hemodynamic stability in 
the CB group (20). In the GA group an increase 
of blood pressure at the moment of surgical inci-
sion was a neurohumoral response to initiation of 
surgery. Ten minutes after the surgery incision, 
anaesthesia was maintained by sevoflurane and 
fentanyl induced vasodilatation and decrease of 
blood pressure (21,22). Two other studies de-
monstrated better hemodynamic stability in cau-
dal block compared with general anaesthesia in 
children (23,24).
In the CB group the patients breathed sponta-
neously during the surgery without supplemental 
oxygen flow. Respiratory conditions were accep-

table and secure. The absence of capnography 
monitoring in the CB group could be an objection 
to inadequate assessment of respiratory conditi-
ons. We relied on statements of Zanaboni et al. 
that continuous infusion of propofol 4-8 mg/kg/h 
with caudal block maintains spontaneous ventila-
tion and safe capnography in children (25). Any 
episodes of apnoea, airway obstruction, hypoxia, 
laryngospasm or bronchospasm were not obser-
ved during our study.
The ED is a psychomotor disorder occurring 
within the first 30 minutes during the recovery 
from anaesthesia, which includes motor agitati-
on and confusion state without recognition of the 
surrounding environment (26). Children with ED 
require additional medication and nursing super-
vision to prevent self-injuries or surgical site. Our 
study confirmed earlier finding about the connec-
tion of sevoflurane used in general anaesthesia 
and postoperative ED (27). Although higher to-
tal PAED score was recorded in the GA group, 
there were no patients who needed treatment for 
ED probably as a consequence of attenuation ED 
by midazolam premedication (28). Caudal block 
protects against ED by blocking the sensory in-
put and improving analgesia (29). Caudal block 
in this study reduced the total PAED score 78-
92% compared to the GA group possibly due to 
additional hypnotic effects of propofol and keta-
mine in prolongation of awakening time (30).
Caudal block with sedation regimen proposed in 
this study reached adequate conditions for per-
forming surgery without other analgesic or ae-
sthetic. Ibacache at al. justified that caudal block 
with analgosedation secured optimal postoperati-
ve pain management (31). Duration of postopera-
tive analgesia after caudal block depends on the 
type of used aesthetic and adjunct medications 
choose caudal technique, type of surgery and se-
lected group of patients. The analgesic effect re-
ported from 2 hours in the Luz at al. study to 11.5 
hours sustained in the Cinar et al. study (32,33). 
In the presented study the average analgesia time 
was 10.1 hours in the CB group. De Negri at al. 
revealed that no patients needed supplemental 
analgesia after caudal block with 0.125% ropiva-
caine in children, but caudal block in a continuo-
us epidural infusion was used (34).
The presented study has some limitations. The 
sample size is relatively small, but we reached 
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ABSTRACT

Aim This cross-sectional study of a group of women with abnor-
mal cytology and high-risk human papillomavirus (hrHPV) infec-
tion compared genotyping HPV DNA and mRNA assays accor-
ding to two age categories of women (S1: ≤30 and S2: >30 years). 

Methods The hrHPV DNA positive results of 105 cervical sam-
ples of women were pooled and those harbouring HPV-16, 18, 31, 
33 and/or 45 DNA were tested for the type specific HPV oncogene 
E6/E7 overexpression (mRNA). 

Results Although HPV DNA testing showed a higher proportion of 
women infected by any of five hrHPVs in S1 group, total agreement 
of hrHPV DNA and mRNA positive results was higher in S2 group 
of women (75.8% v. 83.9%). The most prevalent type in both age 
groups was HPV-16. A 100% agreement of positivity of both tests 
was noted for HPV-18 and 33 in S1 group, and for HPV-18 in S2 
group. Increasing concordance of HPV-16 and 31 DNA and mRNA 
positive results with the severity of cervical cytology was observed 
in S1 group of women. Absolute matching (100.0%) of positivity 
of both diagnostic tests was recorded in S2ASCUS group (for HPV-16, 
18 and 33), in S1HSIL (for HPV-16, 18, 31 and 33), in S1LSIL category 
(for HPV-18 and 33) and in S2HSIL group (for HPV-18).  

Conclusion The results indicate the possibility of predicting the 
risk of persistent infection only by HPV DNA typing test, with no 
need for additional RNA testing in categories of infected women 
showing a high (absolute) agreement of positivity of both tests.

Key words: biomarkers, early detection of cancer, human papillo-
mavirus DNA tests, human papillomavirus 16, human papilloma-
virus 18
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INTRODUCTION

For the detection of precancerous changes, hu-
man papillomavirus (HPV) DNA testing has a 
higher sensitivity which results in greater nega-
tive predictive value over a longer period of time 
(1,2). However, the low specificity of HPV DNA 
tests allows to identify transient infections that 
never lead to dysplasia or cancer, especially in 
younger women (3).
Various strategies are being considered that im-
prove the specificity of the management decisi-
ons of the highly prevailing HPV DNA positive 
results, reducing unnecessary diagnostic proce-
dures or treatments (4-5). Potential strategy im-
provement has been achieved by high risk (hr)
HPV genotyping (HPV-16 and 18) (6). Further-
more, the test that utilizes HPV E6/E7 mRNA de-
tection demonstrated significantly higher clinical 
specificities than the DNA-based hrHPV group 
tests (7-9). In fact, HPV mRNA testing is based 
on the detection of overexpression of viral on-
cogenes E6 and E7, which are direct biomarkers 
for the prediction of cervical cancer (10). The 
importance of mRNA testing suggests such an 
approach to be a primary cervical cancer scree-
ning option for women ≥30 years of age (11,12).
In many cervical screening guidelines, hrHPV 
testing is recommended only for women over the 
age of 30, while younger women begin screening 
at age of 21 with cytology alone (13,14).
As a consequence, a certain percentage of youn-
ger women who develop high grade intraepitheli-
al lesions (HSIL) remain unidentified (15). More 
than half of women from 25 to 29 years of age 
with CIN3+ were found to have normal cytology 
(2), which led some countries to include women 
below 30 years of age to start cervical screening 
based on HPV DNA testing (16). 
However, spontaneous regression of CIN-2 is 
common among young women and adolescents. 
Factors associated with CIN-2 regression or pro-
gression to CIN-3, respectively, are correlated 
with HPV persistence, specifically HPV-16 and 
HPV-18 infections (17). As the incidence of cervi-
cal cancer is low in this age group of women, the 
progression of CIN-2 to cancer is also very rare.  
Since an organized cervical cancer screening 
program has not been established in B&H yet, 
studies involving the population of infected wo-
men are important in order to determine the age 
category of interest and appropriate guidelines 

for an adequate disease prevention.
The aim of this study was to compare two ge-
notyping approaches based on the detection of 
five hrHPV DNA or RNA, respectively, in two 
age categories of women (≤ 30 and >30 years)  
with abnormal cervical cytology as a contributi-
on to the management options for hrHPV DNA 
positive women in the cervical cancer screening 
program. 

PATIENTS AND METHODS 

Patients and study design

The women were recruited from outpatient cli-
nic of the Institute for Health Protection of Wo-
men and Maternity of Sarajevo Canton, Bosnia 
and Herzegovina, during the period June 2010 to 
December 2012. Conventional Pap smears were 
taken by gynaecologists and examined by expe-
rienced cytologists independently of the HPV te-
sting. Cervical specimens were referred for HPV 
testing either to the Clinical Centre University of 
Sarajevo (Bosnia and Herzegovina) or to the In-
stitute for Biomedical Diagnostics and Research 
„Nalaz” in Sarajevo (Bosnia and Herzegovina).
Participating women (n=105) were grouped into 
two categories according to their age: women 
aged ≤30 years (group S1: 31/105, 29.50%) and 
>30 years (group S2: 74/105, 70.50%). The aver-
age age of women in the group S1 was 26.2 ±3.2 
years (range 19-30 years) and in the group S2 it 
was 40.9±7.7 years (range 31-62 years). All wom-
en with positive cervical cytology starting from 
atypical squamous cells of undetermined signifi-
cance (ASCUS) through low-grade squamous in-
traepithelial lesion (LSIL) to high-grade squamous 
intraepithelial lesion (HSIL) and hrHPV infection 
detected by HPV DNA screening test were includ-
ed in the study. In S1 (younger) group (n=31) cytol-
ogy results were distributed as follows: nASCUS=13 
(41.94%), nLSIL=10 (32.26%) and nHSIL=8 (25.80%), 
while in S2 (older) group the distribution of cyto-
logical results was as follows: nASCUS=24 (32.43%), 
nLSIL=23 (31.08%) and nHSIL=27 (36.49%). 

Methods 

Cervical specimens were collected using one 
of the following kits: digene Cervical Sam-
pler- STM (Qiagen, Gaithersburg, MD, USA) 
(88/105), Abbott Cervi- Collect Specimen 
Collection Kit” (Abbott Molecular, Wiesbaden, 
Germany) (14/105) or ThinPrep Pap Test Preser-



Medicinski Glasnik, Volume 16, Number 2, August 2019

174

vCyt Solution (Cytic Corporation, Boxborough, 
MA, USA) (3/105), respectively, as previously 
described (18,19).  
DNA-based detection assays. Screening for hrHPV 
infection was performed by one of the two clinical 
assays: HC2 (Qiagen, Gaithersburg, MD, USA), 
which was done using the hrHPV probe cocktail 
and Abbott RealTime High Risk HPV test (Abbott 
Molecular, Wiesbaden, Germany), in accordance 
with the specific manufacturer’s protocol.
DNA- based genotyping assays. Total nucleic 
acid extraction was performed by using Nucli-
SENS® miniMAG™ Magnetic Extraction Kit 
(bioMérieux, Lyon, France) from the sample 
aliquots separated before HPV DNA screening 
test was done. The 400 µL aliquots of samples 
collected in digene Cervical Sampler- STM 
(Qiagen, Gaithersburg, MD, USA) and the 1 mL 
aliquots of samples collected in Abbott Cervi-
Collect Specimen Collection Kit (Abbott Mo-
lecular, Wiesbaden, Germany) were transferred 
for extraction. Samples taken in ThinPrep Pap 
Test PreservCyt Solution (Cytic Corporation, 
Boxborough, MA, USA) were separated in 5 mL 
aliquots, then centrifuged 12 minutes on 1125 g, 
and finally 4 ml of supernatant were discarded 
while the pellet was resuspended in the rest of 1 
mL of supernatant. 
HPV genotyping was carried out by multiplex 
real-time PCR amplification (HPV High Risk 
Typing Real-TM test, Sacace Biotechnologi-
es, Como, Italy) allowing identification of 12 
hrHPVs: HPV-16, 18, 31, 33, 35, 39, 45, 51, 
52, 56, 58 and 59 according to manufacturer’s 
instructions. Five samples with indeterminate 
results obtained by this method were identified 
using reverse line probe hybridization diagnostic 
kit INNO-LIPA HPV Genotyping Extra (Fujire-
bio Europe, Gent, Belgium) enabling the detecti-
on of 54 HPV types and identification of 28 spe-
cific HPV types among them. 
Other HPVs belong to HPV-35, 39, 51, 52, 53, 
56, 58, 59, 66, 70 and X determined by HPV 
High Risk Typing Real-TM (Sacace Biotechno-
logies, Como, Italy) or INNO-LIPA HPV Ge-
notyping Extra (Fujirebio Europe, Gent, Bel-
gium) assays. In the case of HPV-X, although 
the high-risk HC2 (Qiagen, Gaithersburg, MD, 
USA) screening test showed a positive result, ge-
notyping assay HPV High Risk Typing Real-TM 
(Sacace Biotechnologies, Como, Italy) failed to 
identify this HPV type. Likewise, within INNO-

LIPA HPV Genotyping Extra (Fujirebio Euro-
pe, Gent, Belgium) assay, specific SPF10-PCR 
HPV product was obtained, but HPV type was 
not ultimately identified.
RNA- based assay. RNA extraction was perfor-
med simultaneously with the extraction of DNA, 
as described above (DNA- based genotyping 
assays), from the corresponding aliquots of sam-
ples. The 15 µL of total nucleic acid extracts per 
sample were used in three real-time NASBA re-
actions (10 µL of Primer-Probe Reagent solution 
and 5 µL of eluate made 15 µL of each of the 
three real-time NASBA mixes).
The samples containing some of HPV-16, 18, 31, 
33 and 45 types were tested for the presence of 
viral oncogene transcripts (E6/E7 mRNAs) using 
the type-specific real-time NASBA assay (Nucli-
SENS EasyQ® HPV v1.1, bioMérieux, Lyon, 
France). Assay was performed according to the 
manufacturer’s instructions.
Data obtained by detecting HPV E6/E7 mRNA 
were calculated in relation to the frequencies of 
women in each age group: women 30 years and 
younger (S1; 31/105, 29.50%) and older than 
30 years of age (S2; 74/105, 70.50%) and the 
frequencies of hrHPV infections caused by any 
of HPV types in each group of women (S1: ≤30 
years, n=53 and S2: >30 years, n=94).

Statistical analysis

Descriptive statistics were expressed by frequ-
ency, arithmetic mean, standard deviation (SD), 
minimum and maximum values and percentages.
Type-specific calculations were made without ta-
king into account multiple HPV infections, but 
considering each HPV infection as a single one. 

RESULTS

In S1 group (≤30 years) of women, HPV DNA 
testing showed a higher proportion of women 
infected with any of HPV-16, 18, 31, 33 and 45 
types (83.9%, 26/31) in comparison with the S2 
group of women (>30 years; 67.6%, 50/74). 
As expected, the type specific E6/E7 mRNA te-
sting followed similar pattern as HPV DNA testing 
results showing the larger percentage of positivity 
in younger women (71.0%, 22/31) compared to 
women in the S2 group (58.1%, 43/74). 
Total agreement of the positive results of hrHPV 
DNA and mRNA tests was higher in the group of 
older women (83.9% v. 75.8%, Table 1). The most 



175

prevalent type in both age groups was HPV-16 
detected either by DNA or mRNA test (S1: ≤30 
years, 32.1% and 26.4%; S2: >30 years, 33.0% 
vs 29.8%).  The type-specific concordance of 
hrHPV DNA and mRNA tests revealed a 100.0% 
matching for detection of HPV-18 regardless of 
age and HPV-33 and -45 in the group of younger 
women (Table 1). These results were followed by 
HPV16 in both age groups of women (S1: ≤30 ye-
ars, 82.4% and S2: >30 years, 90.3%) (Table 1). 
Increasing concordance of DNA and mRNA po-
sitive results, with the severity of cervical cyto-
logy, was observed in women ≤30 years of age 
harbouring HPV-16 or HPV-31 infections. In ol-
der women with ASCUS cytology, higher rates of 
matched positivity reaching 100% were detected 
in comparison with the same category of younger 

women, specifically for types HPV-16, 18 and 
33. In the group of younger women exhibiting 
HSIL cytology, absolute matching (100.0%) of 
both diagnostic tests was recorded for all four of 
five hrHPV types detected (except HPV-45) as 
well as for HPV-18 and HPV-33 in women with 
LSIL cytology. The same matching was revealed 
for HPV-18 DNA and mRNA positive results in 
women over 30 years of age. The E6/E7 mRNA 
of HPV-18 was detected in each infection it cau-
sed, starting from younger women with LSIL to 
older women exhibiting HSIL cytology. HPV-45 
was detected only in younger women with AS-
CUS cytology (50.0%, 1/2 were mRNA positi-
ve). Furthermore, in older women with HSIL 
cytology, mRNA test showed positivity for HPV-
16, 18 and 31 types (Figure 1). 

                       Age group                                                           

S1 (≤30 years)   S2 (>30 years)

 
HPV DNA HPV E6/E7 mRNA

HPV E6/E7 mRNA v. 
HPV DNA (f2/f1)x100 HPV DNA HPV E6/E7 mRNA

HPV E6/E7 mRNA v. 
HPV DNA (f2/f1)x100

 f1 (%)† f2 (%)* (%)† (%) f1 (%)† f2 (%)* (%)†  (%)
HPV-16 17 32.1 14 42.4 26.4 82.4 31 33.0 28 50.0 29.8 90.3
HPV-18 3 5.7 3 9.1 5.7 100.0 8 8.5 8 14.3 8.5 100.0
HPV-31 9 17.0 5 15.2 9.4 55.6 12 12.8 8 14.3 8.5 66.7
HPV-33 2 3.8 2 6.1 3.8 100.0 5 5.3 3 5.4 3.2 60.0
HPV-45 2 3.8 1 3.0 1.9 50.0 0 0.0 0 0.0 0.0 0.0
Total of HPV-16, 18, 
31, 33 and 45 33* 62.4 25 75.8 47.2 - 56* 59.6 47 83.9 50.0 -

Other HPVs ‡  20 37.6 - - - - 38 40.4 - - - -
Total HPVs in the age 
group of women 53† 100.0 - - - - 94† 100.0 - - - -

Table 1. Descriptive comparison of type-specific HPV DNA and E6/E7 mRNA assays in two age groups of women (S1: ≤30 years 
and S2: >30 years).

f1, frequency of HPV type detected by HPV DNA testing, f2, frequency of HPV type detected by HPV mRNA testing. 
*Calculations were made according to the global frequencies of HPV-16, 18, 31, 33 and 45 types in each age group of women;  †Calculations were 
made according to the total frequencies of all HPV types in each age group of women; ‡Other HPVs belong among HPV-35, 39, 51, 52, 53, 56, 58, 
59, 66, 7 and X;

Figure 1.  Five type-specific HPV E6/E7 mRNA v. DNA positivity according to age groups of women (S1: ≤30 years and S2: >30 
years) and cervical cytology; 
ASCUS, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squa-
mous intraepithelial lesion

Salimović-Bešić et al. hrHPV DNA and mRNA genotyping comparison
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DISCUSSION 

This cross-sectional study demonstrates the com-
parison of agreement rates of five hrHPV type 
positivity in two age groups of women with ab-
normal cervical cytology as a contribution to the 
management options for hrHPV DNA positive 
women in the cervical cancer screening program. 
Since the current cervical screening guidelines 
differ mainly in the management of women below 
30 years of age (employing HPV testing or not), 
due to the nature of HPV infection and the rate 
of clearance/progression of cervical abnormalities 
to cancer (14,16,20), two groups of women (≤30 
years and >30 years) were of interest in our study.
Five hrHPV types targeted by this study have been 
found in 75.1% of women with CIN2/3 and 88.5% 
of squamous cell carcinomas (SCC) (21,22). 
Among all five types detected, HPV-16 was the 
most prevalent type in both investigated age gro-
ups of women. Although type-specific HPV DNA 
testing showed a higher proportion of women in-
fected with any of five hrHPV types in younger 
group, total positivity agreement of hrHPV DNA 
and mRNA tests was higher in older group of wo-
men (83.9%). The difference in the prevalence of 
five hrHPV types between the two age groups of 
women can be explained by the clearance rate of 
type-specific hrHPV infection. In fact, a study that 
evolved from POBASCAM (Population-Based 
Screening Amsterdam) (23), involving women 
aged 30 to 60 years to assess the type-specific cle-
arance of hrHPV infection (24), showed the lowest 
clearance rates for HPV-16, 18, 31 and 33 and nor-
mal cytology. Significantly reduced 18-month cle-
arance rates were observed for HPV-16 and 31 in 
women with normal cytology, and for HPV-16 in 
women with borderline/mild dyskaryosis. Women 
with HPV-16 persistence displayed an increased 
detection rate of ≥CIN3. 
Detection of mRNAs of HPV oncogenes E6/E7 
in harvested epithelial cells during sample collec-
tion may be indicative of a deregulated expressi-
on (25). Evidence that expression levels of E6/
E7 mRNA are linked with the persistence of HPV 
infections and the severity of cervical lesions 
have already been reported (26,27). Moreover, it 
was shown that the investigated five-type speci-
fic mRNA test has lower sensitivity for detecting 
cervical disease but the higher specificity in com-
parison with other HPV tests (28,29). 

Following the data from our study, a 100.0% agree-
ment of type-specific hrHPV DNA and mRNA 
tests was recorded for HPV-18 (both groups) and 
HPV-33 (younger group) identifying the women 
with the deregulated expression of transforming 
viral genes without taking into the consideration 
the cytology diagnosis at this point. It was shown 
previously that women who were DNA positive 
and also positive for mRNA transcripts at baseline 
were significantly more likely to harbour persis-
tent infection compared to those in whom DNA 
only was detected at baseline (27). 
Comparing an age and cervical cytology with 
type-specific HPV DNA and mRNA assays we 
observed an increasing concordance of HPV-16 
and HPV-31 DNA and mRNA positive results 
with the severity of cervical cytology (ASCUS-
LSIL-HSIL) in younger group of women. Abso-
lute agreement of both diagnostic tests was recor-
ded for HPV-16, 18, 31 and 33 in younger HSIL 
and for HPV-18 and 33 in LSIL group. In older 
ASCUS group, higher agreement reaching 100% 
(HPV-16, 18 and 33) was recorded in the com-
parison with younger  ASCUS group reaching at 
best 60% for HPV-16 infections. In older HSIL 

group, mRNA test showed positivity for HPV-16, 
18 and 31 types.  
Supporting our results, previously described data 
showed that HPV-16, but also HPV-18, 31 and 
33, conferred an increased risk of ≥CIN3 (30,31), 
which reflects the combined effects of differen-
ces in persistence and oncogenic potential of the-
se types in regards to other types.
The majority of young and immunocompetent 
women clear HPV infection spontaneously with 
the regression of cervical precancerous lesions. 
On the other hand, persistent infection can be 
detected by repeating the genotyping HPV DNA 
test or by using the variant of HPV mRNA assay 
(for a better prediction of persistent infection, if 
no repeat testing is applied) (19). However, the 
type-specific differences in clearance rates indi-
cate the value of hrHPV genotyping in screening 
programs (24). 
Exclusion of women under the age of 30 from 
HPV testing resulted in 45% lower detection rate 
of HSIL (15). These results highlight the advan-
tage of the typing capability of the mRNA test 
used in the study, especially for HPV-16 and/or 
18 genotypes, as the estimated relative risk for the 
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high-grade cervical disease is significantly higher 
for women who test HPV-16 and/or -18 positive, 
compared to general hrHPV positivity (31).
Interestingly, HPV-18 mRNA was detected in 
each infection it caused (starting with younger 
LSIL to older HSIL). Iftner et al., using data from 
the German Aptima- and HC2-based screening 
study (12), and Wright et al., using data from 
the U.S.-based ATHENA study evaluating the 
cobas assay (2), found that optimal triage stra-
tegies seemed to involve HPV-16/18 genotyping 
at baseline. In fact, if one positive finding of the 
type-specific E6/E7 mRNA test indicates the per-
sistence of infection, then the typing of the virus 
by a DNA test (which is already included in some 
IVD screening platforms, such as m2000 System 
(Abbott Molecular) or Cobas 4800 (Roche)), in 
the categories of women with the highest agree-
ment of both assays could also be considered a 
hint of the persistence of infection. Further studi-
es should investigate these indications.
There are several potential limitations of the stu-
dy: positive results obtained from different HPV 
DNA detection and genotyping assays were poo-
led for comparison with mRNA assay, relatively 

limited sample size; and participation of women 
younger than 21 years of age, even though accor-
ding to the current guidelines, this age group sho-
uld not have been screened regardless of the age 
of sexual initiation or other risk factors.
In conclusion, absolute agreement of genotyping 
hrHPV DNA and mRNA test results was obser-
ved in investigated age groups of women and 
their cervical cytology. Accordingly, the results 
indicate the possibility of predicting the risk of 
persistent infection only by HPV DNA genoty-
ping test, which is already integrated in many 
screening tests (at least for HPV-16 and HPV-
18), with no need for additional RNA testing, 
in categories of infected women showing a high 
(absolute) agreement of both tests.
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ABSTRACT

Aim To examine the effects of therapeutic hypothermia on the 
outcome of patients with the diagnosis of out-of-hospital cardiac 
arrest (OHCA).

Methods The study included 76 patients who were hospitalised 
at the Medical Intensive Care Unit (MICU) of the Clinical Centre 
University of Sarajevo, with the diagnosis of out-of-hospital car-
diac arrest, following the return of spontaneous circulation. Thera-
peutic hypothermia was performed with an average temperature of 
33oC (32.3 - 34.1oC) on the patients who had coma, according to 
the Glasgow Coma Scale (GCS).

Results Multiple organ dysfunction syndrome (MODS) signifi-
cantly affected survival (p=0.0001), as its presence reduced pa-
tients’ survival by 96%. In addition, ventricular fibrillation (VF) 
as the presenting rhythm, also significantly affected survival 
(p=0.019). A degree of patient’s coma, as measured by the GCS, 
significantly affected survival (p=0.011). For each increasing point 
on the GCS, the chance for survival increased twice. Moreover, 
other physiological factors such as the pH and the lactate serum le-
vels significantly affected patients’ survival (p=0.012 and p=0.01, 
respectively). 

Conclusion In patients with the diagnosis of OHCA who un-
derwent to the treatment with therapeutic hypothermia, verified 
VF as a presenting rhythm was a positive predictive factor for their 
outcome. Therefore, therapeutic hypothermia represents an option 
of therapeutic modality for this type of patients. 

Key words: intensive care unit, treatment, ventricular fibrillation
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INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) presents 
loss of cardiac function and lack of pulse, and it is 
the main cause of mortality, with survival rates be-
tween 4 and 39.3% (1,2). Cardiopulmonary resus-
citation (CPR) should be done as soon as possible, 
and hospitalization is of utmost importance (2). In 
late fifties of the 20th century, the therapeutic hypo-
thermia after the cardiac arrest was first described 
(3). It has been shown that therapeutic hypothermia 
improves both neurological outcomes and survival 
(4-6). In 2003, the American Heart Association 
(AHA) and the International Liaison Committee 
on Resuscitation (ILCOR) recommended the use of 
therapeutic hypothermia after cardiac arrest (2). In 
2005, a revision was made to the first recommenda-
tion and clear guidelines for its use were established 
as follows: unconscious adult patients with return 
of spontaneous circulation (ROSC) after OHCA 
should be cooled to 32-34 °C for 12-24 hours when 
initial rhythm was ventricular fibrillation (VF),  pa-
tients with non-VF arrest out-of-hospital or with 
in-hospital arrest, hemodynamically stable patients 
with spontaneous mild hypothermia (>33°C) after 
resuscitation from cardiac arrest should not be ac-
tively rewarmed (7). Patients on which this method 
can be used are intubated with the  treatment initiat-
ed within 6 hours after cardiac arrest (non-perfusing 
ventricular tachycardia (VT) or VF), patients able 
to maintain systolic blood pressure >90 mm Hg, 
with or without vasopressors after cardiopulmonary 
resuscitation (CPR) and patients in coma at the time 
of cooling (5). The aim of the treatment is to achieve 
the target temperature between 32 °C and 34 °C 
within 4 hours from the start of the cooling, while 
rewarming begins 24 hours after the beginning of 
the cooling process (7,8). Guidelines in 2015 con-
firmed earlier recommendation and put into focus 
supportive therapy and controlled rewarming (9). 
In the Federation of Bosnia and Herzegovina, stud-
ies of this type have not been performed.
The aim of this study was to examine the effects 
of therapeutic hypothermia on the outcome of pa-
tients with the diagnosis of OHCA. 

PATIENTS AND METHODS

Patients and study design 

This retrospective-prospective study included 76 
patients who were admitted to the 7-bed Medical 

Intensive Care Unit, Clinical Centre, University of 
Sarajevo (Federation of Bosnia and Herzegovina, 
Bosnia and Herzegovina), during a 2-year period 
(January 2013-December 2015). Ethical approval 
was obtained from the Ethical Committee of the 
Clinical Centre University of Sarajevo. Legal re-
presentative were informed about the treatment 
and they gave the consent. The patients were ad-
mitted from the Emergency Department. The rea-
sons for admission was the diagnosis of OHCA, 
following the return of spontaneous circulation 
(patients remained intubated and ventilated, with 
persistent coma after cardiac arrest).
For each patient, the following data were obta-
ined upon admission: age, gender, the presen-
ting rhythm (VF, asystole), time until the start of 
CPR, duration of CPR and time until the return of 
spontaneous circulation (ROSC), Glasgow Coma 
Scale (GCS) (method for bedside assessment of 
conscious level by eye opening, verbal and motor 
response) (10). Laboratory tests (lactate and pH 
serum levels) upon admission were measured, 
as well as and the presence of sepsis, ventilator-
associated pneumonia (VAP) or multiple organ 
dysfunction syndrome (MODS).  
Patients were divided on the basis of their outcome 
into two groups: survivors (patients who were dis-
charged from the hospital), and non-survivors (pa-
tients who died during the same hospitalization).  

Methods

After admission, the patients were sedated and 
placed on mechanical ventilation. Targeted tem-
perature management (TTM) was started using 
the Arctic SunR Temperature Management 
System (Model 2000, Medivance Inc., Loui-
sville, USA) with a target temperature of 33 oC 
which was maintained constantly for 24 hours. 
All patients were resuscitated according to the 
advanced cardiac life support guidelines. Rou-
tine collection of data did not interfere with the 
patient care and treatment in any way, and sta-
tistical analyses were processed retrospectively 
and anonymously.

Statistical analysis

The data collected were analysed at the level of 
descriptive statistics by measures of central ten-
dency (arithmetic mean and median) and me-
asurements of variability (standard deviation, 
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interquartile range 25th-75th percentile). The 
univariate binary logistic regression examined 
the individual impact of independent variables 
on the binary dependent variable survival (sur-
vivor / non-survivor) in the medical intensive 
care unit. Multivariate binary regression analysis 
examined the influence of independent predictors 
(model 1), which showed a significant impact on 
the variable “survivor / non-survivor”. The value 
of the model is tested by Hosmer and Lemeshow 
Test. All analyses were evaluated at a level of sta-
tistical significance of p<0.05.

RESULTS

The average age of patients was 59±15.7 years, 
with higher prevalence of males, 55 (72%). Car-
diogenic origin of OHCA was confirmed in 61 
(80.3%) patients. The VF was initially detected 
in 47 (62%) patients, while the asystole was veri-
fied in 29 (38%) patients. The CPR was initiated 
after 4 (1-6) minutes of OHCA and lasted for 25 
(19-33) minutes. Therapeutic hypothermia was 
performed with an average temperature of 33oC 
(32.3 - 34.1oC) to the patients who had the ave-
rage value on GCS from 3 to 8. During the first 
24 hours following the start of hypothermia tre-
atment, 11 (14.5%) patients died. An overall ICU 
mortality was 44.7% (34 patients). 
The following parameters did not significantly 
affect the patient’s survival: age, time of the 
CPR onset and its duration, target temperatu-
re of therapeutic hypothermia, the occurrence 
of sepsis and ventilator-associated pneumonia. 
However, multiple organ dysfunction syndro-
me (MODS) had a significant effect on survival 
(p=0.0001), as its presence reduced the patients’ 
survival by 96%. The OHCA patients with VF as 
their presenting rhythm had three times higher 
chance of survival than those who had not ve-
rified VF. Furthermore, the degree of patient’s 
coma, as measured by the GCS significantly 
affected survival (p=0.011). For each raising po-
int on the GCS, the chance for survival doubles. 
Moreover, other physiological factors, such as 
pH and lactate serum levels, significantly affec-
ted patients’ survival (p=0.012, and p=0.01, 
respectively). Multivariate binary logistic regre-
ssion showed statistically significant impact on 
the outcome. Backaer Wald method in five steps 
showed that MODS had the biggest effect on 

survival rate, more than patient’s gender, presen-
ting rhythm and the duration of CPR (Table 1).
Male gender was a significant predictor of sur-
vival (p=0.021). Odds ratio for survivor was 3.5 
(1.2-10) times if the patient was male, or the 
chance moved in the interval (CI 95%).
The VF as the presenting rhythm in OHCA pa-
tients significantly affected survival (p=0.019). 
Patients with VF as presenting rhythm were 3 
(1.2-8) times more likely to survive than patients 
presenting with asystole (Table 1).

Independent predic-
tors- Variables B Wald p Exp (B)

95.0% C.I.for 
EXP(B)

Lower Upper
Gender (male/female) 1.253 5.359 .021 3.500 1.212 10.109
Age (years) -.009 .340 .560 .991 .963 1.021
Presenting rhythm
(asystole/VF) 1.154 5.519 .019 3.170 1.211 8.302

Time until start of CPR 
(minutes) .054 .680 .410 1.056 .928 1.201

Duration of CPR / time 
until ROSC  (minutes) -.043 4.900 .027 .958 .921 .995

Glasgow coma scale .673 6.428 .011 1.960 1.165 3.298
pH 5.518 6.264 .012 249.127 3.309 1875.502
Lactate (mmol/L) -.196 6.592 .010 .822 .708 .955
Target temperature (Co) .064 .150 .698 1.066 .771 1.474
Sepsis (yes/no) -.820 2.526 .112 .441 .160 1.211
MODS ( yes/no) -3.171 20.616 .0001 .042 .011 .165
VAP (yes/no) .241 .169 .681 1.273 .403 4.016
Cerebral oedema (yes/
no) -1.378 1.367 .242 .252 .025 2.541

Table 1. The influence of independent predictors on the 
outcome of patients with out-of-hospital cardiac arrest  in 
medical intensive care unit (survivor / non-survivor)*

B, coefficient; Wald, coefficient; EXP (B), odds ratio; 95.0% CI.for 
EXP (B), 95% confidence interval for odds ratio; *multiple organ 
dysfunction syndrome (MODS) had a significant effect on survival 
(p=0.0001)

The duration of CPR impacted survival 
(p=0.027). With every passing minute of cardi-
opulmonary resuscitation, the chance of survival 
decreased by 4% (1-8%).
The extent of patients’ coma, as measured by the 
GCS, affected survival (p=0.011). For each po-
int on this scale, the chance of survival increased 
about 2 (1-3) times.
Lactate serum values had a significant effect on 
survival (p=0.01). For each increase in lactate se-
rum level by 1 mmol/L, the chance of survival 
was reduced by 20% (5-30%).
The pH serum level impacted survival (p=0.012). 
For each increase in pH by 0.01, the chance of 
survival increased approximately 2 times, or in 
the interval of 0.03 to 18 times.

Iglica et al. Therapeutic hypothermia
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MODS significantly affected survival (p=0.0001). 
The present MODS in OHCA patients reduced the 
chance of survival by 96% (84-99%) (Table 1).
The age of the patient, presence of VAP, sepsis as 
well as brain oedema in our study did not show si-
gnificant prediction on the OHCA patient outcome 
in medical intensive care unit (p>0.05). Multiva-
riate binary logistic regression method was used 
to examine the influence of independent predictors 
on the survival of the OHCA patients in medical 
intensive care unit. By using Backer Wald met-
hod in 4 steps, of all the statistically significant 
(p<0.05) variables, the greatest impact was de-
monstrated for MODS (Wald coefficient=19.45), 
while the other three predictors had less significant 
influence on survival: patient gender, presenting 
rhythm and the duration of CPR (Wald coefficient 
=7.9, 6.8 and 5.7 respectively) (Table 2).
Model 1 had the values of Cox & Snell R2 = 
0.513 and Nagelkerke R2 = 0.687, indicating 
that the set of variables in the fourth step expla-
ins between 51.3% and 68.7% variance. Further 
results of Hosmer and Lemeshow tests support 
the claim that the model is good, that is, χ2 = 3.8; 
p=0.872 (Table 2).

DISCUSSION

Sudden cardiac arrest occurs in 250,000-300,000 
people in Europe every year (11). Survival in pa-
tients with out-of-hospital cardiac arrest is less 
than 15%, while survival with in-hospital car-
diac arrest is approximately 22% (12, 13).  Only 
5-35% of the patients leave the hospital alive, with 
some degree of neurological impairment (14). In 
our study, during the first 24 hours, following the 
start of hypothermia treatment, 14.5% of patients 
died, while an overall mortality was 44.7%.
A cardiogenic origin was present in 61% of pa-
tients with cardiac arrest. This is comparable to 
the earlier reports which showed that 70% of all 
OHCA are due to coronary heart disease, and 
further 10% are caused by structural heart dise-
ase (e.g. hypertrophic cardiomyopathy), 5% to 
10% are due to arrhythmic causes, in the absence 
of structural heart disease (15). Fifteen to 25 % 
of OHCA are non-cardiac in origin (16). Time 
from OHCA until the start of CPR was 4 minutes 
on average and CPR lasted for 25 minutes un-
til ROSC.  Our study is similar to earlier studies 
which showed that patients achieving ROSC had 
median total CPR duration of 18 minutes (17).
Gender was a significant predictor of survival, 
and male patients had 3.5 times better chance 
for survival. This is supported by larger studies 
which show that women who suffer an OHCA 
are less likely to have characteristics associated 
with survival such as arresting in a public loca-
tion or an initial shockable rhythm or bystander 
resuscitation and have a lower rate of survival to 
discharge (18). Also, women are more likely to 
have a diagnosis of myocardial infarction missed 
in the Emergency Department, and are less likely 
to receive invasive diagnostic testing and tre-
atments for cardiovascular diseases, such as car-
diac catheterization and percutaneous coronary 
intervention - all of which might account for poo-
rer outcomes and increased mortality (19). When 
experiencing OHCA, women are older than men, 
have fewer witnessed arrests, have fewer initial 
VF/VT rhythms and have a lower rate of bystan-
der CPR (20). Ventricular fibrillation was initi-
ally detected in 47 (62%) patients in our study. 
Our results show that the respondents who have 
had verified VF have three times higher chance 
of surviving than those who have not had verifi-
ed VF. Earlier studies agree with our results, as 

Mo-
del 1 Variable B Wald p Exp(B)

95.0% C.I.for 
EXP(B)

Lower Upper

Step 1 Gender (male/
female) 2.271 6.657 .010 9.692 1.726 54.419

Rhythm  
(asystole/VF) 2.148 5.786 .016 8.566 1.489 49.296

Duration of 
CPR (minutes) -.066 4.236 .040 .936 .878 .997

GCS (1-15) .510 1.868 .172 1.666 .801 3.464
pH serum level 3.497 .854 .356 33.015 .020 54992.602
Lactate serum 
level (mmol/L) .075 .373 .541 1.078 .847 1.373

MODS (yes/
no) -4.747 16.491 .0001 .009 .001 .086

Step 4

Gender (male/
female) 2.433 7.990 .005 11.391 2.109 61.538

Rhythm  
(asystole/VF) 2.137 6.824 .009 8.476 1.705 42.135

Duration of 
CPR (min.) -.070 5.765 .016 .932 .881 .987

MODS (yes/
no) -4.817 19.457 .0001 .008 .001 .069

Table 2. Multivariate impact of independent predictors on 
the patient outcome (survivor / non-survivor) (the greatest 
impact was demonstrated for multiple organ dysfunction 
syndrome (MODS)*

B, coefficient; Wald, coefficient; EXP (B), odds ratio; 95.0% CI.for 
EXP (B), 95% confidence interval for odds ratio; *p=0.0001
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VF and early ROSC in general were shown to be 
associated with better outcomes in patients with 
witnessed OHCA (21). Shockable rhythm con-
version from initial non-shockable heart rhythms 
was associated with better OHCA outcomes, de-
pending on the type of initial heart rhythm, and 
time of rhythm conversion (22).
The benefits of TTM have been summarized in a 
systematic review and meta-analysis of six rando-
mized trials (23). According to this review, patients 
treated with TTM were more likely to survive than 
patients whose temperature was not managed with 
TTM.  However, TTM is associated with a num-
ber of adverse effects and complications. The main 
adverse effects reported include shivering, seizu-
res, bradycardia, tachyarrhythmia, pneumonia, 
sepsis, coagulopathy, electrolyte and metabolic 
disturbances (23). In our study, parameters did not 
significantly affect the patient’s survival were the 
patient’s age, the time of the cardiopulmonary re-
suscitation onset and its duration, the temperature 
of therapeutic hypothermia, the occurrence of sep-
sis and ventilator-associated pneumonia. However, 
multiple organ dysfunction syndrome (MODS) 
had a significant effect on survival, as its presence 
reduced patients’ survival by 96%. Earlier studies 
also showed that MODS is a negative predictor 
for outcome in OHCA patients (24). Moreover, 
other physiological factors such as the pH and the 
lactate significantly affect patients’ survival. Our 
earlier study showed that blood lactate concentra-
tion is independently associated with an increase 
in mortality in hospitals and it represents a statisti-
cally significant predictive marker of fatal clinical 
outcomes for critically ill patients. Blood lactate 
concentrations >2.25 mmol/L can be used by clini-
cians to identify patients at high mortality risk (25).
It is important to note that before our MICU was 
equipped with the proper cooling system, alter-

native cooling methods (cold IV fluids and sur-
face cooling with ice packs, wet blankets and a 
cooling fan) were utilized. Only a decade ago, 
a minority of resuscitated patients were treated 
with TTM in both American and European in-
tensive care units (26).  Although in recent years 
there have been major improvements in the use 
of TTM, this practice is still not widely used in 
developing countries due to limited financial re-
sources and a lack of awareness of this treatment 
method. A previous study showed that 15% of 
doctors in developing countries have used TTM 
in comatose survivors after cardiac arrest (27). In 
patients with the diagnosis of OHCA, who un-
derwent treatment with therapeutic hypothermia, 
verified VF as a presenting rhythm is a positive 
predictive factor for their outcome. 
In conclusion, therapeutic hypothermia re-
presents an option of therapeutic modality for 
out-of-hospital cardiac arrest type of patients. 
Optimal monitoring of patients and creation of 
a database that would record clinical characte-
ristics of patients who have undergone this tre-
atment is recommended. Although a country 
with a modest health-care system infrastructure, 
Bosnia and Herzegovina was a pioneer in intro-
ducing the procedure of therapeutic hypothermia 
into a routine clinical practice (first therapeutic 
hypothermia was performed in 2009).  This paper 
should encourage other health care professionals 
in intensive care units with limited resources in 
Bosnia and Herzegovina as well as in other coun-
tries to start using this treatment option.
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ABSTRACT

Aim To determine the spectrum of causative agent of prosthetic 
joint infections in orthopaedics.

Methods In the group of 50 patients with periprosthetic infection 
the results of microbiological analysis of minimally two samples 
gained intraoperatively were analysed. 

Results The only pathogen in the group of acute infection was 
Staphylococcus (S.) aureus.  In case of delayed infection the most 
frequent pathogen was also S. aureus and in case of late infection 
it was coagulase-negative staphylococcus.

Conclusion A better understanding of the most common agents 
responsible for prosthetic joint infection helps us to properly pre-
pare the patient (by eradicating of potential focus) with adequate 
antibiotic prophylaxis and early treatment of suspected infections 
to further reduce the incidence of infectious complications in ort-
hopaedics. It is important to bear in mind that patients who have 
undergone total joint replacement have a risk of infection for the 
rest of their lives.

Key words: coagulase-negative staphylococcus, Staphylococcus 
aureus, total joint replacement
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INTRODUCTION

The implantation of total endoprosthesis is beco-
ming more common orthopaedic operation mainly 
with knee and hip joint injuries. It provides signi-
ficant improvement of the patients´ quality of life 
including pain relief and mobility improvement 
(1,2). Literary data show that infection complicati-
on occurs in 1-5% of implanted endoprosthesis (3). 
The important fact is that as the number of implanta-
tions of endoprosthesis is increasing each year, also 
the number of cases with infection complication is 
growing (4). Yet infection complication after total 
joint replacement (TJR) occurs less frequently than 
mechanical loosening of endoprosthesis (2). Pro-
sthetic infection is considered a more severe com-
plication related to endoprosthesis, which often le-
ads to long term hospitalisation of patients, repeated 
surgeries and in certain cases even to definite loss of 
implant, with shortening of affected limb, its defor-
mation and major lasting function limitation (1,2).
The aim of this study was to determine causative 
microorganisms of prosthetic joint infections, to 
set the range of main agents of individual types of 
prosthetic joint infection in orthopaedics, as well 
as to show the importance of infection prevention. 

PATIENTS AND METHODS

Patients and study design 

A total of 64 patients with infection of endoprosthe-
sis of hip and knee joint, who were operated from 
2013 to 2017 in the Orthopaedic Clinic in Banska 
Bystrica were included in the analysis. A total of 50 
patients met inclusion criteria and were included in 
the study: they had an operation performed in our 
workplace maximally 5 years before the first signs 
of infection appeared, and unequivocally infection 
with adequate laboratory, bacteriological, local ti-
ssue changes and prospectively X-ray finding.
Results of microbiological analysis of minimally 
two samples gained intraoperatively were analysed. 
Sampling was performed in patients with symptoms 
of inflammation of the operational region (from the 
wound, pus from the wound, tissue, material from 
drainage, pus in anaerobically closed syringe). 
For classification of prosthetic joint infections 
the Fitzgerald’s classification system was appli-
ed (5), and patients were divided into 3 groups 
according to time distance of infection and pri-
mary operation: acute post-operation infection, 

which occurred within 3 months after the operati-
on, deep delayed infection, which occurred from 
3 months to 2 years after the operation, and late 
hematogenous infection, which occurred more 
than two years after the operation.

Methods

The material was sent to the microbiological la-
boratory. The processing of the sample was per-
formed according to the local standard operatio-
nal processes (SOP) for clinical material:
inoculation on blood agar and MacConkey agar for 
Gram-negative rods and fungi and cultivation in ae-
robic conditions; inoculation to nutrition broth and 
cultivation in aerobic conditions and identification 
by biochemical tests and MALDITOF (identificati-
on according to proteins detected – proteomic) (6); 
inoculation on Sabouraud agar and cultivation and 
identification for yeasts and moulds; inoculation of 
material for anaerobic cultivation on VL (viande-
levure, meat-bread-yeast) agar. 
Colonies growing only in anaerobic conditions 
were identified by biochemical tests and MAL-
DITOF (identification according to proteins de-
tected – proteomic) (7). 
Every colony that was consistent with inocula-
tion was identified by phenotype characteristics 
done by standard biochemical tests. 
Antibiotic (ATB) susceptibility tests according to 
the identified bacterium were performed by disc 
diffusion tests, E-test or tests for minimal inhi-
bition concentration (MIC) according to the Cli-
nical Laboratory Standards Institute (CLSI) (8).
Identification of methicillin-resistant Staphylococ-
cus (S.) aureus (MRSA) strains was performed 
with oxacillin (methicillin) (1 µg) and cefoxitin 
(30 µg) disks. If the test was consistent with the 
resistance to oxacillin– the sample was tested by 
minimal inhibitory concentration (MIC) tests (E-
test) and consequently confirmed by polymerase 
chain reaction (PCR) – Cepheid (9).

Statistical analysis 

Descriptive statistics were used to describe 
the basic features of the data. Continuous vari-
ables were reported as the mean values and cat-
egorical variables are reported as proportions.  
The test for two proportions (z-test and Mann 
– Whitney test) was used and statistical signifi-
cance was set as p< 0.01. 
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RESULTS

Calculated mean value for age in 50 patients with 
prosthetic joint infections was 63 years and mean 
value of body mass index (BMI) was 31.18. 
Proportion of hip and knee arthroplasties was 
comparable (half of our patients have knee endo-
prosthesis and half have hip endoprosthesis). The 
overall mean time from implantation to revision 
of endoprosthesis was 25 months. 
The occurrence of types of infection was as 
follows: acute post-operation infections in five 
(10%), deep delayed infections in 22 (44%) and 
late hematogenous infections in 23 (46%) patients.
Sixty-two pathogens from 50 patient samples were 
isolated: Gram-negative microorganisms were re-
presented in nine (14.52%) cases and the rest of 53 
(85.48%) were Gram-positive microorganisms; 40 
(80%) patients had monomicrobial and 10 (20%) 
polymicrobial infection (8 patients with 2 patho-
gens and 2 patients with 3 pathogens).
Staphylococcus aureus was detected in 14 
(22.58%), coagulase negative Staphylococcus 
(CoNS) in 21 (33.87%), MRSA in five (8.06%) 
cases. Enteroccocus faecium was the most frequ-
ent Gram-negative bacteria, in seven (11.29%) 
cases, followed by Escherichia coli, in three 
(4.84%) cases (Table 1).  

ted, 11 (39.29%). Other pathogens were isolated 
in eight (28.57%) cases (p=0.00164) (Table 2).

Microorganism No (%) of patients
Gram-negative
Staphylococcus aureus 14 (22.58)
Coagulase-negative Staphylococcus 21 (33.87)
MRSA 5  (8.06)
Streptococcus agalactiae 2  (3.23)
Streptococcus viridans 2  (3.23)
Streptococcus mitis 1  (1.61)
Gram-positive
Enteroccocus faecium 7  (11.29)
Escherichia coli 3  (4.84)
Klebsiella pneumoniae 2  (3.23)
Enterobacter cloacae 2  (3.23)
Prevotella disiens 1  (1.61)
Acinetobacter calcoaceticus 1  (1.61)
Micrococcus luteus 1  (1.61)
Total 62 (100.0)

Table 1. The distribution of microorganisms isolated in 50 
patients with prosthetic joint infections

MRSA, methicillin-resistant Staphylococcus aureus

Deep delayed infection No (%) of patients
Staphylococcus spp.
S. aureus 11 (39.29)
Coagulase-negative Staphylococcus 9  (32.14)
Total 20 (71.43)
Other pathogens
Escherichia coli 3  (10.71)
Enteroccocus faecium 3  (10.71)
Klebsiella pneumoniae 1  (3.57)
Prevotella disiens 1  (3.57)
Total 8  (28.57)
Total    28 (100.00)

Table 2. The distribution of microorganisms in 28 patients 
with deep delayed infection

Late hematogenous infection No (%) of patients
Staphylococcus spp.
S. aureus 3 (10.34)
Coagulase-negative Staphylococcus 12 (41.38)
Total 15 (51.72)
Streptococcus spp.
S. agalactiae 2 (6.90)
S. mitis 1 (3.45)
S. viridans 2 (6.90)
Total 5 (17.24)
Other pathogens
Acinetobacter calcoaceticus 1 (3.45)
Enterobacter cloacae 2 (6.90)
Enteroccocus faecium 4 (13.79)
Klebsiella pneumoniae 1 (3.45)
Micrococcus luteus 1 (3.45)
Total 9 (31.03)
Total 29 (100.00)

Table 3. The distribution of microorganisms in 29 patients 
with late hematogenous infection

The only pathogen in the group of seven patients 
with acute post-operation infection was S. aureus.  
In the group of 28 patients with delayed infection 
the most frequent pathogen was also Staphylo-
coccus spp. in (71.43%) cases. S. aureus domina-

Staphylococcus infections occurred in 29 pa-
tients with late haematogenous infection in great-
est extent, 15 (51.72%); CoNS was the most fre-
quent pathogen, 12 (41.38%). Streptococcus spp. 
caused infection in five (17.24%) cases, and nine 
(31.03%) infections were caused by other patho-
gens (p=0.0913) (Table 3). 

DISCUSSION

In general, the cause of prosthetic infection could 
be practically every microbe and endoprosthesis 
implantation, which means the risk of infection 
for its owner during all their life (10). The most 
important source of infection is the patient´s own 
skin, followed by a doctor performing the opera-
tion and his/her teams’skin, and the last, but not 
least, pathogens from the air (11).
The most frequent pathogen was coagulase-ne-
gative staphylococci followed by S. aureus and 
staphylococcus infections are responsible for 
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nearly 64% infections in our patients. S. aureus 
was most frequently isolated pathogen in case of 
acute as well as delayed infection and coagula-
se-negative staphylococci in case of late hema-
togenous infection. Individual representation of 
pathogens in our group of patients is similar to 
the one in other studies (10, 12).
Polymicrobial infections were noticed in 20% pa-
tients (8 patients with 2 pathogens and 2 with 3), 
which is equal to the work of Benito et al. (17%) 
(13). According to our study polymicrobial infec-
tions occurred only in case of delayed and late in-
fections and the most frequent pathogen present 
was coagulase-negative staphylococcus, and per 
one patient it was on average 1.24 of pathogen. 
Patients with acute prosthetic joint infection re-
presented 10%, with delayed infection 44% and 
with late infection 46% of our group. Pulido et al. 
achieved similar results in their study of 63 pro-
sthetic joint infections (14). Average time since 
the operation to subsequent revision due to infec-
tion was 25 months in our group of patients. 
Li et al. (15) found in the group of 59 patients 
with prosthetic joint infection 69 different bac-
terial strains and Gram-positive bacteria was the 
most frequent one causing as many as 86.96% 
infections, which is equal to our work (85.94%).
Tande et al. (10) found predominance of S. aureus 
and coagulase-negative staphylococcus responsi-
ble for as many as 60 –70% of prosthetic joint in-
fections, whereas streptococcus and enterococcus 
together represented in only approximately 18%. 
The ratio of infections caused by Staphylococcus 
aureus and CoNS was nearly the same; aerobic 
gram-negative bacilli were presented in 12% ca-
ses of knee and hip joint infections (10). In our 
work we have achieved similar results: staphylo-
coccus infections occurred in 80% of patients with 
prosthetic infection, other pathogens occurred to-
gether in 44%, some patients were affected by a 
combination of pathogens; streptococcus and en-
terococcus were responsible for 24% of infections. 
Gram-negative bacteria represented 15% from all 
isolated pathogens and they contributed to the be-
ginning of prosthetic joint infection by 18% in our 
group of patients, which is a similar result to other 
studies (10,14,15).
The most frequently isolated microorganisms 
were staphylococci, especially S. aureus. Equ-

ally, Parvizi et al. (16) in their work proved, that 
the most frequent agent in their group of patients 
with acute infection was Staphylococcus aureus, 
which they attributed to its high virulence. Incre-
ased virulence of this pathogen probably leads to 
start of the symptoms during the first few months 
after the operation (17).
Identification of a probable cause of prosthetic 
joint infection with an early start is particularly 
important because these infections are most 
frequently solved by debridement of joint with 
keeping the implant (10). On the other hand, de-
layed beginning of the infection (from 3 months 
to 2 years after implantation) is often due to the 
occurrence of less virulent microorganisms in-
fecting the joint during surgery. Contamination 
happens during the operation and, in general, 
it is often due to normal microflora of the skin, 
mostly coagulase-negative staphylococci, such 
as staphylococcus epidermidis (18).  
In our work CoNS contributed to the beginning of 
delayed infection by 32%. Phillips et al. (19) achie-
ved similar results in his work. CoNS include a 
group of microorganisms, while many of them are 
present on skin and mucosa of humans and animals 
as a part of their physiological flora (20). CoNS 
causes infections firstly by its ability to adhere to 
prosthetic materials and produce biofilm (21).
Late prosthetic joint infections starting after 2 
years after implantation are often a consequence 
of hematogenic transfer of pathogen from an in-
fection in another place. Most frequently isolated 
microbe in this group of infections in our group 
was coagulase-negative staphylococci, followed 
by streptococci and enterococci, and also Tande 
et al. achieved similar results (10). 
Knowledge of the most frequent pathogens of 
prosthetic infections is very important not only 
when determining prevention precautions le-
ading to decrease of their occurrence, but also 
when setting the right empirical treatment to pa-
tients without waiting cultivation results (22). It 
is, for example, related to patients with sepsis or 
patients with suspected prosthetic joint infection 
in spite of negative cultivation.
The aim of our work was to contribute to de-
creased occurrence of prosthetic joint infection. 
Knowledge of the most frequent pathogens res-
ponsible for the beginning of prosthetic infecti-
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on should be an important fact when selecting 
both the right ATB prophylaxis and suitable ATB 
when empirically administered. Last but not le-
ast, knowledge of the most frequent infection 
agents plays a significant role in prevention from 
the beginning of infection whether in pre-operati-
on phase when searching for potential focuses or 
in post-operation phase when administering ATB 
in cases of surgeries and gynaecological or big-
ger tooth operations. 
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ABSTRACT 

Aim To describe a case of an eight-year-old boy with chronic Ep-
stein-Barr virus (EBV) hepatitis with incipient cirrhosis, rarely 
found in practice.

Methods The diagnosis was based on findings of specific IgG se-
rum antibodies and EBV positive liver biopsy. Other etiologies of 
hepatitis were excluded: autoimmune hepatitis, viral hepatitis A, 
B, or C, cytomegalovirus (CMV), herpes simplex virus (HSV), 
adenovirus infection, toxoplasma infection.

Results A mild form of infectious mononucleosis with acute he-
patitis without icterus was found in the boy first time at the age 
of three. He got sick again in april 2018 with fever, minor loss of 
appetite and weakness, skin and sclera were anicteric, no enlarged 
neck lymph nodes. Ultrasonography of the spleen revealed a sple-
en diameter of 10.7 cm, while the liver was 11.8 cm. Laboratory 
findings, sedimentation, blood count, C reactive protein (CRP) 
were all normal. Ten days and a month later an increase of ami-
notransferase was noticed. The liver biopsy and PCR EBV DNA 
were performed six months of disease onset. The disease had la-
sted for about one more year with loss of strength and an increase 
of aminotransferase with maximum value of 3-4 times higher than 
normal one. The therapy was supportive. 

Conclusion Chronic EBV hepatitis is very rare. In differential di-
agnosis of hepatitis and unclear febrile conditions, EBV infection 
should not be forgotten.

Key words: biopsy, differential diagnosis, liver cirrhosis
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INTRODUCTION 

Epstein-Barr virus (EBV) is the cause of infec-
tious mononucleosis in about 90% of cases (1). 
In the countries with lower social and economic 
standards, primary infection breaks out at an  age 
of life. In developed countries, EBV infection is 
more common in older children, adolescents and 
younger adults. Infectious mononucleosis is ge-
nerally a self-limiting disease with a good pro-
gnosis (2). Asymptomatic virus carriers are quite 
common. More than 90% of adults were infected 
with this virus, which was demonstrated by sero-
logical reactions (3). 
Primary infection can also result in lethal outco-
me. It was described in a case of a boy with 
X-linked lymphoproliferative disease (Duncan 
syndrome) with abnormal immune response 
followed EBV infection, resulting in liver functi-
on failure, immunodeficiency, lymphoma, lethal 
lymphoproliferative disease and bone marrow 
aplasia (3,4). About 75% of the patients die by 
the age of 10, and all of them by the age of 40 
years (with an exception of bone marrow tran-
splantation) (4).
It is known that 80-90% of patients with EBV in-
fection have moderately increased aminotransfe-
rase levels and alkaline phosphatase activity in the 
serum, which indicates liver lesions. During EBV 
infection, transaminase are typically elevated less 
than five-fold compared with the normal levels 
(5). In cases when there are no clinical signs of 
liver damage, there is always a characteristic hi-
stopathological change (6). In only 5% of cases 
there is hepatitis accompanied with increased bi-
lirubin values (7). The reticuloendothelial system 
is usually affected as evidenced by generalized 
splenomegaly (52% of the patients), hepatome-
galy (in about 12%) and lymphadenopathy (8). 
The values of copper and iron in the serum are not 
significantly disturbed, unless in the case of severe 
haemolytic anaemia or hepatitis (6,7).
Besides acute hepatitis during primary infecti-
on, there are many clinical syndromes associa-
ted with EBV infection that are of interest for a 
hepatologist, such as post-transplant lymphopro-
liferative disorders, EBV-driven lymphoprolife-
rative diseases and those directly implicated in 
the pathogenesis of different tumours; EBV has 
a disputable role in hepatocellular carcinoma (9). 

Chronic EBV-associated hepatitis is suspected in 
immunocompetent adults with compatible sero-
logy, suggestive histology and detection of the 
viral genome in the liver and/or increase of spe-
cific circulating cytotoxic T-lymphocytes (8,9).
The aim of this paper is to present the case of a 
patient with chronic EBV hepatitis and incipient 
cirrhosis, rarely found in practice.

PATIENT AND METHODS

Patient and study design 

A boy aged 8 years, from an urban area in the cen-
tral part of the Federation of Bosnia and Herzego-
vina was presented at the Liver Revitalization Cen-
tre Vitez in July 2018. He got sick in April 2018 
with fever, minor loss of appetite and weakness. 
The weight was normal and adequate for his age. 
He was subfebrile and calm. Skin and sclera were 
anicteric, no enlarged neck lymph nodes. Ultraso-
nography of the spleen revealed a spleen diameter 
of 10.7 cm, and the liver was 11.8 cm. Laboratory 
findings, sedimentation, blood count, C reactive 
protein (CRP) were all normal. Aminotransferase 
level was increased at ten days, as well as a month 
after check-ups. In a paediatric policlinic he was 
diagnosed with a viral infection. 
Previously, at the age of three (2013), the boy 
recovered from a mild form of infectious mono-
nucleosis (diagnosis confirmed with Monosticon 
test) with short-term increase in aminotransfera-
se levels, without icterus; serum aminotransfera-
se levels relapsed to normal after ten days, and 
stayed normal in the following check-ups (up to 
two years forward). 

Methods

The diagnosis of the current disease was based 
on the laboratory findings of specific IgG serum 
antibodies and EBV positive liver biopsy. Other 
hepatitis etiologies were excluded: autoimmune 
hepatitis, viral hepatitis A, B, or C, cytomegalo-
virus (CMV), herpes simplex virus (HSV), ade-
novirus infection, toxoplasma infection.
A laboratory analysis of the blood was performed 
in Cantonal Hospital Zenica (Vitros 350, Ortho 
Clinical Diagnostics, USA). Hepatitis A, B and 
C serologic tests were done at the Department of 
Transfusion Medicine of Cantonal Hospital Zeni-
ca (Architect i2000SR PLUS, Abbot Diagnostics, 
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Germany): anti HAV IgM and IgG, HBsAg, anti 
HBs, anti HBc, anti HBc IgM, HBeAg, anti HBe, 
and anti HCV (hepatitis E marker not performed 
due to technical reasons) (Table 1). Additional 
serological tests (EBV, CMV, HSV, adenovirus, 
toxoplasma) were performed at the Sarajevo Uni-
versity Clinical Centre, Department of Clinical 
Microbiology (ELISA, Abbot Diagnostics, Ger-
many). The PCR was done at the Sarajevo Uni-
versity Clinical Centre (Real time PCR, Abbot, 
Germany). Immunological analysis (AMA-M2, 
M2 3E, SP-100, SLA/LP, PML, Gp210, LKM-1, 
LC-1, ANA and ASMA) were performed at the 
Sarajevo University Clinical Centre, Department 
of Clinical Immunology (indirect immunofluo-
rescence, immunoblot, Euroimmun, Germany). 
Liver biopsy (reticulum isomers, Trichrome Ma-
sson, Perls, staining for copper and iron, CD38, 
EBV nuclear antigen 2) were done at the Sara-
jevo University Clinical Centre, Department of 
Pathology in October 2018.

RESULTS

On the tenth day of the current disease as well 
as a month later, the laboratory tests were done 
(Table 1). Abdominal ultrasound was repeated 
and it showed that the liver was in appropriate 
position, of appropriate shape, with longitudinal 
diameter of 9.9 cm, homogeneous structure of 
parenchyma; spleen was in appropriate position 
and shape, longitudinal diameter 11.0 cm, homo-
geneous structure of parenchyma. Gall bladder 
was moderately distended with appropriate wall 
thickness. Intra and extra hepatic gall ducts were 
not dilated. No free fluid wasnoticed in the abdo-
men nor in the inferior part of the pelvis. Check-
up of echo scans of abdomen six months later 
showed no pathological changes. 
Additional serologic diagnostics was also per-
formed two months later for the current disea-
se. Autoantibodies were not detected. Anti HAV 
IgM was negative, anti HAV IgG was positive, 
hepatitis B and C markers were negative. ELISA 
for CMV and HSV IgM and IgG was negative; 
EBV IgM was negative, IgG positive; ELISA for 
adenovirus IgM was negative, IgG positive; both 
toxoplasma IgM and IgG were negative. The 
PCR EBV DNA in the serum was negative.
The liver biopsy was performed six months af-
ter the disease onset. Microscopic representati-

on of cylindrical samples of liver parenchyma 
with about 10 portal spaces showed discrete to 
moderate tiny cellular inflammation infiltration 
and focal image of “interface” hepatitis; the-
re was also a presence of single eosinophil and 
neutrophil granulocytes. Immunohistochemical 
analysis with CD38 marker indicated the presen-
ce of small number of plasma cells. Periportal 
fibrosis was also presented extending through 
the whole cylinder in some areas and with un-
determined end. There was fibrosis surrounding 
regenerative nodules of hepatocytes in one of 
the cylinders. Along the edge of a cylinder, the-
re was concentric fibrosis around lager bile duct. 
Hepatocytes lined in mono and bihepatocyte li-
nes without signs of micro and macro vesicular 
steatosis. Special Trichrome Masson staining 
indicated multiplied tissue, focal breakdown in 
reticular net; PAS stains glycogen and PAD-D 
were negative; special staining for copper and 
iron deposits was negative. Immunohistochemi-

Variable Normal value 10th day After one 
month

White blood cells 3.4-9.7 103 uL 9.50 10.90
Red blood cells 4.34-5.72 106 uL 4.71 4.59
Haemoglobin 13.8-17.5 g/dL 155.00 125.00
Platelets 154-424 103 uL 301.00 224.00
Total bilirubin 5-21 umol/L 6.00 8.00
Aspartate aminotran-
sferase (AST) 15-37 U/L 94.00 95.00

Alanine aminotransfe-
rase (ALT) 14-63 U/L 160.00 227.00

Gamma-glutamyl 
transferase (GGT) 25-85 U/L 112.00 158.00

Alkaline phosphatase 
(ALP) 30-120 U/L 436.00 450.00

Lactate dehydrogena-
se (LDH) 0-248 U/L 250.00 280.00

Total proteins 62-82 g/L 76.00
Albumins 35-50 g/L 39.00
Globulins 27-35 g/L 37.00
α1 globulins 0.02-0.04 g/L 0.04
α2 globulins 0.07-0.10 g/L 0.13
β globulins 0.9-0.13 g/L 0.16
γ globulins 0.14-0.20 g/L 0.16

Anti HAV IgM <0.8 negative, >1.2 
positive negative

Anti HAV IgG <1 negative, >1 positive positive

HBsAg <0.85 negative, >1 
positive negative

Anti HBs normal/N <10 negative
Anti HBc <1 negative, >1 positive negative
Anti HBc IgM <1 negative, >1 positive negative
HBeAg <1 negative, >1 positive negative
Anti HBe <1 negative, >1 positive negative

Anti HCV <0.80 negative, >1 
positive negative

Table 1. Laboratory findings of the patient on the 10th day 
and after one month of the disease
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cal analysis with EBV marker indicated focal 
positivity among lymphocytes in portal spaces. 
Morphological image suggested hepatitis and in-
cipient cirrhosis. 
The disease lasted for about one year with peri-
odical minor loss of appetite and weakness and 
an increase of aminotransferase level, with the 
maximum value 3-4 times higher than normal. 
The therapy of the disease was supportive. There 
was no EBV disease outbreak noticed.

DISCUSSION 

Chronic active EBV infection is rare disorder in 
which patients are not capable to control viral in-
fection. Out of 100 patients with acute infectio-
us mononucleosis, which was monitored for two 
years at a clinic in Novi Sad, Serbia, no patient 
developed chronic form of the disease (10). Be-
cause individual cases do not fulfil the diagno-
stic criteria initially proposed by Straus (11), 
Kimura and colleagues modified the diagnostic 
criteria for chronic active EBV infection: illne-
ss ≥3-month duration and elevated level of EBV 
DNA in full blood (12), not in the serum that was 
done in our patients. 
Chronic active Epstein-Barr virus infection pre-
sents with chronic or recurrent infectious mono-
nucleosis-like symptoms, such as low-grade fever, 
liver dysfunction, lymphadenopathy, and hepa-
tosplenomegaly (10). Immunological methods 
are useful for the diagnosis of viral infections. 
However, patients do not necessarily have high 
titer of EBV specific antibodies (13). Antibodies 
IgM to EB capsid antigen (EBVCA) are evident 
in 75% of patients within first ten days of primary 
infection and they completely disappear within 
two-three months. Antibodies IgG to EB nuclear 
antigen (EBNA) show up in 4-8 weeks from the 

beginning of the disease and remain for a lifeti-
me, thus in the first analysis they tend to mostly be 
negative (14). Our patient was EBV IgG positive.
Chronic EBV hepatitis with initial cirrhosis was 
shown by the liver biopsies in our patient. In 
some cases, hepatitis is followed by the ascites 
break out as well as with described occurrence of 
autoimmune hepatitis following EBV infection 
(9,10,15). Reportedly, in seven of 68 liver biopsi-
es of patients with liver disease of unknown etio-
logy, EBV genome demonstrated in the tissue in-
dicated a possible role of EBV in the induction of 
hepatitis, or a trapping of infected lymphocytes 
within the liver. In a control group of 20 EBV-
seropositive patients with steatohepatitis, EBV-
DNA PCR of the liver tissue was negative (16).
The clinical course of chronic active EBV patients 
can be smouldering, progressive, or aggressive 
(11,14). From 1998 to 2014, 13 patients aged 10-
58 years were diagnosed with chronic active EBV 
infection at Samsung Medical Centre in South Ko-
rea: in the median follow-up of 36 months, 54% 
patients died, 15% had persistent disease, and 17% 
patients were free of disease (17). 
In conclusion, chronic EBV hepatitis is a very 
rare disease. In differential diagnosis of the li-
ver disease of unknown etiology EBV infection 
should be born in mind. The Real-time PCR for 
EBV analysis should be included in the principal 
diagnostic tests for febrile children. Timely reco-
gnition of the disease is important for adequate 
management of the patient.
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ABSTRACT

Aim To analyse available breastfeeding data in Croatia and to des-
cribe the process of gathering, collecting, recording and reporting 
on them to the official institutions.

Methods Infant nutrition data collected at maternity wards and in-
fant nutrition data from primary health care units during the period 
2005 to 2016 have been used. Descriptive statistics was used to 
analyse the data and to show the trends in breastfeeding. 

Results More than 85% of newborns were exclusively breastfed 
in the maternity wards. Data on breastfeeding from primary he-
alth care showed growth in exclusive breastfeeding up to 2011, 
followed by a fall in 2013. From 2012, paediatric teams had the 
obligation to join information system (CEZIH), but electronic 
forms did not contain infant nutrition information. Similarly in the 
E-Newborn project (E-novorođenče) the question on the feeding 
method in the application was not designated as mandatory.

Conclusion The routinely collected data on breastfeeding did not 
allow us to draw any conclusion regarding breastfeeding trends in 
Croatia. In order to improve the process of gathering, recording 
and reporting data on breastfeeding to the proper authorities, it 
would be necessary to clearly align definitions, employ a uniform 
methodology, and upgrade the computer applications in primary 
health-care. Only then may the reports required for compulsory 
health insurance be obtained via the CEZIH, as well as the pu-
blic health reports necessary to monitor preventive work in care of 
children’s health, and monitoring public health indicators.  

Key words: data collection, feeding methods, infant nutrition, pri-
mary health care
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INTRODUCTION 

The promotion of and support for breastfeeding 
are some of the public health priorities of the Re-
public of Croatia, as reflected in a series of pro-
grams and rules, regulations and strategic plans 
aimed at the protection and promotion of breas-
tfeeding (1–6), as well as various initiatives and 
activities by vocational associations and non-go-
vernmental organizations, and cooperation with 
international organizations such as the WHO and 
UNICEF. Over roughly the past twenty years, 
Croatia has recorded positive results (7,8) preci-
sely due to its exhaustive and intense investment 
in the promotion of breastfeeding. Despite this, 
certain problems associated with the process of 
monitoring the status of breastfeeding have been 
identified. According to an IBFAN (International 
Baby Food Action Network) report from 2014 
(9), the problem lies in the fact that in Croatia data 
on breastfeeding are not part of the national data 
collection survey, breastfeeding data are pieceme-
al collected partially by various non-governmen-
tal institutions and organizations, where there is 
no consensus on the definitions of breastfeeding. 
Thus, problems arise in comparison of the results, 
because the methods for monitoring breastfeeding 
are not uniform. As a result, released reports and 
data show considerable variations in breastfee-
ding rates. An additional problem is the inadequ-
ate evaluation and monitoring of indicators of the 
measures and programs implemented (10).  
Although the IFBAN report showed that there 
were insufficient national data on breastfeeding 
which could be used to assess the situation, the-
re are nonetheless sources of health statistics that 
could serve as a basis for monitoring changes in 
breastfeeding trends among newborns and infants. 
There are reports of live births from maternity 
wards and reports on the results of preventive 
general check-ups in primary health-care activi-
ties (family practice and primary health care for 
pre-school children (0-6 years) which are released 
annually in the Health Statistics Yearbook publis-
hed by the Croatian Public Health Institute (11).
In the interest of complete and comparable breas-
tfeeding data collection, the World Health Organi-
zation has recommended the following definitions 
of breastfeeding (12): exclusive breastfeeding – the 
infant has received breast milk (directly from the 
breast or expressed or from a wet nurse), allows 

the infant to receive oral rehydration salts (ORS), 
drops, syrups (vitamins, minerals, medicines) and 
does not allow the infant to receive anything else; 
predominant breastfeeding – the infant has recei-
ved breast milk (directly from the breast or expre-
ssed or from a wet nurse) as a predominant source 
of nourishment, allows the infant to receive certain 
liquids (water and water-based drinks, fruit juice), 
ritual fluids and ORS, drops and syrups (vitamins, 
minerals, medicines) and does not allow the infant 
to receive anything else (in particular non-human 
milk, food-based fluids); complementary feeding – 
the infant has received breast milk (directly from 
the breast or expressed or from a wet nurse) and 
solid or semi-solid foods, allows the infant to recei-
ve anything else, e. g. any food or liquid including 
non-human milk and formula; breastfeeding – the 
infant has received breast milk (directly from the 
breast or expressed or from a wet nurse), allows the 
infant to receive anything else: any food or liquid 
including non-human milk and formula; bottle fee-
ding – any liquid (including breast milk) or semi-
solid food from a bottle with a nipple/teat, allows 
the infant to receive anything else, e. g. any food 
or liquid including non-human milk and formula.
In Croatia, the following definitions of infant nu-
trition are mostly used: breast milk nutrition, brea-
stfeeding milk subtitutes, dual milk nutrition (bre-
ast milk and infant formula) and complementary 
feeding. Infant nutrition includes milk nutrition 
and complementary feeding, while we distinguish 
breast milk nutrition (natural nutrition) and nutriti-
on with other milk than breast milk (artificial nutri-
tion). Dual milk nutrition or mixed milk nutrition 
refers to infant nutrition with breast milk and arti-
ficial nutrition. Complementary feeding refers to 
any other foodstuff/aliment infants receive except 
breast milk (13). However, sometimes there is use 
of “breastfeeding plus complementary feeding”, in 
terms of infant nutrition with breast milk and in-
fant formula, although it actually means dual milk 
nutrition (breast milk and infant formula). 
In the National Program for the Protection and 
Promotion of Breastfeeding from 2018 to 2020, 
which was adopted by the Government of the Re-
public of Croatia in August 2018, it was stated 
that breastfeeding promotion indicators should 
use indicators based on the WHO definition of 
breastfeeding. However, breastfeeding indica-
tors according to the above definitions cannot be 
tracked through routine health statistics, as infant 
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nutrition data are not delivered in an electronic 
form via the Central Health Information System 
of the Republic of Croatia (CEZIH) or through 
the Hospital Information Systems (BIS). The 
accurate indicators that are required for evalua-
tion of the National Program cannot be obtained 
from routine health statistics because there is no 
accurate age given at which data are obtained 
(breastfeeding for 3 months and breastfeeding for 
6 months) but it is a case of an age range of 0-2 
(0-89 days of life), 3-5 (90-179 days) and 6-11 
months (180-364 days). 
The National Program did not define the sources 
of information for evaluating these indicators. 
All national programs should incorporate the 
indicators from inputs through impact (15). The 
previous National Program for the Protection 
and Promotion of Breastfeeding from 2015-2016 
concerning measures to promote breastfeeding 
carried out by various entities from health system 
and non-governmental organizations has no ava-
ilable evaluation reports.
The aim of the study was to analyse the available 
breastfeeding data in Croatia from routine public 
health reports during the period from 2005–2016 
and to show the trends in breastfeeding, to descri-
be the process of gathering, collecting, recording 
and reporting of breastfeeding data for public 
health statistics in Croatia, and to identify diffi-
culties in the process of collection, recording and 
reporting on breastfeeding data in Croatia.

MATERIALS AND METHODS

Settings and study design

Annual routine public health reports from pri-
mary health care (PHC) services and maternity 
wards data from medical birth notifications in the 
period 2005 to 2016 were used for breastfeeding 
data analysis. According to the Annual Imple-
mentation Plan of the Croatian Statistical Acti-
vities, all health institutions (PHC and hospitals) 
are obliged to collect and deliver data about bre-
astfeeding, in the frame of their health reports to 
the Croatian Institute of Public Health.
This study was performed in Zagreb, Croatia, 
from November 2017 until January 2019.  
The Ethics Committee of the School of Medicine 
in Zagreb had approved this research.

Methods 

From birth until discharge from the maternity 
ward, data on breastfeeding in Croatia were 
collected including data on nourishment based 
on previously specified categories according to 
the type of feeding (breastfeeding, breastfeeding 
+ complementary feeding and feeding with infant 
formula) in the age categories 0-2 months, 3-5 
months and 6-11 months. Data provided from pre-
ventive general check-ups of infants published in 
the Health Statistics Yearbook, which were recor-
ded in the category “breastfeeding + complemen-
tary feeding” have been renamed for the purpose 
of this paper as “dual milk nutrition” for infants 
aged 0-2 months, considering the fact that infants 
in this life period should not receive any other 
nutrition except breast milk and/or breastfeeding 
milk substitute. Following the same pattern of data 
interpretation in the next age group, i.e. infants 
aged 3-5 months, we renamed the category “brea-
stfeeding + complementary feeding” to “dual milk 
nutrition”, assuming that at least at the beginning 
of that period newborns receive a combination of 
breast milk and infant formula. 
In order to depict the breastfeeding trends in 
maternity hospitals based on birth reports, the 
percentage of breastfed newborns, based on nou-
rishment type, compared to the total number of 
recorded live births was computed. 
Data on breastfeeding from preventive general 
check-ups were absent in the annual health-sta-
tistics abstract for 2012, so they are not cited in 
the analysis. The reason for the absence of the-
se data is the transfer of all primary health-care 
teams to the Central Health Information System 
of the Republic of Croatia (CEZIH) (Centralni 
informacijski zdravstveni sustav) from 2010 to 
2012 (14), wherein the Information Technology 
(IT) solution did not allow the monitoring of pu-
blic health indicators from preventive general 
check-ups, including data on the infant feeding 
methods. To obtain such data, the manually ma-
intained aggregate reports on findings from com-
pleted preventive general check-ups still needed 
to be delivered, which was not done by 30% of 
the teams, and the data on findings from preventi-
ve general check-ups were not released for 2012. 
Furthermore, errors were made in recording data 
in 2011 in which, according to the data published 
in the health statistics abstract (16), the total data 
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on feeding methods in the 0-2 months infant age 
group were higher than the total number of com-
pleted preventive general check-ups in the infant 
group, because in some paediatric reports, the ca-
se-history data on feeding outside of preventive 
general check-ups were also counted.

Statistical analysis

To present the breastfeeding trends, the percen-
tages of breastfeeding according to the data from 
preventive general check-ups of infants in diffe-
rent age categories, compared to the total num-
ber of completed examinations for each infant 
sub-group, were calculated. The breastfeeding 
data were not identical to the number of com-
pleted preventive general check-ups, because the 
case-history information on breastfeeding is not 
always recorded during each examination, so the 
quantity of breastfeeding data gathered is lower 
than the number of examinations performed. 

RESULTS

According to the breastfeeding data from Croa-
tian maternity hospitals in the 2005-2016 period, 
there was an observable gradual decline in the 
breastfeeding trend from 87% in 2005 to 78.8% 
in 2016, with a slight upturn in 2012 (86.7%), 
after which a decline followed once again. In 
this same period, the percentage of breastfeeding 
+ infant formula simultaneously grew in inver-
se proportion, from 10.3% in 2005 to 16.1% in 
2016. The share of newborns receiving artifici-
al nourishment was recorded at the constant 2% 

throughout the entire period. The percentage of 
unreported data from 2005 to 2015 generally sto-
od at 1% to 1.8%, but significant growth of 3.5% 
was recorded in 2016 (Figure 1).
Breastfeeding data from preventive general 
check-ups at the age of 0-2 months generally 
showed growth in the share of exclusive breas-
tfeeding in the 2005-2011 period, after which a 
considerable decrease followed in 2013, when 
a high percentage of unreported data was noted 
as in 2015. According to the data from the pre-
ventive general check-ups in 2009, exclusive 
breastfeeding was recorded in over 60% of the 
findings. The percentages of complementary bre-
astfeeding and artificial nourishment in the 0-2 
month group saw a continual decline in the 12-
year period under observation (Figure 2). 
The breastfeeding data from preventive general 
check-ups of infants aged 3-5 months generally 
showed continual growth in the share of exclusi-
ve breastfeeding (with the exception of 2013 due 
to a lack of data). According to the data from pre-
ventive general check-ups, the highest percentage 
of breastfed infants was recorded in 2016, when 
it first exceeded 50%. Almost over the entire pe-
riod under observation, a continual decline in the 
percentage of complementary breastfeeding was 
recorded, with a growth in 2014 to 22.3%. The 
share of artificial nourishment showed a decline 
throughout the entire period. The percentage of 
unreported data fluctuated during this period, pe-
aking in 2013 and 2015 due to a lack of data, but 
decreasing in 2016 to 10.1%. The most common 

Figure 1. Trends in the percentage of breastfed newborns in Croatian maternity wards from 2005 to 2016
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feeding method in infants aged 3-5 months rema-
ins exclusive breastfeeding (Figure 3). 
Data on the percentage of breastfeeding from 
preventive general check-ups for infants aged 
6-11 months show a percentage of exclusive bre-
astfeeding ranging from 13.5%-18.5%, with the 
exception of 2015, in which 9.2% was recorded 

in preventive general check-ups. The percentage 
of breastfed infants who receive complementary 
nourishment rose to 54.9% in 2016, while the per-
centage of infants receiving artificial nourishment 
showed a decrease from 38.1% to 21.7%, with the 
exception of 2014 when we recorded an increa-
se to 33.8%. As opposed to the continual gradual 

Figure 2. Trends in the percentage of breastfeeding according to data from preventive general check-ups of infants aged 0-2 months 
from 2005 to 2016

Figure 3. Trends in the percentage of breastfeeding according to data from preventive general check-ups for infants aged 3-5 
months from 2005 to 2016
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decline in the percentage of exclusively breastfed 
infants, the percentages from preventive general 
check-ups with data on complementary and arti-
ficial nourishment are variable over the 12-year 
period, and alongside the fact that at times there 
are no data, this indicates certain problems in the 
collection and classification of data (Figure 4).

DISCUSSION

The advantages of breastfeeding for the mother 
and child, and also for public health in general, 
have never been as well-known as they are today 
(17). Nevertheless, the practice of breastfeeding 
on the global level is still very modest with much 
room for improvement, particularly with regard 
to exclusive breastfeeding (9,18). The projecti-
ons contained in the relevant literature indicate 
that the progress in the duration of exclusive bre-
astfeeding will proceed slowly (19). Even though 
Croatia, according to a report by the World He-
alth Organization, exhibits a high percentage of 
exclusive breastfeeding of infants in the first six 
months of their lives (52%) (9) compared to the 
European Union member states, it is necessary 
to take into account the methodological constra-
ints and re-evaluate the reliability of data prior 
to drawing any conclusions. The Baby-Friendly 

Hospital Initiative that promotes and protects bre-
astfeeding started in Croatia in 1991. For years 
now Croatia has been one of the leading countries 
regarding the percentage of maternity wards with 
this prestigious title, and this certainly contribu-
tes to a high rate of exclusively breastfed infants. 
Since 2016 all Croatian public hospitals and ma-
ternity facilities have been baby-friendly (20).  
But, according to the data presented, a decrease 
in the percentage of exclusive breastfeeding in 
maternity wards was apparent, accompanied by a 
simultaneous increase in unreported data, i.e. the 
number of empty fields on breastfeeding in live-
birth reports was increasing. One reason could be 
that the focus on the implementation of 10 rules 
for breast-feeding promotion was not so strictly 
followed once the maternity ward was declared a 
baby-friendly institution, and the re-accreditation 
process happens every 5 years. The other reason 
for this might be attributed to the E-Newborn 
project (E-novorođenče) in some maternity war-
ds in which, as in primary health-care, a mistaken 
interpretation aroused as to how to record these 
data. The question on the feeding method in the 
application was not designated as mandatory, so 
the e-form can be submitted without the feeding 
data, which led to an increase of unreported data. 

Figure 4. Trends in the percentage of breastfeeding according to data from preventive general check-ups of infants aged 6-11 
months from 2005 to 2016
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By linking the dates of birth and the dates of pre-
ventive general check-ups in the CEZIH, accura-
te data on the age of breastfed children could be 
set aside. Data on feeding methods for children 
examined two or more times in the same period 
should be recorded from that systematic exami-
nation, in which the age of the child most closely 
corresponds to the age foreseen in the indicator 
for evaluation of the national Breastfeeding Pro-
tection and Promotion Program (21). 
In the World Breastfeeding Trends Initiative 
(WBTi) report on Croatia for 2015, it was stre-
ssed that, according to the data from health stati-
stics abstracts, not one child had been breastfed 
for more than a year. Based on everyday life it is 
known this is not true (22). Data on breastfeeding 
after the first year of life are absent from the Cro-
atian Public Health Institute’s health statistics ab-
stracts because the instructions for recording data 
on infant feeding by primary health-care teams 
only require completion of data for the nursing 
period lasting from 0 to 364 days. 
One of the important pitfalls is the lack of con-
sensus regarding criteria that define selected in-
fant feeding practices. This problem exists on the 
international level (23). In Croatia’s everyday 
praxis, it is common to apply the definitions used 
by the American Academy of Pediatrics (APP) 
and the European Society for Pediatric Gastroen-
terology, Hepatology and Nutrition (ESPGHAN) 
(13, 24-26). According to these documents, com-
plementary feeding refers to solids and semiso-
lids in the infant’s nutrition, while WHO defines 
anything other than breast milk as a complemen-
tary food; thus, infants who receive infant formu-
la are considered to have started complementary 
feeding, even if this is from birth.
It is recommended to evaluate feeding practices 
following the WHO and IBFAN criteria and defi-
nitions (9). However, there is no certainty that the 
data collected through the systematic examination 
report at ages 0-2, 3-5 and 6-11 months comply 
with the WHO feeding practices definitions. It is 
intended that the questions regarding feeding prac-
tices in these report forms refer only to the type of 
milk nutrition, but no clear instructions containing 
definitions of previously specified feeding catego-
ries were offered. Therefore, it is quite probable 
that some physicians filling the reports stick to 
their usual terminology regarding feeding practi-

ces (and not the WHO criteria), giving room for 
errors in the data collection. The older the infant’s 
age, the risk of errors is more probable. 
In 2016, Bagsci Bosi et al. stressed that it is ne-
cessary to exercise caution in the comparison 
of breastfeeding data among European Union 
Member States because of the absence of a stan-
dardized methodology for gathering data on bre-
astfeeding, and inconsistent use of definitions of 
breastfeeding; they concluded that there was still 
no uniform strategy in Europe to monitor the si-
tuation and that it was necessary to align the data 
on and definitions of breastfeeding (8). 
Similarly to Croatia, the monitoring of breastfee-
ding in the United States of America is conducted 
partially through various nationally funded inve-
stigations and there is no consolidated national 
system to monitor breastfeeding, which leads to 
the same problems as in Europe, such as diffe-
ring definitions of breastfeeding and the presence 
of variations in breastfeeding indicators (23). In 
order to improve the system of monitoring bre-
astfeeding, the Centres for Disease Control and 
Prevention (CDC) stress that it is essential to 
invest more funds in quality research, reinforce 
existing and develop future capacities for con-
ducting research into breastfeeding and establish 
a national system to monitor breastfeeding (27). 
One of the examples of monitoring the status of 
breastfeeding is the gathering of data on breas-
tfeeding within the framework of the National 
Immunization Survey conducted by the CDC’s 
National Centre for Immunization and Respi-
ratory Diseases (NCIRD/CDC) in cooperation 
with the National Centre for Health Statistics. 
Using a telephone survey of randomly selected 
households, data are gathered every year on the 
immunization of children, and in this framework, 
a question on breastfeeding was introduced in 
2001, thus facilitating the monitoring of breas-
tfeeding rates from a child’s birth at the natio-
nal level. The sampling consisted of respondents 
who have children aged 19 to 35 months, while 
the rate corresponding to the period from 2001 to 
2015 varied from 59.2% to 76.1% (28). However, 
according to a research conducted by Flaherman 
et al. the National Immunization Survey is based 
on the mother’s recollection of nursing, so there 
is a possibility of overestimation of the exclusive 
breastfeeding rate (29).

Miloš et al. Data on breastfeeding in Croatia
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ABSTRACT

Aim To evaluate the frequency of refractive errors in prematu-
re children in retinopathy of prematurity (ROP) screening to find 
mutual connection of the prematurity level, disease activity and 
refractive errors.

Methods A retrospective study was conducted in the Eye Clinic of 
the University Clinical Centre Sarajevo, between December 2013 
and January 2017. A total of 126 patients of gestational age ≤ 34 
weeks and birth weight ≤ 2000 g underwent ROP screening pro-
gram. The patients were divided into three groups: patients wit-
hout ROP (n=15), patients with spontaneous regression (n=106) 
and those with active form of ROP (n=5).

Results There were 68 (54.0%) patients with refractive errors: 45 
(35.7%) had hyperopia, 17 (13.5%) myopia and six (4.8%) asti-
gmatism. There were three (60.0%) patients with an active form 
of ROP who had refractive errors: two (40.0%) had myopia and 
one (20.0%) hyperopia. The group without active ROP had hype-
ropia as most frequent refractive error, with 10 (66.7%) patients. 
The average birth weight of the patients without refractive errors 
was 1403.9±43.4 g compared to 1390.3±104.2 g of the patients 
with refractive errors (p=0.498). The average gestational age was 
29.7±0.3 weeks in patients without and 29.0 ± 0.3 weeks in pati-
ents with refractive errors (p=0.126). 

Conclusion The birth weight and the gestational age were signi-
ficantly lower in patients with the active form of ROP. Lower ge-
stational age and birth weight of premature children increase the 
chance for the development of refractive errors such as hyperopia 
in all premature children and myopia in patients with active form 
of ROP.

Key words: hyperopia, myopia, astigmatism, preterm birth 
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INTRODUCTION

Prematurely born infants have an increased pro-
bability for developing eye disorders, especially 
of retinopathy of prematurity (ROP). The ROP is 
a disease of the eye that affects immature retinal 
blood vessels during their development. Retinal 
vascularization begins at the 16th week of gesta-
tion starting from the optic nerve and proceeds 
anteriorly being fully developed by the 36-40th 
week of gestation (1). Due to preterm birth, the 
process of vascularization remains incomplete 
and avascular retina releases vasoactive factors, 
especially vascular endothelial growth factor 
(VEGF), which then leads to the formation of 
new blood vessels (2).
The first case of ROP was described in Boston in 
1942 by doctor TL Terry (3) as fibroblastic over-
growth of vascular sheath not recognizing retina 
as the source of the problem, but noticing that the 
disease was common in prematurely born infants. 
Dr Harry K Messenger introduced a term “retro-
lental fibroplasia”, which was used in the next 40 
years (3). The term retinopathy of prematurity 
was introduced by Heath in 1951 (1). Afterwards, 
many studies have confirmed that the degree of 
prematurity (gestation age and birth weight) is the 
main risk factor for the development of ROP (1,4).
After these findings many studies were published 
supporting ROP evidence. It was found that ROP 
was one of the most common causes of blindness 
among children (1). There was a need to deve-
lop the screening program that would diagnose 
ROP in an early stage of life, which provides 
enough time for the treatment and prevention of 
the most serious complications. The first guideli-
ne with the recommendations for screening was 
published in 1998 as a Canadian Pediatric Soci-
ety (CPS) Clinical Practice Guideline (5). The 
most recent guidelines are published in 2006 by 
American Academy of Pediatrics (AAP), and in 
2008 by the Royal College of Ophthalmologists 
and the Royal College of Paediatrics and Child 
Health, UK, both providing recommendations for 
the detection and treatment of ROP (1,6).
Even though ROP is the main problem during 
neonatal period, there are other ophthalmologi-
cal complications that can occur even up to 30 
years after the birth as the result of ROP (8).  The 
most severe but rare complications are retinal 
detachment and blindness. All complications of 

ROP can be divided into structural (late retinal 
detachment, macular dragging, retinal folds, 
lattice like degeneration, retinal tears) and func-
tional (strabismus, refractive errors, nistagmus, 
amblyopia, decreased visual acuity, visual field 
changes, secondary glaucoma) (1). 
There were no studies in Bosnia and Herzego-
vina investigating ROP and its association with 
refractive anomalies. The results will provide 
better insight in the problem of prematurity, cu-
rrent treatment options and importance of early 
screening since many complications may be de-
tected and even prevented with regular check-ups 
and early treatment. 
The aim of this research was to evaluate the 
frequency of refractive errors in premature chil-
dren diagnosed during the process of ROP scree-
ning, and also to establish an association between 
the stage of prematurity, disease activity and re-
fractive errors.

PATIENTS AND METHODS

Patients and study design

A clinical, descriptive, retrospective study was 
conducted at the Ophthalmo-Pediatric and Stra-
bismus Department, Eye Clinic University Clinic 
Centre Sarajevo. The study included a total of 
126 patients, male and females with premature 
birth and subsequent screening for ROP during 
the period of December 2013 until January 2017. 
All patients had a regular follow up during the 
six-month period after the screening. 
The data were collected using medical histories 
and the protocol archives of screening for ROP: 
demographic and clinical data, gestation age, 
birth weight, medical information from the first 
exam and all the follow-ups, the copy of medical 
report of the screening exam, the data about the 
stage of ROP, conducted eye exams in order to 
diagnose refractive errors and other ophthalmo-
logical complications associated with ROP. 
Eligibility criteria were: birth weight (BW) ≤ 
2000 g, gestation age (GA) ≤ 34 weeks. Exclusi-
on criteria were: gestation age >34 weeks, birth 
weight >2000 g, irregular follow-ups, other con-
genital anomalies in term born babies.
The patients were divided into three groups: Gro-
up A - premature born infants who did not deve-
lop ROP, Group B - premature born infants who 
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had less severe form of ROP which spontaneou-
sly regressed over time and Group C - prematu-
re born infants who had active form of ROP and 
needed therapy.
The study was approved and supported by the 
Ethical Committee of the Clinical Centre of the 
University of Sarajevo. Patient records/informa-
tion was anonymous and de-identified prior to 
the analysis.

Methods

Each exam included the eye fundus examination 
using indirect ophthalmoscopy. The development 
of retinal vascularization was followed starting 
from the first exam indicated by neonatologists 
following the periodic follow-ups. The frequency 
of follow-ups was determined by the ophthalmo-
logist educated for the screening of ROP.
Refractive errors were determined using retinos-
copy and sciascopy in cycloplegia.
The results of screening determined the frequ-
ency of follow-ups according to the guidelines of 
the International Classification of Retinopathy of 
Prematurity (ICROP) (9).

Statistical analysis

Gathered data were presented through tables and 
graphs using percentage, mean value, standard de-
viation, standard error, maximum and minimum 
values. The χ2 test and Spearman correlation test 
were used to test the association. The results were 
considered statistically significant at alpha<0.05 
with the two-sided confidence interval of 95%. 

RESULTS

Of 126 premature infants included in this study, 53 
(42.1%) were males and 73 (57.9%) were females. 
The average gestation age (Figure 1) was 29.6 weeks 
(range: 24-34 weeks). The average birth weight was 
1456.3 g (range: 640 -2000 g) (Figure 2). 
The patients were divided in 3 groups. The-
re were 15 (11.9%) patients in group A, 106 
(84.1%) in group B and five (4.0%) patients in 
group C. Refractive errors were diagnosed in 68 
(54.0%) patients, of which 45 (35.7%) had hype-
ropia, 17 (13.5%) myopia and six (4.8%) asti-
gmatism. In Group A five (33.3%) patients had 
refractive error and all patients had hyperopia, in 
Group B 60 (56.6%) patients were with refracti-
ve error, hyperopia being the most frequent, with 

39 (36.8%) patients, myopia with 15 (14.2%) and 
astigmatism with 6 (5.7%) patients. Group C had 
three (60.0%) patients with refractive error, two 
(40.0%) with myopia and one (20.0%) patient 
with hyperopia. There was negative, statistically 
not significant, correlation between the stage 
of ROP and the appearance of refractive errors 
(rho=-0.079; p=0.082) (Table 1).

Refractive 
error

Number (%) of patients in the group
A B C Total

Absent 10 (66.7) 46 (43.4) 2 (40.6) 58 (46.0)
Myopia 0 15 (14.2) 2 (40.0) 17 (13.5)
Hyperopia 5 (33.3) 39 (36.8) 1 (20.0) 45 (35.7)
Astigmatism 0 (0.0) 6 (5.7) 0 6 (4.8)
Total 15 (100.0) 106 (100.0) 5 (100.0) 126 (100.0)

Table 1. The correlation between the stage of retinopathy of 
prematurity (ROP) and refractive errors* 

*χ2=7.785; p=0.254; rho=-0.079; p=0.082

Figure 1. Distribution of patients according to gestation age

Figure 2. Distribution of patients according to birth weight

The average birth weight (BW) in patients who 
did not develop any form of refractive error was 
1403.9±43.4 (range: 820 – 2000 g). There was 
a small difference in patients who had a refrac-
tive error. The average BW of patients who had 
myopia was 1390.3±104.2 g (range: 740 – 2000 
g). Patients with hyperopia had average BW of 
1545.8±53.6 g (range: 640 - 2000 g), astigmatism 
had average BW 1478.3±91.6 g (range 1200 g - 
1750 g) (Figure 3).
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and more common than other refractive errors. 
However, other studies showed myopia as more 
frequent in premature infants (11-13).  
Quinn GE et al. also showed that myopia was the 
most frequent refractive error among premature 
infants, which was explained with the structural 
changes happening in the eye due to ROP, but also 
with the laser or anti-VEGF treatment that leads 
to eye elongation thus causing myopia (7,11,12). 
The low number of children with active ROP and 
therefore the low number of children treated with 
laser or anti-VEGF can be the reason for low per-
centage of myopic patients in our research.
The prevalence of hyperopia in our study could 
be explained with the high number of patients 
with a mild form of ROP which spontaneously 
regressed, or patients who did not have any form 
of ROP, which was consistent with term-born 
children (8,13). Astigmatism in our study was 
the least frequent refractive error, with lower 
frequency than in other studies (8,12). According 
to the study the prevalence of astigmatism was 
increased in those patients who were treated with 
laser due to the structural changes caused by laser 
scars (12). Low prevalence of astigmatism could 
again be explained with the low number of per-
formed laser treatments. 
In group A 66.3% of infants in our study were 
emmetropic at the end of the follow-up period. 
Natural course of these patients is a  shift during 
the development of the eye (14). Group B had 
49% of emmetropic patients. When already myo-
pic patients from this group are taken into account, 
it is expected that the number of myopic patients 
gets as high as 63.2%.  In group C 80% of pati-
ents are expected to be myopic at the end of the 
development stage. These results are now even 
more consistent with other studies worldwide that 
indicate that children with active ROP are most li-
kely to develop myopia (7,12). A limitation to our 
study was the fact that hyperopia was not defined 
in charts available to the study, and low hyperopia 
(as high as +3.25) is found in 95% of all normal 
infants (14). If it had been defined, these patients 
would probably become myopic in the future.
The average birth weight in the patients without 
refractive errors was higher than in the patients 
with refractive errors, where hyperopia had the 
highest average BW. The lowest BW was in pa-
tients with myopia. This showed that there was 
a negative correlation between the appearance 

Figure 3. Refractive errors compared to birth weight

Figure 4. Refractive errors compared to gestation age

The average gestation age (GA) in patients who 
did not develop a refractive error was 29.7±0.3 
weeks (range: 25-34 weeks). The average GA in 
children with myopia was 29.0±0.6 weeks (range: 
24 – 32 weeks), in hyperopia 30.3±0.3 weeks 
(range 26- 32 weeks) and in astigmatism 30.7±0.8 
weeks (range: 28 – 34 weeks) (Figure 4).

DISCUSSION

A total of 126 premature infants met the inclusion 
criteria for the study. There was a small differen-
ce in sex distribution of patients, with females 
being more frequent compared to male patients. 
Most patients had a mild form of the disease, 
which spontaneously regressed during the period 
of follow-up. Only several patients developed the 
active form of ROP, which required the treatment. 
The treatment options included anti-VEGF, laser 
treatment or vitrectomy. All of these patients were 
regularly controlled due to the possibility of de-
veloping ophthalmological changes even 30 ye-
ars after the diagnosis (8). In the study from the 
Netherlands, Schalij-Delfos et al. showed a higher 
percentage of children with the active form of 
ROP (25.9%) compared to our study (10). This 
difference can be due to improved care for prema-
ture children in the last two decades.
More than a half of patients in our study (54.0%) 
developed a refractive error. Hyperopia was most 
frequent followed by myopia and astigmatism. 
These results were similar to findings in healthy 
newborns, where hyperopia was more frequent 

Pidro et al. Refractive errors in premature children
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of refractive errors and birth weight. As the birth 
weight was lower, the higher was the opportunity 
for developing a refractive error, especially myo-
pia. These results were consistent to the other 
studies (11,13).
The highest gestation age was found in patients 
who had astigmatism followed by hyperopia; the 
lowest one was in emmetropic patients and in 
myopia. Taking into account myopic shift, it can 
be argued that there was a difference in average 
GA and the appearance of refractive errors. As the 
GA was lower, the higher was the chance of deve-
loping myopia, which was again consistent with 
the other studies (7, 11, 13). However, these re-
sults were not statistically significant, which could 
be explained with the fact that structural changes 
occur during the active phase of ROP, and thus 
lead to the change of refractive power of the eye, 
more than the level of prematurity does (13). 
The limitation of this study was primarily a rela-
tively small number of patients in active form of 
ROP group. Additionally, long term follow up of 

18 years would be more accurate, because of na-
tural changes in refraction and eye function occur 
in this period of life. Also different ophthalmolo-
gical conditions could occur as a result of ROP 
through life, of which refractive errors are most 
common. A higher level of significance would be 
accomplished if the number of patients treated 
with laser photocoagulation were higher. If these 
limitations would be corrected, more statistically 
significant results would be achieved.
The results of this study are beneficial to give 
more insight into changes of premature babies and 
their refractive errors in everyday practice of pae-
diatric ophthalmologists and paediatricians and to 
encourage similar screening programs in all major 
medical centres in Bosnia and Herzegovina.
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ABSTRACT 

Aim To investigate outcomes of newborn hearing screening (NHS) 
with transient evoked otoacoustic emissions (TEOAE) depending 
on the time from the birth to hearing screening.

Methods A prospective study was performed in the Cantonal 
Hospital Zenica, Bosnia and Herzegovina. The NHS with TEOAE 
was done before hospital discharge for all infants. The total of 
1217 newborns were tested during a six-month period, from 1st 
February to 31st July 2016. The data of 1167 were available for 
analysis. Those data were divided in four groups depending on 
the time passed from the birth to hearing screening: Group A (n 
= 133 newborns, NHS performed in the first 24 hours after birth); 
group B (n = 294 newborns, NHS performed between 24-36h after 
birth); group C (n = 184 newborns, NHS performed between 36-
48h after birth) and group D (n= 556 newborns, NHS performed 
later than 48h after birth). 

Results Total referral rate was 19.1% (n = 223): for group A 30.1% 
(n=40), for group B 25.2% (n=74), for group C 19.0% (n=35) 
and for group D 13.3% (n=74). There was statistically significant 
difference between groups A and C (p=0.03), between groups A 
and D (p<0.001) and between groups B and D (p<0.001) in total 
and in well baby nursery (WBN). 

Conclusion The total referral rates in NHS were high because of 
early post birth discharge of newborns. The NHS should be per-
formed in infants older than 36 hours according to the results in 
this study.

Key words: developing countries, hearing loss, neonatal scree-
ning, otoacoustic emissions
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INTRODUCTION

The first European Consensus Development Con-
ference on Neonatal Hearing Screening in 1998 
and Joint Committee in Infant Hearing have re-
commended a hearing screening of all babies pri-
or to the first month of age (1,2). Many countries 
perform their national newborn hearing screening 
(NHS) programs seriously (3-5). The incidence of 
bilateral congenital and early-onset hearing loss 
varies from 1 to 3 per 1000 live births based on 
studies from various countries (6-9). It is very 
important to verify if the child has hearing loss 
in early childhood. If the hearing loss is detected 
early, rehabilitation process will be started on time 
giving the child better chance for proper speech 
and language development, which is of great im-
portance for academic achievement (10). It is re-
commended to perform NHS before hospital disc-
harge whenever possible to reduce the subsequent 
need for outpatient follow-up (11). The problem 
of early discharge of newborns from birth centres 
is well known in developing countries (12) like 
in Bosnia and Herzegovina. It has been estimated 
that up to 90% of newborns with hearing loss live 
in developing countries (13). It has been suggested 
that the best time for NHS is later than 24 hours af-
ter birth in order to decrease the influence of tran-
sient outer and middle-ear conditions on outcomes 
of the NHS. The collapse of the ear canal, presen-
ce of amniotic fluid and mesenchyme in outer or 
middle ear, which is common in newborns, could 
affect outcomes of the NHS (14,15). Screening 
with an otoacoustic emission (OAE) technique 
results in 20% referral rates when done within 
the first 24h post birth, but when the screening is 
performed later than 24h after birth, referral rates 
drop to 3% (11,16,17).
The aim of this study was to analyse the influen-
ce of early hospital discharge of newborns on an 
outcome of the first hearing test in NHS in the 
Cantonal Hospital Zenica. 

PATIENTS AND METHODS 

Patients and study design

On average 3000 newborns are born in the Can-
tonal Hospital Zenica (CHZ) Bosnia and Herze-
govina every year. Up to 10 newborns are born 
every day. All infants placed at well-baby nursery 
(WBN) in CHZ are usually discharged the next 
day after birth, except those delivered with Cae-

sarean section. Infants placed on neonatal inten-
sive care unit (NICU) are discharged when their 
health condition improves.
A prospective study was performed during the 
period of six months (1st February - 31st July, 
2016) in the Department of Ear, Nose and Throat 
(ENT) at CHZ. 
Hearing screening of neonates was performed 
before discharge from the hospital. All mothers 
were informed about the procedure by the exa-
miner. Parental permission was obtained before 
performing NHS. Only one mother did not allow 
hearing screening of her baby. Newborns were 
screened in well-baby nursery (WBN) and in 
Newborn Intensive Care Unit (NICU) as well. 
Hearing screening was performed by experien-
ced staff of physicians and medical technicians 
from ENT Department. 
Institutional approval of the Ethics Committee 
was obtained before the beginning of the study.

Methods 

Transient evoked otoacoustic emissions (TEOAE) 
was the diagnostic method for NHS used in this stu-
dy. The probe of this handheld device with rubber 
tip, which is equipped with a small speaker and a 
microphone, was placed in the external ear canal of 
the newborn. A click sound was emitted from the 
speaker. That sound, characteristic for TEOAE test, 
causes movements of the basilar membrane in coc-
hlea. Because of that, sound outer hearing cells ge-
nerate new sound (OAE). This OAE was recorded 
in the external auditory channel with a microphone 
placed in the probe. A brand new Interacoustics 
device “Titan” (Interacoustics A/S, Denmark) was 
used for screening of all infants. The device used an 
in-ear calibration before the screening commenced. 
The nonlinear click stimulus was used with inten-
sity set at 83 dB peak equivalent SPL for  maxi-
mum time of 120 seconds and minimal 80 sweeps. 
Acceptable noise level was 55dB SPL. Screening 
protocol was set up on five frequency bands cante-
red on 1, 1.5, 2, 3 and 4 kHz. The screening tech-
niques provided a pass or refer result without the 
need for a subjective data analysis. An automated 
pass criterion of three bands was utilized based on 
TEOAE signal to noise ratio of minimal 8 dB for 
frequency band cantered on 1 kHz and 6 dB for 
other four frequency bands. A reproducibility value 
of minimal 30% was required for the band response 
to be considered as pass. If OAEs are registered in 
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the ear the result “pass” appears on display of the 
device and the test result that appears on display is 
“refer” if OAEs are not registered in the ear.
Time passed from birth to screening was recorded, 
as well as the results of the screening for each ear. 
Depending on time passed from the birth to scree-
ning the results of the first hearing test were divi-
ded in four groups. In the group A the first hearing 
test of NHS was performed in the first 24h after 
birth, group B contained the results of the first 
hearing test of NHS performed between 24-36h 
after birth, in the group C were results of the first 
hearing test of NHS that was performed between 
36- 48h after birth and in group D the first hearing 
test was performed later than 48h after birth. The 
results were compared and analysed in the total 
sample, but also separately for the newborns that 
were placed on WBN and on NICU.

Statistical analysis

All data was recorded at Interacoustics software 
Ottoacces and subsequently captured on an MS 
Excel database. Descriptive statistics provided 
the frequency distribution and measures of stan-
dard deviation. Chi-square test was used to inve-
stigate correlation between the four groups (A, B, 
C and D). The significance level for all statistical 
tests was set at the p <0.05.

RESULTS

The total number of 1217 infants was screened. 
There were 642 (52.8%) male and 573 (47.1%) 
female newborns. Gender data were missed for 
two (0.2%) infants. Data of the screening time 
was missed to be verified for 50 (4.1%) infants.
In well-baby nursery (WBN) 930 of 1217 
newborns (76.4%) were placed, of which 481 
(51.7%) male and 448 (48.2%) female newborns. 
For one (0.1%) newborn gender data was mi-
ssing. Data of the screening time were missing 
for 46 (4.9%) infants in this group.  
A total of 287 (23.6%) newborns were placed in the 
NICU, 161 (56.1%) male and 125 (43.6%) female 
newborns. For one (0.3%) infant gender data were 
missing. Data of the screening time were missing 
for four (1.4%) infants. In total the data of 1167 in-
fants were available for analysis, 884 of the infants 
were placed in WBN and 283 were placed in the 
NICU. More than half of the infants were screened 
in first 48h after birth, in the total sample (52.4%) 
and in WBN (63.1%). In the NICU 81.3% of the 

infants were screened after 48h after the birth. The 
results of the first hearing test were similar in the 
total sample and in WBN with the lowest refer rate 
in group D (total sample 13.3% and WBN 8.3%) 
and the highest refer rate in group A (total sample 
30.1% and WBN 29%). In the NICU lowest refer 
rate was noted in group B (18.8%) and highest re-
fer rate in group A (44.4%) (Table 1).

Groups Time for 
NHS

No (%) of 
infants Pass (%) Refer (%)

Overall
Group A < 24h 133 (11.4) 93 (69.9) 40 (30.1)
Group B 24-36h 294 (25.2) 220 (74.8) 74 (25.2)
Group C 36-48h 184 (15.8) 149 (81) 35 (19)
Group D >48h 556 (47.6) 482 (86.7) 74 (13.3)
Total 1167 (100) 944 (80.9) 223 (19.1)
WBN
Group A < 24h 124 (14) 88 (71) 36 (29)
Group B 24-36h 278 (31.5) 207 (74.5) 71 (25.5)
Group C 36-48h 156 (17.6) 128 (82.1) 28 (17.9)
Group D >48h 326 (36.9) 299 (91.7) 27 (8.3)
Total 884 (100) 722 (81.7) 162 (18.3)
NICU
Group A < 24h 9 (3.2) 5 (55.6) 4 (44.4)
Group B 24-36h 16 (5.6) 13 (81.2) 3 (18.8)
Group C 36-48h 28 (9.9) 21 (75) 7 (25)
Group D >48h 230 (81.3) 183 (79.6) 47 (20.4)
Total 283 (100) 222 (78.4) 61 (21.6)

Table 1. Distribution of neonates according to groups and 
results of the first hearing test

NICU, Neonatal Intensive Care Unit; WBN, Well Baby Nursery;

For all study groups, the total refer rate was 19.1% 
(223/1217 infants). The frequency of “refer” re-
sults of the first test showed statistically signi-
ficant difference between group A (30.2%) and 
group D (13.3%) (p<0.001), group A (30.2%) and 
group C (19%) (p=0.003) and between the group 
B (25.2%) and group D (13.3%) (p<0.001). The-
re was no statistically significant difference in the 
frequency of “refer” results of the first hearing test 
between group A (30.2%) and group B (25.2%) 
(p=0.407), between group B (25.2%) and group C 
(19%) (p=0.094) and between group C (19%) and 
group D (13.3%) (p=0.083) (Table 2).
In well-baby nursery (WBN) statistically signifi-
cant difference in the frequency of “refer” results 
of the first test was noted between group A (29%) 
and group C (17.9%) (p=0.049), group A (29%) 
and group D (8.3%) (p<0.001), between group C 
(17.9%) and group D (8.3%) (p=0.002) and gro-
up B (25.5%) and group D (8.3%) (Table 2).
In the NICU it was found that the frequency of 
“refer” results in the first hearing test was lowest 
if the test was performed for a newborn older 
than 48 hours. However, the frequency of “refer” 
result of the first hearing test between groups A 
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(44.4%), B (18.8%), C (25%) and D (20.4%) did 
not show statistically significant difference in 
any combination of the groups (Table 2). 

For all groups, the total referral rate only on the 
right ear was 7.8% (95 of 1217) and only on the 
left ear 9.3% (113 of 1217). There were 74 out 
of 1217 newborns (6.1%) with the refer result on 
booth ears. From these 74 newborns, 58 (6.2%) 
were in the WBN and 16 (5.6%) were in the 
NICU. Data of screening time was missed to be 
noted for 11 infants. So the data of 63 newborns 
with the refer result on both ears were analysed 
(47 in WBN and 16 in NICU) (Table 3). 
According to the data, the earliest pass on both 
ears was 6 hours after birth.

p
Group Total NICU WBN
A : B 0.407 0.170 0.626
A : C 0.03* 0.197 0.049*
A : D <0.001* 0.086 <0.001*
B : C 0.094 0.787 0.071
B : D <0.001* 0.865 <0.001*
C : D 0.083 0.837 0.002*

Table 2. Statistical significance of the difference in frequency 
of “refer” results of the first hearing test among the studied 
groups (A, B, C, D) in total and by departments

*Statistical significance 
Group A, newborn hearing screening (NHS) performed in first 24h 
after birth; Group B, NHS performed between 24-36 hours after birth; 
Group C, NHS performed between 36-48 hours after birth; Group D, 
NHS performed later than 48 hours after birth; 
NICU, Neonatal Intensive Care Unit; WBN, Well Baby Nursery; Group Time for NHS

No (%) of infants
Total NICU WBN

A < 24h 15 (23.81) 2 (12.5) 13 (27.66)
B 24-36h 26 (41.27) 2 (12.5) 24 (51.06)
C 36-48h 7 (11.11) 1 (6.25) 6 (12.76)
D >48h 15 (23.81) 11 (68.75) 4 (8.52)
Total 63 (100) 16 (25.40) 47 (74.60)

Table 3. Distribution of newborns with refer result on both 
ears in groups and in units 

NHS, newborn hearing screening; NICU, Neonatal Intensive Care 
Unit; WBN, Well Baby Nursery

Figure 1. Referral rate decreased progressively with increas-
ing age; A – screened in first 24 hours after birth; B – screened 
24-36 hours after birth; C – screened 36- 48 hours after birth; 
D – screened 48 and more hours after birth

The overall TEOAE refer rate was significantly 
higher for infants screened before 24h (Group 
A) after birth (30.1%) than in infants screened 
between 36 - 48h (Group C) after birth (19.0%) 
or screened later than 48h (Group D) after birth 
(13.3%) (p<0.05). Infants screened between 24 
- 36h (Group B) after birth (25.2%) had a lower 
refer rate than those screened before 24h (Group 
A) after birth and a higher refer rate than infants 
screened between 36 - 48h (Group C) after birth 
(19.0%) or screened later than 48h (Group D) 
after birth (13.3%). Referral rate decreased pro-
gressively with increasing age of newborns at the 
time of screening (Figure 1).

DISCUSSION 

Before an initiation of this study the NHS has not 
been implemented in the Cantonal Hospital Zeni-
ca. The aim of this study was to test the screening 
protocol of NHS with TEOAE in order to identify 
possible difficulties for its implementation in our 
hospital. The TEOAE is a non-invasive diagnostic 
method that is safe and harmless for newborns. 
With time of performance from a few seconds to 
a maximum of a few minutes and with a high per-
centage of specificity and sensitivity TEOAE is the 
most commonly used test for NHS (11,18). The 
TEOAE test provides an insight into the status of 
external, middle and inner ear which is a periphe-
ral part of the auditory system (11,18). TEOAE 
with automatic display of results, without the need 
to evaluate the results of the test by the clinician, is 
mostly used as an initial hearing test in NHS (18). 
This diagnostic method (TEOAE) does not exami-
ne retrococholear part of the auditory system, and 
auditory neuropathy may be missed to diagnose. 
This is considered as a major disadvantage of this 
method (2). Because of that, a two-step screening 
protocol is proposed. In this protocol after a few 
refer results with TEOAE an automated auditory 
brainstem responses (AABR) examination must 
be performed. It is also proposed that an automa-
ted auditory brainstem responses (AABR) exami-
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nation should be performed for all newborns with 
risk factors for developing hearing impairment 
(2). It has been already shown that if the screening 
test is performed in a very early stage (<48h) after 
the birth, it may not give correct results (12,14,15). 
In this study the refer rate of 30.1% was reported 
in group A when TEOAE is performed in the first 
24h after birth. A study from South Africa showed 
the refer rate of 55% when TEOAE is performed 
in the first 24h after birth (12).
In group B infants in our study, when TEOAE was 
performed between 24-36h after birth, the refer 
rate of 25.2% was noted; in the study from Italy the 
refer rate was 12.6% when OAE was performed at 
the same time (19). In our study the refer rate of 
19% was reported in group C when TEOAE was 
performed between 36-48h after birth. In the study 
from South Africa the refer rate of 36% was repor-
ted when TEOAE was performed before 48h after 
birth (12). Kemaloglu reported refer rates from a 
hospital in Turkey of 17.97% when the hearing 
screening test with TEOAE was performed betwe-
en 24-48h after the birth, which is similar to the 
results of our study (20). On the other hand, some 
studies have demonstrated lower refer rates com-
pared to the results of this study in group C (19%). 
The results in a study from Iran showed 11.68% 
refer rate when TEOAE was performed within 48h 
after birth (21). Canet et al. reported the refer re-
sults of screening with OAE in 48h after birth in 
Spain as 6.3% (22). In group D refer rate of 13.3% 
was noted in this study (TEOAE is performed later 
than 48h after birth). In the study from Michaelle 
van Dyk et al. when OAE was performed later than 
48h after birth (group D) refer rate was 26% (12). 
Similar result as in our study were reported from 
China with 11.1% refer rate when screening with 
TEOAE was performed between 48-72h after birth 
(23). Some of these studies were conducted in de-
veloped and some in developing countries. The re-
fer rate might be much more important for develo-
ping countries (12). All newborns with refer result 
on the first hearing test (hearing screening) should 
come for the next hearing examination. The next 
hearing examination with TEOAE or AABR is a 
standard procedure of NHS for children with re-
fer results of the first hearing test (2). A large refer 
rate increases the cost of NHS programs because 
of doing this standard procedure to a large num-
ber of children with false positive (refer) results 

of the first hearing test (2). Developing countries 
have fewer resources for such programs and must 
pay more attention to costs than developed countri-
es (12). Socioeconomic development of countries 
makes citizens more conscious about health as well 
as many other issues. Limited economic situation 
of citizens in developing countries can limit access 
to health care. In many countries in recent years, 
early discharge from the hospital is preferred af-
ter delivery. Economic reasons as well as the risk 
of hospital infection may be a possible cause for 
this early discharge of the infants from the hospital 
(12). This may require the hearing screening test 
very early. If the newborn hearing screening is 
done at very early stage after birth (<48h), it will 
not be possible to get credible results and it may 
cause high refer rates (14,15). In the current study 
the intention was to determine the optimal time for 
the NHS test in CHZ. All infants from well-baby 
nursery in the Cantonal Hospital Zenica are disc-
harged on the following day after birth day except 
those delivered with Caesarean section. In this stu-
dy 52.4% newborns were discharged in 48h after 
birth and 11.4% even before 24h. The refer rate for 
infants screened after 24h was significantly less 
than those screened before 24h. 
With bilateral refer result there were 63 infants and 
almost 76% of them were screened before the age 
of 48h and almost 23% even before 24h of age.
In the WBN there were 6.2% and in the NICU 
5.6% newborns with bilateral refer result of the 
hearing screening in our study. In the WBN almost 
92% of infants with bilateral refer result were scre-
ened before 48 h of age and almost 28% in the first 
24h after birth. In NICU the outcome was com-
pletely different. Almost 70% of infants with refer 
result on both ears were screened later than 48h 
after birth. This can be attributed to the reasons for 
referral to a NICU (low birth weight, prematurity, 
infection, hyperbilirubinemia, respiratory distress 
syndrome etc.). These reasons are potential risk 
factors for the development of hearing impairment 
(24). Therefore NHS in these infants with risk fac-
tors for hearing impairment is very important.
It is obvious that early hospital discharge of 
newborns affects the outcome of the NHS succe-
ss in CHZ in the same way as shown in other 
studies from developing countries (12). For early 
discharged newborns, followed by early NHS, 
the probable reasons for high refer rates are pre-
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ABSTRACT

Aim To evaluate the relationship between cardiovascular remo-
delling and glomerular filtration rate (eGFR) in pre-dialysis chro-
nic kidney disease (CKD) patients without cardiovascular diseases 
(CVD) and in renal transplant recipients (RTR). 

Methods The cross-sectional study included 83 patients with 
eGFR<60 mL/min/1.73m2 (45 with CKD 3 stage and 38 with 
CKD 4 stage). Thirty six RTR had eGFR 67.8 (57.3-73.7) mL/
min/1.73m2 and control group consisted of 44 patients with 
eGFR>60 mL/min/1.73m2. All patients were evaluated by echocar-
diography and X-ray.

Results Left ventricular hypertrophy (LVH) was present in 74.7% 
CKD  patients, most frequently in CKD 4 stage and in RTR. Calci-
fications of abdominal aorta (CAA) were present in 87% CKD 4, 
60% RTR and in 44% CKD 3 patients. Calcifications of the mitral 
valve were found in 34.2% CKD 4, 25.0% RTR and in 6.7% CKD 
3 stage patients. Aortic valve calcifications were most frequently 
present in CKD 4 stage (26.3%). The LV mass index negatively 
correlated with eGFR (p<0.001), and positively with parathyro-
id hormone (p<0.001), phosphorus (p=0.043), age (p<0.001) and 
diabetes (p=0.043). In multivariate regression analysis the risk 
factor for calcifications of the mitral and aortic valve, as well as 
for CAA was the decline in eGFR (p<0.001).

Conclusion Renal transplant recipients have a higher incidence 
of CV remodelling than patients with CKD 3 and less than pati-
ents with CKD 4 stage, indicating incomplete regression of CV 
calcifications and LVH after kidney transplantation. A decrease of 
renal function represents a significant risk factor for valvular and 
vascular calcifications occurrence in CKD patients. 

Key words: chronic kidney disease, echocardiography, remo-
delling, transplantation, vascular calcification
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INTRODUCTION

The prevalence of chronic kidney disease (CKD) 
in the world is increasing. Currently, about 11% 
of the world’s population is suffering from CKD 
(1,2). It is a complex disease with a high preva-
lence of cardiovascular diseases (CVD). Patients 
with CKD are exposed to severe hemodynamic 
changes, which ultimately lead to the deve-
lopment of CVD. It has been proven that CKD 
is an independent risk factor for cardiovascular 
(CV) complications such as arterial hypertension 
(3), left ventricular hypertrophy (LVH) (4), he-
art failure (5) and accelerated atherosclerosis (3). 
However, it is still scarce knowledge about the 
association between different stages of CKD and 
changes in cardiac structure and function in pa-
tients without a history of heart disease (6). Left 
ventricular hypertrophy and impaired left ventri-
cular geometry are predictors of various adverse 
outcomes in general population, but knowledge 
about it in CKD is still insufficient (7).
Vascular calcifications (VC) are an independent 
risk factor associated with CVD and CV mor-
tality in general population and in patients with 
CKD too. Several previous studies have demon-
strated that pre-dialysis CKD patients have a 
high prevalence of VC (8, 9). Vascular calcifica-
tions occur in the intima and in the media of the 
arterial wall (10) and their occurrence in CKD is 
associated with an impaired homeostasis of calci-
um, phosphorus and parathyroid hormone (PTH), 
as well as with increased oxidative stress and loss 
of calcification inhibitors (11).
Results of a large number of studies conducted 
in the last decade have confirmed an increased 
prevalence of aortic valve calcifications among 
patients on hemodialysis in the range of 28-85%, 
which is significantly higher than in the general 
population, where aortic valve sclerosis was fo-
und in about 25% of subjects over 65 years. Only 
a few studies examined the prevalence of valvu-
lar calcifications in pre-dialysis patients with mo-
derately impaired renal function (12,13).
Calcifications of the abdominal aorta are inde-
pendently associated with CV events in patients 
on hemodialysis and in general population, but 
data on pre-dialysis CKD patients and in particu-
lar in RTR are still insufficient (14).
The aim of this study was to evaluate the rela-

tionship and connection between cardiovascular 
remodelling and estimated glomerular filtration 
rate (eGFR) in pre-dialysis CKD patients and in 
RTR without known heart disease.

PATIENTS AND METHODS

Patients and study design

One hundred nineteen CKD patients were inclu-
ded in a cross-sectional study conducted from 
November 2016 to June 2018 at the Clinical 
Centre of the University of Sarajevo (CCUS). 
All patients were recruited from the Nephro-
logical Counselling Centre of the Nephrology 
Clinic. Forty five (27.6%) patients had a mean 
eGFR 46.6 (41.4-51.6) mL/min/1.73m2 (CKD 3 
stage) and  38 patients (27.6%) had an average 
value of eGFR 27.1 (19.8-29.7) mL/min/1.73m2 
(CKD 4 stage). Average value of eGFR in the 
RTR group (36, 22.1%) was 67.8 (57.3-73.7) 
mL/min/1.73m2, and the average period after 
transplantation in this group was 5.7±2.0 years 
(range 4.0 - 8.5 years). A control group consisted 
of 44 patients with eGFR>60 mL/min/1.73m2 and 
matching age and sex as in the test group. 
The average age of patients was 55.9±9.3 years 
(range 40-65 years). All patients were without 
signs of heart failure and peripheral vascular di-
sease. The study did not include CKD patients 
on dialysis treatment, patients with acute kidney 
injury, heart failure, primary hyperparathyroidi-
sm, mitral and aortic valve diseases, connective 
tissue disease, acute infectious diseases, and pati-
ents with a malignant disease.
Demographic and medical data, including age, 
smoking habits and comorbidities, had been taken 
from medical records or through interviews. The 
body mass index (BMI) measurement and mea-
surement of systolic and diastolic blood pressure 
were performed in all patients. Routine laboratory 
findings, serum vitamin D, plasma parathormone, 
proteinuria, estimation of glomerular filtration 
rate, lateral lumbar X-ray and echocardiography 
were performed for each patient.
All patients gave informed consents to participa-
te in the study. The study protocol was approved 
by the Ethic Committee of the Clinical Centre, 
University of Sarajevo and was conducted in 
accordance with all ethical standards of medical 
research and the Declaration of Helsinki. 
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Methods 

All biochemical blood tests were performed with 
standard laboratory procedures at the Clinic for 
Biochemistry and Immunology of the CCUS. 
The level of vitamin D in the serum was determi-
ned at the Clinic for Nuclear Medicine using the 
standard radioimmunoassay method (Vitamin D 
30-50 ng/mL) and the intact parathormone con-
centration (iPTH) in plasma by chemilumines-
cence method (PTH 10-65 pg/mL). Glomerular 
filtration rate was estimated using the Modifica-
tion of Diet and Renal Disease Study Equation 
(MDRD) (15). For the classification of CKD the 
Kidney Disease Improving Global Outcomes 
(KDIGO) guideline was used (16).
At the Institute for Occupational Medicine of 
Canton Sarajevo an X-ray in lumbar lateral posi-
tion with a soft exposure was performed to each 
patient to examine the presence of VC on the an-
terior and posterior wall of the abdominal aorta. 
The semi-quantitative scoring system developed 
by Kauppila et al. was used for estimating the to-
tal score of VC (17).  Calcifications at the level 
of the first four lumbar vertebrae were analyzed 
on each segment separately for the anterior and 
posterior aortic wall. Calcific deposits were gra-
ded on a scale of 0-3 at each segment: grade 0 
- no calcite deposits, grade 1 - calcite deposits 
less than 1/3 of the aorta wall, grade 2 - 1/2 to 
2/3 wall calcified, and grade 3 - 2/3 or more of 
the aortic wall calcified. Summing up the grades 
of each segment the Kauppila score (A+P score) 
ranging from 0-24 points was obtained. Morpho-
logical changes on the anterior and posterior wall 
of aorta were graduated, so that the A+P≥6 mar-
ked moderate and severe changes.
Echocardiographic examination was performed 
on the Toshiba PowerVision 7000 ultrasound 
scanner, equipped with a 2.5 MHz transducer 
by a cardiologist who did not have access to 
clinical data of patients. The wall thickness and 
left ventricular diameter at the end-diastole, left 
ventricular mass, ejection fraction (EF), diasto-
lic function based on the E/A ratio (ratio of early 
and late diastolic flow rates over the mitral valve 
orifice) and the diameter of the initial part of the 
abdominal aorta in the systole and diastole were 
examined. Left ventricular mass and left ventri-
cular mass index (LVMI) were estimated by LV 
cavity dimension and wall thickness at end-dia-

stole. Left ventricular mass index was calcula-
ted according to the formula: LV Mass (g) = 0.8 
{1.04 [(LVEDD + IVSd + PWd] 3 - LVEDD3)]} 
+ 0.6 (18).
LV hypertrophy (LVH) was defined as LV mass in-
dex > 115 g/m2 in males and > 95 g/m2 in females. 
Relative wall thickness (RWT) for the assessment 
of LV geometry was calculated using the formu-
la: (thickness of interventricular septal wall + LV 
posterior wall in diastole)/LV diameter in diastole. 
According LV geometry patients were classified 
into: concentric hypertrophy, eccentric hyper-
trophy and normal (19). Relative wall thickness 
(RWT > 0.42) indicates concentric hypertrophy 
and RWT < 0.42 eccentric hypertrophy (18).   

Statistical analysis

Descriptive statistics was used for data proce-
ssing. The significance of differences in conti-
nuous independent variables that follow a normal 
distribution was tested by Student’s t test if two 
groups were investigated, or ANOVA test if three 
or more groups were followed. The significan-
ce of the difference in continuous variables that 
do not follow a normal distribution was tested 
by Mann Whitney or by the Kruskall Walis test 
depending on how many groups were examined. 
Spearman and Pearson correlation coefficients 
were used to analyse the relationship between 
the observed variables. The multivariate linear 
regression analysis was used to analyse the asso-
ciation between monitored variables and vascular 
calcifications in observed patients. The level of 
significance was set at p<0.05.

RESULTS

Average values of erythrocytes and hemoglo-
bin were higher in controls and RTR group in 
the comparison to the patients with CKD 3 and 
CKD 4 stage (p<0.001). The highest values of 
parathormone were found in CKD 4 stage, 127.5 
(82.2-241.8) pg/mL, followed by RTR, 110.0 
(91.5-221.5) pg/mL, CKD 3 stage, 65.7 (40.5-
91.7) pg/mL, and controls, 43.3 (32.8-55.4) pg/
mL (p<0.001). Patients with CKD 3 and CKD 
4 stages had higher serum phosphorus levels 
than RTR: 1.1 (0.9-1.2) mmol/L, 1.1 (0.9-1.4) 
mmol/L and 0.9 (0.8-1.1) mmol/L, respectively 
(p<0.001). Vitamin D had the lowest value in the 
CKD 4 stage group (p<0.001) (Table 1). 
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The left ventricular mass as well as the LVMI 
were significantly higher in patients with CKD 4 
and CKD 3 stage compared to RTR (p<0.001) and 
control group (p<0.001). Left ventricular hyper-
trophy was present in 74.7% CKD patients, most 
frequently in CKD 4 stage, while 50% of RTR 
and 15.9% control patients had LVH. Systolic 
function of LV presented as EF was significantly 
lower in patients with CKD 4 stage (p<0.001), as 
well as average values of the E/A ratio (parame-
ter of diastolic function of LV), which were also 
lower in patients with CKD 4 stage compared to 
other observed groups (p=0.004) (Table 1).
Mitral valve fibrosis was most common in pati-
ents with CKD 3 stage, 37 (82.2%), followed by 
RTR, 26 (72.2%), while calcifications were most 
commonly recorded in CKD 4 stage and  RTR 
patients, 13 (34.2%) and nine (25.0%) patients, 
respectively. Fibrotic aortic valve was also the 
most common in patients with CKD 3 stage, 35 
(77.8%). Calcifications of this valve were more 
frequently presented in patients with CKD 4 sta-
ge, 10 (26.3%) (Table 1). 

Significant negative correlation between the 
LVMI and eGFR was determined (rho=-0.519; 
p<0.001) and a positive one between LVMI 
and PTH plasma levels (rho=0.379; p<0.001), 
serum phosphorus (rho=0.158; p=0.043), age 
(rho=0.389; p<0.001) and diabetes (rho=0.159; 
p=0.043) (Figure 1).

Variable 
Group of patients

pControl CKD 3 CKD 4 RTR
(n=44) (n=45) (n=38) (n=36)

Er (1012/L) 5.0 (4.8-5.3)* 4.8 (4.3-5.2)† 4.3 (3.9-4.8)‡ 5.0 (4.5-5.2) *† <0.001
Hgb (g/L) 156.0 (148.2-160.7)† 145.0 (135.0-158.9)* 134.0 (116.5-149.0)‡ 152.0 (135.5-157.0)† <0.001
P (mmol/L) 0.9 (0.8-1.1)* 1.1 (0.9-1.2)† 1.1 (0.9-1.4)† 0.8 (0.7-1.0)‡ <0.001
PTH (pg/mL) 43.3 (32.8-55.4)‡ 65.7 (40.5-91.7)* 127.5 (82.2-241.8)† 110.0 (91.5-221.5)† <0.001
Vitamin D (ng/mL) 17.6 (13.1-25.3)† 15.6 (7.1-27.7) *† 7.2 (3.9-13.1)‡ 14.5 (9.8-17.1)* <0.001
LVIDd (cm) 5.3 (4.9-5.6)* 5.4 (5.2-5.7)*† 5.6 (5.5-6.1)† 5.3 (4.6-5.8)* <0.001
IVSd (cm) 1.1 (1.2-1.2)* 1.2 (1.1-1.3)†* 1.3 (1.2-1.4)† 1.1 (1.0-1.3)* 0.008
LVPWd (cm) 1.1 (0.8-1.2)* 1.2 (1.1-1.3)† 1.3 (1.2-1.4)† 1.1 (1.0-1.2)* <0.001
RVIDd (cm) 2.5 (2.4-2.6)* 2.5 (2.4-2.6)* 2.7 (2.5-2.8)† 2.6 (2.5-2.7) *† <0.001
Aorta S (cm) 2.9 (2.6-3.6)‡ 3.6 (3.4-3.9)* 3.9 (3.5-4.3)† 3.5 (3.4-3.7)* <0.001
Aorta u D (cm) 3.3 (3.0-3.7)* 3.1 (2.9-3.8)*‡ 3.9 (3.1-4.0)† 3.0 (2.9-3.2)‡ 0.003
EF (%) 60.0 (55-61.0)* 60.0 (55.0-60.0)* 55.0 (47.0-60.0)c 62.0 (59.0-65.0)† <0.001
FS (%) 31.0 (28.0-32.0) 30.0 (28.0-32.0) 29.0 (23.0-32.0) 30.0 (27.0-31.0) 0.145
E/A 0.9 (0.8-1.1)† 0.7 (0.7-0.8)* 0.7 (0.6-1.1)* 0.9 (0.8-1.1)† 0.004
LV mass (g) 226.0 (166.3-248.8) ‡ 264.0 (227.5-322.5)* 323.0 (270.0-378.3) † 230.0 (160.3-303) ‡ <0.001
LVMI (g/m2) 105.0 (78.3-121.3) ‡ 121.0 (108.0-151.5)* 154.5 (128.0-175.0) † 115.0 (83.3-141.5)*‡ <0.001
RWT 0.4 (0.3-0.5)‡ 0.4 (0.4-0.5) *† 0.5 (0.4-0.5)† 0.4 (0.4-0.5)* 0.002
LVH (%) 7 (15.9%)† 28 (62.2%)* 34 (89.5%)‡ 18 (50.0%)*† <0.001
Conc LVH (%) 7 (1.9%) 22 (78.6%) 23 (67.5%) 9 (25.0%)
MVF 25 (56.8%)* 37 (82.2%)† 23 (60.5%)* 26 (72.2%)* 0.002
AVF 21 (47.7%)* 35 (77.8%)† 25 (65.8%)†* 22 (61.1%)†* 0.031
MVC 0 (0.0%)* 3 (6.7%)* 13 (34.2%)† 9 (25.0%)† <0.001
AVC 3 (6.8%) 6 (13.3%) 10 (26.3%) 4 (11.1%) 0.075

Table 1. Laboratory and ehocardiographic parameters in patients with chronic kidney disease (CKD) 3, (CKD) 4 stages and in 
renal transplant recipients (RTR)

Data are presented as absolute numbers, percentages, median and interquartile range. Values that do not include the same designation (*, †, 
‡) differ significantly (p<0.05). Er, erythrocytes; Hgb, hemoglobin; P, phosphorus; PTH, parathiroid hormone; S, systole; D, diastole; LV, left 
ventricle; RVID, right ventricular end-diastolic diameter; LVIDd, left ventricular end-diastolic diameter; IVSd, interventricular septal end diastolic 
dimension; LVPWDd, left ventricular end diastolic posterior wall dimension; EF, ejection fraction; FS, fractional shortening; E/A, the ratio of E 
and A wave; RWT, relative wall thickness; LVMI, LV mass index; Ecc LVH, eccentric LV hypertrophy, Conc LVH, concentric LV hypertrophy;
MVF, mitral valve fibrosis; AVF, aortic valve fibrosis; MVC, mitral valve calcifications; AVC, aortic valve calcifications

Figure 1. The relationship between left ventricular mass in-
dex and the eGFR rate in pre-dialysis chronic kidney disease 
(CKD) patients and in renal transplant recipients 
LV, left ventricle; eGFR, estimated glomerular filtration rate
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A significant negative correlation between cal-
cifications of the heart valves and the eGFR 
(p<0.001) and a positive correlation with plasma 
levels of PTH, serum phosphorus, age and diabe-
tes was confirmed (Table 2). 

95% CI -0.084 (-0.134-0.033) p=0.001). It was 
also found that the size of left ventricular end-dia-
stolic diameter represented a significant indepen-
dent positive predictor of the occurrence of vas-
cular (p<0.002), mitral valve (p<0.001) and aortic 
valve calcifications (p= 0.017) in CKD (Table 3). 

DISCUSSION

The results of this study have confirmed the pre-
sence of LV hypertrophy in 74.7% CKD patients, 
predominantly concentric type, and in 50% RTR. 
This research suggests that LVH is very early pre-
sent in the course of chronic renal disease since 
62.2% of our patients with CKD 3 stage had LVH.  
Significantly larger numbers of patients with CKD 
4 stage had LVH, indicating the association of re-
nal function loss with cardiovascular remodelling. 
Pluta et al. (3) found the presence of concentric 
LVH in 22.2% cases and eccentric hypertrophy 
in 18.9% patients with CKD, with significantly 

Mitral valve
calcifications

Aortic valve
calcifications

rho p rho p
PTH (pg/mL) 0.421 <0.001 0.202 0.010
Ca (mmol/L) 0.044 0.576 -0.200 0.010
P (mmol/L) 0.152 0.043 0.209 0.007
eGFR (ml/min/1.73 m2) -0.459 <0.001 -0.405 <0.001
age (years) 0.301 <0.001 0.424 <0.001
BMI (kg/m²) -0.110 0.164 -0.029 0.716
HTN (%) 0.093 0.236 0.233 0.003
DM (%) 0.149 0.037 0.246 0.002
smokers (%) -0.018 0.822 0.073 0.353

Table 2. The relationship between valvular calcifications and 
tested parameters

PTH, paratharoid hormone; Ca, calcium; P, phosphorus; eGFR, 
estimated glomerular filtration rate; BMI, body mass index; HTN, 
arterial hypertension; DM, diabetes mellitus

Presence of vascular calcifications on the anteri-
or as well on the posterior wall of the abdominal 
aorta were most frequently found in CKD 4 gro-
up, 29 (76%) and 35 (92%), respectively. Calci-
fications of the abdominal aorta (A+P score ≥ 6) 
were most frequently presented in patients with 
CKD 4, followed by RTR group, and CKD 3 sta-
ge patients, 33 (87%), 15 (60%), and 20 (44%), 
respectively (p<0.001) (Figure 2). Significant 
negative correlation between the abdominal aor-
ta calcifications (A+P score) and the eGFR was 
confirmed (rho=-0,424; p<0.001).
In the multiple linear regression analysis, inve-
stigating independent risk factors as predictors of 
valve and vascular calcifications in chronic kidney 
disease, the level of eGFR was determined to be 
an independent negative predictor and a signi-
ficant risk factor for calcifications on the mitral 
valve, 95% CI -0.007 (-0.011-0.003) (p=0.001) 
on the aortic valve, 95% CI -0.007 (-0.011-0.003) 
(p=0.001), as well as on the abdominal aorta walls, 

Figure 2. The presence of vascular calcifications on the an-
terior and posterior wall of the abdominal aorta in observed 
patients

Dependent variable Calcifications on mitral valve Calcifications on aortic valve A+P score
Model β (95% CI) p β (95% CI) p β (95% CI) p
PTH pg/mL 1.298E-005 (-0.001-0.001) 0.966 -9.920E-005 (-0.001-0.001) 0.757 0.000 (-0.008-0.007) 0.919
Vit. D ng/mL -0.001 (-0.010-0.009) 0.867 0.002 (-0.008-0.012) 0.657 0.026 (-0.095-0.148) 0.667
LVIDd cm 0.230 (0.115-0.345) <0.001 0.148 (0.027-0.270) 0.017 2.358 (0.870-3.846) 0.002
IVSd cm 0.527 (-0.043-10.096) 0.069 10.010 (0.405-1.614) 0.001 10.069 (-6.315-8.453) 0.775
LVMI g/m2 0.001 (-0.003-0.004) 0.752 0.000 (-0.004-0.003) 0.928 0.001 (-0.044-0.045) 0.978
eGFR mL/min/1.73m2 -0.007 (-0.011- -0.003) 0.001 -0.007 (-0.011- -0.003) 0.001 -0.084 (-0.134- -0.033) 0.001

Table 3. Multivariate multiple regression model of independent risk factors for predicting valvular and vascular calcification in 
chronic kidney disease

PTH, paratharoid hormone; Vit. D, vitamin D; LVIDd, left ventricular end-diastolic diameter; IVSd, interventricular septal end-diastolic dimensi-
on; LVMI, LV mass index; EF, ejection fraction; eGFR, estimated glomerular filtration rate
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higher LVMI values in patients in the third stage 
of CKD compared to those in the first stage. In 
a three-year follow up study on 4.175 subjects 
Matsushita et al. (20) found that LV mass was si-
gnificantly higher in patients with a lower glome-
rular filtration. The large CRIS study among 3.487 
patients verified LVH in 32% of patients with 
eGFR≥60 mL/min/1.73 m2, in 48% with eGFR 
45-59 mL/min/1.73 m2, and in 57%  with eGFR 
30-44 mL/min/1.73 m2 (6). Ali et al. found LVH 
in 76/135 (56.3%) outpatients with CKD; LVH 
was significantly higher in patients with CKD 4 
stage (21). The LVH is associated with reduced 
myocardial capillary supply, interstitial fibrosis 
and thickening of the intramyocardial arteries, 
which increases the risk of  ischemic damage and 
favour the development of arrhythmias, myocar-
dial infarction and sudden cardiac death (22,23).  
The results of our study suggest that an early 
occurrence of phosphorus and parathormon me-
tabolism disorder in CKD patients, when the glo-
merular filtration rate is reduced below 60 mL/
min, could affect the disposal of calcification de-
posits in soft tissues, cardiac arteries and blood 
vessel walls. In this process, phosphorus serves 
as a substrate deposited inside a media or inti-
ma of blood vessels, and also plays an important 
role in mediating the activation of transcription 
of certain genes in smooth muscle cells, resulting 
in their transformation into osteoblast-like cells 
(24). A disbalance of phosphorus in secondary 
hyperparathyroidism and advanced CKD leads to 
an increase in the mortality rate from CV events 
(25). On the other hand, parathormone acts as 
cardiotoxin in CKD and is a risk factor for incre-
ased cardiovascular morbidity in relation to the 
general population (26, 27). The analysis of the 
functional status of the left ventricle showed that 
systolic and diastolic parameters of LV function 
were significantly lower in subjects with CKD 3 
and 4 stages compared to RTR.
In addition to the cardiac alterations, specific 
structural changes of the abdominal aorta are 
present and consist of importantly marked calci-
fication of the aortic walls (28). Vascular calcifi-
cations affect arterial system and/or heart valves. 
Deposits of hydroxyapatite in the arterial wall 
occur either in the intima or in the media of blo-
od vessels. Local vascular upregulation of pro-
inflammatory and pro-osteogenic molecules are 

thought to be present in early CKD stages and 
they could be responsible for vascular calcifica-
tions (29).
Moderate to severe changes on the abdominal 
aorta determined by the Kauppila method (A+P 
score, KS≥6) were found in 87% CKD 4, 60% 
RTR and in 44% CKD 3 stage patients in our 
study. Gorriz et al. investigating the presence 
of  VC using the Kauppila and Adragao method  
in a prospective observational study conducted 
in Spain in 39 centres among 742 non-dialysis 
patients (stages CKD 3-5) found vascular calci-
fications in 79% patients and strongly indicated 
in 47% (AS≥3 or KS> 6) (8). Peeters et al. (14) 
did not find calcifications in 28% patients; in 
22% small (<4), and in 50%  patients moderate 
and severe calcifications (≥4) were found (CAA 
score ≥4 was independently associated with car-
diovascular events). Vascular calcifications are 
associated with a more stiffened arterial system 
contributing to increased cardiovascular disease 
in patients with chronic kidney disease (30).
Death with still functional graft is one of the main 
reasons for graft loss in patients with renal tran-
splant. Cardiovascular events are the main cause 
of mortality in this population (36-55%). The in-
fluence of VC on the morbidity and mortality of 
patients with RTR is still not taken seriously enou-
gh (3.5-5.0% of RTR have a cardiovascular event 
per year). The prevalence of coronary artery cal-
cifications is very high in these patients (61-75%) 
and higher than in patients with CKD 3 stage, but 
lower than in patients on hemodialysis (28).
Our research is one of the few that monitored 
the frequency and occurrence of VC in RTR and 
showed that VC was significantly less presented 
in this group of patients than in patients with 
CKD 4 stage, but it was still high. This can incre-
ase CV morbidity and mortality in this category 
of patients. The question of influence of the renal 
graft function on the presence of vascular and 
valvular calcification in relation to time remains 
still open, which could be a subject of future re-
search on a large number of patients in different 
post-transplant time.
Mitral valve calcifications in our study were 
observed in 34.2% patients with CKD 4 stage, 
25.0% RTR and in 6.7% patients with CKD 3 
stage. Aortic valve calcifications were most often 
presented in CKD 4 (26.3%) and CKD 3 stage 
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(13.3%) patients. In the Framingham Offspring 
study valvular calcifications were more common 
in patients with advanced CKD, and the signifi-
cance was established only for the mitral, but not 
the aortic valve (31), which is comparable with 
our results. Opposite of that, Rong et al. found 
calcifications in high percent on both valves, at 
the aortic (22.9%) and at the mitral (21.2%) valve 
in CKD patients (32). 
Leskinen et al. in a cross-sectional study on 135 
patients with CKD (58 predialysis CKD patients, 
36 hemodialysis patients and 41 RTR) found the 
combination of  mitral and aortic valve calcifi-
cations in 31% pre-dialysis patients and in 29% 
RTR, but in 50% hemodialysis patients (33).  In 
our study we confirmed the existence of valvu-
lar calcification in 38.5% of CKD patients and in 
36.1% of RTR indicating that the occurrence of 
valve calcifications in CKD patients are related 
to the loss of renal function and type of renal re-
placement therapy. 
The lack of our study is a relatively small num-
ber of patients, and larger studies are needed to 

evaluate the occurrence of calcifications and 
cardiovascular remodelling in pre-dialysis CKD 
patients and in renal transplant recipients. 
In conclusion, the findings of this study  suggest 
that local vascular pro-osteogenic molecules are 
present in pre-dialysis CKD patients and signifi-
cantly contribute to the formation of CV calcifi-
cations and vascular remodelling. Impaired renal 
function represents a significant risk factor for 
the emergence and progression of valvular and 
vascular calcification in pre-dialysis CKD pati-
ents. However, RTR has a higher incidence of 
CV remodelling compared to patients with CKD 
3, indicating incomplete regression of CV calci-
fications and LVH after successful kidney tran-
splantation. Examination of ACC and valvular 
calcification in CKD patients could help identify 
patients at increased cardiovascular risk.
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ABSTRACT

Aim To identify short-term effects of extracorporeal shock wave 
lithotripsy (ESWL) on renal function in children and adolescents 
with single kidney stones. 

Methods In a 4-year period 30 children (15 boys and 15 girls) 
from 10 to 18 years of age were treated for unilateral renal stones 
with ESWL. Inclusion criteria were: up to 18 years of age, kidney 
stone  (from 4 to 20 mm in diameter) visible on X-ray, first ESWL 
treatment, unilateral lithotripsy treatment without previous kidney 
surgery, patients without infravesical obstruction, patients without 
proven urinary infection, repeated use of one (the same) analgesic, 
patients without anticoagulant and antihypertensive therapy, pati-
ents without use of nephrotoxic drugs prior to and during the tre-
atment, normal blood pressure, non-pregnancy patients with nor-
mal renal function. Serum enzymes (alkaline phosphatase, lactate 
dehydrogenase), cystatin C, serum and urine electrolytes (sodium, 
potassium, chloride), and urine neutrophil gelatinase-associated 
lipocalin (uNGAL) were tested before, on the first and fifth day 
after the treatment.  

Results An increase of alkaline phosphatase and lactate dehydro-
genase was statistically significant on day 1 (p<0.05) and values 
returned to normal on day 5. Serum cystatin C level was also signi-
ficantly increased during the first four days after ESWL treatment 
(p<0.05) and returned to baseline on post-treatment day 5. There 
was a statistically significant difference in the level of uNGAL in 
urine before and 24 hours after ESWL treatment (p<0.05). 

Conclusion The ESWL is a safe and curative procedure for the 
treatment of kidney stones in children and adolescents with no evi-
dence of serious adverse effects on renal function.

Key words: electrolytes, lithotripsy, urolithiasis
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INTRODUCTION

Imbalance between the crystallization promoters 
and the inhibitors causes a formation of deposits 
in the urinary tract known as urolithiasis (1). Uro-
lithiasis occurs in 0.5%-15% of adults (2) and in 
0.1%-5.5% of children (3). Due to the high rate of 
recurrence and significant health implications for 
the affected patients, urolithiasis requires imme-
diate and adequate treatment. In the past, open 
surgical treatment was the primary treatment for 
urolithiasis but nowadays it accounts for only 1%-
5.4% of surgical techniques (4,5,6). Recent advan-
ces in the endoscopic management of urolithiasis, 
in the form of ureteroscopy, percutaneous nephro-
lithotomy (PCNL) and laparoscopy, promoted ra-
pid decrease of using surgical approach. Currently, 
extracorporeal shock wave lithotripsy (ESWL) is 
an effective first-line treatment modality and most 
widely used method of urolithiasis management in 
both adults and children (7). However, there are 
no generally harmonized guidelines for ESWL in 
children mainly due to necessary extended mo-
nitoring of its effectiveness and morbidity (8). 
Although generally considered as a minimally 
invasive treatment of urolithiasis, potential adver-
se effects of ESWL to renal parenchyma are still 
carefully evaluated mainly due to the fact that kid-
neys are exposed to high levels of energy during 
the treatment.  With technological advancements 
in the design of shock wave lithotripsy, reduced 
requirements for general anaesthesia, hospital stay 
and reduced radiation exposure due to better flu-
oroscopic targeting, and considering acceptable 
success rates, a high safety profile and minimal 
morbidity, ESWL has become usual first-line tre-
atment for paediatric urolithiasis (9,10). Before 
performing ESWL in children with urolithiasis, 
it is mandatory to carry out a complete metabolic 
evaluation and urinary tract imaging to exclude 
congenital anomalies such as ureteropelvic junc-
tion (UPJ) obstruction and obstructive megaure-
ter. Indications for paediatric ESWL are similar 
to those for adults and consist of pain, haematu-
ria, infection, obstruction or potential obstruction 
(11,12). There is a limited number of reports in 
literature about the short-term and long-term ad-
verse effects of ESWL on kidney and its function 
(clinical and animal studies have shown complica-
tions ranging from self-limited haematuria to pe-
rinephric/nephric hematomas (13-17). In the past 

decades, the glomerular filtration rate (GFR) has 
been widely assessed by measuring concentration 
of endogenous serum markers such as blood urea 
nitrogen and serum creatinine, but these endoge-
nous markers proved inadequate in certain clinical 
settings. Also, the most widely used serum creati-
nine as index of renal function has not proved to 
be the most accurate marker of acute kidney injury 
(AKI) due to the fact that creatine is the primary 
marker of glomerular filtration and is not reliable 
in diagnosis of renal tubular injury (18). Further-
more, serum creatinine increases only after half 
of kidney function is lost, and is mostly presented 
after several days following acute renal insult (19).
According to the data, there are still no consistent 
reliable biomarkers in the detection of acute kid-
ney injury (AKI) caused by ESWL treatment of 
urolithiasi. According to the data, there are still 
no consistent reliable biomarkers in detection of 
acute kidney injury (AKI) caused by ESWL tre-
atment of urolithiasis.
The aim of this study was to evaluate safety 
and effects of ESWL regarding enzyme and 
electrolytes level in renal stone patients by mea-
suring the level of serum enzymes alkaline phos-
phatase (ALP), lactate dehydrogenase (LDH), 
serum electrolytes, serum Cystatin C, and uri-
ne neutrophil gelatinase-associated lipocalin 
(uNGAL) before and after ESWL, as well as 
shockwave induced renal damage.

PATIENTS AND METHODS

Patients and study design 

This prospective study was performed on chil-
dren and adolescents who underwent ESWL mo-
notherapy for urolithiasis from January 2012 to 
December 2015 on the Clinic of Paediatric Sur-
gery, Clinical Centre of the University of Saraje-
vo. Thirty children (15 boys and 15 girls) aged 
10 to 18 were selected for the study according 
to inclusion criteria. All patients (and their pa-
rents) were questioned about the onset of clinical 
symptoms of urolithiasis, the patient’s history of 
previous diseases and treatment, history of urolit-
hiasis among family members, history of urinary 
tract infections and diet. 
Criteria for inclusion in the study group were 
children and adolescents of both genders up to 18 
years of age, with kidney stone (pyelon, upper or 
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middle calyx, maximum 20 mm in diameter), vi-
sible on X-ray, first ESWL treatment (new cases), 
unilateral lithotripsy treatment without previous 
kidney surgery, without infravesical obstruction, 
without proven urinary infection, repeated use of 
one (the same) analgesic, without anticoagulant 
therapy, without antihypertensive therapy, wit-
hout use of nephrotoxic drugs prior to and during 
the treatment, normal blood pressure, non-pre-
gnancy, patients with normal renal function. 
Exclusion criteria were kidney stone larger than 
20 mm in diameter, acute urinary infection and 
systemic inflammation, urinary tract obstructions 
causing hydronephrosis, patients with congeni-
tal kidney or ureter anomalies, bilateral ESWL 
treatment, recurrent cases of urolithiasis, urete-
ral stones, patients with serum creatinine ˃350 
μmol/L over the past three months, hypertensi-
on, taking antihypertensive medicines, diabe-
tes mellitus, previous surgeries on kidney, pre-
gnancy, patients with impaired renal function, 
failure to sign informed consent. 
Within 48 hours prior to the ESWL treatment, 
1 and 5 days following treatment blood tests 
(leukocytes, sedimentation, C-reactive prote-
in, natrium (Na), potassium (K), chloride (Cl), 
alkaline phosphatase (ALT), lactate dehydroge-
nase (LDH), cystatin C) were performed. Also, 
urinalysis (urine sediment and neutrophil gelatin-
associated lipocaline (NGAL)) and urine culture 
were performed for all patients. In cases of po-
sitive laboratory findings for infection in serum 
and urine, patients were excluded from the study. 
Blood pressure was measured for all patients and 
their urogenital system clinically evaluated.  
ESWL treatment was indicated for stones from 
4 to 20 mm in diameter. Following ESWL tre-
atment, ultrasonography and/or X-ray of urinary 
tract was used for follow-up. An informed con-
sent was obtained from all parents following an 
explanation of the purpose of the study. Ethical 
approval was obtained from Ethical Committee 
of Clinical Centre of the  University of Sarajevo.

Methods 

The level of serum and urine enzymes was assayed 
according to the instructions provided with the 
corresponding enzymatic kits. Neutrophil gelati-
nase-associated lipocalin in urine (uNGAL) was 

determined using chemiluminescent microparticle 
immunoassay (CMIA) (ARCHITECT i2000SR 
Immunoassay Analyzer, Abbot, USA).
An ESWL session took approximately 30 minu-
tes and focused on the stone in a supine position. 
All patients who underwent ESWL treatment were 
sedated with the following medicinal products: 
atropine 0.01 mg/kg, fentanyl 1 μg/kg, midazolam 
0.5 mg/kg, ketamine 2 mg/kg. All medicines were 
given intravenously. The ESWL was performed with 
the Dornier HM-4 lithotriptor (Dornier Medical Systems, 
Munich, Germany). The power was increased from 6 
to 22 kV using a standardized protocol (500 shock 
waves up to 10 kV, 500 up to 14 kV, 1000 up to 
18 kV, and 500 up to 22 kV) with the frequency of 
60 shocks/min. The session was stopped when the 
machine’s upper limit of shock waves per session 
(2500) was reached. The mean number of shocks 
was 1.000-2.500 waves per session and the pulse 
frequency was 70 shocks per minute. 

Statistical analysis

Mean (± standard deviation) values of data were 
calculated. All the data were presented as ±SD. 
The mean values obtained before and at each of 
the tests following ESWL treatment were compa-
red statistically by the 2-tailed Wilcoxon signed-
rank test. The statistical level of 95% (p<0.05) 
was taken as significant for all performed tests.

RESULTS

The study included 30 patients (15 males and 15 
females). The mean age of patients was 14 ± 4.2 
years (range from 10 to 18 years). Of the patients 
included in the study, 16 (53.3%) had right-renal 
stones, 14 (46.7%) left-renal stones. There were 
no patients with bilateral stones. The mean size of 
the stones was 9.56 ±4.21 mm. The mean number 
of ESWL sessions was 2.03 (range from 1 to 6). 
The most common type of stones both in female 
and male patients was calcium type. From the total 
of 24 calcium stones, 13 (39%) were presented in 
female and 11 (33%) in male patients. Infectious 
type of stone (struvite, carbon apatite) was found 
in one (3%) of females and in two (6%) males. 
Other stones (uric acid stones, cysteine) were less 
presented in three (9%) cases of both genders.
Regarding electrolytes, results showed (Table 1) 
significant (p<0.01) increase in serum levels of so-
dium, potassium, and chloride on 1st post-ESWL 
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day which gradually returned to pre-treatment 
value until the end of 5th post-ESWL day. Also, a 
significant (p<0.001) increase in urinary sodium, 
potassium, and chloride excretion on 1st post-
ESWL day was observed, with gradual return to 
pre-treatment value on 5th post- ESWL day.  
Serum enzyme analysis (ALP, LDH), and cystatin 
C in 30 patients with renal stones who were tre-
ated by ESWL showed that there was a signifi-
cant reduction thereof from day 1 to day 5 post 
ESWL. Also, results showed a significant increa-
se in ALP on day 5 compared to pre-treatment va-
lues and significant decrease in LDH and cystatin 
C values on day 5 compared to pre-treatment va-
lues (Table 2). 

DISCUSSION 

Among many clinical studies that identified 
ESWL short-term effects on renal function, Karl-
sen et al. in their study conducted in 1991 conclu-
ded that changes in renal function after ESWL 
treatment were moderate and all returned to nor-
mal after 4-5 days (20). Also, Karlsen et al. found 
no significant differences between values of GFR, 
serum creatinine, sodium and potassium levels 
prior and post ESWL (20). Unlike Karlsen et al. 
our results showed significantly higher sodium, 
potassium and chloride values on day 1 compa-
red to day 5 post ESWL. Moreover, although this 
study showed significantly different sodium, po-
tassium and chloride values on three observation 
points (pre ESWL, day 1 and day 5 post ESWL), 
it is of little relevance since they remained within 
reference values. A study conducted in Hungary 
has evaluated the safety of ESWL in children ba-
sed on the measurement of blood parameters (so-
dium, potassium, urea, creatinine and C-reactive 
protein), urinary electrolytes (sodium, potassium 
and creatinine), urinary enzyme activity (aspar-
tate transaminase, alanine transferase, alkaline 
phosphatase and lactate dehydrogenase) and the 
excretion of beta 2-microglobulin (21) and found 

Parameter

Serum Urine

Pre-ESWL 
(n=30)

Post-ESWL (mean + SD) (p)
(n=30)

Pre-ESWL 
(n=30)

Post-ESWL (mean + SD) (p)
(n=30)

1st Day 5th Day D5 –D1 1st Day 5th Day D5 –D1

Na+
(m Eq/L) 140.3± 0.5 142.8±0.7;

(0.001)*
137.1±0.6;
(0.001) †

5.7± 0.7;
(<0.001) ‡ 164.9±1.09 171.0± 1.5;

(<0.001)*
162.1± 1.2;
(<0.001)†

8.9± 1.2;
(<0.001)‡

K+
(m Eq/L) 3.96± 0.07 4.1± 0.08

(<0.001)*
3.65± 0.08;
(0.001) †

0.46±0.08;
(<0.001)‡ 14.98±0.5 16.1± 0.6;

(<0.001)*
14.0±0.4;
(<0.001) †

2.3±0.3;
(<0.001)‡

Cl
(m Eq/L) 102.5± 0.4 103.4± 0.5

(<0.001)*
99.3±0.6; 
(<0.001)†

4.13±0.5; 
(<0.001)‡ 129.8± 1.4 134.0±1.4; 

(<0.001)*
128.0±1.4; 
(<0.001)†

5.97±0.6; 
(<0.001)‡

Table 1. Results of analysed serum electrolytes in patients with extracorporeal shock wave lithotripsy (ESWL)

D5-D1 - ratio between values of electrolyte 120 (D5) and 24 (D1) hours after ESWL; *pre-ESWL compared to day 1 post ESWL; †pre-ESWL 
compared to day 5 post ESWL; ‡day 1 compared to -day 5 post ESWL

Parameter

ESWL Effect
Pre - ESWL

(mean + SD) (p)
(n=30)

Post - ESWL (n=30) (mean + SD) (p)

1st Day 5th Day D5-D1

ALP (U/L) 159.6±9.4 190.2±10.3
(*p<0.001)

161.5±8.8
(Ŧp<0.001)

28.7±6.0
(**p<0.001)

LDH (U/L) 363.1±10.2 403.0±8.7
(*p<0.001)

354.7±10.0
(Ŧp<0.001)

48.3±5.5
(**p<0.001)

Cystatin C 
(mg/L)

1.1±0.3 1.7±0.4
(p<0.001)*

1.3±0.2
(Ŧp=0.005)†

0.4±0.2
(p<0.001)‡

Table 2. Results of analysed serum enzymes and cystatin C 
in patients treated with extracorporeal shock wave lithotripsy 
(ESWL) 

ALP, alkaline phosphatase; LDH, lactate dehydrogenase; D5-D1 - ratio 
between values of marker 120 (D5) and 24 (D1) hours after ESWL; 
*pre-ESWL compared to day 1 post ESWL; †pre-ESWL compared to 
day 5 post ESWL; ‡day 1 compared to day 5 post ESWL

Parameter

ESWL Effect
Pre - ESWL
(mean + SD) 
(p) (n=30)

Post - ESWL (n=30) (mean + SD) (p)

1st Day 5th Day D5-D1

Urinary 
NGAL (ng/
mL)

19.2±6.4 190.2±10.3
(p<0.001)*

61.5±8.8
(Ŧp<0.001) †

128.7±1,52
(p<0.001)‡

Table 3. Urinary neutrophil gelatinase-associated lipocalin 
(NGAL) values in patients with extracorporeal shock wave 
lithotripsy (ESWL)

D5-D1 - ratio between values of urinary NGAL (D5) and 24 (D1) 
hours after ESWL; *pre-ESWL compared to day 1 post ESWL; 
†pre-ESWL compared to day 5 post ESWL; ‡day 1 compared to day 
5 post ESWL

Urinary NGAL level significantly decreased 
from day 1 to day 5 post ESWL, but it was si-
gnificantly higher compared to the pre-treatment 
level (Table 3).
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that ESWL induced only transient functional da-
mage of tubular function in children (21). Com-
parison of serum enzymes ALP and LDH levels 
before and after ESWL treatment in this study 
showed the greatest increase of ALP and LDH on 
the 1st post-ESWL day, which returned to normal 
on the 5th post-ESWL day. However, no pre or 
post ESWL differences were found in serum and 
urinary levels of sodium, potassium and chloride. 
This matches results of studies analysing levels 
of serum enzymes and electrolytes in patients be-
fore and after ESWL (20-22).
Over time many biomarkers have been analysed 
for reliability and accuracy, usually including 
kidney injury molecule-1 (KIM-1), N-acetyl-Be-
ta-D-glucosaminidase, NGAL, cystatin C, and in-
terleukin-18. The current guidelines for the Acute 
Dialysis Quality Initiative (ADQI) recommended 
the integration of only cystatin C and NGAL into 
clinical practice (23). 
One of the most promising early biomarkers for 
AKI in different clinical situations, in both adult 
and paediatric population is NGAL, also known 
as neutrophil glucosaminidase-associated lipocalin 
(24-27). The NGAL is a secretory protein that be-
longs to the family of lipocalins, present in diver-
se cells of the body: neutrophils, monocytes/ ma-
crophages, adipocytes and epithelial cells (lungs, 
bowel, prostate, kidney, etc.) (23,24). Normal pre-
sence of NGAL in human tissues is in low concen-
tration whereas a significant increase in serum and 
urine suggest various pathologic conditions. More 
recently, it was shown that urinalysis is more spe-
cific and urinary NGAL is more sensitive for early 
detection of AKI (28), especially using chemilu-
minescent microparticle immunoassay (CMIA), 
known as the ARCHITECT Urine NGAL assay 
(29). The NGAL excretion in urine only takes pla-
ce when a proximal tubal damage disrupts NGAL 
reabsorption or increases NGAL synthesis. Fahmy 
et al. evaluated potential renal tubal damage in 50 
patients with renal stones after ESWL treatment 
by determining the concentration of NGAL in voi-
ded urine before and on the first and fifth day after 
the procedure, and found that mean NGAL valu-
es were significantly increased post-ESWL and 
returned to baseline within 2 weeks post-ESWL 
(30). Also, Vittori et al. found that urinary NGAL 
levels increased soon after ESWL (3 hours) and 
quickly returned to and maintained baseline levels 

(1-30 days post-ESWL) (31). They concluded that 
NGAL could be used as an early biomarker of renal 
damage. This is consistent with the results of our 
study since it showed a significant increase in the 
concentration of NGAL in urine on the first post- 
ESWL day compared to baseline values prior to 
ESWL with a gradual decline in the concentration 
over time so that the NGAL concentration on the 
fifth post ESWL day was for two-thirds lower than 
in the first post-ESWL day. Unfortunately, due to 
excessive costs to our institution, we were not able 
to analyse urinary NGAL concentration 2 weeks or 
a month following the treatment, while  other stu-
dies showed return of urinary NGAL concentration 
to baseline values (31). Increased excretion of uN-
GAL was likely to occur due to an immediate trau-
ma of the renal parenchyma, interstitial edema and 
ischemia, to which the epithelial tubular cells are 
extremely susceptible (31). Conversely, Kardakos 
et al. found no statistically significant differences in 
the levels of NGAL in serum and urine before and 
after ESWL (32) suggesting that during the appli-
cation of the shock wave used in ESWL method, 
there was no acute injury to renal parenchyma (32).
Serum cystatin C (CysC) is another useful bi-
omarker of renal function. CystC is a protease 
inhibitor produced by almost all human cells in 
a constant rate, freely filtrated, not secreted and 
not reabsorbed into to the blood stream (33). For 
that reason, changes in CystC serum level should 
be directly proportional to changes in glomeru-
lar filtration rate (GFR) (33). Numerous studies 
have shown that estimated GFR based on CystC 
is considered significantly more precise than 
other biomarkers (34). Salah et al. evaluated 
effect of ESWL on kidney function by measuring 
CystC before and after ESWL treatment on 50 
patients with unilateral renal stone and found a 
rapid increase in serum CystC concentration af-
ter ESWL (35). Similar findings were reported by 
Nomikos and al. noting that the highest concen-
tration of CystC was 6 hours after ESWL (36); 
they found elevated concentrations of CystC on 
the tenth day following ESWL treatment (35-37). 
This is consistent with the results of our study 
that showed mean value of cystatin C being si-
gnificantly increased on the first day following 
ESWL with a gradual value reduction throughout 
the post-ESWL period. This study showed signi-
ficantly different sodium, potassium and chloride 
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ABSTRACT

Aim To determine whether there has been a change in frequency 
of selected otorhinolaryngology - head and neck surgical procedu-
res during a 5-year period.

Methods Comparative cross-sectional analyses of surgical can-
didates and procedures performed at the Department of Otor-
hinolaryngology and Maxillofacial Surgery during the period 
2013‒2017 were done. Data on patients’ demographics and cases 
of selected surgical procedures were extracted from the operating 
room log books. Patients’ average age, male:female ratio, and the 
percent share of all surgical procedures for each selected surgical 
procedure for each studied year were calculated.

Results In comparison with the year 2013, the year 2017 showed 
no significant difference in age or sex of patients who underwent 
selected surgical procedures, increase of the number of all operati-
ons and the number of investigated selected operations, increase in 
the share of tonsil surgery, nasal septum and pyramid surgery, na-
sal polyposis surgery, parathyroid gland surgery, otoplasty, cochle-
ar implantation, laryngeal surgery, and tracheotomy, and decline in 
the share of thyroid gland surgery, middle ear microsurgery, neck 
dissection, surgery of parotid gland, and surgery of neck cysts.

Conclusion Our finding of variations in utilization of some stu-
died procedures provides a basis for future discussions, research 
and provision of health care services. Used data are specific to two 
studied cantons and do not represent a nationally representative 
database. The generalisability of the present results to Bosnia and 
Herzegovina as a whole might be limited. Therefore, similar future 
investigations conducted in other large hospitals in our country are 
warranted.

Key words: head, neck, incidence, operative procedures, otor-
hinolaryngology
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INTRODUCTION

Surgical care, long time ago mentioned as the 
‘‘neglected stepchild’’ of global health, is an im-
portant component of health-care systems. In the 
study on estimated need for surgery worldwide 
based on prevalence of diseases in 2010, Rose et 
al. (1) reported the estimated need for one surgical 
procedure per 21 people alive and a global rate of 
surgery of 4664 per 100,000. Surgical need and 
frequency of surgical procedures vary between 
countries according to the size of the population, 
the incidence of the disease or injury, differences 
in medical attitudes and practices between sta-
tes, and the availability of material and human 
resources. The Eurostat report (2) for the period 
2010-2015 has provided information about incre-
asing and decreasing surgical procedures. Out 
of 20 the European Union Member States with 
available data, 12 States showed a decline in the 
frequency of tonsil surgery, while increases were 
observed in eight States. Out of 14 Member Sta-
tes with available data, seven of them reported 
a decrease in the frequency of thyroidectomy, 
the remaining seven States recorded an increase. 
Cochlear implantation was one of the two proce-
dures with the most rapid increase (2).
Data on trends in head and neck surgery in Bo-
snia and Herzegovina (B&H) are insufficient. We 
conducted this study in order to gain knowledge 
about trends in frequency of selected head and 
neck surgical procedures in B&H. We hope that 
our findings could be useful for policy makers, 
health-care administrators, and ministries of he-
alth in planning material and human resources 
for otorhinolaryngology - head and neck sur-
gery units. Therefore, the aim of this study was 
to determine whether there has been a change in 
frequency of selected head and neck surgical pro-
cedures performed at the public tertiary hospital 
during the period 2013‒2017.

PATIENTS AND METHODS

Patients and study design

The single-centre retrospective cross-sectional 
study was conducted in the public government-
owned tertiary hospital which has a catchment po-
pulation in excess of 310,000 patients. Comparati-
ve cross-sectional analyses of surgical candidates 
and procedures performed at the Main Operating 

Theatre of the Department of Otorhinolaryngo-
logy and Maxillofacial Surgery of Mostar Uni-
versity Hospital, Bosnia and Herzegovina (B&H) 
during the period 2013‒2017 were done. Surgical 
procedure was defined as any intervention occu-
rring in a hospital operating theatre involving inci-
sion, excision, manipulation or suturing of tissue, 
usually requiring regional or general anaesthesia 
(1). Surgeries performed at the Minor Operations 
Theatre were not included in the analysis. 

Methods 

Data on patients’ demographics and cases of se-
lected surgical procedures were extracted from 
the operating room log books. Patients’ average 
age, male:female ratio, and a percent share of all 
surgical procedures for each selected surgical pro-
cedure for each studied year were calculated. The 
calendar years of the 5‒year study period were 
compared according studied parameters. Data on 
the number of registered subjects with health in-
surance were obtained via official communication 
with the Health Insurance Fund of the Herzegovi-
na-Neretva Canton and the Health Insurance Fund 
of the West Herzegovina Canton.

Statistical analysis

Comparison of the central location of two inde-
pendent variables was done using the Student’s 
t‒test for variables not showing statistically 
significant deviation from Gaussian distributi-
on on the Kolmogorov-Smirnov test. The chi-
square test for significance was used to evaluate 
relationships between nominal variables. P‒va-
lues <0.05 were regarded as being statistically 
significant. 

RESULTS

During the 5-year period there were 2033 se-
lected surgical procedures, which represented 
57.1% of 3558 all surgical procedures performed. 
The selected surgeries were performed on 1897 
patients, 992 (52.29%) males and  905 (47.70%) 
females, aged 33.12 ± 23.20 (mean±SD) ye-
ars (ranging from 1 to 93 years) (Table 1). The 
highest proportion of the patients was in the first 
decade (22.59%) and in the second decade of life 
(14.83%). There were no significant differences 
in patients’ age (p=0.340) or gender (p=0.18) 
between the year 2013 and the year 2017.
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Tonsil and adenoid surgery, thyroid surgery, and 
laryngeal surgery were  the categories with the 
greatest shares of 17.11%, 8.91%, and 5.95%, 
respectively. The most infrequent categories were 
submandibular gland surgery, cochlear implanta-
tion, and neck cyst removal surgery with the sha-
res of 0.05%, 0.16%, and 1.43%, respectively. A 
sharp rise in cochlear implantation from only one 
procedure during 2013‒2015 to five procedures 
in 2016 and 2017 was found. The frequency of 
surgical corrections of nasal pyramid and septum 
has almost doubled (from 22 procedures in 2013 
to 43 procedures in 2017) during the studied peri-
od. This category was represented in 4.27% cases 
of all surgical procedures. The number of lop ear 
corrections, a category with the share of 5.22% 
of all surgeries, increased from 29 procedures in 
2013 to 45 procedures in 2017 (Table 2).
The share of tonsil and adenoid surgery increased 
from 14.3% in 2013 to 17.5% in 2017. The share 
of adenoidectomy remained stable during the stu-
died period (Figure 1).
The share of all thyroid operations slightly decli-
ned from 8% in 2013 to 7.5% in 2017. It is worth 
noting that the share in 2016 was 10.9%. There 
was a decline in the share of total thyroidecto-
mies (from 4.3% in 2013 to 3.4% in 2017) and 
a rise in the share of lobectomies (from 3.7% in 
2013 to 4.1% in 2017). Parathyroidectomy had 
the share of 1.68% of all surgeries. The number 
of parathyroidectomy events increased sharply 
from 2013 (six procedures) to 2014 (15 proce-

The studied years
Total 

2013 2014 2015 2016 2017
No of 
subjects 
with health 
insurance*

267,308 272,143 273,450 271,372 270,494 1,354,767

No of all 
surgical 
procedures

651 746 701 726 734 3558

No of all 
surgical 
procedures 
per 10,000 
insurees

24.4 27.4 25.6 26.8 27.1 26.2

No of selec-
ted surgical 
procedures†

356 451 345 415 466 2033

Surgical 
candidates‡ 324 424 330 392 427 1897

Males / fema-
les (absolute 
number)‡

175/149 240/184 155/175 184/208 238/189 992/905

Male:female 
ratio‡ 1.17 : 1 1.30 : 1 0.88 : 1 0.88 : 1 1.25 : 1 1.09 : 1

Age in years 
(mean±SD) ‡

34.81±
23.06

33.85±2
4.01

29.73 ±
22.46

33.4 ±
23.01

33.59±
23.08

33.12±
23.20

Age range in 
years (min‒
max)‡

2 - 87 3 – 82 3 - 92 1 - 93 1 - 82 1 - 93

Table 1. Subjects with health insurance, performed surgical pro-
cedures and surgical candidates during the period 2013-2017

*Refers to the Herzegovina-Neretva Canton and the West Herzegovina 
Canton; †see Table 2; ‡Refers to the selected surgical procedures only

Selected surgical procedures
No (%) of all surgical procedures performed during a single year % change in annual number 

of procedures, 2017 vs. 20132013 2014 2015 2016 2017
Tonsillectomy 26 (4) 40 (5.4) 21 (3) 32 (4.4) 32 (4.4) 23.1
Adenoidectomy 52 (8) 54 (7.2) 58 (8.3) 57 (7.9) 57 (7.8) 9.6
Adenotonsillectomy 15 (2.3) 49 (6.6) 39 (5.6) 38 (5.2) 39 (5.3) 160
All tonsil and adenoid surgeries 93 (14.3) 143 (19.2) 118 (16.8) 127 (17.5) 128 (17.5) 37
Septoplasty and/or Rhinoplasty 22 (3.4) 32 (4.3) 31 (4.4) 24 (3.3) 43 (5.9) 95.4
Nasal polyposis surgery 21 (3.2) 24 (3.2) 9 (1.3) 15 (2.1) 30 (4.1) 42.8
Total thyroidectomy 28 (4.3) 35 (4.7) 36 (5.1) 37 (5.1) 25 (3.4) -10.7
Thyroid lobectomy 24 (3.7) 33 (4.4) 20 (2.9) 42 (5.8) 30 (4.1) 25
All thyroid surgeries 52 (8) 68 (9.1) 56 (8) 79 (10.9) 55 (7.5) 5.7
Parathyroidectomy 6 (0.9) 15 (2.0) 12 (1.7) 13 (1.8) 14 (1.9) 133
Lop ear correction 29 (4.5) 40 (5.4) 38 (5.4) 34 (4.7) 45 (6.1) 55.1
Middle ear microsurgery 21 (3.2) 13 (1.7) 17 (2.4) 16 (2.2) 18 (2.5) -14.2
Cochlear implantation 1 (0.2) 0 0 (0) 2 (0.3) 3 (0.4) 200
Laryngeal surgery 41 (6.3) 47 (6.3) 21 (3) 44 (6.1) 59 (8) 43.9
Neck dissection 29 (4.5) 28 (3.8) 14 (2) 21 (2.9) 30 (4.1) 3.4
Tracheotomy 17 (2.6) 21 (2.8) 11 (1.6) 8 (1.1) 23 (3.1) 35.2
Parotidectomy 11 (1.7) 12 (1.6) 10 (1.4) 16 (2.2) 10 (1.4) -9
Submandibular gland surgery 0 1 (0.1) 1 (0.1) 0 (0) 0 (0) 0
Neck cyst removal surgery 13 (2) 7 (0.9) 7 (0.9) 16 (2.2) 8 (1.1) -38.4
All selected surgical procedures 356 (54.7) 451 (60.45) 345 (49.2) 415 (57.2) 466 (63.5) 31.2

Table 2. Selected surgical procedures during the period 2013-2017

Both the absolute number of all operations (an 
increase of 83) and the number of all operati-
ons per 10,000 insurees (an increase of 2.7) rose 
between 2013 and 2017 (Table 1). Also, the abso-
lute number of all studied selected operations (an 
increase of 110), as well as the percent share of 
all surgical procedures for the whole selection 
(an increase of 9%), rose between 2013 and 2017 
(Table 2).

Jelavić et al. Trends in frequency of ENT surgery
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dures) and has been relatively stable since that 
time. Out of total of 60 parathyroidectomies du-
ring the period 2013‒2017, there were only se-
ven operations for secondary hyperparathyroidi-
sm. In 2013, 2014, 2015, 2016, and 2017, there 
were 0, 4, 1, 1, and 1 surgical candidates with 
secondary hyperparathyroidism, respectively. We 
did not find any significant annual differences in 
the number of patients receiving dialysis at the 
Centre for Hemodialysis of the studied hospital. 
In 2013, 2014, 2015, 2016, and 2017, there were 
31, 27, 26, 33, and 25 new dialysis patients, res-
pectively (Figure 2).

DISCUSSION 

The results of this study showed that in compa-
rison with the year 2013, the year 2017 showed 
an increase of the number of all operations and 

the number of investigated selected operations, 
no significant difference in age or sex of patients 
underwent selected surgical procedures, increase 
in the share of tonsil surgery, nasal septum and 
nasal pyramid surgery, nasal polyposis surgery, 
parathyroid gland surgery, lop ears correction, 
cochlear implantation, laryngeal surgery, and 
tracheotomy, and decline in the share of thyro-
id gland surgery, middle ear microsurgery, neck 
dissection, surgery of parotid gland, and surgery 
of neck cysts.
There is anecdotal evidence that a number of 
persons have left the country and moved to high-
income countries after the last census of popu-
lation in 2013. Reliable data on population size 
of the studied region for each year of the period 
studied were not available. Therefore, we have 
used the number of the insurees registered at the 
government-owned health insurance fund as a 
proxy for change in population size in each studi-
ed year. There were 3,186 insurees more in 2017 
than in 2013. We assume that this increased num-
ber of the registered insurees is more likely to be 
a marker for the higher discipline of companies 
and employees in paying for health insurance 
rather than a consequence of an increase of popu-
lation size in the studied cantons. Therefore, we 
used a percent share of all surgical procedures for 
each selected surgical procedure for each studied 
year for the demonstration of trends in frequency.
The highest proportion of the patients in the first 
two decades of life can be explained by the fact 
that tonsil and adenoid surgery, the category with 
the greatest share among the selected procedures 
in our study, is mostly performed in children (3). In 
2012, tonsillectomy and/or adenoidectomy were 
the fourth most common indication for hospital 
admission in patients aged 1-17 years in the Uni-
ted States (3). Historically, there were variations 
in the performance of adenotonsillar surgery. In 
1931, there were ten times as many tonsillectomi-
es per 1,000 males in the United States as in 1910 
(4). In the United States, the number of tonsillecto-
mies decreased from 1,400,000 in 1959 to 260,000 
in 1987 (5). The Eurostat found a wide variation 
in the frequency of tonsillectomies among Euro-
pean States (2). Scandinavian high-income States 
with strong historical, cultural and linguistic ties 
have shown opposite trends; between 2010 and 
2015, there was an increase over 20% in Sweden 

Figure 1. Tonsil and adenoid surgery, 2013-2017

Figure 2. Thyroid and parathyroid gland surgery, 2013-2017
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and a decrease over 40% in Denmark (2). Indicati-
ons for tonsillectomy and/or adenoidectomy have 
evolved from being primarily related to adenoton-
sillar infections to being more commonly caused 
by oronasal obstruction. In the United States, forty 
years ago, 90% of tonsillectomies in children were 
performed for recurrent adenotonsillitis; now it is 
about 80% for obstructive sleep problems and 20% 
for infection (6). The share increase of tonsil and 
adenoid surgery in our hospital might have been a 
consequence of the increased number of patients 
with obstruction as an indication. After the Centre 
for Sleep Medicine at our Department of Otor-
hinolaryngology and Maxillofacial Surgery was 
founded in 2014, several symposia on obstructive 
sleep apnea for medical professionals and layper-
sons were held in our city. Since then, obstructive 
sleep apnea has been a popular topic in the local 
media. The aforementioned factors might have 
increased a recruitment of new surgical candidates 
with obstructive/sleep disordered breathing indi-
cations. Our results are consistent with the reports 
on the frequency of tonsillectomies from the coun-
tries in the region. Slovenia (2010-2015), Croatia 
(2012-2016), Serbia (2014-2015), and Macedonia 
(2010-2015) showed an increase of 18.2%, 42.5%, 
3.3%, and 30.1%, respectively (2).
In many countries, thyroid gland surgery is an 
increasing procedure. Rising thyroid cancer in-
cidence has resulted in the increased frequency 
of thyroidectomy (7,8). Improved detection has 
been responsible in part for the observed incre-
ase in the incidence of thyroid cancer (8). In the 
United States, the number of thyroid nodule-re-
lated operations increased by 31% between 2006 
and 2011 (7). The reports from countries in the 
neighbourhood were heterogeneous. In Macedo-
nia (2010-2015) and Croatia (2012-2015) there 
were large increases of 69.5% and 66.4%, re-
trospectively (2). Slovenia (2010-2015) reported 
a slight increase of 4.4%, while Serbia (2014-
2015) had a slight decrease of 5.34% in the frequ-
ency of thyroidectomy (2). In our hospital, we 
found a slight decline in thyroid surgery. Due to 
improved detection, we have expected continuo-
us rise in the share of thyroid operations. In the 
Herzegovina-Neretva Canton and the West Her-
zegovina Canton, the number of high-sensitivity 
sonographic devices and the number of skilled 
professionals for thyroid sonography, thyroid fi-

ne-needle aspiration biopsy, cytological analysis 
or thyroid surgery have been increasing during 
the last decade. These factors might have resulted 
in an easier and better access to improved dia-
gnostic evaluation of thyroid disorders. We are 
interested in studying a frequency of thyroid sur-
gery in the future in order to determine whether 
the current slight drop in 2017 is an accident or 
a sign of permanent decline trend in thyroid ope-
rations in our region. Further, thyroidectomy-to-
lobectomy ratio was analysed. In our hospital, a 
decline in the share of total thyroidectomies and 
a rise in the share of lobectomies may indicate a 
trend toward a less radical surgical approach to 
treatment of the thyroid disease. On the contrary, 
in the United States, the number of total thyroi-
dectomies increased by 59%, while lobectomies 
increased only 7% between 2006 and 2011 (7). 
In the comparison with traditional operations, the 
absolute number of cochlear implantations is re-
latively low, but the large and rapid increases in 
this procedure were reported in most countries. 
Out of 13 EU Member States with available data 
for the period 2010-2015, only one State reported 
a decrease in the frequency of cochlear implan-
tations (2). In the neighbourhood, the number of 
cochlear implants quadrupled in Slovenia and tri-
pled in Macedonia between 2010 and 2015 (2). 
The sharp decline was observed in Croatia. The 
number of cochlear implantations dropped from 
73 in 2012 to 27 in 2015 (2). In Serbia, there were 
34 and 33 procedures in 2014 and 2015, retros-
pectively (2). Our study showed a sharp rise in 
this procedure in the hospital.
Although the number of nose reshapings decrea-
sed by 1% between 2013 and 2017, it is still the 
third most common cosmetic surgical procedure 
in the United States (9). In the United Kingdom, 
rhinoplasty was the fifth most common cosmetic 
surgical procedure in 2013 and 2017 but the num-
ber of rhinoplasties showed a fall of 77% during 
2013‒2017 (10). In our hospital, the number of 
nose reshapings increased during the studied pe-
riod. A similar large increase was also observed 
for lop ear corrections. Ear and nose reshapin-
gs are a popular topic in the media. We surmise 
that a frequent appearance of these procedures in 
the media resulted in their popularisation and in 
an increased recruitment of surgical candidates 
requesting ear or nose correction. Between 2013 
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ABSTRACT

Aim Retrospective analysis of disease clinical course with a pur-
pose of defining potential prognostic parameters which are essen-
tial for optimal target therapy.  

Methods The study involved 29 patients with histologically con-
firmed lung adenocarcinoma and existing epidermal growth factor 
receptor (EGFR) mutations, which are treated by tyrosine kinase 
inhibitors (TKI).  

Results Allegations of a larger prevalence in women and non-smo-
kers were found. The study confirmed dominance of mutations on 
exon 19 and exon 21. Usefulness of the treatment with erlotinib in 
terms of increasing survival time was evident. Median survival of 
patients in the survey sample was 14.5 months. Median survival 
in relation to gender or smoking status did not show statistical si-
gnificance.

Conclusion Considering obtained results, we have confirmed that 
patients with advanced lung adenocarcinoma and present muta-
tions of epidermal growth factor receptor, who had been treated 
with first generation TKI, had median survival time of over a year. 

Key words: epidermal growth factor, mutation, reaction time, re-
ceptor
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INTRODUCTION 

Detection of molecular mutations is still a no-
velty in understanding the treatment of malignant 
tumours since they represent potential prognostic 
parameters and points of action for new therapeu-
tics (1). Individual treatments are becoming care 
standard for patients with non-small cell lung 
cancer (NSCLC), with the goal to improve the 
survival rate, slow down disease progression and 
improve patients’ life quality (2,3).
Adenocarcinoma is a predominant histological 
NSCLC subgroup, which can be linked with the 
smoking habit, although it is more common in 
non-smokers and women in diseased population 
(4,5). The existence of distant metastases is very 
characteristic and very common in adenocarcino-
ma (6). Molecular pathology of adenocarcinoma 
is better defined if compared with other types of 
tumours because of its prevalence, surgical acce-
ssibility and due to the success in identification of 
clinically important mutations (7). 
Epidermal growth factor receptor (EGFR) muta-
tions are an important predictive marker for target 
therapy. The transmembrane glycoprotein from the 
EGFR group is presented in 10%-15% of cases of 
advanced. About 90% of all NSCLC do not have 
mutations in the EGFR gene, so called wild-type 
EGFR (EGFR wt) (8). Irrespective of the ethnic 
affiliation, EGFR mutations are more common in 
tumours of female, non-smokers (defined as less 
than 100 cigarettes in the life of each patient) with 
adenocarcinoma histology. A small subgroup of 
smokers, of which 5-10% are test positive, means 
that they will have benefits from tyrosine kinase 
inhibitors therapy. In the vast majority of cases, 
EGFR mutations are not matched with other mu-
tations that are found in non-small cell lung cancer 
(e.g. KRAS mutations, ALK rearrangement) (9). 
Approximately 90% of EGFR mutations are 
in the exon 19 or exon 21 (1,10,11). Mutations 
within the EGFR exons 20, are associated with 
EGFR TKI resistance (1).
Traditionally treated patients with metastatic lung 
carcinoma did not have overall survival longer 
than a year (12). Recent data show that the median 
survival time in patients with advanced non-small 
cell lung cancer and EGFR present mutations, 
which have been treated with the first generation 
EGFR tyrosine kinase inhibitors (TKI) is exten-
ded to 2 years, which is twice as long as compa-

red to the overall survival rate in patients treated 
with traditional treatment methods (13,14). It is 
important to emphasize usefulness of the target 
therapy in terms of keeping good quality of pati-
ents’ lives. The target therapy does not have side 
effects like standard therapy (anaemia, leukope-
nia, thrombocytopenia, nausea, vomiting, hair 
loss), and drug administration is easier, drugs are 
taken orally, it does not require premedication or 
any treatment of prolonged nausea (12).
Due to the actuality of the target therapy in pati-
ents with detected EGFR mutations, we wanted 
to analyse and compare data obtained in the Cli-
nic for Lung Diseases with literature data. These 
data are related to the population of important 
patients who have not been processed yet with 
the goal of improving the therapy, clinical course 
and patients’ lives.
The aim of our work is a retrospective analysis 
of the correlation between demographic, histolo-
gical and molecular characteristics and clinical 
course of the disease in patients with lung ade-
nocarcinoma. 

PATIENTS AND METHODS 

Patients and study design

This retrospective study included 29 patients who 
underwent diagnostic and therapeutic treatment 
of NSCLC in the period from May 2012 to De-
cember 2016 in the Clinic for Lung Diseases, Uni-
versity Clinical Centre of the Republic of Srpska 
(RS), Bosnia and Herzegovina (B&H). The study 
included patients with histologically confirmed 
lung adenocarcinoma with detected EGFR muta-
tions. The data relating to age, gender, smoking 
status, detected mutation, stage of the disease and 
survival time were taken from the medical history 
of each individual patient. A stage of the disease 
was determined according to 7-th TNM classi-
fication (15). Based on a decision of pulmonary 
council, oncological treatment was carried out by 
tyrosine kinase inhibitors as the first line therapy, 
adjuvant therapy treatment or maintenance. All 
patients with activating EGFR mutations (exon 
18, exon 19 and exon 21), regardless of the stage 
of disease are treated with TKI. It is important to 
emphasize that patients with detected mutation at 
exon 20 were not treated with TKI because that 
is the mutation with resistance to first generation 
TKI. These patients were treated conventionally 
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with cisplatin doublet. Some patients could not be 
surgically treated due to associated diseases and 
are included in TKI treatment.

Methods

Pathohistological verification of lung cancer was 
done after bronchoscopy, transthoracic biopsy or 
surgeries. Histological type was determined on 
hematoxylin and eosin stained tiles (H&E stai-
ning). In cases where diagnosis was not possible 
with H&E stained samples, recommended anti-
body panel (TTF1, CK7, CK5/6 and/or p63, nap-
sin) was used instead for immunophenotyping of 
non-small cell lung cancer. 
From May 2012 the molecular testing of exist-
ing material had been considered as a standard 
procedure in the University Clinical Centre of 
the RS. Testing was performed on samples ob-
tained by surgical removal of the primary tumour 
or metastasis, small biopsies and cytological 
samples. Molecular testing was done with Roche 
Cobas reagents (DNA samples Preparation Kit, 
Cobas EGFR mutational test) with PCR in real 
time, according to manufacturer’s recommenda-
tions. Analysis of the results was carried out au-
tomatically on the Cobas 4800 software (Cobas z 
480, Roche Diagnostics, Rotkreuz/Swiss). 
Determining a stage of lung adenocarcinoma was 
done based on clinical and radiological findings 
(bronchoscopy, RTG or lung CT scan, CT of ab-
domen, head CT, scintigraphy).
Survival time is defined as a period from the date 
of the diagnosis to the death or the last control.

Statistical analysis 

Arithmetic mean and median, i.e. the average va-
lue in proper deployed series (from smallest to 
largest data or by any other logical order) were 
used.  The categorical variables were displayed 
as an arithmetic mean (MEAN) ± standard 
deviation (ST.DEV.) or median (MEDIAN) and 
were compared to the Student’s t-test, ANOVA 
(variance analysis) and Mann Whitney. From 
the method of multivariate statistics, the Kaplan-
Meier method for the evaluation of survival func-
tions was used, log rank test to determine signi-
ficant differences in survival function depending 
on the selected factor or risk factors for the Cox 
redistribution of multilateral analysis. Values of 
p<0.05 were considered statistically significant.

RESULTS 

The average age of patients was 61 years (age 
range 45 to 77); the average age of female pa-
tients was 61.5 years and 60 years for males. 
Females dominated, 21 (72.5%), over males, 8 
(27.5%). Non-smokers were dominant with 21 
(72.5%), and smokers were represented with 
eight (27.5%) (Table 1).

Variable Patients with adenocarcinoma
Median age (range) (years) 61 (45–77)
Gender (No, %)
Females 21 (72.5)
Males 8 (27.5)
Smoking status, n (%)
Non-smoker 21 (72.5) 
Males 5 (17.2) 
Females 16 (55.2)
Active smoker 8 (27.5) 
Males 3 (10.3) 
Females 5 (17.2)
Stage of disease
Unknown 1 (3.4) 
IA 1 (3.4) 
IB 4 (13.8) 
IIA 1 (3.4) 
IIB 1 (3.4) 
IIIA 4 (13.8) 
IV 17 (58.6)

Table 1. Baseline characteristics of 29 patients with con-
firmed lung adenocarcinoma and detected epidermal growth 
factor receptor (EGFR) mutations

No (%) of patients
                 Males Females

   TotalEGFR 
mutation

Non-smo-
kers

Active
smokers

Non-smo-
kers

Active
smokers

exon 18 0 0 0 1 (100) 1 (3.5)
exon 19 4 (28.6) 2 (14.3) 7 (50) 1 (7.1) 14 (48.3)
exon 20 0 0 2 (66.7) 1 (33.3) 3 (10.3)
exon 21 1 (9.1) 1 (9.1) 7 (63.6) 2 (18.2) 11 (37.9)
Total 5 (17.2) 3 (10.3) 16 (55.2) 5 (17.2) 29 (100)

Table 2. Epidermal growth factor receptor (EGFR) mutation 
frequency according to gender and smoking status

Female dominance was noticed in both categori-
es, non-smokers, 16 (76.2%), and smokers, five 
(62.5%) (Table 1). 
According to the stage of the disease, four 
(13.8%) patients were in stage IIIA and 17 
(58.6%) patients in stage IV disease (Table 1).
The most frequently detected mutation was in 
exon 19, in 14 (48.3%) patients, followed by mu-
tation in exon 21, in 11 (37.9%) patients. Next mu-
tations were at exon 20, in 3 patients (10.3%), and 
mutation at the exon 18, in one (3.5%) (Table 2). 
Mutations were detected in 21 (72.4%) female and 
in 8 (27.6%) male patients. Dominant mutation in 
females was on exon 21, in 9 (43%), and in males 
on exon 19, in 6 (75%) patients (Table 2). 
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The mutation at exon 19 and exon 21 occurred in 
three (21.4% and 27.3%) patients of both genders, 
respectively, who were referred as smokers. Mu-
tation at exon 18 and exon 20 was observed in 1 
(12.5%) patient in the ‘’smokers’’ group. In the 
population of patients who were referred as non-
smokers, the dominant mutation was in exon 19 
detected in 11 (52.4%) patients.
The mutation at exon 21 was detected in eight 
(38%) patients, and mutation at the exon 20 in 2 
(10%) patients (Table 2).
The median survival of patients was 14.5 months. 
Survival time >1 year was found in 13 (48%) pa-
tients, and 7 (26%) patients had survival time >2 
years. In one (7%) patient the length of survival 
time was not defined (the patient’s treatment con-
tinued in another State). The median survival rate 
for females was 12.6 months, and in males 21 
months (p=0.158). The median survival in the ca-
tegory of non-smokers was 16.2 months, and in 
the category of smokers 10.4 months (p=0.465). 
Median survival time of the patients in relation 
to the mutational status was longer in patients 
with detected mutation at exon 19 and exon 21. 
Patients with detected mutation at exon 19 who 
were treated by tyrosine kinase inhibitors had the 
median survival of 16.6 months. Patients with 
detected mutation at exon 21 who had been trea-
ted by tyrosine kinase inhibitors had the median 
survival of 18.2 months (Figure 1).

Median survival time of patients with the mutati-
on on exon 19 was 16.6 in males and 16.5 months 
in females. The median survival time in the pati-
ents with detected mutation at exon 21 was 18.5 
months in females (one male subject in which 
TKI therapy had not started yet).
The median survival time of smokers was 12.6 
months in the patients with mutation on exon 19 
and 8 months in the patients with mutation on 
exon 21 (Figure 2). 

Figure 1. Kaplan-Meier survival curve in relation to epidermal 
growth factor receptor (EGFR) mutation

Figure 2. Kaplan-Meier survival curve for smokers in relation 
to epidermal growth factor receptor (EGFR) mutation

Figure 3. Kaplan-Meier survival curve for non-smokers in rela-
tion to epidermal growth factor receptor (EGFR) mutation

The median survival time of non-smokers was 
18.3 months in the patients with mutation on 
exon 19 and 21.8 months in the patients with mu-
tation on exon 21 (Figure 3).
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DISCUSSION 

The results of the study are similar to the reports 
which suggest that bronchial cancer is a disease 
with prevalence amongst older patients (17). The 
average age of patients was 61 years; lung cancer 
occurred in 2.3% patients younger than 40 years 
of age and in 5% in patients older than 80. 
Literature data on the disease in affected popu-
lation show that the histological type of lung 
adenocarcinoma is more common in women 
and non-smokers (18,19). Our results showed 
lung adenocarcinoma in 28% of males and 42% 
of females resulting in the prevalence in males 
according to the literature data, but it was much 
higher (72.5%) in females. Our results confirmed 
the literature allegations and show the dominance 
of lung adenocarcinoma in non-smokers.
The disease stage of patients with non-small 
cell lung cancer is in correlation with the five-
year survival. Patients in stage IV disease achie-
ve five-year survival in 2% of cases (10). In the 
analysed population, most patients were in stage 
IV of disease (58.6%). 
The presence of activating EGFR mutations is a 
key factor for integrating tyrosine kinase inhibi-
tors in the treatment of patients with lung can-
cer. The most frequent mutation is a deletion at 
exon 19 and exon 21 mutation (L858R). These 
two mutations together make 90% in relation to 
all other mutations (11). The overall frequency of 
exon 19 and exon 21 mutation in our study was 
86.3%, which is slightly lower in comparison 
with the literature data (11,20). 
In the majority of published studies, female/male 
ratio of patients with diagnosed adenocarcino-
ma who underwent testing for the presence of 
EGFR mutation was 1.6:1 in favour of women 
(10-12). In our study, this ratio is 2.6:1 in favour 
of women.
The application of tyrosine kinase inhibitors is in-
dicated in cases with present EGFR mutations. In 
our study, in 10.3% of subjects, mutation which 
indicates resistance to the first generation of tyro-
sine kinase inhibitors was detected and in 89.7% 

of patients mutations which indicate application 
of tyrosine kinase inhibitors. A previous study 
shows that the median of survival is longer than 
a year (12). In our study, median survival time of 
patients with EGFR mutations present at exon 19 
and exon 21, who have been treated by tyrosine 
kinase inhibitors, is longer than 1 year, which is 
slightly shorter than the data shown in literatu-
re; the median survival in patients with advanced 
non-small cell lung cancer and present EGFR 
mutations, who were treated with the first gene-
ration EGFR tyrosine kinase inhibitors, (TKI) is 
extended to 2 years (13,14). 
Observing median survival time in patients with 
present EGFR mutations in exon 19 and 21 did 
not show difference between genders. The medi-
an survival time is still over 1 year. 
As far as the smoking status is concerned median 
survival time in patients with EGFR mutations 
present at exon 19 and 21 is longer in non-smo-
king patients. The difference in survival time, 
which can range from 4.6 to 21.8 months, con-
firms literature data of more effective therapy in 
non-smokers.
A shortage of this study mostly refers to lack of 
patients which disabled our efforts in proving sta-
tistical significance in the compared groups. The 
implementation of the treatment with tyrosine ki-
nase inhibitors is difficult in our clinical practice 
(prolonged procedure and waiting list).
In conclusion, a part of the population with the 
highest risk of lung cancer are people older than 
50 years of age with a history of smoking. The 
study confirms literature allegations on domi-
nancy of histological type of adenocarcinoma 
and also on prevalence amongst female and non-
smoking population. It determined the impact of 
the treatment on median survival in patients with 
EGFR mutations (over a year). 
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ABSTRACT

Aim To evaluate the efficacy, safety and feasibility of mediasti-
noscopy in 107 cases with mediastinal lesions that could not be 
diagnosed histopathologically with other methods.

Methods A total of 107 cases (73 males, 34 females; mean age 
57.4, range 30-88 years) with mediastinal lymphadenopathy, who 
underwent mediastinoscopy between 12 September 2012 and 29 
November 2018 were examined retrospectively. The cases were 
evaluated in terms of age, gender, complaint, operation time, hi-
stopathological diagnosis, postoperative morbidity and mortality 
parameters.

Results Upon histopathological examination 32 (30%) patients 
were diagnosed with lung cancer metastasis (N2 stage), which 
was the most common diagnosis. With this diagnosis unnecessary 
thoracotomy was prevented. In patients with pathological lympha-
denopathy found by imaging histopathological results were exa-
mined to evaluate the presence of N2 stage. In 25 (23.5%) cases 
biopsy results were reported as reactive lymph nodes. In addition, 
23 (21.4%) patients had sarcoidosis, 16 (15%) had tuberculosis 
lymphadenitis, seven (6.5%) had lymphoma, one of each (0.9%) 
had benign epithelial cyst (0.9%), malign epithelial tumour (inva-
sive ductal carcinoma of breast), chronic lymphocytic leukaemia 
(CLL), and adenocarcinoma metastasis (renal cell cancer).

Conclusion When other non-invasive procedures are ineffective, 
mediastinoscopy is an efficient diagnostic method with high dia-
gnostic value, which is applicable also in places other than advan-
ced centres, with low morbidity and mortality. 

Key words: lung cancer, lymphadenopathy, mediastinal staging, 
thoracic surgery
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INTRODUCTION

Cervical mediastinoscopy (CM) is one of the 
methods to evaluate mediastinal lymph nodes. 
This surgical procedure was developed in Eu-
rope in the beginning of the 20th century, but 
it had been seldom performed outside Europe 
until the end of 1950’s when Eric Carlens in-
troduced mediastinoscope as a surgical device 
(1). This new method allowed a surgeon to en-
ter the mediastinum via suprasternal incision 
while using a rigid instrument and carry out a 
biopsy from paratracheal and hilar lymph nodes 
(1,2). Cervical mediastinoscopy is an invasive 
diagnostic procedure used during lung cancer 
staging and mediastinal tumour diagnosis and 
identification of their etiology (3). In order to 
determine the most appropriate treatment mo-
dality in patients with mediastinal lymphadeno-
pathy, histopathological tissue diagnosis is pri-
marily needed. It is essential that the diagnostic 
intervention for this purpose provides adequate 
tissue sample for histopathological and immu-
nological studies (4).When other procedures are 
ineffective for diagnosis, cervical mediastinos-
copy is an effective invasive diagnostic method 
that provides adequate tissue sample. It can be 
performed safely with low morbidity and mor-
tality rates (4-5). Cervical mediastinoscopy is 
commonly used in the diagnosis and staging of 
primary lung cancer, however, it also provides 
valuable information in the diagnosis of some 
other diseases such as sarcoidosis, tuberculosis, 
lymphoma and mediastinal masses (6).
Even though in the literature there are many 
comprehensive studies on the staging of pri-
mary lung cancer by mediastinoscopy, there are 
limited studies on the efficacy of mediastinosco-
py in the diagnosis of diseases associated with 
mediastinal lymphadenopathy (6,7). In various 
publications 74% sensitivity, 94% specificity 
and 0.15% mortality rates for mediastinoscopy 
were reported (6-8).
The aim of this study retrospectively analysed 
107 patients who underwent mediastinoscopy in 
order to evaluate the efficacy and safety of me-
diastinoscopy in diagnosis and staging.

PATIENTS AND METHODS

Patients and study design

A total of 107 patients (cases) with mediastinal 
lymphadenopathy, in which other procedures 
were unable to ensure precise diagnostics, un-
derwent mediastinoscopy. All these surgeries 
took place between 12 September 2012 and 29 
November 2018 in Izmit Seka State Hospital and 
Canakkale Onsekiz Mart University Hospital.

Methods

The cases were evaluated in terms of age, gen-
der, complaint, histopathological diagnosis, po-
stoperative morbidity and mortality. Before the 
operation, all patients underwent the following 
tests: PA / L (posteroanterior / lateral) chest X-
ray’s, computed tomography (CT) of the thorax, 
pulmonary function tests (PFTs), electrocardi-
ography (ECG), complete blood count, and ba-
sic biochemical blood tests (sodium, potassium, 
chloride, bicarbonate, blood urea nitrogen -BUN, 
magnesium, creatinine, glucose).
Regardless of the presence of a mass in the lungs, 
mediastinal lymph nodes larger than 10 mm short 
axis diameter were considered as pathologic, and 
underwent mediastinoscopy. Intraoperative fro-
zen section was not used in any patient.
All patients underwent prior interventions by 
fiberoptic bronchoscopy and transbronchial 
biopsy. Some patients with parenchymal le-
sions underwent transthoracic needle biopsy, 
but none of them had diagnostic pathological 
results. After that all patients underwent media-
stinoscopy for certain diagnosis. Patients under 
general anaesthesia were intubated with spiral 
tube and the tube was fixed to the left corner 
of the oral cavity. Mediastinoscopy procedu-
re was performed by the method described by 
Carlens (1). Multiple biopsies were obtained 
from lymph nodes or masses seen by thorax 
CT. Multiple punch biopsies were performed 
with cervical mediastinoscopy. Biopsies were 
taken from upper paratracheal (2 right, 2 left), 
lower paratracheal (4 right, 4 left) and subca-
rinal lymph nodes: N2 was defined as ipsila-
teral lymph nodes or subcarinal lymph nodes 
positive, while N3 was defined as contralateral 
lymph nodes positive (9).
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Statistical analysis

Clinical findings, pathologic diagnoses and soci-
odemographic qualities of the patients operated 
in our clinic were presented in numbers and per-
centages as descriptive data.  

RESULTS

The mean age of the patients who underwent me-
diastinoscopy was 57.4 (30-83) years, 34 (32%) 
were females and 73 (68%) were males. One 
patient had postoperative hoarseness; however, 
it completely improved after a month. Another 
patient with right paratracheal tumour invasion 
developed bleeding from tumour tissue after bi-
opsy, but the bleeding was controlled after partial 
sternotomy; this patient was discharged on the 
third postoperative day. Meanwhile all other pa-
tients were discharged the next day. There was 
no mortality. The most common complaint was 
chronic cough and chest pain (Table 1).

DISCUSSION 

Standard cervical mediastinoscopy is used for 
surgical exploration of middle-superior media-
stinum. The most common indication for media-
stinoscopy is preoperative nodal staging of lung 
cancer (10). Mediastinoscopy has high diagno-
stic value and low rates of mortality and mor-
bidity, resulting in mediastinoscopy as a widely 
used method for mediasitnal pathology (11). 
Nowadays, the search for non-invasive diagno-
stic methods has been rapidly continuing, while 
fluoreso-2-deoxy-D-glucose positron emission 
tomography (FDG-PET) has been widely used 
for mass detection and lung cancer staging (12). 
However, in FDG-PET scanning false negative 
(1 cm or less non-small cell lung carcinoma, 
bronchoalveolar carcinoma, atypical carcinoid 
tumour etc.), false positive results (inflamma-
tion or diseases causing inflammation such as 
atelectasis or bronchiectasis, pneumonia, gra-
nuloma, sarcoidosis, tuberculosis, hamartoma 
etc.) should be considered (12). However, the 
diagnosis and appropriate treatment of the pati-
ent should be first determined by histopatholo-
gical tissue sample (6,13). Mediastinoscopy has 
been replaced by less invasive techniques such as 
endobronchial ultrasound-guided fine-needle as-
pirations (EBUS-FNA) and endoscopic ultraso-
und-guided fine-needle aspirations (EUS-FNA) 
for lung cancer staging (14). Equipment shortage 
and high cost, experienced medical staff require-
ment allowed only certain centres to implement 
this process. Besides, there are some opinions 
that cervical mediacinoscopic method with high 
sensitivity, specificity and accuracy rates is supe-

Complaint No (%) of patients
Chest pain                                       20 (18)
Chronic cough         39 (36)
Shortness of breath 19 (18)
Weight loss  21 (19)
Back pain                                        15 (9)
Hoarseness 5 (4)
Hemoptysis          5 (4)
Night sweats  16 (15)

Table 1. Complaints of 107 patients who underwent mediasti-
noscopy at the time of admission

Histopathology No (%) of patients
Benign lesion
Reactive lymph node 25 (23.5)
Sarcoidosis 23 (21.4)
Tuberculosis 16 (15)
Benign epithelial cyst 1(0.9)
Malignant lesion
Squamous cell cancer 11(10.3)
Adenocarcinoma 11(10.3)
Small cell cancer 10 (9.4)
Lymphoma 7(6.5
Chronic Lymphocytic leukaemia 1 (0.9)
Malignant epithelial tumour (invasive ductal 
carcinoma of breast) 1 (0.9)

Metastasis of adenocarcinoma (renal cell 
carcinoma) 1 (0.9)

Table 2. Histopathological diagnosis of patients after 
mediastinoscopy

Histopathological results showed that 32 (30%) 
patients had cancer with lung cancer metastasis 
(11 cases of squamous cell carcinoma, 11 cases of 
adenocarcinoma and 10 cases of small cell lung 
cancer) (N2). In 25 (23.5%) cases biopsy results 
were reported as reactive lymph nodes. In addi-
tion, 23 (21.4%) cases had sarcoidosis, 16 (15%) 
had tuberculosis lymphadenitis, seven (6.5%) had 
lymphoma, one case of each (0.9%) had benign 
epithelial cyst, malign epithelial tumour (invasive 
ductal carcinoma of breast), chronic lymphocytic 
leukaemia (CLL) and adenocarcinoma metastasis 
(renal cell cancer) (Table 2). The most common 
disease was lung cancer, 32 (30%).
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rior to these methods (15,16). EBUS FNA- EUS 
FNA particularly allows a better assessment of 
mediastinal lymph node station compared with 
one technique only. Sensitivity, specificity, nega-
tive predictive value and diagnostic accuracy of 
EBUS FNA- EUS FNA combined  91%, 100%, 
96% and 97%, respectively (17). On the other 
hand, cervical mediastinoscopy has quite a high 
diagnostic value. In addition, the mortality rate is 
0.09% and morbidity rates are between 1.5-3 % 
for mediastinoscopy (18,19).
The common complications of mediastinoscopy 
include bleeding, pneumothorax, wound infecti-
on, tracheal injury, and recurrent nerve injury (1-
15). The fatal complications of mediastinoscopy 
include innominate artery, aortic arch, superior 
vena cava, esophagus and azygos vein injuries 
(1,15,20). In our study, transient hoarseness was 
observed in one patient for one month, and in one 
patient bleeding from tumour tissue after biopsy 
was developed, which was consistent with publi-
cations (21-22). In our study bleeding rate was 
0.9% which was consistent with the literature 
(22). Lemaire et al. reported the rate of haemorr-
hage of 0.3%, and Park et al. of 0.4%. In both 
studies the biopsy area causing bleeding was re-
ported as right paratracheal area (21,22), which is 
consistent with our study. Although mediastinos-
copy is mostly used in staging of lung cancer, it 
is also useful for diagnosing extrapulmonary me-
diastinal lymph node diseases (23,24). Staging of 
mediastinal lymph nodes with mediastinoscopy 
is still considered as the gold standard in lung 
cancer (25). The diagnosis of the patient is some-
times delayed due to the intensity and the heavy 
workload in major health centres. This can lead 
to financial loss for health economics, and moral 
loss for patients. In our study, most cases were 
operated in a small state hospital; 30% of patients 
were diagnosed with N2 disease, which reduced 
the workload of advanced health centres, and 
prevented the loss of time and economy for pa-
tients and their relatives. In histopatological exa-
mination 30% of patients were diagnosed with 

lung cancer metastasis (N2), which was the most 
common diagnosis. Even though the existence of 
N1 disease is known to increase the probability 
of N2 disease (26), additional treatment strategi-
es can be followed in the presence of potentially 
resectable N2 metastasis using mediastinoscopy 
(26). These strategies include surgical operation 
following induction chemotherapy or induction 
chemoradiotherapy followed by either surgery or 
standard chemoradiotherapy (27). Lung cancer 
is widespread disease worldwide with 1.8 milli-
on new cases each year (28). The fact that the 
vast majority of the cases in Turkey were from a 
large industrial city (Kocaeli) might have led to 
an increase in cancer rates. According to Turkish 
Statistical Institute’s 2017 data, mean mortality 
rate due to the benign and malignant tumour was 
19.5% (29). Meanwhile in Kocaeli, which is a 
large industrial city, mean mortality rate due to 
the benign and malignant tumour was 23.2%, 
which is a significantly higher than Turkey’s ave-
rage (29). This partially explains the findings in 
our study that the largest group of patients were 
N2 lymph node positive and who were diagnosed 
with mediastinoscopy. Our country has received 
intensive migration recently. Chronic diseases 
which emerge from poor conditions during im-
migration probably are long-term consequences 
of migration (30). We have found that tubercu-
losis was a widespread disease with 15% preva-
lence rate, and consequently we would expect an 
increase in tuberculosis cases in our country.
In conclusion, although cervical mediastinoscopy 
is an invasive diagnostic method, because of low 
morbidity and mortality rate it could be safely 
applied outside advanced centres. Mediastinos-
copy could be used in staging bronchial carci-
nomas and diagnosis of thoracic diseases which 
cannot be diagnosed with less invasive methods.
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ABSTRACT 

Aim To determine the prevalence of new-onset atrial fibrillation 
(NOAF) following percutaneous coronary intervention (PCI) and 
coronary artery bypass grafting (CABG) for left main coronary 
artery disease (LMCAD) and its effect on 6-month cardiovascular 
outcomes. 

Methods This prospective study included 40 patients diagnosed 
with LMCAD, in the period from 2017 to 2018. The patients with 
LMCAD and low or intermediate SYNTAX score were randomi-
zed to PCI with zotarolimus-eluting stents versus CABG. Outco-
mes were analyzed according to the development of NOAF during 
the initial hospitalization following revascularization. 

Results Among 40 patients without atrial fibrillation on presentati-
on, NOAF developed 3.1±1.3 days during hospitalization in three 
CABG treated patients, and one PCI treated patient. One patient 
that was CABG treated developed NOAF after two months. Pati-
ents with versus patients without NOAF had a significantly longer 
duration of hospitalization, probably because they were dischar-
ged on anticoagulant therapy. Myocardial infarction was presen-
ted in one CABG treated patient after 3 months, and also in one 
PCI treated patient after 4 months. One patient died 2 months after 
the operation, and one developed stroke 5 months after the CABG 
operation. 

Conclusion The NOAF was common after CABG, but extre-
mely rare after PCI, and it occurred almost exclusively following 
CABG. There was a clear statistical tendency for all-cause death, 
cardiovascular death and stroke at 6-month follow-up period. 

Key words: atrial fibrillation, coronary artery disease, coronary 
bypass surgery, percutaneous coronary intervention, prognosis
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INTRODUCTION

New-onset atrial fibrillation (NOAF) is a common 
post-operative complication of coronary artery 
bypass grafting (CABG), and in earlier studies 
(mostly in patients with multi-vessel disease), 
NOAF was associated with prolonged hospitaliza-
tion, increased rates of adverse events, and grea-
ter health care costs (1,2). A recent analysis from 
the MAIN-COMPARE registry (Revascularizati-
on for Unprotected Left MAIN Coronary Artery 
Stenosis: Comparison of Percutaneous Coronary 
Angioplasty versus Surgical Revascularization 
From Multi-Center Registry) in Asia reported that 
preoperative atrial fibrillation (AF) was a predic-
tor of a long-term morbidity and mortality after 
CABG in patients with left main coronary artery 
disease (LMCAD) (3); however, the incidence and 
prognostic impact of NOAF following contempo-
rary percutaneous coronary intervention (PCI) and 
CABG in patients with LMCAD in sinus rhythm 
is still largely unknown. Recent randomized tri-
als have suggested that PCI with contemporary 
drug-eluting stents is an acceptable alternative to 
CABG for selected patients with LMCAD (4,5). 
As such, identification of pre-procedural and post-
procedural factors that affect outcomes after both 
revascularization modalities may affect the choice 
between PCI and CABG. 
To our knowledge there were no published studi-
es on this subject from Bosnia and Herzegovina 
(B&H), and assessing the NOAF and its burden 
as a frequent complication of CABG should add 
to the local and general pool of knowledge.
The aim of this study was to determine the preva-
lence, predictors, and outcomes of NOAF in pati-
ents with LMCAD who underwent percutaneous 
or surgical revascularization.

PATIENTS AND METHODS

Patients and study design 

This prospective study included 40 patients di-
agnosed with LMCAD (20 treated with CABG 
and 20 treated with PCI), in the period from 2017 
to 2018 at University Clinical Center Tuzla. The 
patients with LMCAD and low or intermediate 
SYNTAX score (depending of the vessel calcifi-
cation and severity of the disease) (6) were ran-
domized to PCI with zotarolimus-eluting stents 
versus CABG. Patients with left main stenosis 

and left main equivalent - stenosis of the left 
descending artery (LAD) and circumflex artery 
(CX) ostium were included in the study. Outco-
mes were analyzed according to the development 
or no development of NOAF during the initial 
hospitalization following revascularization.
New onset atrial fibrillation was defined as the 
occurrence of any episode of atrial fibrillation 
(AF) or flutter following the index procedure 
through the time of discharge that lasted at le-
ast 30 s and was captured on a standard 12-lead 
electrocardiogram or cardiac telemetry, or that 
required medical treatment. 
A follow-up was complete for all patients throu-
gh 6 months. The median follow-up for clinical 
outcomes was 6 months.  
The investigation was approved by the Instituti-
onal Review Board or Ethics Committee at Uni-
versity Clinical Center Tuzla, and all patients si-
gned written informed consent forms. 

Methods 

The goal of PCI was complete revascularization 
of all ischemic territories with the second gene-
ration drug eluting stent (DES) - zotarolimus elu-
ting stents. Cardiac surgery was performed with 
or without cardiopulmonary bypass according to 
the discretion of the operator, with the goal of 
complete anatomic revascularization of all 1.5 
mm wide coronary vessels and with >50% steno-
sis. Only anterograde cardioplegia was used. In 
patients undergoing on-pump CABG, the use of 
retrograde cardioplegia was a strong predictor of 
NOAF. All CABG-treated patients received beta-
blockers post-procedure unless contraindicated. 

Statistical analysis

Assuming the prevalence of NOAF after PCI be-
ing roughly 0.1% and after CABG around 30%, a 
power of 80%, beta-error of 0.2 and alpha-error of 
0.05, about 20 patients were needed in each study 
group. All numerical variables were first tested 
for normality using the Kolmogorov-Smirnov 
test. Numerical variables were then compared 
using the Student’s t-test for normally distributed 
data and Mann-Whitney U-test for non-normally 
distributed data. Categorical variables were 
analyzed using χ2 or Fisher exact test, as appro-
priate. For the purpose of this study, arrhythmic 
events during the hospitalization following the 
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index CABG or PCI procedure were analyzed. 
The results were expressed as mean ± standard 
deviation (SD) for numerical data and frequenci-
es for categorical data. 

RESULTS 

The mean age of five patients in NOAF group 
was 66.5 years, while in the group of 35 patients 
without (No) NOAF it was 61.4 years (p=0.76). 
There was no gender difference (M:F) betwe-
en NOAF (2:3) and No NOAF (7:28) group 
(p=0.32), although the dominance of females in 
both groups was obvious.
Among the NOAF patients, higher body mass in-
dex was noticed comparing to No NOAF group, 
30.5  and 27.6, respectively (p=0.32). Also, the-
re was higher Syntax score in the NOAF group 
comparing to No NOAF group, 32 and 31, res-
pectively (Table 1).    

(15%) patients in the CABG group and one (5%) 
patient in the PCI group (p=0.605) (Table 2).

Variable NOAF 
(n=5)

No 
NOAF 
(n=35)

p 

Hyperlipidaemia (No) 2 12 0.80
Hypertension (No) 2 33 0.007
Prior stroke or TIA (No) 1 5 1.0
Diabetes mellitus (No) 1 5 1.0
Insulin treated diabetes mellitus (No) 2 6 0.26
COPD  (No) 1 8 1.0
Prior myocardial infarction (No) 2 4 0.15
Recent myocardial infarction (within 7 
days) (No) 1 1 0.24

STEMI (No) 1 1 0.24
NSTEMI (No) 0 2 1.0
SYNTAX Score (site reported) (No) 32 31 0.85
Low (0-22) 1 6 1.0
Intermediate (23-32) 0 5 1.0
High (≥33) 1 6 1.0
Left ventricular ejection fraction (%) 40 ±8.3 47±9.4 0.11
Body mass index 30.5 27.6 0.32

Table 1. Baseline characteristics according to the develop-
ment of in-hospital new onset atrial fibrillation (NOAF)

TIA, transitory ischemic attack; COPD, chronic obstructive pulmo-
nary disease; STEMI, ST elevation myocardial infarction; NSTEMI, 
non-ST elevation myocardial infarction;

Patient’s group NOAF 
(n=4)

No NOAF 
(n=16) p 

Coronary artery bypass grafted (CABG) patients
On pump CABG (3 patients as one was 
off-pump) (No) 3 16 1.0
Only anterograde cardioplegia (3 patients 
as one was off-pump) (No) 3 16 0.37

Other surgical procedures done 0 0 1.0
LIMA used (4 patients) (No) 4 16 1.0
Vessels bypassed per patient (%) 2.4 2.8 0.69
CPB duration (min) 84.5±39.2 80.9±41.3 0.43
Cross-clamp duration (min) 60.3±29.2 58.9±31.3 0.71
LAD grafted with LIMA  (4 patients) 4 16 1.0
PCI patients
LM lesion
LM coronary segment (No) (1 patient) 1 17 1.0
LM equivalent disease (No) 0 2 1.0
Procedure duration (min) 32±5.2 21.6±4.2 0.14

Table 2. Procedural characteristics according to the develop-
ment of in-hospital new onset atrial fibrillation (NOAF)

CABG, coronary aortic bypass graft; LIMA, left internal mammary 
artery; CPB, cardiopulmonary bypass; LAD, left anterior descending 
artery; PCI, percutaneous coronary intervention; LM, left main 
coronary artery

Among 40 patients there were no patients with 
AF before hospitalization for procedure. 
The NOAF developed 3.1±1.3 days during hos-
pitalization in three patients in CABG treated pa-
tients, and one in PCI treated patient. One patient 
that was CABG treated developed NOAF after 
two months of discharge. However, although 
there were three times as many patients who de-
veloped in-hospital NOAF post-procedurally in 
the CABG group, a statistically significant diffe-
rence between the groups was not found, three 

Pre-procedural laboratory values and charac-
teristic were similar in patients with NOAF and 
patients without NOAF. By the time of hospital 
discharge, NOAF had resolved in two of three 
CABG treated patients, and in one PCI treated pa-
tient. One CABG treated patient was discharged 
from hospital with NOAF and was treated with 
anticoagulant therapy. One patient had NOAF two 
months after discharge and was treated with amio-
darone and anticoagulant therapy, and in 6-month 
follow up, he stayed in permanent AF. Aspirin was 
equally prescribed in both groups. The PCI and 
CABG had non-significantly different rates of the 
6-month primary endpoint if NOAF did not occur. 
Major complications in patients with NOAF after 
the 6-month follow up period was myocardial in-
farction which happened once, three months after 
CABG, and once after 4 months in PCI treated 
patient. One death happened 2 months and one 
stroke happened 5 months after CABG. All those 
patients were on anticoagulant therapy (with one 
anticoagulant drug). 
One patient that had NOAF after PCI was the 
patient with high SYNTAX score and multiple 
comorbidities, in which the primary decision was 
to do CABG, respecting the current data and gu-
idelines, but the patient declined. The PCI proce-
dure had a longer duration, the patient had mul-
tiple risk factors, including type 2 diabetes and 
hypertension, and resulted with NOAF. 

Avdagić et al. NOAF after PCI or CABG for left main disease
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DISCUSSION

In this study the patients with LMCAD and low 
or intermediate SYNTAX score, PCI with second 
generation DES were non-inferior to CABG with 
respect to primary composite end point of death, 
stroke, or myocardial infarction at 6-month follow 
up. The result of EXCEL trial suggests that PCI 
with the second generation DES is acceptable and 
alternative to CABG, which was confirmed in the 
new ESC/EACTS guidelines on myocardial re-
vascularization, in which the recommendation is 
the same for CABG and PCI for low SYNTAX 
score, while intermediate and high SYNTAX 
score still prefer CABG (7). In our study, one pa-
tient with NOAF after PCI had high SYNTAX 
score, which declined CABG. The major findings 
from our study: although statistically not signifi-
cant, NOAF was frequent after CABG but rare 
after PCI,  NOAF was associated with prolonged 
hospitalization and there was a statistical ten-
dency/signal for NOAF to predict 6-month rates 
of all-cause and cardiovascular death, myocardi-
al infarction (MI), or stroke after CABG. Among 
patients with LMCAD and sinus rhythm, in-hos-
pital NOAF was more frequent after CABG than 
after PCI. Although somewhat speculating, we 
believe that the reason lies in a relatively small 
sample size (20 patients per group). The 20% rate 
of NOAF after CABG for LMCAD in the present 
study is consistent with prior reports in which 
post-CABG AF developed in 11% to 40% of pa-
tients (8-11). Patients enrolled in our study were 
relatively stable and not high risk, with equipoi-
se for revascularization by either PCI or surgery, 
except for the one patient which had high SYN-
TAX score and declined CABG. Nonetheless, in-
hospital NOAF occurred in only 1 patient (5%) 
after PCI, markedly less than after CABG, altho-
ugh the statistical significance was not reached. 
The NOAF was a predictor of adverse outcomes 
during the 6-month follow-up after CABG, in 
particular stroke, myocardial infarction, cardio-
vascular death, and all-cause death. As shown in 
our study, PCI had superior 6-month event-free 
survival compared with CABG if NOAF after 
the surgery occurred. Consistent with previous 
reports (5,12,13), the strategy of surgical revas-

cularization (on-pump vs. off-pump) in our study 
was not a predictor of NOAF because we used 
only anterograde cardioplegia. However, total 
bypass duration and cross-clamp duration were 
not associated with an increased risk for AF. The 
higher per procedural rates of stroke with CABG 
compared with PCI that has been noted in most 
prior trials (14,15), in our study it might be in 
part explained by the greater rate of NOAF after 
surgical revascularization (16). Future studies are 
warranted to determine the extent to which recu-
rrent AF during long-term follow-up contributed 
to the late stroke risk (17,18). In addition to affec-
ting long-term prognosis, NOAF showed a ten-
dency for being significant predictor in terms of 
6-month rates of cardiovascular death, stroke and 
MI; however, due to a small sample size this was 
not proven as statistically significant in our case. 
There are also important limitations of the study. 
Firstly, this is a rather small, single-center tri-
al with only 40 enrolled patients. Secondly, the 
follow-up period for the primary outcome was 
only 6 months. Finally, the patients were moni-
tored for paroxysms of atrial fibrillation only du-
ring their hospitalization; no data about possible 
paroxysms after the discharge are available.
In our study comparing PCI and CABG for the 
treatment of LMCAD in patients with low and 
intermediate SYNTAX scores, NOAF occurred 
almost exclusively following CABG and it was 
a statistical signal of all-cause death, cardiovas-
cular death, stroke at 6-month follow up period. 
Further studies are needed to identify patients 
at high risk for NOAF after CABG to guide 
prophylactic measures, to examine the potential 
role of implantable monitors to detect AF recu-
rrence in patients with NOAF who convert to si-
nus rhythm before hospital discharge. They are 
also needed to determine whether the routine use 
of long-term oral anticoagulation in patients with 
in-hospital NOAF improves long-term prognosis 
after CABG for LMCAD. 
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ABSTRACT 

Aim: To investigate major in-hospital complications of ascending 
aorta reconstruction and to identify factors associated with these 
complications.

Methods All consecutive patients admitted to our clinic for aortic 
aneurysm repair from June 2005 to June 2009 were enrolled in 
this retrospective study. Demographic data, details of the surgical 
procedures and major in-hospital complications were assessed and 
recorded from the institutional electronic database. Patients were 
divided into two groups according to the development of major 
in-hospital complications.

Results The New York Heart Association (NYHA) Class of pati-
ents with major in-hospital complications was higher than those 
without complications. In addition, the number of patients with 
coronary artery disease (CAD), diabetes, chronic renal disease 
(CRD), chronic obstructive pulmonary disease (COPD), and pre-
vious cardiac surgery was significantly higher in those with major 
in-hospital complications. Moreover, the requirement for inotropic 
agents and intra-aortic balloon pump was higher in these patients. 
Cross-clamp time was significantly higher in patients with major 
in-hospital complications (107±34 vs. 79±26 (p<0.001). Presence 
of CRD (r=0.308; p=0.005) and CAD (r=0.244; p=0.028), previo-
us cardiac surgery (r=0.266; p=0.022), cross-clamp time (r=0.349; 
p=0.001) and IABP requirement (r=0.308; p=0.005) were signifi-
cantly correlated with the development of major in-hospital com-
plications.

Conclusion Our results show that presence of underlying CRD 
and CAD, previous cardiac surgery, length of cross-clamp time 
and IABP requirement were significantly associated with the de-
velopment of in-hospital complications in patients undergoing sur-
gical reconstruction for ascending aortic aneurysm. 

Key-words: ascending aortic aneurysm, complications, mortality, 
surgery
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INTRODUCTION

Along with the increase in the aging population 
the prevalence of thoracic aortic aneurysm (TAA) 
has increased over the last 3 decades. The actual 
incidence of TAA is estimated at around 3–4% 
in individuals over 65 years of age (1). Although 
aneurysms of the thoracic aorta are generally si-
lent, occasionally they present with catastrophic 
complications such as dissection or rupture, both 
occurring at an incidence of approximately 3.5 
in 100.000 (2). Therefore, appropriate timing for 
elective reconstruction of the ascending aorta is of 
paramount importance to prevent the risk of dissec-
tion or rupture by repairing the thoracic aorta (3). 
Ascending aortic aneurysms constitute the major-
ity of TAAs. Once the aortic damage is consid-
ered to necessitate treatment, there are many al-
ternatives for repair with both complete surgical 
methods and newer hybrid approaches employing 
the use of endovascular techniques (4). However 
surgical reconstruction is still widely employed 
in the treatment of ascending aortic aneurysms as 
a consequence of overall experience gained over 
the years with these techniques. Valve-sparing ap-
proaches in the repair of the aortic root, including 
remodelling of the aortic root or reimplantation of 
the aortic valve are generally performed in ascend-
ing aortic aneurysms without aortic valve involve-
ment, whereas the Bentall procedure is employed 
when the aortic valve needs to be replaced in ad-
dition to the aortic root (5,6). Other methods such 
as the hemi-arch technique, arch island technique 
(en bloc), conventional elephant trunk procedure, 
arch-first technique have also been used in the re-
construction of aortic arch (7-10).
Despite increasing experience and recent ad-
vances in the surgical reconstruction of the as-
cending aorta, early mortality is still reported at 
6% and in-hospital complications are seen in 9% 
of patients undergoing these procedures (11,12). 
Therefore, identifying risk factors which are as-
sociated with early mortality and major in-hospi-
tal complications is crucial to improve survival 
and prevent morbidities in patients undergoing 
surgery for ascending aortic aneurysms.
The present study aimed to investigate major in-
hospital complications and to identify the factors 
associated with these complications in patients un-
dergoing ascending aorta reconstruction surgery.

PATIENTS AND METHODS

Patients and study design 

All consecutive patients admitted to the Clinic of 
Cardiovascular Surgery, Ankara University Fa-
culty of Medicine, Ankara, Turkey, for aortic ane-
urysm repair between June 2005 and June 2009 
were evaluated retrospectively. Patients with acu-
te aortic dissection and those with size reduction 
surgery or sole reconstruction of the non-coronary 
sinus in addition to replacement of the ascending 
aorta were excluded. Demographic data, details of 
the surgical procedures and in-hospital complicati-
ons were assessed and recorded from the institutio-
nal electronic database. In-hospital complications 
were classified as follows: cerebrovascular events 
including transient ischemic attacks, ischemic and 
haemorrhagic stroke, acute renal failure (50% 
increase in postoperative creatinine levels), sep-
ticemia and need for revision surgery, and death. 
Patients were divided into two groups according 
to the development of in-hospital complications: 
Group 1 consisted of patients developing in-hospi-
tal complications and group 2 consisted of patients 
without in-hospital complications.  
A written informed consent was obtained from all 
patients. The study was conducted in accordance 
with the ethical principles for human investiga-
tions as outlined by the Declaration of Helsinki.

Methods

Indication for ascending aortic replacement was 
identified as a diameter of  ≥5.5 cm, and  ≥5 cm 
for accompanying Marfan syndrome and bicus-
pid aortic valves. A standardized anaesthesia 
protocol was applied to all patients and 0.03 mg/
kg of midazolam was administered intravenously 
for premedication. General anaesthesia was indu-
ced with intravenous propofol 2 mg/kg, fentanyl 
1mg/kg and 0.8 mg/kg rocuronium and was then 
maintained with 2–3% sevoflurane. Ventilation 
was performed in a volume-controlled mode at 
a tidal volume of 7–9 mL/kg, FiO2 being 60%. 
Following internal jugular vein catheterization, 
500 mg methylprednisolone was administered. 
Perfusion was maintained with an activated 
clotting time (ACT) of 400 to 600 seconds. In pa-
tients in whom total circulatory arrest (TCA) was 
not applied rectal temperature was decreased to 
28 to 32 °C. Body temperature was decreased to 
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25 °C in patients receiving anterior cerebral per-
fusion and to 18-20°C degrees in those receiving 
TCA. At the end of TCA, antegrade body perfusi-
on was initiated with cerebral perfusion pressure 
(CPP) being 15 mmHg.
In brief, all patients were operated through a me-
dian sternotomy and four different surgical tech-
niques were applied to patients: Bentall Procedure 
in 51 patients, isolated interpositioning graft in 22 
patients, ascending aorta and arcus replacement in 
5 patients, and ascending aorta hemiarch replace-
ment in 3 patients. All patients scheduled for sur-
gery were initially evaluated by a heart evaluation 
team consisting of an experienced anaesthetist, 
cardiologist, and cardiovascular surgeon. The fi-
nal decision on which technique was to be used 
was made intraoperatively by the surgeon after 
inspection of the aortic valve and root.

Statistical analysis

Continuous variables were expressed as mean 
± standard deviation (SD), discrete variables 
as median (range) and categorical variables as 
number (n) and percentage (%). The Kolmogo-
rov-Smirnov test was used to assess the distri-
bution of data. For group comparisons, student 
t-test was used, while χ2 test was used to compa-
re categorical variables. Pearson and Spearman 
correlation analyses were performed to identify 
the variables significantly associated with major 
in-hospital complications. p˂0.05 was accepted 
as statistically significant.

RESULTS

A total of 81 patients (mean age 56±12, 46 male) 
were eligible for enrolment into the study. Major 
in-hospital complications developed in 37 (46%) 
patients including neurological complications 
(7.4%), acute renal failure (7.4%), septicemia 
(10%) and bleeding/tamponade (10%). Nine pa-
tients (11%) died during in-hospital follow-up. 
The two groups were similar with respect to 
age, gender, and pre-existing Marfan syndro-
me, hypertension, diabetes, and atrial fibrillati-
on. However, the New York Heart Association 
(NYHA) class of patients with major in-hospital 
complications were higher than that of those wit-
hout complications. In addition, the number of 
patients with coronary artery disease, diabetes, 
chronic renal disease (CRD), chronic obstruc-

tive pulmonary disease (COPD), and previous 
cardiac surgery was significantly higher in those 
with major in-hospital complications (Table 1).

No (%) of patients

Variable IHMC (-)
(n=44)

IHMC (+)
(n=37)

p 

Gender, males 26 (59) 20 (54) 0.649
NYHA Class
        I 32 (73) 23 (62) 0.236
        II 7 (16) 4 (11) 0.746
        III 2 (5) 9 (24) 0.005
        IV 0 4 (11) 0.025
Marfan syndrome 2 (5) 1 (3) 0.662
CAD 18 (41) 27 (73) 0.004
Hypertension 36 (81) 30 (81) 0.972
Diabetes 16 (36) 12 (32) 0.562
CRD 1 (2) 5 (14) 0.006
COPD 6 (14) 14 (38) 0.012
AF 5 (11) 4 (11) 0.937
Previous cardiac surgery 9 (20) 19 (51) 0.004

Table 1. Patient characteristics and risk profile

IHMC, in-hospital major complication; NYHA, New York Heart 
Association Class; CAD, coronary artery disease; CRD, chronic renal 
disease; COPD, chronic obstructive pulmonary disease; AF, atrial 
fibrillation

No (%) of patients

Variable IHMC (-)
(n=44)

IHMC (+)
(n=37)

p 

Bentall 27 (61) 24 (65) 0.212
Isolated graft interpositioning 13 (29) 9 (24) 0.883
AA and arcus replacement 3 (7) 2 (5) 0.792
AA and hemiarch replacement 1 (2) 2 (5) 0.457
Combined CABG 6 (14) 7 (16) 0.652
Cross-clamp (mean±SD, minutes) 79 ± 26 107±34 0.001
TCA 8 (18) 14 (38) 0.048
Inotropic agent requirement 13 (30) 27 (61) 0.001
IABP requirement 1 (2) 5 (14) 0.048

Table 2. Intraoperative and postoperative characteristics

IHMC, In-hospital major complications; AA, ascending aorta; 
CABG, coronary artery bypass grafting; TCA, total circulatory arrest; 
IABP, intra-aortic balloon pump;

There were no significant relationships between 
the type of procedure performed and in-hospital 
complications. However, in-hospital complicati-
ons were more frequent in patients receiving deep 
hypothermic total circulatory arrest (DHTCA). 
Moreover, the requirement for inotropic agents 
and intraaortic balloon pump was higher in these 
patients. Cross-clamp time was also significantly 
higher in patients with in-hospital complications 
(107±34 vs. 79±26; p < 0.001 (Table 2).

As shown in Table 3, correlation analysis re-
vealed that the presence of underlying CRD 
(r=0.308; p=0.005), CAD (r=0.244; p=0.028) 
and previous cardiac surgery (r=0.266; p=0.022), 
Cross-clamp time (r=0.349; p=0.001) and IABP 



257

requirement (r=0.308; p=0.005) was significantly 
correlated with the development of major in-hos-
pital complications.

In a meta-analysis of 48 studies, Mookhoek et 
al. reported that pooled early mortality was 6% 
in individuals undergoing the Bentall procedure, 
and there was no trend toward reduced opera-
tive mortality in recent years (11). In a recent 
trial conducted in 890 patients, Gaudino et al. 
found that operative mortality was 0.2% and the 
incidence of major postoperative complications 
was less than 0.5%, indicating that aortic root re-
placement is associated with fewer postoperative 
major adverse events compared to the Bentall 
procedure (20). In a previous study investigating 
the survival of patients who had undergone elec-
tive reconstruction of the ascending aorta for de-
generative aneurysms, the authors reported a 30-
day mortality of 9.7%, which was significantly 
associated with the presence of COPD and poor 
functional class (1). A previous study consider-
ing the postoperative complications after ascend-
ing aortic aneurysm surgery reported a stroke 
prevalence of 7.8%, acute renal failure preva-
lence of 14.6%, bleeding/tamponade of 14.6% 
and in-hospital mortality of 15.6% in patients 
undergoing aortic root replacement in a major 
cardiac surgical centre (21).
In our study, the majority of the operations per-
formed were Bentall procedures and consequ-
ently, the mortality rate was somewhat higher 
than that of the previous studies. However, the 
prevalence of major in-hospital complications 
was similar to previous reports. Our results also 
demonstrate that the presence of underlying 
CRD, CAD and previous cardiac surgery, length 
of cross-clamp time and IABP requirement were 
associated with the development of in-hospital 
complications. These findings are consistent 
with the results of previous studies (22, 23). Ne-
vertheless, contrary to previous results, we did 
not observe a significant correlation between 
complications and factors such as COPD and 
NYHA class, although both were significantly 
more frequent in patients experiencing compli-
cations. In addition, we also did not find any 
relationship between age and occurrence of in-
hospital complications. This finding however, 
may be the result of small sample size and limi-
ted number of events.
Our findings may somewhat be limited by the 
retrospective design of the present study. Addi-

In-hospital major complications
r p

NYHA class 0.008 0.940
Chronic renal disease 0.308 0.005
Coronary artery disease 0.244 0.028
COPD 0.111 0.326
Previous cardiac surgery 0.266 0.022
Cross-clamp time 0.349 0.001
Inotropic requirement 0.097 0.388
IABP requirement 0.308 0.005

Table 3. Correlation between in-hospital major complications 
and selected variables

NYHA, New York Heart Association Class; COPD, chronic obstruc-
tive pulmonary disease; IABP, intra-aortic balloon pump;

DISCUSSION

The present study aimed to investigate the rate 
of in-hospital complications in patients under-
going surgical reconstruction for ascending 
aortic aneurysm and demonstrated a high frequ-
ency of early complications and death in this 
population. Moreover, this study also revealed 
that the presence of underlying CRD, CAD and 
previous cardiac surgery, length of cross-clamp 
time and IABP requirement were significantly 
associated with the development of major in-
hospital complications.
Thoracic aortic aneurysms are a cause of signifi-
cant mortality and morbidity due to the potential 
risks of dissection and rupture (13). Therefore, 
elective reconstruction is recommended when 
the aortic diameter exceeds 5.5 cm (5 cm for 
those with Marfan syndrome and bicuspid aortic 
valve) (14). Despite the advances in endovascu-
lar interventions and hybrid techniques, complete 
surgical repair is still popular as a consequence 
of the experience in these surgeries that have fa-
vourable short-and long-term survival, especially 
when performed by experienced surgeons (15-
17). In addition to valve-sparing aortic root repair 
techniques such as the David procedure, the Ben-
tall procedure, in which both the valve and aortic 
root are replaced together with a composite aortic 
graft, may be the treatment of choice when aortic 
valve disease accompanies aortic dilatation (1). 
Unfortunately, aortic repair carries a significant 
risk of morbidity and mortality due to the com-
plex nature of these procedures (18,19).
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tionally, the sample size was relatively low and 
the data only present the experience from a sin-
gle centre. Moreover, we could not provide labo-
ratory and imaging data of the study population 
due to the insufficiency of our database. Never-
theless, we believe that our findings reflecting 
the experience of a single centre are valuable for 
defining factors which are potentially associated 
with major in-hospital complications in patients 
undergoing ascending aortic surgery.
In conclusion, our results show that presence of 
underlying CRD, CAD, previous cardiac surgery, 
length of cross-clamp time and IABP requirement 
are significantly associated with the development 

of in-hospital complications in patients undergo-
ing surgical reconstruction for ascending aortic 
aneurysm. Care should be taken to prevent the de-
velopment of complications in patients with these 
risk factors. Further studies with larger sample si-
zes are required to adequately address the relevant 
factors for major in-hospital complications in pati-
ents undergoing ascending aortic surgery.
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ABSTRACT 

Aim To analyse potential clinical implications of the distance 
between large retroperitoneal vessels and lower segment of the 
lumbar spine in the supine and prone position.

Methods Prospective, non-randomised study included 40 patients 
of different age and gender. For all patients magnetic resonance 
imaging of the lumbar spine was performed in supine and prone 
position. The level of aortal bifurcation, common iliac vein con-
fluence, the distance from the anterior and posterior aspect of the 
annulus to the posterior wall of the large retroperitoneal vessels 
were analysed. 

Results The study included 40 patients, 22 (55%) males and 18 
(45%) females. The level of aortal bifurcation was higher in pro-
ne compared to supine position (χ2 = 29.88571; p˂0.05). In supi-
ne and prone positions, the common iliac veins confluence was 
most commonly at the level of the lower third of the L4 vertebra 
(p˃0.05). There was a statistically significant difference between 
the distance from the left common iliac artery to the anterior con-
tour of L4/L5 intervertebral disc (p˂0.05).

Conclusion Knowledge of the anatomic relationship between iliac 
vessels and structures of the lower segment of the lumbar spine is 
very important in the prevention of a potentially severe compli-
cation, such as artificial common iliac vessels rupture. Our study 
showed that the risk of lesions of the common left iliac artery was 
lesser in the prone position. 

Key words: iliac artery, iliac vein, magnetic resonance imaging, 
prone position, supine position
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INTRODUCTION

Anatomically, the lumbar spine could be divided 
into two segments: an upper segment (L2-L4) 
and lower segment (L4-S1) (1,2). The large re-
troperitoneal arteries and veins are placed ante-
riorly from the lumbar spine (3). Aorta and in-
ferior vena cava are located in front of the upper 
segment of the lumbar spine, but common iliac 
arteries and veins are located in front of the lower 
segment of the lumbar spine (1). The knowledge 
of the anatomical relationships in this region is 
very important for the surgery, especially for po-
sterior neurosurgical approaches such as micro-
discectomy (4). 
The iatrogenic injury of large vessels is a very 
rare complication, with the incidence of 0.01 to 
0.05%. This is a devastating complication and 
has a significant mortality rate (about 65%) (5,6). 
The left common iliac is most commonly da-
maged due to its more medial course and close 
interrelationship with L4/L5 intervertebral disc 
space separated only by the anterior longitudinal 
ligament (7).
Numerous studies have reported the relationship 
between large retroperitoneal vessels and lum-
bar spine (4,8,9). These studies were conducted 
while patients were in a supine position. These 
studies did not acquire the possibility of a change 
of anatomical relationship during the prone posi-
tion, which is used during the micro discectomy 
(4, 8-10). In the literature, there is only one study 
which investigated the relationship between large 
vessels and lumbar spine in prone (1).
The aim of this study is to analyse the anatomical 
relationship between large retroperitoneal vessels 
and lower segment of the lumbar spine in supine 
and prone position, as well as the clinical signifi-
cance of these anatomical relationships. 

PATIENTS AND METHODS

Patients and study design 

This prospective, non-randomised study included 
40 patients (22 males and 18 females) with low 
back or radicular pain, different age and gender 
attended to the Cantonal Hospital Zenica during 
the period January to December 2018. All pati-
ents were previously scheduled for magnetic re-
sonance imaging (MRI). 

Body height, weight and body mass index (BMI) 
were measured in all patients. Patients with a 
history of abdominal or pelvic surgery, any ope-
ration on the lumbar spine and retroperitoneal 
surgery were excluded from the study. Also, pa-
tients with verified inflammatory and expansive 
lesions in the retroperitoneal space, aneurysms 
of the aorta and its terminal branches, expansive 
lesions of the vertebrae, massive disc herniation, 
spondylolisthesis, scoliosis and kyphosis of the 
lumbar spine, were also excluded from the study. 
The study was conducted with the approval of the 
Ethics Committee of the Cantonal Hospital Zeni-
ca. All patients signed informed consents. 

Methods

In all patients MRI (Siemens Magnetom Avanto 
1.5 T, Erlangen, Germany) of the lumbar spine 
was performed in the supine position as a stan-
dard protocol of the study (1.5 T MRI, T1 and T2 
sequences in axial, sagittal and coronary level). 
Patients were placed in the prone position, with 
the chest and hip rolls, so that the abdomen was 
free of compression. This position is the same as 
for the dorsal approach during a surgery of the 
lumbar spine. MRI of the lumbar spine (MRI 1.5 
T; T1, T2 sequence in axial, sagittal and coronary 
level) was done in the prone position. All scans 
were transferred to the IMPAX system (Agfa Im-
pax 6.5.3.2525 Healthcare), which enables the 
analysis and measurement of anatomical structu-
res in all planes. All measures were performed by 
the authors and monitored by a neuroradiologist. 
The position (level) of aortal bifurcation and 
common iliac vein confluence were analysed by 
dividing the vertebral body into three parts accor-
ding to the vertical plane (upper third, middle third 
and lower third). The following morphometric pa-
rameters were analysed: height of the aortic bifur-
cation, height of confluence of two common iliac 
vein to the inferior vena cava, the distance from the 
anterior aspects of annulus to the posterior wall of 
the large retroperitoneal vessels (common iliac ar-
teries and veins, inferior vena cava, aorta), the dis-
tance from the posterior aspects of annulus to the 
posterior wall of the large retroperitoneal vessels, 
the distance of large retroperitoneal vessels from 
the midline, and distance between iliac arteries 
and veins. All parameters were analysed for each 
patient. Changes of the position and relationship 
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of blood vessels and the structures of the lower 
segments of the spinal column were analysed in 
relation to the change of body position (supine, 
prone) as well as in relation to the height, weight 
and BMI. The focus of our study was to analyse 
the relationship of large retroperitoneal blood ve-
ssels and intervertebral discs of lower segment of 
the lumbar spine (L4/L5 and L5/S1).

Statistical analysis 

The methods of descriptive and comparative 
statistics (χ2 test) were used. Results were pre-
sented in tables and expressed as relative and 
mean values. Statistically significant difference 
was set to less than 5%.

RESULTS

The study included 40 patients, 22 (55%) ma-
les and 18 (45%) females. The youngest patient 
was 26 and the oldest 69 years (average 53.57 
years) of age.  The average height of patients was 
175.375 cm (males were higher than females). 
According to the BMI values, the largest number 
of patients was in the obese group, without any 
statistically significant difference between males 
and females (p˃0.05).
The level of aortic bifurcation was higher in the 
prone compared to the supine position (p˂0.05) 
(Table 1). There was no statistically significant 
difference between the level of aortic bifurca-
tion and gender in the supine (p˃0.05) and prone 
position (p˃0.05). We did not find statistically 
significant difference between the level of aortic 
bifurcation and BMI in the supine (p˃0.05) and 
prone position (p˃0.05).

fluence and patient’s position (p˃0.05). A stati-
stically significant difference of gender (p˃0.05) 
and BMI (p˃0.05) relating to level of common 
iliac veins confluence was not found. 
Statistically significant difference between dis-
tance from the left common iliac artery and the 
anterior contour of L4/L5 intervertebral disc was 
found (p=0.004696) (Table 2). 

Level of aortic bifurcation Supine (%) Prone (%)
Middle 1/3 of L3 vertebra 0.00 2.50
Lower 1/3 of L3 vertebra 2.50 2.50
Upper 1/2 of L3/L4 intervertebral disc 0.00 2.50
Lower 1/2 of L3/L4 intervertebral disc 5.00 5.00
Upper 1/3 of L4 vertebra 17.50 20.00
Middle 1/3 of L4 vertebra 20.00 32.50
Lower 1/3 of L4 vertebra 35.00 17.50
Upper 1/2 of L4/L5 intervertebral disc 7.50 2.50
Lower 1/2 of L4/L5 intervertebral disc 5.00 7.50
Upper 1/3 of L5 vertebra 5.00 2.50
Middle 1/3 of L5 vertebra 2.50 2.50
Upper 1/2 of L5/S1 intervertebral disc 0.00 2.50

Table 1. The level of aortic bifurcation in supine and prone 
position

Anterior contour 
of  L4/L5 interver-

tebral disc

Posterior contour 
of  L4/L5 interver-

tebral disc

Blood vessel p p
Right common iliac artery 0.090968 0.432722
Left common iliac artery 0.004696* 0.403997
Right common iliac vein 0.340085 0.255
Left common iliac vein 0.447392 0.471134

Table 2. Differences of distances of large retroperitoneal 
vessels from contours of L4/L5 disc in supine and prone 
positions

*statistically significant difference

L4/L5 inter-
vertebral disc Common iliac vessel 

Supine Prone
p p

Anterior 
contour
 

Right common iliac artery 0.215949 0.096026
Left common iliac artery 0.133714 0.394082
Right common iliac vein 0.405894 0.057296
Left common iliac vein 0.303721 0.1876

Posterior 
contour

Right common iliac artery 0.275644 0.318161
Left  common iliac artery 0.376288 0.4232
Right common iliac vein 0.253837 0.004557*
Left common iliac vein 0.231369 0.441901

Table 3. Differences between male and female patients in 
distances of common iliac vessels from contours of L4/L5 
disc in supine and prone position

*statistically significant difference

There was no statistically significant difference 
between BMI and common iliac vessels distance 
from the anterior and posterior contour of the L4/
L5 disc (p>0.05). In the female patients the right 
iliac vein was placed more anteriorly from the 
anterior contour of the L4/L5 intervertebral disc 
in the prone position (Table 3). 

Statistically significant difference from the left 
common iliac artery to the anterior and posterior 
contour of L5/S1 intervertebral disc was found 
(p>0.05). There was no statistically significant 
difference between BMI and common iliac ve-
ssels distance from the anterior and posterior 
contour of the L5/S1 disc (p>0.05).

DISCUSSION 

Microdiscectomy is one of the most common 
types of operation in neurosurgery (1). About 
1-3% of patients with chronic radicular pain 

There was no statistically significant difference 
between the level of common iliac veins con-
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require surgery (3,4). Today, microdiscectomy 
is a routine operation in neurosurgery. However, 
there are many complications of this operation 
(11). The most serious complication of micro-
discectomy is artificial lesions of the large re-
troperitoneal blood vessels, usually common 
iliac arteries and veins (12). Fortunately, this 
complication is very rare. The incidence of the-
se complications is about 0.01 to 0.05%, but 
mortality is over 50%, according to some aut-
hors even more than 70% (1,13,14). Since the 
microdiscectomy is usually performed in the 
lower segments of the lumbosacral spine (L4/
L5 and L5/S1), this might lead to the lesions of 
the common iliac artery and vein (7,10). In most 
cases the resulting lesions of the left iliac artery 
occur due to an intimate relationship of this ar-
tery and L4/L5 intervertebral space, and becau-
se of a more medial pathway of this artery (1). 
There are numerous risk factors that predispose 
a lesion of retroperitoneal blood vessels such 
as previous disc surgery, degenerative changes 
and weakening of the annulus, adhesions of 
the annulus and anterior longitudinal ligament, 
aggressive surgical approach, anomalies of the 
spine and surrounding structures, etc. (15,16). 
The lesion of the large retroperitoneal blood ve-
ssels results in a catastrophic haemorrhage and 
haemorrhagic shock (17). In spite of low inci-
dence, the artificial lesions of retroperitoneal 
large vessels require special attention because 
of high mortality (14,16). There is a number 
of methods that are trying to assess the risk of 
these complications (9). Nilsonne and Hakelius 
performed the first research about the risk of ar-
tificial lesion of retroperitoneal large vessels du-
ring microdiscectomy, using lateral view radio-
graphy and application of contrast in the large 
vessels (1,8). However, numerous other studies 
were performed on cadavers, CT and MRI (2,4, 
8-10). These studies had limitations, because 
they did not consider the possibility of a change 
of the anatomical relationships between large 
retroperitoneal blood vessels and lumbar spine 
with different positioning of the patient (1,18).
In the literature there is only one study which 
analysed the relationship between the vital retro-
peritoneal blood vessels and lower segments of 
lumbosacral spine in supine and prone position (1). 
In most cases aortic bifurcation is located at 

the level of L4 vertebra (8). Khamanarong et 
al. found that aortic bifurcation is placed at the 
level of L4 vertebra in 131 cases (70.1%), at 
the 4th lumbar intervertebral disc in 12.3% and 
at the level of L5 vertebra in 17.6% patients 
(19). These results were confirmed in our stu-
dy. We confirmed that the level of aortic bifur-
cation was not dependant on gender, height or 
BMI. Most commonly, iliac vein confluence is 
located at the level of L5 vertebra (1). Regar-
ding the level of common iliac vein confluen-
ce, in supine and prone positions it was most 
common at the level of the lower third of the 
L4 vertebra. Our research showed that the le-
vel of aortic bifurcation was higher in prone 
compared to the supine position. In the supi-
ne and prone position, the common iliac veins 
confluence was usually created at the level of 
the lower third of the L4 vertebra, but without 
any statistically significant difference between 
supine and prone position. 
According to Vaccaro et al. all four iliac vesse-
ls drifted anteriorly in the prone position. They 
found statistically significant difference only in 
relation to the left iliac artery and anterior con-
tour of the L4/L5 intervertebral disc (1), which 
corresponds with our results. This is very impor-
tant because the left iliac artery lies on the anteri-
or contour of the L4/L5 intervertebral disc. The-
refore, the left common iliac artery is the most 
vulnerable for the artificial lesion, especially 
during microdiscectomy at the level of L4/L5 
(20,21). Our study showed that in female patients 
the right iliac vein was moved anteriorly from 
the anterior contour of the L4/L5 intervertebral 
disc in prone position; additionally, the distance 
of common iliac vessels from the anterior and po-
sterior contour of the L4/L5 and L5/S1 disc did 
not depend on the gender and BMI, and the posi-
tion of a patient did not affect the position of the 
iliac vessels at the level of L5/S1. 
In conclusion, this research showed that the chan-
ges of the body position have significant effect on 
the anatomy of retroperitoneal blood vessels, es-
pecially on the position of the left common iliac 
artery. In the prone position the left common iliac 
artery is turned anteriorly. This is very important 
because the left common iliac artery is the most 
vulnerable vessel for artificial lesions during the 
surgery. The knowledge of the anatomic relati-
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onship between iliac vessels and structures of the 
lower segment of the lumbar spine is very impor-
tant in neurosurgery. It could help in the preventi-
on of potentially catastrophic complications such 
as the artificial common iliac vessels rupture.
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ABSTRACT

Aim To compare hospital costs of acute limb ischemia treatment in 
two periods of time and to show evidence of long-term repercussi-
ons on reducing costs during successful treatment. 

Methods Retrospective analysis of data obtained from 100 pa-
tients’ medical history in the period 2000-2016 at the Clinic of 
Vascular Surgery Sarajevo: group A - 60 patients with acute limb 
ischemia in the period 2005-2016 and group B - 40 patients with 
acute limb ischemia (ALI) in the period 2000-2005. From 2000 to 
2005 conservative treatment method was used, invasive diagnostic 
and surgical procedures were often delayed for a shorter or longer 
period of time. During the period from 2005 to 2016, the manage-
ment model and safe practice included emergency diagnostic  pro-
cedures, colour-Doppler, arteriography, emergency surgery (em-
bolectomy by Fogharty and if necessary, vascular by-pass). 

Results Better health service for the patients with acute limb is-
chemia was offered in the period 2005-2016, which relied on pro-
ven medical treatment trends. The largest share of the total costs 
of each patient included costs of hospital bed with significant 
difference between the period 2005-2016 and 2000-2005, mean of 
1398.71 KM and 2480.45KM, respectively (p <0.0001), indicating 
rationalization of time that patients spend at the Vascular Clinic. 

Conclusion This trend of money/fund savings is an example of 
good practice, effectiveness and efficiency in the treatment of ALI 
and as such was used in patients with other vascular diseases.

Key words: acute limb ischemia, cost, embolectomy by Fogharty, 
vascular
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INTRODUCTION

In the developed countries of the world, espe-
cially in the United States, Canada and Austra-
lia, the processes of continuous improvement 
of health care quality started in the middle of 
the last century. Developed European countries 
began to introduce these strategies at the end of 
the last century. The World Health Organization 
for Europe (1), the Council of Europe and the 
European Commission (2) are the main makers 
of quality health care policies. The World Bank 
and other development agencies influence tran-
sition countries to develop national quality he-
alth policies (3).
The definition of quality in health care can be 
defined as “the degree to which health care and 
health services increase the likelihood of positive 
outcomes of treatment” (1). 
The basic elements on which we determine the 
quality of medical services are indicators and 
standards. The indicator is defined as measura-
ble facts within the treatment process such as 
success of treatment, patient satisfaction, mor-
tality (e.g. after procedure, after surgery), frequ-
ency of individual complications, frequency of 
unsatisfactory treatment outcomes, hospital stay 
or cost per day. Standards are the values   with 
which we compare the indicators. According to 
the International Quality Standard (ISQ) (4) and 
the International Standards for Health Standards 
(5) to be considered as quality health care servi-
ces must be accessible, adequate, lasting, effec-
tive, cost-effective, safe and sustainable, they 
have to be able to provide them with competent, 
full-scale understanding. The content of stan-
dards to measure the quality of health services 
must be based on the stated quality dimensions, 
besides that the standards must contribute to the 
improvement of the quality and performance of 
patient care in health care institutions and the 
wider health care system they must be establis-
hed with the support of management and infra-
structure in the institution. The quality manage-
ment system is described in the ISO 9001: 2000 
standard (4). Applying this standard to a flexi-
ble system such as healthcare generally implies 
standardization of everyday common practices 
just as they are performed on a daily basis. In 
the overview of population studies, the inciden-

ce of acute limbs ischemia (ALI) was estimated 
to range from 4 to 17/100,000 (6). It is estimated 
that 10-20% of the vascular surgeon’s practice 
in larger centres includes ALI treatment, the lar-
gest number being patients older than 70 years 
of age (6). The Swedish National Database re-
ports that the most common cause of ALI was 
dominated by embolism, in 63% of cases, in the 
period 1987-1990, with mild drop in frequency 
up to 54% in the period 1991-1995 (6). 
According to the ethiopathogenesis, emboli-
sm can be cardio-arterial and non-cardiac (7). 
Cardio-arterial embolism: atrial and ventricular 
(antechamber and chambers) embolus can occur 
in otherwise normal arteries. The most common 
cause is atrial fibrillation as a result of irregu-
lar contractions of the atrium and the ventricle 
(consequently with bloodstream in the left atri-
um resulting in thrombotic formation) (7). Mu-
ral thrombus, as a result of myocardial infarcti-
on or left ventricular aneurysm, is a particularly 
dangerous cause of embolism because the pati-
ent does not only have an ischemic endangered 
extremity but a high risk cardiovascular condi-
tion (8-11). Paradox embolus occurs when the 
clot from vein system, usually from deep venous 
thrombosis, travels through interseptal cardiac 
defect into the arterial system. A clinical sign is 
acute ischemia of the extremity in patients with 
deep vein thrombosis (12). Cardiac tumour, e. 
g. atrial myxoma, is a benign tumour of the left 
atrium that could be fragmented while increa-
sing. Non-cardiac embolism includes atheroem-
bolism in patients with extensive atherosclero-
tic aortic arch or descent thoracic aorta. Aortic 
mural thrombus, occasionally, in patients with 
hypercoagulable conditions, develops without 
pathological changes on the aortic wall (13). 
Acute arterial thrombosis usually occurs in the 
arteries with extensive atherosclerotic changes, 
with almost complete obliteration of lumen (7). 
The aim of the study was to investigate positive 
outcome and contribution of newly-established 
management models, safe practices and proto-
cols for patient treatment of acute limb ischemia 
comparing to the previous concept and its econo-
mic justification. 
This type of study had never been performed in 
Bosnia and Herzegovina except once (14).
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PATIENTS AND METHODS

Patients and study design

The retrospective, descriptive-analytical, com-
parative, randomized study was conducted at 
the Clinic of Vascular Surgery (CVS) of the 
Clinical Centre of the University of Sarajevo 
(CCUS) and included 100 patients. Medical 
records of patients from the period 2000-2016 
were analysed in two periods: Group A - 60 
patients with acute limb ischemia in the peri-
od from 2005 to 2016 (emergency non-invasive 
diagnostic procedure and surgical intervention) 
and Group B - 40 patients with acute limb is-
chemia in the period from 2000 to 2005 (time-
delayed non-invasive and invasive diagnostic 
and treatment procedures). The study included 
patients who were hospitalized at the CVS be-
cause of the acute limb ischemia, hospitalized 
patients with a complication of the main disease 
in the form of acute limb ischemia, after-ope-
rative complications in the form of acute limb 
ischemia, complications of acute limb ischemia, 
e. g. bleeding, amputation, lethal outcome. Pati-
ents excluded from the study were the ones with 
terminal ischemia of the extremities caused by 
acute limb ischemia, and patients with no con-
servative or surgical treatment performed. 

Methods

Economic and medical evaluation analysed an 
outcome of patients treated in two time periods. 
Management model and safe management prac-
tice of ALI from 2000 to the end of 2005 consi-
sted of time-delayed non-invasive and invasive 
diagnostic procedures: colour Doppler, digital 
subtraction angiography (DSA), computerized 
tomographic angiography (CTA), echocardio-
graphy of heart (EHO), continuous heparin in-
fusion of unfractionated heparin (UFH), which 
required increased use of laboratory findings and 
coagulation factors INR, APTT, blood analysis, 
D-dimer, urea, creatinine and continuous vasoac-
tive infusion of iloprost or pentoxifylline. Surgi-
cal treatment (embolectomy by Fogarty, bypass 
with autologous or artificial graft) was done only 
in cases where conservative treatment failed and 
ischemic changes were not irreversible or at the 
border between reversibly-irreversible changes. 
Control invasive diagnostic procedures were not 

performed in patients who had no improvement 
of the local findings after drug therapy. 
Management Model and Safe Practice of ALI ma-
nagement from 2005 to 2013 consisted of emer-
gency non-invasive diagnostic procedure colour 
Doppler review (since 2009 at the Clinic of Vas-
cular Surgery), emergency surgical intervention, 
embolectomy by Fogharty (after which the patient 
is subjected to a colour Doppler control review), 
invasive diagnostic procedures - digital subtracti-
on angiography, that often suggested the necessity 
of percutaneous transluminal balloon dilatation 
angioplasty (PTA), PTA stenting, arterial recon-
struction with bypass (autologous or artificial). 
Types of re-intervention, complications and costs 
for patients who had undergone unsuccessful tre-
atment in both groups included revascularization 
(embolectomy, PTA, bypass), amputation of fin-
gers, forearms, upper arms, toes, toes, feet, under-
knees and lower extremities.
The survey used a valid price list of the Clinic of 
Vascular Surgery Sarajevo services that had not 
been changed for the research period. The offici-
al Bosnian Herzegovinian currency, Convertible 
Mark, was used to calculate the treatment costs.

Statistical analysis

The results were analysed using t-test and, χ2 test 
for comparison and association between the in-
vestigated groups. The degree of correlation was 
tested using the correlation coefficient Pearson 
or Spearman (according to data distribution). It  
applied appropriate models of regression analysis 
to determine the independent association of va-
riables. Values of p<0.05 were considered as sta-
tistically significant

RESULTS

The medical records of 100 patients in the period 
from 2000 to 2016 were analysed in two periods: 
Group A - 60 patients with acute limb ischemia in 
the period from 2005 to 2016 and Group B - 40 
patients with acute limb ischemia in the period 
from 2000 to 2005. There were 26 males and 34 
females in the group A, mean age of 65.35 years 
(min. 38 and max. 86 years) and in the group B 
18 males and 22 females with mean age of 62.97 
years (min, 34, max. 82 years)
There was significant difference between mean 
of hospitalization days of group A vs group B, 
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11.23 vs 20.85 days, and mean time that spent in 
admission-revascularization in group A vs group 
B, 2.31 vs 3.32 (Table 1).

performed surgery in a short period and the need 
for further vascular surgical treatment.
There was significantly more use of LMWH in 
group A and pentoxifilin infusions in group B du-
ring hospitalization (Table 3).

Group (period) Variable Min. Max. Mean SD

A (2005-2016)
(N=60)

Hospitalization (days) 1.0 30.0 11.23 6.54
First symptoms- hospital 

admission (hours) 0.0 110.0 28.93 34.07

Hospital admission -re-
vascularization (hours) 0.0 8.0 2.31 1.48

B (2000-2005)
(N=40)

Hospitalization (days) 1.0 90.0 20.85 17.49
First symptoms - admissi-

on (hours) 0.0 216.0 35.22 51.41

Admission-revasculariza-
tion (hours) 0.0 12.0 3.32 2.93

Table 1. Hospitalization, first symptoms-hospital admission 
and admission-revascularization period of 100 patients with 
acute limb ischemia

Comorbidity

No (%) of patients in the 
group (period)

Group A 
(2005-2016)

(N= 60)

Group B 
(2000-2005)

(N= 40)

Diabetes 16 (26.7) 5 (12.5)
Myocardial infarction in hospital 3 (5) 1 (2.5)
After myocardial infarction 10 (16.7) 20 (50)
Cardiac arrhythmia 41 (68.3) 30 (75)
Condition after coronary bypass 0 1 (2.5)
Cardiac Pace maker 0 1 (2.5)
Cardiac Failure 36 (60) 32 (80)
Compensated heart 50 (83.3) 29 (72.5)
Decompensated heart 5 (8.3) 7 (17.5)
Arterial hypertension 58 (96.7) 32 (80)
State after stroke 8 (13.3) 8 (20)
Stroke in hospital 3 (5) 1 (2.5)
Paraplegia (on admission) 3 (5) 0
Quadriplegia (on admission) 0 1 (2.5)
Verified cancer 7 (11.7) 3 (7.5)

Table 2. Comorbidity frequency of 100 patients with acute 
limb ischemia

Treatment
Mean cost at the group (period) (KM)

p
A (2005-2016) B (2000-2005)

UFH 0.30 5.85 0.000
LMWH 203.50 41.25 0.00
Coumarin derivatives 1.14 2.73 0.023
Antithrombotics 1.13 5.05 0.003
Iloprost infusion 23.33 0.00 0.310
Pentoxifilin infusion 3.00 80.25 0.000

Table 3. Acute limb ischemia drug therapy cost

UFH, unfractionated heparin; LMWH, low molecular weight heparin

Treatment
Mean cost at the group 

(period) (KM) p
A (2005-2016) B (2000-2005)

Embolectomia by Fogharty 523.58 334.75 0.00
Vein Bypass 111.06 0.00 0.025
Dacron Bypass 57.01 0.00 1.00
Therapy with blood derivatives 2.80 2.80 1.00
General endotracheal anaesthe-
sia (GET) 77.85 173.00 0.00

GET preparation 88.65 197.00 0.00
Local anaesthesia 17.56 0.42 0.00
Reanimation 6.13 6.90 0.874

Table 4. Acute limb ischemia surgical procedure cost of 100 
patients with acute limb ischemia

Hospitalization
Mean cost at the group (period) (KM)

p
A (2005-2016) B (2000-2005)

Intensive care 116.73 226.60 0.111
Semi-intensive care 28.00 204.70 0.058
Hospital department 1398.71 2480.45 0.000

Table 5. Hospitalization cost of 100 patients with acute limb 
ischemia

There was no significant difference between gro-
ups in comorbidity (Table 2).

T-test for independent samples of colour Doppler 
exams between the groups showed that there was 
a statistically significant difference between the 
cost (in KM) of colour Doppler group A, mean= 
60.8, and group B, mean= 4.8 (p<0.0001). 
Cost difference in DSA after surgery was 
found statistically significant between gro-
up A (mean=331.73, SD=312.72) and gro-
up B (mean=31.25, SD=137.25); t=5.71; 
p<0.0001 and after surgery CTA between gro-
up A (mean=21.08, SD=70.51) and group B 
(mean=12.00, SD=0.00); t=2.31; p=0.02 (signi-
ficant), which explains the change in the safety 
management model of AIE. The newly introdu-
ced method allowed to confirm the success of 

More performed embolectomies resulted in more 
cost in group A vs group B (523.58 vs 334.75 
mean in KM) and more cost due to general en-
dotracheal anaesthesia in group B vs group A 
(173.00 vs 77.85 mean in KM) (Table 4).

More hospital days in group B vs group A resul-
ted in significant difference in costs (2480.45 vs 
1398.71 mean in KM) (Table 5).

Total costs of AIE hospitalization in group A: 
min. 1260.00 KM, max. 8473.00 KM per patient, 
mean=3422.36 (SD=1535.58); in group B: min. 
1276.00 KM, max. 16633.00 KM, mean=4142.08 
(SD=2927.39).

DISCUSSION

Compared with the management of critical limb 
ischemia, the investigations and treatments of 
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ALI have been subjected to very few economic 
analyses in BiH, possibly because the urgency 
and limited number of therapeutic options. 
The study which was carried out on Vascular In-
stitute in Sheffield has explained in details the 
costs of treating patients with acute limb ische-
mia. From the total number of acute limb ische-
mia, in 69% there was attempted revascularizati-
on, 13 revascularizations failed (of which 4 were 
completed with a fatal outcome); in 21 patients, 
with attempted rescue of limbs, there was a fa-
tal outcome within one year. Percentage of limb 
salvage was 67% of the total number of patients 
who attempted revascularization. Total costs du-
ring the 12-month follow-up in primary ampu-
tations were far greater than the total costs from 
costs of attempting limb salvage with threatening 
ischemia. Increased costs were in direct correla-
tion with the length of hospitalization. Attempted 
limb salvage costs are significantly lower in ALI 
caused by embolization compared to ALI as exa-
cerbation of CLI. There were no significant diffe-
rences in the cost of treatment in patients with 
ALI who had undergone surgical or endovascular 
treatment. Unsuccessful revascularization signi-
ficantly increased the total cost of the treatment 
even above the total costs of primary amputation. 
The largest single factor in the cost of treatment 
was the length of hospitalization, which was of-
ten extended due to slow rehabilitation or delayed 
because of inadequate patient’s home conditions 
and support. Reducing the cost of treatment can 
be achieved by transferring patients to less ex-
pensive (compared to clinical treatment) rehabili-
tation centres. Patients who had primary surgery 
required fewer visits to the operating theatre than 
those who had primary thrombolysis, but there 
was no difference in the total time that the thea-
tre or radiology suite was occupied: median 2.3 
(10th centile range 1.5-5.0) h and 3.0 (2.0-5.0) h 
respectively. Median (range) cost of disposables 
for performing surgery was 82.00 pounds (58.00-
169.00) and for thrombolysis was 407.00 poun-
ds (252.00-596.00). When the costs of using the 
theatre or radiology suite were included, the costs 
of both treatments were similar: surgery 683.00 
pounds (309.00-1438.00) and lysis 861.00 po-
unds (611.00-1244.00). Median (10th centile 
range) inpatient stay for surgical patients was 9 
(3-18) days and for those having thrombolysis 

11 (2-29) days. Median (10th centile range) costs 
for bed occupancy were similar in both groups: 
surgery 2497.00 pounds (643.00-9.115.00) and 
lysis 2.189.00 pounds (902.00-6.020.00). Mean 
cost for attempting limb salvage by surgery was 
3.429.00 pounds (1.094.00-10.065.00) compared 
with 3.230.00 pounds (1.543.00-8.353.00) for 
thrombolysis (15,16) 
Lurie et al. found in 205 patients treated with 
catheter directed thrombolysis (CDT) alone, 
with angioplasty, open surgery, endovascular 
and with hybrid procedures no significant diffe-
rence was found in clinical outcome among the 
groups, reintervention rates during hospital stay, 
readmission rates, and costs were highest in the 
CDT group. Reintervention was required in 62% 
of patients after CDT compared with 7% after 
open surgery, and 16% of the CDT patients nee-
ded more than one reintervention. The mean total 
hospital cost was $34.800.00 per patient in CDT 
group compared with $10.677.00 in open surgery 
group (17). Comparing with the price list which 
is valid at the Sarajevo Cardiovascular Clinic 
(CCUS), we can notice a huge difference in the 
price list of services. It is also noticeable that the 
services that are charged in the World Vascular 
Centres in B&H are conducted as part of the da-
ily duties of medical personnel (e. g. recovery, 
operation blocks, etc.). 
In the light of new procedures the study that was 
performed in four ProMedica community hospi-
tals in the Northwest Ohio from January 2009 to 
December 2012 showed that total costs per pa-
tient were $17.163.47 after surgery, $20.620.39 
after endovascular, $21.277.61 after hybrid, and 
$30.675.42 after catheter directed thrombolysis, 
suggesting that in comparison with other availa-
ble alternatives, endovascular treatment is cost-
effective in healthcare resources (18).
We emphasize that although ultrasound of the 
heart was indicated, it was not performed during 
hospitalization at the CVS, among other things, 
due to limited resources of the Clinical Centre of 
the University of Sarajevo in a given moment, 
immobility of patients, or short time of hospi-
talization. However, all patients after discharge 
from the CVS had a recommendation to contact 
relevant specialists of cardiology in order to have 
ultrasound examinations of the heart and obtain 
further correcting cardiac therapy.

Vukas et al. Management and cost of ALI treatment
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ABSTRACT

Aim To describe a therapeutic approach, indications for abdomi-
noperineal resection (APR), survival and oncological results for 
patients  who received treatment in our surgical clinic for anal ca-
nal squamous cell cancer (SCC). 

Methods Patients were randomized into two groups according to 
the treatment method: Group 1- Chemoradiotherapy (CRT) wit-
hout surgery, Group 2- CRT + APR.                                                                                                        

Results Eighteen patients with anal canal SCC were included in 
the study; 11 (61.1%) patients were in Group 1 and 7 (38.8%) in 
Group 2. Reasons for APR was as follows: three patients had in-
sufficient CRT, two had recurrence after CRT, one had complete 
faecal incontinence and one patient had rectovaginal fistula. Ove-
rall five year survival (OS) and disease free survival (DFS) was 
77.7% and 72.7%, respectively. Comparing two groups five year 
OS was 90.9% and 57.1%, whereas DFS was 81.8%, 57.1%, res-
pectively (p=0.389 and 0.324, respectively). 

Conclusion Gold standard therapy for anal canal SCC is CRT. 
However, APR should be applied as an escape treatment for pa-
tients suffering from tumour progression, insufficient CRT and 
recurrence (30%). 

Key words: abdominoperineal resection, local excision, Nigro 
protocol
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INTRODUCTION 

Anal canal cancer is a very rare clinical entity 
(1-1.5/100000) (1). Only 1-4%  of all colorectal 
cancers are localized in this area (2). Histopatho-
logically, two main categories are detected: 85-
90 % epidermoid (squamous cell) and 10-15% 
adenocarcinoma from anal cushions. Small cell 
neuroendocrine carcinoma and melanoma could 
be seen very barely. HIV, human papilloma vi-
rus (HPV 16), multiparity, homosexuality, female 
gender, tobacco use and immunosuppression are 
risk factors for anal canal cancers (3-5). 
Patients via anal canal squamous cell cancer 
(SCC) are mainly suffering from rectal bleeding 
(%45), rectal pain (%30) or feeling of a rectal 
mass (6). Pelvic pain, tenesmus, urgent defecation 
requirement are signs of an advanced disease (7). 
Former literature until 1970 was in favour of ab-
dominoperineal resection (APR). However, recu-
rrence rate (%25-50), low survival rates (%24-
62) and mortality (%3) remain major obstacles 
for successful treatment via APR (8,9). Current 
literature describes application of APR only in 
selected cases, mainly as an escape treatment for 
patients suffering from insufficient CRT (8,9). 
In selected cases, where invasion of lymph no-
des was directly proportional to tumour size and 
depth of invasion, local excisions were applied 
(10). Berry et al. reported that local excisions in 
earlier stages are very sufficient with good onco-
logical results, whereas Ortolon et al. remain sus-
picious for local excisions, even in small size tu-
mors (11,12). Local excision is not a therapeutic 
choice for anal canal cancers, according to Na-
tional Comprehensive Cancer Network (NCCN) 
guidelines (13,14). 
Only radiotherapy was applied for anal canal 
cancers for a period of time (15). However, local 
recurrence rates were so high (44-51%) (16).  
Current literature is in favour for combined CRT. 
Nigro et al. reported in 1972 successful applica-
tion of external pelvic radiation with chemothe-
rapeutic agents, 5-fluorouracil and mitomycin C 
(17). Histopathological examinations reveal ne-
gative margins and complete response for speci-
mens retrieved via APR following CRT (18). 
In the following years CRT become a gold stan-
dard therapy for anal canal cancers due to advan-
ces in chemo and radiotherapy doses (19,20). Also 

radical surgical excision remains an escape tre-
atment for recurrences and residual tumours (21).   
The aim of this study was to describe therapeu-
tic approach, indications for abdominoperineal 
resection (APR), survival and oncological results 
for patients who received treatment in our surgical 
clinic for anal canal squamous cell cancer (SCC). 

PATIENTS AND METHODS

Patients and study design

Eighteen patients diagnosed with anal canal can-
cer in the Department of General Surgery, Kar-
tal Training and Research Hospital, Istanbul, 
Turkey, between January 2008 and December 
2017 were retrospectively analysed. All patients 
were divided into two groups according to the 
treatment method: CRT group involved patients 
who received only chemoradiotherapy and  CRT 
+ APR group  involved patients who underwent 
escape treatment including chemoradiotherapy 
and APR after a single period of time. 
Demographic data, tumour specific treatment 
methods, clinical and pathological data, overall 
and disease free survivals were analysed.

Methods 

The approach to anal canal cancers in our on-
cologic clinics is as follows: gross total volume 
(GTV) and clinical target volume (CTV) was cre-
ated through scanning (2.5 mm) via abdominal 
computed tomography (CT’) of the area between 
lower abdomen and perinea. These results were 
reevaluated via positron emission tomography–
computed tomography (PET-CT) fusions.  Radi-
otherapy was applied in three phases. Pelvic area, 
anus, perineal and inguinal lymph nodes received 
30.6 Gy dose (Phase 1). In absence of inguinal 
lymph node invasion, radiation was discontinued 
with 36 Gy. In phase 2 the treatment area was de-
creased, inguinal lymph nodes were kept outside 
the application space, and the dose was increased 
to 45 Gy. According to the American Joint Com-
mission on Cancer (AJCC) TNM system (22), in 
T2-T3-T4 or N+ patients, phase three was uti-
lized. With 2 cm margin to GTV and attached 
lymph nodes, the total dose was 54-59. After 6-8 
weeks a treatment control scanning was perfor-
med. In patients with progression, recurrences 
after 6 months, complete faecal incontinence or 
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rectovaginal fistulas, APR was applied as an es-
cape treatment. In the first week and fifth week 
during radiotherapy regimen, 5-fluorouracil (5-
FU) infusion for 120 hours and mitomycin bolus 
injection was used.  
Management and treatment of anal canal cancer 
in our surgical department was applied according 
to the American Joint Cancer Committee (AJCC) 
criteria (20). The patients, who were unresponsi-
ve to CRT or had recurrent disease which was de-
fined as initial complete response to the therapy, 
with subsequent positive biopsies more than six 
months after completion of the treatment, un-
derwent surgery in our clinic.

Statistical analysis

Normal distribution data were analysed via t-
test. Abnormal distributional data were evaluated 
via median and deviation, and Mann-Whitney U 
test. χ2 test was also used. Data normality was 
analysed via Kolmogorov-Smirnov test. 

RESULTS 

A total of 18 patients were included in our study. 
Eleven  (61.1%) patients were in the CRT group, 
seven (38.8%) in the CRT+APR group. Female/
male ratios in the groups were %54.5/%45.5, 
57.1%/42.9%, respectively (p=0.914). Tumour 
size was 4.8 (±2.6) cm  in CRT group, where-
as it was 7.7 (±4.8) cm in CRT+APR group 
(p=0.362). There was no statistical difference 
between groups, according to TNM classification 
(tumour size, p=0.252; tumour stage, p=0.817; 
tumour metastases, p=0.113).  The time be-
tween admittance and diagnosis was 8.9 (±3.0) 
months and 14.1 (±10.1) months in the CRT and 
CRT+APR group, respectively (p=0.538). Rea-
sons for APR was as follows: insufficient CRT in 
three patients, recurrence after CRT in two, com-
plete faecal incontinence and rectovaginal fistula 
in one patient each. 
Locoregional recurrence was noticed in 27% of 
patients during the mean follow-up of 60.5 (6-
124) months. Two (28.5%) patients were diagno-
sed with local recurrence after 7 and 17 months 
in the CRT group. Distant metastases were found 
in one patient (lung) (9%) in CRT group, three 
patients (two liver, one bone+extrapelvic lymph 
node) (42.8%) in the group CRT-APR (p=0.093) 
(Table 1).

Overall five year survival (OS) and disease free 
survival (DFS) was 77.7% and 72.7%, respecti-
vely. Comparing the two groups five year OS was 
90.9% and 57.1%, whereas DFS was 81.8% and 
57.1%, respectively (p=0.389 and 0.324, respec-
tively) (Figure 1 and 2). Mean follow time was 
51.9 (6-124)  months. 

 Variable 
Chemora-
diotherapy 

(CRT) group

Abdominoperi-
neal resection 

(APR)+CRT) group
p

Gender (No, %)  
 

 
 0.914

Females 6 (54.5) 4 (57.1)  
Males 5 (45.5) 3 (42.9)  
Age (years) 57.5 ( ± 7.6) 55.9 ( ± 6.7) 0.543
Tumour  size (T) (cm) 4.8 ( ± 2.6) 7.7 ( ± 4.8) 0.362
T stage (No, %) 0.252
T1 1 (9.1) -  
T2 7 (63.6) 2 (28.6)  
T3 2 (18.2) 2 (28.6)  
T4 1 (9.1) 3 (42.9)  
Tumour stage (N) (No, %)  0.817
N0 5 (45.5) 4 (57.1)  
N1 4 (36.4) 2 (28.6)  
N2 1 (9.1) 1 (14.3)  
N3 1 (9.1) -  
Tumour metastases (M stage) (No, %)  0.113
None 10 (90.9) 4 (57.1)  
Lung 1 (9.1) -  
Liver - 2 (28.6)  
Bone+ lymphnode - 1 (14.3)  
Differantiation (No, %) 0.248
Not known 4 (36.4) 3 (42.9)  
Good 5 (45.5) 1 (14.3)  
Bad 1 (9.1) 3 (42.9)  
Invasive 1 (9.1) -  
Overall five year survi-
val (OS) (%) 90.9 57.1 0.389

Disease free survival 
(DFS) (%) 81.8 57.1 0.324

Time until diagnosis 
(month) 8.9 ( ± 3.0) 14.1 ( ± 10.1) 0.538

Application complaint (No, %) 0.224
Mass 5 (45.5) 3 (42.9)  
Fistula 1 (9.1) 3 (42.9)  
Pain - 1 (14.3)  
Bleeding 7 (63.6) 2 (28.6)  
Abscess - 1 (14.3)  
Hemorrhoid 1 (9.1) -  
Constipation 1 (9.1) -  
Local recurrence (No, %)   0.017
Yes 11 (100) 5 (57.1)  
No - 2 (42.9)  
Distant metastasis (No, %)  0.093
None 10 (90.9) 4 (71.4)  
Yes 1 (9.1) 3 (28.6)  
Follow-up time 
(months) 60.5 (6-124) 38.4 (12-112) 0.326

Table 1. Distribution of two groups of patients with anal canal 
squamous cell cancer according to the treatment method

Kaya et al. Surgery time for anal canal SCC
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DISCUSSION

Chemoradiotherapy compared to abdominope-
rineal resection is a preferred method in anal 
canal squamous cell cancer treatment due to 
better local control, lower recurrence rates and 
prolonged survival rates (6). Therefore, APR is 
used as salvage therapy in recurrent and persi-
stent cases. According to NCCN guidelines CRT 
is a recommended essential treatment method for 
non-metastatic SCC (23). Five year OS in anal 
SCC after CRT is 60%, whereas recurrence rate 
is 40% (24). According to the literature, five year 
OS rates with combined CRT could reach 90%. 

In the cases without complete response recurren-
ces occur within a short period of time. The only 
effective treatment modality is APR, with 5 year 
survival rates of 50% (2,25). In this study,  five 
year OS and DFS  were  77.7% and 72.7%, res-
pectively. The RTOG 8704 study showed that 
pathologic complete response rate of anal SCC 
is 92% with CRT (26). In our study,  pathologic 
complete response via CRT was 72%.
Formerly, patients who were diagnosed with 
anal canal carcinoma were routinely treated 
with APR. Nevertheless, local recurrence was 

Figure 1. Overall survival (OS) (A) and disease free survival 
(DFS) (B) of patients with anal canal squamous cell cancer

A)

B)

Figure 2. Comparison of chemoradiotherapy (CRT) and 
abdominoperineal resection (APR)+CRT group for overall 
survival (OS) (A) and disease free survival (DFS) (B)

A)

B)
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high and 5-year survival was 40-70% (6). Some 
of these patients were treated with preoperative 
5-fluorouracil including either mitomycin C or 
porfiromycin and radiotherapy (chemoRT), and 
complete tumour regression was seen by Nigro et 
al, proposing that it may be possible to cure anal 
carcinoma (17). Current literature is in favour for 
combined CRT (4). Histopathological examina-
tions reveal negative margins and complete res-
ponse for specimens retrieved via APR following 
CRT (17). During the following years, in the light 
of various studies, doses of chemo-and  radiothe-
rapy were adjusted. Chemoradiotherapy is a gold 
standard therapy method for stage I-III anal ca-
nal SCC, whereas stage I cases in the absence of 
sphincter involvement could be treated with local 
excision (27). 
Seventy-two percent of the patients who did not 
receive complete response in the 11th week, were 
disease free in the 26th week according to tre-
atment of squamous-cell carcinoma of the anus 
(ACT II) study (18). Therefore,  in the absence 
of progression, patients could be followed af-
ter 6 months of CRT. Twenty-six weeks should 
pass until complete response could be achieved. 
However, these patients should receive biopsies 
every 6 months, and in case of recurrence, APR 
should be applied (28). 
Distant metastases are usually treated with syste-
mic chemotherapy, radiation is reserved for hea-
ling of locoregional symptoms (27). In combined 
therapy with radiation, mitomycin/5-FU,  mi-
tomycin/kapesitabin or 5-FU/cisplatin is usually 
applied. Distant metastases were usually treated 
via 5-FU/cisplatin (29). The most common sites 
for distant metastases for anal canal cancer are 
liver, lung and extrapelvic lymph nodes (30). In 
our study one case had lung and another case had 

bone+extrapelvic metastases. We also detected 2 
liver metastases. There are no published data in 
favour of surgical excisions of metastases (29).
Despite effective therapy via CRT for anal canal 
cancers, there are still high rates of locoregional 
insufficiency (10-30%) (31,32). Locoregonal 
recurrence rate was similar in our study (27%). 
According to the literature, this is related to tu-
mour size, high grade of T stage and N level and 
we also found similar results.
All patients diagnosed with anal canal cancer 
should be carefully followed after primary the-
rapy. Additional curative treatment modalities 
could be applied. Following primary therapy, 
all cases with local advanced disease proven by 
biopsies, and local recurrences after complete 
response should receive APR as an escape tre-
atment. Salvage APR will help in controlling lo-
coregional findings in approximately 77% of the 
cases with persistent or recurrent diseases (27). 
If invasion of inguinal lymph nodes occurs, radi-
otherapy (RT) should be applied. Inguinal lymph 
node dissection should be added in the absence of 
RT. Patients with extrapelvic metastases should 
be treated via 5-FU/cisplatin. 
In conclusion, although the gold standard therapy 
for anal canal squamous cell cancer is chemora-
diotherapy, abdominoperineal resection should 
be applied as an escape treatment for patients 
suffering from tumour progression, insufficient 
CRT and recurrence. 
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ABSTRACT

Aim To evaluate risk factors that may cause anastomotic leakage 
(AL) in patients who underwent resection and anastomosis due to 
colorectal cancer.

Methods Patients who underwent resection and anastomosis due 
to colorectal cancer between January 2014 and July 2018 in our 
clinic were included into the study. The patients were divided into 
two groups as ones with AL being Group 1, ones without AL being 
Group 2. Parameters related to the clinical characteristics, surgical 
and pathologic results in both groups were evaluated with univa-
riate and multivariate analyses.

Results A total of 302 patients were included in the study. The AL 
was observed in 24 (7.9%) patients. Mortality was observed in five 
(20.8%) and six (2.2%) patients in Group 1 and Group 2, respec-
tively (p=0.001). Significant risk factors for AL in the univariate 
analysis were coronary artery disease (CAD), chronic obstructive 
pulmonary disease, high American Society of Anesthesiologists 
(ASA)  score, emergency surgical intervention, absence of pre-
operative intestine preparation, performed perioperative blood 
transfusion, tumour T stage, and neoadjuvant chemo-radiotherapy 
application. Only CAD and neoadjuvant CRT were determined as 
the independent risk factors for AL in the multivariate analysis.

Conclusion The AL developing after colorectal surgery continues 
to be an important problem thereby increasing mortality and mor-
bidity along with its negative effect on hospitalization time and 
functional and oncologic results. Despite several studies on the 
topic, it is still very difficult to estimate the AL possibility in ad-
vance. Therefore, avoiding anastomosis in high risk patients may 
perhaps be the best option.

Keywords: cancer, morbidity, mortality 
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INTRODUCTION

Anastomotic leakage (AL) after colorectal sur-
gery is at the top of the most feared complica-
tions thereby increasing mortality and morbidity 
along with its negative effect on hospitalization 
time and functional and oncologic results. The 
AL rate after colorectal surgery has been repor-
ted to be between 1% and 30% (1,2). Moreover, 
AL related mortality changes between 6% and 
22% (3,4). The AL is the cause of approximately 
one third of all deaths after colorectal surgery (5). 
There have been several risk factors reported for 
AL, such as malnutrition, corticosteroid appli-
cation, intraoperative septic conditions, male 
gender, smoking, high ASA score, neoadjuvant 
chemo-radiotherapy (CRT), old age, obesity, 
anastomosis methods, and emergency surgical 
intervention (6,7). One of the most studied risk 
factors is diversion ostomies, which do not decre-
ase AL rates, but decrease the severity of ALs and 
provide the possibility to treat the leakages with 
palliative methods (8). 
The aim of this study was to evaluate the risk 
factors that may cause AL in our patients who 
underwent resection and anastomosis due to co-
lorectal cancer.

PATIENTS AND METHOD

Patients and study design

Data of patients who were operated and un-
derwent anastomosis due to colorectal cancer 
between January 2014 and July 2018 in the De-
partment of General Surgery, Kartal Training and 
Research Hospital, Istanbul, Turkey, were retros-
pectively evaluated with the help of the hospital’s 
automation system and patient files. 
The patients included in the study were separated 
into two groups as Group 1, those with AL, and 
Group 2, those without AL. Between the two gro-
ups, comparisons were made with regard to pati-
ents’ demographic characteristics, accompanying 
diseases, perioperative blood transfusions, per-
formance of the operation under emergency or 
elective conditions, protective ostomy status, 
American Society Anesthesiologists (ASA) sco-
re (9), whether prior intestine preparation was 
performed, type of anastomosis (end to end, end 
to side, and side to side), anastomosis technique 
(circular stapler, linear cutter and manual),  TNM 

stage (evaluated stage < 3 and stage  ≥ 3) (10), 
and whether neoadjuvant CRT was administered. 
An approval was obtained from the University of 
Health Sciences, Kartal Dr. LütfiKırdar Training 
and Research Hospital Ethics Committee to con-
duct the study.
According to the TNM classification (T describes 
the size of the tumour and any spread of cancer 
into nearby tissue; N describes spread of cancer 
to nearby lymph nodes; M describes metastasis, 
e. g. spread of cancer to other parts of the body) 
(10), neoadjuvant CRT was performed on all T2 
and above upper and mid rectal tumours, and 
total mesorectal excision was performed 8–10 
weeks after the treatment. 

Methods 

Following the anastomosis performed 10 cm 
and below from the anal verge on the rectum tu-
mours, which had neoadjuvant CRT, protective 
ileostomy was performed on all patients. The de-
cision was based for the remaining upper rectum 
and colon tumours depending on reasons, such as 
the clinical state of the cases, technical difficulti-
es encountered during anastomosis, etc. resection 
and anastomosis with or without ostomy was per-
formed on all patients. 

Statistical analysis

Independent Samples t-test and Mann–Whitney 
U tests were used for the comparison of two in-
dependent groups. Pearson χ2 and Fisher exact 
tests were used with the comparison of categori-
cal variables among themselves. The variables 
were analysed with 95% confidence interval and 
p<0.05 was considered as significant.

RESULTS

A total of 302 patients were included in the study, 
of which 181 (59.9%) and 121 (40.1%) were 
males and females, respectively. The average age 
of the both group patients was 65.1±12.75 years, 
65.9 ±10.82 and 65.1±12.75 years, respectively, 
in group 1 and group 2 (p˂0.772). There was sig-
nificant statistical differences according to ASA 
score between group 1 and group 2 (p˂0.000).  
Tumour location was mostly observed in the si-
gmoid and rectosigmoid colon, AK were obser-
ved in five (20.8%) and three (12.5%) patients 
respectively. In this study, although the frequ-
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ency of the tumour location in rectum was seen 
as the third, most of the anastomotic leakages 
(37.5%, n=9) were observed in this level. The AL 
was observed in 24 (7.9%) patients. Mortality 
was observed in five (20.8%) patients in Group 
1 and six (2.2%) patients in Group 2 (p=0.001). 
In the univariate analysis all the presence of co-
ronary artery disease (CAD), chronic obstructi-
ve pulmonary disease (COPD), high ASA score, 
emergency surgical intervention, no preoperative 
intestine preparation performed, and periopera-
tive blood transfusion performed was observed 
significant in terms of AL development. AL ra-
tes were lower when oral and rectal laxatives 
without antibiotics were given to the cases with 
intestine preparation . There were no significant 
differences between laparoscopic and open sur-
gery in terms of AL. In addition to this, age also 
was not significant in terms of AL (Table 1). 

There was no significant difference detected 
between the two groups in terms of the anasto-
mosis shape, anastomosis technique (end to end, 
end to side or side to side), and anastomosis ends 
being colocolic, ileocolic, or colorectal (Table 2). 

  No (%) of patients in the group p*
Variable  Group 1 Group 2 Total

Gender
Female 9 (37.5) 112 (40.3) 121 (40.1)

0.789
Male 15 (62.5) 166 (59.7) 181 (59.9)

Age
< 65 10 (41.7) 128 (46) 138 (45.7)

0.68
≥ 65 14 (58.3) 150 (54) 164 (54.3)

Emergency/
Elective

Emergency 11(45.8) 39 (14) 50 (16.6)
0

Elective 13 (54.2) 239 (86) 252 (83.4)

Related colon 
segment

Ascending 2 (8.3) 42 (15.1) 44 (14.6)

0.07

Descending 3 (12.5) 10 (3.6) 13 (4.3)

Rectosigmoid 3 (12.5) 60 (21.6) 63 (20.9)

Rectum 9 (37.5) 49 (17.6) 58 (19.2)
Sigmoid 5 (20.8) 64 (23) 69 (22.8)
Splenic 
flexure 0 (0) 1 (0.4) 1 (0.3)

Transverse 
colon 2 (8.3) 52 (18.7) 54 (17.9)

Protective 
ostomy

No 18 (75) 224 (80.6) 242 (80.1)
0.511

Yes 6 (25) 54 (19.4) 60 (19.9)

Mortality
No 19 (79.2) 272 (97.8) 291 (96.4)

0.001
Yes 5 (20.8) 6 (2.2) 11 (3.6)

Intestine 
preparation

No 11 (45.8) 40 (14.4) 51 (16.9)
0.001

Yes 13 (54.2) 238 (85.6) 251 (83.1)

Accom-
panying 
diseases

Diabetes 3 (12.5) 66 (23.7) 69 (22.8) 0.208
Hypertension 13 (54.2) 100 (36) 113 (37.4) 0.077
Heart failure 1 (4.2) 30 (10.8) 31 (10.3) 0.305

COPD 6 (25) 20 (7.2) 26 (8.6) 0.003
CAD 13 (54.2) 9 (3.2) 22 (7.3) 0
CKF 2 (8.3) 8 (2.9) 10 (3.3) 0.152

Perioperative 
blood tran-
sfusion

No 13 (54.2) 224 (80.6) 237 (78.5)
0.003

Yes 11 (45.8) 54 (19.4) 65 (21.5)
Laparosco-
pic / Laparoscopic 5 (20.8) 40 (14.4) 45 (14.9)

0.395
open surgery Open 19 (79.2) 238 (85.6) 257 (85.1)

Table 1.Univariate logistic regression model analysis of anas-
tomotic leakage in patients with colorectal cancer

*Fisher’s exact test; COPD, chronic obstructive pulmonary disease, 
CAD, coronary artery disease, CKF, chronic kidney failure 

  No (%) of patients in the group 
p*

Anastomosis  Group 1 Group 2 Total

Anastomosis 
ends

Ileotransverso-
stomy 2 (8.3) 44 (15.8) 46 (15.2)

0.31
Colocolic 

Anastomosis 3 (12.5) 57(20.5) 60 (19.9)

Colorectal 
Anastomosis 19 (79.2) 177 (63.7) 196 (64.9)

Anastomosis 
connection 
type

End to end 20 (83.3) 191(68.7) 211 (69.9)
0.132End to side 4 (16.7) 39 (14) 39 (12.9)

Side to side 24 (100) 48 (17.3) 52 (17.2)

Anastomosis 
technique

Linear cutter 3 (12.5) 49 (17.6) 52 (17.2)
0.463Manual 4 (16.7) 26 (9.4) 30 (9.9)

Circular stapler 17 (70.8) 203 (73) 220 (72.8)

Table 2. Distribution of data regarding anastomosis depend-
ing on the existence of anastomotic leakage in the patients

*Fisher’s exact test

  No (%) of patients in the group
p*

Variable Group 1 Group 2 Total

T stage

T0 0 (0) 4 (1.4) 4 (1.3)

0.002
T1 0 (0) 26 (9.4) 28 (9.3)
T2 2 (8.3) 196 (70.5) 214 (70.9)
T3 18 (75) 6 (2.2) 10 (3.3)
T4 4 (16.7) 46 (16.5) 46 (15.2)

N stage
N0 7 (29.2) 133 (47.8) 140 (46.4)

0.145N1 10 (41.7) 71(25.5) 81 (26.8)
N2 7 (29.2) 74 (26.6) 81 (26.8)

TNM stage
< 3 6 (25) 127 (45.7) 133 (44)

0.05
≥ 3 18 (75) 151 (54.2) 169 (56)

Neoadjuvant 
CRT

No 13 (54.2) 235 (84.5) 248 (82.1)
0.001

Yes 11(45.8) 43 (15.5) 54 (17.9)

Table 3. Oncologic characteristics of the patients according to 
the existence of anastomotic leakage

* Fisher’s exact test; TNM; tumour, node, metastasis; CRT, Chemo-
radiotherapy

The TNM stage was significant at the limit 
(p=0.05) while tumour T stage and neoadjuvant 
CRT application was significant in AL deve-
lopment with p=0.002 and p=0.001, respectively 
(Table 3). 

Multivariate analysis and logistic regression 
analysis were performed on the parameters ob-
served to be significant in the univariate analysis. 
The CAD and neoadjuvant CRT applications 
were observed to be significantly related to AL in 
the multi regression analysis (Table 4).

DISCUSSION

The most feared complication after colorectal sur-
gery is AL, and it ranks among the top causes of 
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severe mortality and morbidity. AL rate after co-
lorectal surgery is reported to be between 1% and 
30% (1,2). Moreover, mortality due to peritonitis 
and septicemia developing after AL varies betwe-
en 6% and 22% (3,4). In our study, AL rate was 
7.9%, and AL related mortality rate was 20.8%. 
Many risk factors such as malnutrition, corticoste-
roid application, intraoperative septic conditions, 
male gender, smoking, ASA score, preoperative 
chemo-radiotherapy, old age, obesity, anastomo-
sis techniques, and emergency surgical interventi-
on have been reported for AL (6,7).
It has been reported that AL is more prevalent 
among men than women, especially due to the 
technical difficulties which are encountered be-
cause of narrow pelvis (11). Since only 19.2% of 
the patients in our study had rectal tumour, there 
was no significant difference found with respect 
to gender.
The role of age in AL is still a topic of discussi-
on. Different studies have reported that AL is not 
related to age (12,13). Moreover, it has also been 
reported that AL is more common among the yo-
unger population (2), despite the assumption that 
the risk would be higher in the older population 
(14). In the study performed by Ebubekir et al. 
it was reported that CAD out of accompanying 
diseases is related to AL (8). In our study, there 
was no significant difference identified in terms 
of AL between the patients under the age of 65 
and those at or above the age of 65, while the 
accompanying diseases of CAD and COPD stati-
stically affected AL rate significantly.
It has been reported that AL and postoperative 
mortality rates are higher in anastomoses per-
formed due to emergency surgery (15,16). In 
our study, AL rate was significantly higher in 
the patients who were operated under emergent 

conditions. Moreover, 80% of the mortalities de-
veloped due to AL were associated with patients 
operated under emergency conditions.
Schrock et al. reported that AL is three times 
more common in patients who received neoadju-
vant CRT compared to those who did not (17). In 
contrast, in a study in the Netherlands conducted 
on 1861 patients, it was concluded that short term 
radiotherapy did not create a risk for AL (18). In 
our study, it was determined that neoadjuvant 
CRT was an independent risk factor related to 
AL. Although radiotherapy is considered to be a 
risk factor for AL, neoadjuvant treatment should 
not be neglected in rectal cancer treatment due to 
its positive effects on local control, survival, and 
sphincter protection (19).
High TNM stage along with tumour diameter (>3 
cm) were reported as independent risk factors in 
AL development (20). In our study, TNM stage 
was related to AL at the limit, while advanced T 
stage was found to be statistically significant in 
terms of AL development.
Tadros et al. reported that blood transfusion 
increases anastomosis abscess incidence and 
creates a negative effect in the healing of ana-
stomosis (21). Buchs et al. showed that a high 
ASA score is an independent risk factor (3). In 
our study, preoperative blood transfusion and 
high ASA score were significant in terms of AL 
development.
It is still unclear whether intestine preparation 
should be performed before the operation and, if 
required, whether this preparation should be done 
with antibiotics or mechanically. Cao et al. obser-
ved that preoperative intestine preparation has no 
effect on AL (22). In contrast, in another study on 
advanced age colorectal cases, it was reported that 
intestine preparation decreases AL rates and mor-

 B Standard deviation Wald p Exp (B)
%95 CA for Exp (B)

Lower Upper
Emergency/Elective -19.737 40191.935 0.000 1.000 0.000 0.000
Intestine preparation -15.986 40191.935 0.000 1.000 0.000 0.000
COPD -1.583 0.873 3.291 0.070 0.205 0.037 1.136
CAD -4.272 1.067 16.038 0.000 0.014 0.002 0.113
Perioperative blood transfusion -1.524 0.841 3.287 0.070 0.218 0.042 1.132
ASA 1.042 1.156 0.812 0.368 2.834 0.294 27.305
T stage 5.159 0.397
Neoadjuvant CRT -2.928 1.008 8.433 0.004 0.054 0.007 0.386
Constant 7.931 86207.841 0.000 1.000 2781.003   

Table 4. Multiple logistic regression model analysis of anastomotic leakage in patients with colorectal cancer

B, Beta; Wald, confidence interval; Exp (B), exponentiated logistic coefficients; %95 CA for Exp (B), confidence interval, COPD, chronic ob-
structive pulmonary disease; CAD, coronary artery disease; ASA, American Society of Anesthesiologists; CRT, Chemo-radiotherapy
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bidity (23). In their 8442-case study, Kiran et al. 
observed that AL and postoperative complications 
were less common in the group with intestine pre-
paration with antibiotics, compared to the one with 
intestine preparation without antibiotics, and they 
observed the worst results in the group without 
intestine preparation (24). In our study, oral and 
rectal laxatives without antibiotics were given to 
the cases with intestine preparation, and AL rates 
were observed to be lower in these cases. 
Studies comparing the laparoscopic approach 
with open surgery for colorectal tumour report 
that the oncologic results are similar (25), and 
that laparoscopic approach has advantages, 
such as better view of the surgical field, less 
intraoperative blood loss, decreased tissue tra-
uma, and lower inflammatory response indica-
tors (26). Despite these advantages of laparos-
copy, it was reported in many studies that its 
AL rates are similar to that of open surgery (27, 
28). In our study, no significant relationship 
was found between laparoscopic and open sur-
gery in terms of AL.
In the analysis of a study with 13 randomized con-
trols that evaluated colon and rectal anastomoses 
performed by hand, by circular stapler, or by linear 
stapler, there was no significant difference found 
in terms of AL (29). Our results were compatible 
with the literature. In a study conducted on rectal 
tumour cases, which evaluated the effect of the 
type of end connection after the intestine segment 
is resected on leakage rates, it was reported that 
AL rates are lower in cases with end to side ana-
stomosis (30). In another study performed on co-
lorectal resection and anastomosis, there was no 
relationship observed between the type of intestine 
end connection and AL (31). In our cases, there 
was no significant difference identified in terms of 
AL between the anastomosis types performed as 
end to end, end to side, or side to side.
The later diagnosis in patients who develop AL 
is correlated with the higher morbidity and mor-
tality rates. Thus, early diagnosis should be made 
and treatment should start immediately for pati-
ents with AL. The International Study Group of 
Rectal Cancer classifies leakages detected in ima-
ging methods as grade A if they are asymptomatic 
and do not require treatment; as grade B if they 
are recommended to be treated with percutaneo-
us or trans anal drainage and with antibiotic tre-

atment and follow up; and as grade Cif the ALs 
require re-laparotomy, give septic findings, and 
negatively affect the oncologic results (32). In 
our study, 3, 5, and 15 patients were graded as A, 
Band C, respectively. The most important decision 
for these patients is whether they need to under-
go surgery. It has been proven that late surgical 
decisions are the most important factor for mor-
tality (8). For patients with grade B AL, who do 
not have peritoneum irritation findings and who 
have low anterior resection performed, the need 
for reoperation can be decreased by providing he-
aling with special drainages placed on the fistula 
line or with the drainage of the surgical space (33). 
In our study we intervened on two out of the five 
operated rectum tumour patients with class B AL 
by placing an endo-sponge on the fistula line, and 
intervened on three other patients by using draina-
ge procedures performed with imaging, achieving 
80% success in these cases. Stoma can be opened 
in cases without protective stoma depending on 
the clinical condition of the patient; however, ca-
ses with more separation in the anastomosis may 
require Hartmann surgery. Hartmann procedure is 
a closure of the rectum following resection of the 
tumour and anastomosing the proximal part of the 
colon to the skin (end colostomy) in a patient with 
a rectosigmoid tumour first described in 1921 by 
French surgeon Henri (34).
Patients with protective stoma AL tend to be 
mostly asymptomatic, and medical support tre-
atment is sufficient in most cases. Protective sto-
ma does not decrease AL rates, but decreases the 
severity of the ALs and provides the possibility of 
leakage treatment with palliative methods (8). It 
was observed that protective ostomy did not de-
crease AL development. However, in this study it 
was detected that protective ostomy was not appli-
ed in 80% of the patients who developed mortality 
and we found that mortality rates were higher in 
patients who were not applied protective ostomy.
In the multiple regression analysis of our study, 
CAD and neoadjuvant CRT were detected as inde-
pendent risk factors related to increased AL risk.
In conclusion, AL development after colorectal 
surgery continues to be an important problem 
with its increasing morbidity and mortality, 
along with its negative effect on the duration of 
hospitalization and the functional and oncologic 
results. Despite several studies conducted on 
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ABSTRACT

Aim Proximal humeral fractures are common and most complex 
patterns currently represent a challenge for surgeons. Difficulties 
in obtaining good anatomical reduction (particularly of great tube-
rosity) often lead to unsatisfactory results; choices often fall onto 
prosthesis implantation against fixation options. The aim of this 
study was to compare a new design of proximal humeral plate with 
the most used plates in the treatment of these injures by analysing 
outcomes and complications.

Methods Two hundred patients with proximal 3 or 4 parts hu-
meral fracture were enrolled (Neer 3-4). First group treated with 
PGR Plate composed of 98 patients. Second group treated with 
Philos Plate composed of 102 patients. Evaluation criteria were 
Non-Union Scoring System, duration of surgery, complications, 
objective quality of life and elbow function (Constant Shoulder 
Score), subjective quality of life and elbow function (Oxford Sho-
ulder Score), post-op radiographs, centrum collum diaphyseal an-
gle. Evaluation endpoint was 12 months. 

Results There was no statistically significant difference betwe-
en the groups with regard to the selected evaluation parameters. 
Achievement of good shoulder range of motion and ability to 
perform normal daily living activities was obtained in both grou-
ps. The PGR had a positive impact on treatment results of varus-
pattern of proximal humeral fractures.

Conclusions The PGR allowed good clinical and radiographic re-
sults in the treatment of proximal humeral fractures, comparable 
to those obtained with Philos. Also, PGR had the advantage to aid 
and keep the anatomical reduction of patterns of fracture involving 
the greater tuberosity. 

Key words: device design, internal fracture fixation, metal pla-
ting, proximal humeral fractures
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INTRODUCTION

Humeral fractures are common in the general po-
pulation. They comprise approximately 7–8% of 
all adult fractures in the Western world and their 
incidence has been reported to increase with age 
(1). The overall incidence of humeral fractures 
was 104.7 per 100,000 inhabitants per year, with 
a segment-specific incidence of 83.0 for proxi-
mal fractures, 13.4 for shaft fractures and 8.3 
per 100,000 person-years for distal fractures (1). 
There was a distinct increase in the age-specific 
incidence from the fifth decade and onwards, re-
gardless of fracture site. Most fractures occurred 
in older patients (83% >50 years) as a result of 
a simple or an unspecified fall (79% >50 years). 
Only 1.2% of all fractures were open injuries and 
1.3% were pathological (1-3). 
The complex fractures (Neer type 3 or 4) today 
represent a challenge for orthopaedic surgeons. 
The difficulty in obtaining a good anatomical 
reduction (particularly the difficult reduction of 
the great tuberosity) often leads to rather poor po-
stoperative results, and discourages the option of 
a synthesis for the benefit of a prosthetic choice 
(4-5). The Golden standard for osteosynthesis in 
3 or 4 part fragment fractures according to Neer’s 
Classification in proximal humeral fracture is the 
use of a plating surgical procedure (6).
The aim of our study was to compare a new de-
sign and profile proximal humeral plate (PGR 
plate) with the most used plate in the treatment 
of these injures (Philos Plate) with regard to po-
stoperative clinical and radiographic outcomes 
and complications, particularly focusing on Neer 
type 3 and 4 fractures which have a higher per-
centage of postoperative failure and are the most 
challenging pattern of fracture to treat. 

PATIENTS AND METHODS

Patients and study design

From January 2014 to December 2016, a total of 
684 proximal humeral fractures were admitted 
and surgically treated in 7 Trauma Level I Centres 
(Italy). From these 684 proximal humeral fractures, 
200 patients were finally enrolled and included. 
Exclusion criteria were: previous upper limb 
trauma, bilateral humeral injures, nerve injuri-
es, vessels injuries, fractures of one or two fra-
gments according to Neer’s Classification, under 

16 years of age, haematological or oncological 
pathologies, bone metabolism diseases, shoul-
der osteoarthritis, rheumatoid metabolism dise-
ase, contraindications to surgical management. 
These 200 patients were surgically treated with 
open reduction and internal fixation of the fractu-
re through a deltopectoral approach, and were di-
vided into two groups: Group 1 if they weretrea-
ted with PGR Plate (Intrauma s.p.a.) and Group 2 
if treated with Philos Plate (Intrauma s.p.a.). The 
choice of the attribution of the patients to the two 
groups was based on the experience of the surge-
on. The total cost of PGR Plate for the hospital 
was 1047.00 Euro, while the total cost of Philos 
Plate for the hospital was 1049.00 Euro.
All 200 fractures were classified according 
to Neer’s classification for proximal humerus 
fractures (7). 
The first group (PGR) was composed of 98 patients 
with average age of 74±12 (range 16-92) and gen-
der ratio (males:females, M:F) was 0.48 (32:66). 
The mechanisms of injury were accidental fall 
for 68 (69.39%), traffic accident for 12 (12.24%), 
work accident for 18 (18.37%) patients. The types 
of fractures according to Neer’s classification (7) 
were III fragments, 55 (56.12%) and IV fragments, 
43 (43.88%). The most affected side was the left, in 
64 (65.31%) patients. The most affected dominant 
side was the left side, in 18 (18.37%) patients. 
The second group (Philos) was composed of 
102 patients whose average age was 74±12 ye-
ars (range 16-92) and gender ratio (M:F) was 
0.5 (34:68). The mechanisms of injury were 
accidental fall for 69 (67.65%), traffic accident 
for 14 (13.72%), work accident for 19 (18.63%) 
patients. The types of fracture according to 
Neer’s classification (7) were III fragments, 56 
(54.90%), and IV fragments, 46 (45.10%). The 
most affected side was the left, in 68 (66.67%) 
patients. The most affected dominant side was 
the left side, in 19 (18.63%) patients. 
To understand and study the capacity of bone 
healing in patients, we used the Non-Union Sco-
ring System (NUSS) in retrospective mode (8) 
and the Radiographic Bone Healing measured by 
RUS (Radiographic Union Score).
All patients of the two groups have undergone the 
same postoperative rehabilitation protocol, divi-
ded in 3 phases. During Phase 1 (first 4 weeks) 
immobilization support was allowed, pendulum 
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exercises, gently assisted passive motion and 
avoidance of external rotations (up to 6 weeks). 
During Phase 2 (approximately weeks 5-9), in 
presence of evidence of healing, with fragments 
moving as a unit and with no displacement visi-
ble on radiographs, active-assisted forward flexi-
on and abduction, gentle functional use (no ab-
duction against resistance), gradual reduction of 
assistance during motion were allowed. During 
Phase 3 (after week 9)  isotonic, concentric and 
eccentric strengthening exercises were allowed. 
In the presence of significant joint stiffness with 
contemporary presence of bone healing, passive 
assisted stretching exercises were added. 
All patients of the two groups were informed in a 
clear and comprehensive way of the type of tre-
atment and other possible surgical and conserva-
tive alternatives. Patients were treated according 
to the ethical standards of the Helsinki Declarati-
on, and were invited to read, understand, and sign 
the informed consent form.
The chosen criteria to evaluate the two groups du-
ring the clinical and radiological follow-up were: 
the proximal humeral complication after the two 
types of surgery, the duration of surgery, objec-
tive quality of life and elbow function measured 
by Constant Shoulder Score (CSS) (9), while the 
subjective quality of life and the elbow function 
were measured by Oxford Shoulder Score (OSS) 
(10). The bone healing was measured by radio-
graph control as the alignment was measured by 
the centrum collum diaphyseal angle (CCD) (11) 
using the same radiograph control.
The evaluation endpoint was set at 12 months. 
Full clinical examination and check plain radio-
graph were performed during all follow-up appo-
intments. 

Methods 

PGR’s Surgical Techniques. A deltopectoral 
approach was used in all cases as it was con-
sidered to be the best approach that was able to 
allow appropriate fracture reduction and fixati-
on of proximal III or IV parts humeral fractures. 
After soft tissue dissection and good fracture site 
exposure, adequate reduction of the fracture was 
achieved. Non-absorbable suture wires were pla-
ced through the insertions of each rotator cuff ten-
don in order to increase stability. The placement 
of the suture is recommended (together with plate 

and screws) particularly in case of more comminu-
ted and/or osteoporotic fractures. In the presence 
of osteoporotic bone, the tendon insertion is often 
stronger than the bone itself, so such sutures sho-
uld be placed through the insertional fibres of the 
tendon and may hold better than screws or sutures 
placed through bone. A PGR plate of appropriate 
size is then positioned at fracture site. Suture wires 
are then slipped into the 1.5 mm holes of the PGR 
plate, positioned anatomically under fluoroscopy 
control (always laterally to the groove), wires are 
tensioned appropriately. Screws are then positio-
ned to stabilize the plate. The first screw should be 
positioned at the level of the greater tuberosity, the 
second screw into the elongated hole that allows us 
to adjust the length and the position of the fracture 
diaphysis fragment and plate. Then synthesis was 
completed with proximal screws followed by dis-
tal screws. Calcar screws or kickstand screw could 
be useful to support the medial wall and prevent a 
fixation in varus. Finally the non-absorbable wi-
res should be sutured with the plate. Fluoroscopy 
images should be used throughout and at the end 
of the fixation to check metalwork position. When 
good fixation is achieved, the procedure was com-
pleted with abundant lavage, accurate final hae-
mostasis and closure in layers (Figure 1).

Figure 1. A, B) Three parts fracture of right proximal hu-
merus, 36-year-old male, fallen from height, C) deltopectoral 
approach, D) non-absorbable suture wires through greater 
tuberosity, E) placement of wires and plate, F) placement 
of plate and screws, F) screw that directly stabilizes the 
large tuberosity (white arrow), G) nodding closure and non-
absorbable wires, H) view of the synthesis before closure, 
I, J) post-op radiographs show good reduction of the medial 
wall (I, curved white line) green and the importance of the 
kickstand screw (I, straight white line) (Rollo G,2016).

Philos’s surgical techniques. The same 
approach and surgical exposure and preparation 
performed for PGR technique was also used for 
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Philos technique. After positioning of the sutu-
res wires through the insertion of rotator cuff 
tendons, suture wires are then slipped into the 
1.4  mm holes of the Philos plate, positioned 
anatomically (laterally to the groove) under flu-
oroscopy control, and good tension of the wires 
is then sought. If the first screw is inserted only 
loosely in the centre of the elongated hole, fine-
tuning of the plate position is still possible. When 
the plate achieved a satisfactory position, screws 
were securely tightened. Five screws were placed 
into the humeral head and then in distal holes. At 
last calcar screws or kickstand screw should be 
placed to support the medial wall and prevent a 
fixation in varus. Finally the non-absorbable wi-
res should be sutured with the plate. Fluorosco-
py images should be used throughout and at the 
end of the fixation to check metalwork position. 
When good fixation is achieved, the procedure 
was completed with abundant lavage, accurate 
final haemostasis and closure in layers (Figure 2).

ps, including means and standard deviations of 
all continuous variables. The t-test was used to 
compare continuous outcomes. The χ2- test or 
Fisher’s exact test (in subgroups smaller than 10 
patients) were used to compare categorical varia-
bles. The statistical significance was defined as 
p<0.05. Pearson correlation coefficient (r) was 
used to compare the predictive score of outcomes 
and quality of life. Mean age (and the range) of 
the patients was rounded at the closest year. The 
predictive score of outcomes and quality of life 
and their ranges were approximated at the first 
decimal while at the second decimal Pearson 
correlation coefficient (r) was approximated. The 
reliability and validity of the correlation between 
functional outcome results CCD were determi-
ned by the Cohen’s kappa (k).

RESULTS

There was no statistically significant difference 
between the two groups with regard to the selec-
ted evaluation parameters. At the endpoint the 
complication in PGR were: varus healing in 16 
(16.33%) cases, humeral head necrosis in five 
(5%), non-union in five (5%), screw cut out in 
four (4%) cases. Complications in Philos at the 
endpoint were: varus healing in 22 (10%), hu-
meral head necrosis in five (5%), non-union six 
(6%), screw cut out in five (5%) cases. There was 
no statistically significant  difference (p=0.09) 
in varus healing in favour of the PGR group. 
The average duration of surgical time in the PGR 
group was 45±24 (range 62 -123) minutes; in the 
Philos group it was 47±24 (range 59 -126) minutes. 
The PGR’s radiographic bone healing measured 
by RUS was on average of 92±11 (range 62 -123) 
days after surgery, while Philos’s radiographic 
bone healing was on average 92±11 (range 62 
-123) days after surgery. 
At the twelfth month from the surgery, arc of 
flexion-extension averaged 106°±23° in the PGR 
group  and 112°±19° in the Philos group.
At the twelfth month from the surgery, arc of 
flexion was averaged 138° (range 67°–180°) in 
the PGR group and 136° (range 66°–180°) in the 
Philos group. The arc of extension was the of 
same average of 42° (range: 30°–54°) for PGR 
and Philos group. The arch of abduction was of 
the same average of 147° (range 69°–180°) for 
both the PGR and Philos group. The arc of in-

Figure 2. A) Three parts fracture of right proximal humerus, 
53-year-old female fallen from a step, B) placement of wires 
and plate, C) post-surgery radiograph showed good reduction 
of medial inch (dotted red line) with Philos and augmentation, 
D) radiographs after 12 months from surgery showed the pull 
out of the kickstand screw (white arrow) and loss of medial 
inch (dotted black line), incomplete bone healing (upwards 
white line), E) unsatisfactory reduction of greater tuberosity 
(white dotted line), F, G) posterior rotation of the humeral head 
(Rollo G, 2014).

Rehabilitation protocol. The purpose of our pro-
tocol was to provide the clinician with an orienta-
tion of the postoperative course of rehabilitation, 
and rationalize and have the entire patient popu-
lation conform to a single physio-kinesiotherapy 
program in order to reduce bias. All patients were 
provided with the same rehabilitation algorithm 
as described above. 

Statistical analysis

Descriptive statistics were used to summarize the 
characteristics of the study group and subgrou-
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trarotation was of an average of 55° (range 25°–
65°) in PGR while 53° (range 25°–65°) in Philos 
group. The arc of extrarotation was of an average 
of 79° (range 25°–90°) in PGR and 78° (range 
25°–90°) in Philos group (Table 1).

(range 35-80 ) and 58.3  in Philos (range 25-80), 
as well as on the sixth month of follow-up.  

Variable PGR® Philos®
Average surgical time in 
minutes

45 (±24; range 62 
-123)

47 (±24; range 59 
-126)

Average time in days of 
X-rays Bone healing

92 (±11; range 62 
-123)

92 (±11; range 62 
-123)

Type of complications

Varus Healing: 16 
(16%)

Head necrosis: 5 
(5%) 

Non-union: 5 (5%)
Screw cut out: 4 

(4%)

Varus Healing: 
22*(10%) 

Head necrosis: 
5(5%)

Non-union: 6 (6%)
Screw cut out: 5 

(5%)

Arc of flexion 138° (range 
67°–180°)

136° (range 
66°–180°)

Arc of extension 42° (range:30°–54°) 41° (range:30°–54°)

Arc of abduction 147° (range 
69°–180°)

147° (range 
70°–180°)

Arc of intrarotation 55° (range 25°–65°) 53° (range 25°–65°)

Arc of extrarotation 79° (range 25°–90°) 78° (range 25°–90°)

Average centrum collum 
diaphyseal angle(CDD) in 
normally healed fracture

132°(range 130-
135°)

131°(range 130-
135°)

Average centrum collum 
diaphyseal angle(CDD) in 
nonunion or deformities 
healed fracture

106°(range 74-
126°) 105°(range 72-127°)

Correlation between cli-
nical-radiographic results 
and patients’ outcomes 
(SD)

k=0.71±0.19 k=0.71±0.18

Table 1. Description of results

Figure 3. Trend of Constant Shoulder Score (CSS) pre-trauma 
and at 1 year post-trauma. No statistical difference between 
PGR and Philos group 12 months after surgery

Figure 4. Trend of Subjective Oxford Elbow Score (OES) pre-
trauma and 12 months after trauma. No statistical difference 
between PGR and Philos group 12 months after surgery

The CCD of the normally healed fracture was 
132° (range 130-135) in PGR while it was 131° 
(range 130-135) in Philos group. The CCD of the 
non-union or deformities fracture was 106° (ran-
ge 74-126°) in PGR while it was 131°(range 72-
127°) in the Philos group (Table 1). 
The objective quality and shoulder function of 
PGR’s life before the trauma measured by CSS, 
was about 84.4 points (range 56-100), while the 
quality of life before the trauma, measured by 
CSS was about 84.2  points (range 58-100) in 
Philos group (Figure 3). At the time of trauma in 
the PGR group CSS was 16.3 (range 5-25), whi-
le CSS was 16.2 (range 5-25) in Philos. After 1 
month from the surgery the CSS score was 33.7 
(range 22-60) PGR and 33.8 (range 20-60) in Phi-
los. Also three months after the surgery (p>0.05), 
difference at three CSS scores was 58.7 in PGR 

At 6 months from the revision surgery, CSS was 
74.7 (range 45-95) in PGR, while in Philos it was 
74.5 (range 45-95) (Figure 3).
At twelve months after the surgery we had a CSS 
score of 84.3 (range 55-100) in PGR, while in 
Philos it was 83.4 (range 55-100) (Figure 3). 
The subjective quality and shoulder function of 
PGR’s life before the trauma, measured by OSS, 
was about 88.4 points (range 68-100), while the 
quality of life before the trauma, measured by 
OSS, was about 87.3  points (range 60-100) in Phi-
los (p=0.50 (Figure 4). At the time of trauma, in 
PGR group the OSS was 12.1 (range 8-24), while 
it was 13.5 (range 8-26) in Philos (p=0.50). After 1 
month from the surgery the OSS score was 34.7 in 
PGR (range 18-64) and 35.2 (range 22-62) in Phi-
los (p=0.50). Also three months after the surgery, 
difference at three OSS score was 65.7 in PGR 
(range 32-82) and 64.9 in Philos (range 32-84), as 
well as on the sixth month of follow-up (p=0.50).
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At 6 months from the revision surgery, in PGR 
the OSS was 76.4 (range 48-90), while in Philos 
it was 76.3 (range 50-90) (p=0.50) (Figure 4).
At twelve months after the surgery OSS score of 
82.3 in PGR (range 62-100) and 81.8 in Philos  
(range 60-98) was noticed (p=0.50) (Figure 4). 
Functional and clinical results were satisfactory 
both if taken singularly or in correlation. 
The average point of the NUSS in PGR was 
45±15.74 (range 15-65); similarly the average po-
int of NUSS in Philos was 45±15.79 (range 15-50).
A correlation of clinical results showed 
k=0.71±0.19 in PGR and k=0.71±0.18 in Philos 
(Table 1).

DISCUSSION

The incidence of isolated greater tuberosity 
fractures has been estimated to be 20% of all 
proximal humeral fractures. It is generally accep-
ted that displaced (>5 mm) fractures should be 
treated surgically but the optimal surgical fixati-
on of greater tuberosity fractures remains unclear 
(12). Fractures with 3 or 4 fragments get always 
complicated by a displacement and poly-fra-
gmentation of the great tuberosity (1-7). Failed 
fixation and displacement of the greater tubero-
sity in the early postoperative period may result 
in malunion, diminished range of motion, impin-
gement and loss of shoulder strength and functi-
on (13). Methods to stabilize the greater tubero-
sity and counteract the deforming forces of the 
rotator cuff have been previously described (13). 
For only great tuberosity, the calculations were 
performed in a way so that the total applied force 
resulted in a maximum stress of 816 N/mm2. The 
findings indicated that the most critical points of 
the Kaisidis system are screws that are connected 
to the bone (12). The maximal force generated 
by the supraspinatus tendon was 784 N, which is 
higher than the minimal acceptable force (12) and 
the results of the FEM analysis showed that the 
maximal supraspinatus force was 11.6% higher 
than the minimal acceptable force. As such, the 
load would exceed twice the amount of maximal 
force required to tear the supraspinatus tendon, 
before the screw or the plate would show first 
signs of plastic deformation. Instead three-four 
part proximal humeral fracture have an amount 
of strength pluri-directional displacement forces 
that they can break the plate fixation (14). From 

a review of the literature and laboratory studies 
Jabran et al. concluded that overall, Philos was 
the most tested plate in the literature and locking 
plates in general demonstrated better mechanical 
performance than non-locking ones. Conflicting 
results have been published for their comparison 
with non-locking blade plates and polyaxial loc-
king screws. Augmentation with cement, calcium 
phosphate or poly(methyl methacrylate) (14), or 
allografts (fibular and femoral head) was found 
to improve bone-plate constructs’ mechanical 
performance (15-16). Controversy still lies over 
the use of rigid and semi-rigid implants and the 
insertion of inferomedial screws for calcar region 
support. There is paucity of work with regards to 
the use of PGR plate for the treatment of proxi-
mal humeral fractures (14). In the biomechanical 
paper of Palumbo et al. (13) it was shown that 
suture-augmentation of the greater tuberosity to 
the rotator cuff could provide greater stability 
than locked plating alone. This study provides 
a biomechanical basis of evidence in favour of 
reinforcing locked plate constructs with sutures. 
The added stability afforded by suture-augmen-
tation may mitigate rotator cuff forces in the 
clinical setting, avoiding fracture displacement 
in the early postoperative rehabilitation period 
(14). Why did we find a difference in fragment 
displacement, complications, hardware failure, 
malunion and other functional and clinical results 
between PRG and Philos? The answer lies in the 
ability of the blocked colour-stopping screws 
which synthesize the large tuberosity. In fact, if 
we look at biomechanics studies on the exclusive 
plates used to stabilize the greater tuberosity, we 
find that an important aspect for this type of fixa-
tion is the risk of screw loosening with a screw 
blocked in the plate (12,17). Thus we conclude 
that particular attention should be given to rein-
forcing the plate with sutures in order to obtain 
the best possible fixation stability.
The results we obtained in our study do not differ 
from what modern scientific literature reports. 
Similarly, the complication rate and the type of 
complications are in accordance with what is 
shown in the literature (1-7, 18-34). Neverthele-
ss, our results differ significantly among the two 
studied groups. The only statistically positive 
difference between the two groups was found in 
the sub-group of postoperative varus healing in 
favour of the PGR group, which seems to provi-
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de a more satisfactory stability and appropriate 
bone healing. This is probably due to PGR ability 
to counteract the disruptive forces that act on the 
large fractured greater tuberosity (12,13,17).
High level biomechanical and/or clinical studies 
on results of the use of PGR are not available yet. 
Our results show that PGR is a reliable and fea-
sible option to treat proximal humeral fractures 
classified as Neer 3-4. A significant role is played 
by the capacity of this plate to anatomically re-
duce the fracture at the level of greater tuberosity 
and provide a stable fixation. This seems to be 
the main difference compared to results obtained 
with the Philos plate, while the rest of clinical, 
functional and radiographic results seem to be 
overlapping. However, further studies are nece-
ssary to confirm our hypothesis.
The limitations of the current study were the limi-
ted number of patients, non-probability sample of 
convenience due to few centric samples, Level 1 
Trauma Centre. Being a retrospective study co-
uld be considered another limit. Disadvantages 
of retrospective studies: inferior level of eviden-
ce compared with prospective studies; subject to 
confounding other risk factors may be present 
that were not measured; inability to determine 
causation, only association; some key statistics 
cannot be measured. Selection of patients may be 
bias, making generalization of results difficult. It 
may be unclear whether the confluence of findin-
gs is merely a chance occurrence or is truly cha-
racteristic of a new disease or syndrome.

Another limitation was that the measurements 
and interventions were made without randomiza-
tion of the researcher to the experimental grou-
ps, which have potential for bias. Finally other 
limiting factors of the study acknowledged by 
the authors can be: a potential for regression to 
the mean, presence of temporal confounders and 
mention of subjective score.
In conclusion, the PGR allows good clinical and 
radiographic results in the treatment of proximal 
humeral fractures comparable to those obtained 
with Philos. The PGR also have the advantage to 
aid and keep the anatomical reduction of patterns 
of fracture involving greater tuberosity. No si-
gnificant difference in terms of costs is present 
among PGR and Philos, therefore, surgeons sho-
uld decide among the two on the basis of their 
experience, but efforts should be made to incre-
ase the use of PGR given the above mentioned 
advantages, especially with the fracture invol-
ving greater tuberosity. Patients undergoing the 
studied procedure are able to achieve satisfactory 
functional levels, with good range of motion and 
quality of life. A ihgher level of evidence from 
biomechanical and clinical studies is needed in 
order to validate or reject our results.
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ABSTRACT

Aim To demonstrate validity of a bio-metallic solution in bone 
healing combined with the quadriceps safe approach in the tre-
atment of nonunions of distal femur while malunions were treated 
by metallic solution.

Methods We treated 57 patients with nonunion or malunion of 
distal femur at the Orthopaedics and Traumatology Department 
of a single orthopaedic trauma centre (Italy). A total of 57 patients 
were divided in two groups: the first (NU) group was composed of 
35 patients affected; the second group (MU) was composed of 22 
patients affected by malunion of distal femur. Criteria chosen to 
evaluate the two groups during a clinical and radiological follow-
up were: the quality of life measured by the Short Form (12) He-
alth Survey, the knee function and quality of life related to it mea-
sured by the Knee Injury and Osteoarthritis Outcome Score KOOS 
and the Knee Society Score, bone healing measured by modified 
Radiographic Union Score by X-rays during the follow-up and CT 
at one year after the surgery, the difference of the limbs length 
before and after the revision surgery, and postoperative complica-
tions. The evaluation endpoint was set at 12 months. 

Results There were no statistical differences between the two groups.

Conclusion The role of bio-metallic solution in the treatment of 
nonunions and malunions is to recreate the knee anatomy and 
functionality compatible with a satisfactory quality of life.

Key words: femoral fractures, internal fracture fixation, maluni-
ted fracture, nonunited fracture, revision surgery
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INTRODUCTION 

Distal femoral fractures are a common orthopae-
dic problem in patients of all ages, with an annu-
al incidence of about 37 every 100,000 people 
(1). The nonunion and malunion of distal femur 
fractures are relatively rare and difficult to treat 
(2,3). They can occur after surgical and bloodless 
treatment with similar frequency (2,3). The main 
causes of nonunion of the distal femur are: ina-
dequate fracture fixation that does not give sta-
bility to the fracture site, avascularization of the 
fracture site due to excessive separation of soft 
tissues, excessive fracture bone gap, infection, 
endogenous causes patient related, experience 
of the surgeon (2). Malunions are instead rela-
ted more to the metalwork and experience of the 
surgeon in the reduction of the most difficult and 
challenging fractures (4). In the treatment of these 
injuries the surgeon’s ultimate goal is to achieve 
good fracture reduction and bone union without 
complications. In addition, it is important for the 
surgeon to correct malalignment (if present) and 
avoid infection. There is no common and shared 
method for the treatment of nonunion and union 
of distal femur fractures surgically treated (2).
The aim of this study was to demonstrate the 
validity and efficacy of the surgical treatment of 
malunion and nonunion complications of distal 
femur fractures in terms of bone healing for pa-
tients treated at a single orthopaedic specialist 
centre. Patients with malunion were treated with 
bone allograft strut of the femur and blade plate 
with screws combined with the quadriceps safe 
approach (bio-metallic solution), while maluni-
ons were treated with blade plate and screws 
(metallic solution).

PATIENTS AND METHODS

Material and study design 

This retrospective study included two hetero-
geneous populations characterized by the most 
common causes of metalwork failure in the tre-
atment of fractures of the distal femur. From Ja-
nuary 2000 to March 2017, 57 patients were tre-
ated with non-union or mal-union of distal femur 
fractures surgically managed at the Orthopaedics 
and Traumatology Department of the Vito Fazzi 
Hospital, Lecce, Italy. The patients were divided 
into two groups: the first group (non-union, NU) 

was composed of 35 patients with non-union of 
distal femur fractures; the second group (maluni-
on, MU) was composed of 22 patients with 
malunion of distal femur fractures. 
Inclusion criteria were: nonunion or malunion 
of distal femur fractures, 33.A and 33.B type of 
injury according to the AO classification system 
(5), all ages, both genders, pre-trauma conditions 
and absence of local or systemic disease that co-
uld affect the surgical treatment and comorbidity 
and mortality, fitness to undergo surgery from 
the aesthetic team, availability for 12 months of 
postoperative clinical and radiological follow 
up. Exclusion criteria were: fractures caused by 
haematological or oncological pathologies; 33.B 
type of injury according to the AO classification 
system (5), significant knee osteoarthritis, avas-
cular necrosis of femoral condyle, leg length dis-
crepancy for more than 3 cm before the trauma.
All patients of the two groups were informed in a 
clear and comprehensive way of the type of tre-
atment and other possible surgical and conserva-
tive alternatives. Patients were treated according 
to the ethical standards of the Helsinki Declarati-
on, and were invited to read, understand, and sign 
an informed consent form.

Methods  

The chosen criteria to evaluate the two groups 
during the clinical and radiological follow-up 
were: quality of life measured by the Short Form 
(6) Health Survey (SF-12) (6) and related knee 
function and quality of life measured by the Knee 
Injury and Osteoarthritis Outcome Score (KOOS) 
(7) and the Knee Society Score (KSS) (7), bone 
healing measured by modified Radiographic Uni-
on Score (RUS) (8) by X-rays during the follow-
up and CT at one year after the surgery, leg length 
discrepancy before and after revision surgery, po-
stoperative complications. The evaluation endpo-
int was set at 12 months post-op.
Nonunion surgical technique. In all cases, sur-
gery was performed with patient in supine positi-
on using the direct anterior approach to the injured 
distal femur. This consists in a modification of the 
traditional surgical access with the aim to preser-
ve the insertion of the patellar tendon on the tibial 
apophysis, by incising fascia between the vastus 
lateralis muscle and the rectus femoris muscle and 
again more medially between the rectus femoris 
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muscle and the vastus medialis muscle. The me-
dial and lateral incisions have never involved the 
tendon junction of the three muscles at the level 
of the quadriceps tendon area. After this approach 
the surgeon can raise the rectus femoris to favour 
exposure; this allows good fracture reduction and 
synthesis with access from both medial and late-
ral side. Moreover, this technique allows adequate 
preservation of both the surrounding vessels and 
nerves from possible trauma or stupor. After appro-
priate exposure of the nonunion site, the previous 
implanted metalwork was removed with dedicated 
surgical kits; the nonunion site was bloodied, allo-
geneic bone strut was prepared on a separate table 
after performing tampon dye tests to reduce the risk 
of infection. The modelling of the femur bone strut 
should always be measured two and a half times 
the extent of the nonunion site. The distal portion 
of the strut was modelled to “flame” to be as con-
gruent as possible to the anatomical shape of a me-
taphyseal passage to the medial femoral condyle. 
Margins of the nonunion site were modelled in 
such a way to create a wide surface for a stable 
compression osteosynthesis. The hardware for the 
osteosynthesis used in all cases was a condylar 
blade steel plate. This was applied to the fracture 
site together with compression cortical screws to 
stabilize the strut bone, and placed to reinforce the 
medial wall of the diaphysis and distal metaphysis. 
Furthermore, the space gap between the strut and 
the bone was filled in with morcelized bone and 
bone paste. Placement of fixation metalwork was 
checked throughout the procedure and again at the 

end of the osteosynthesis by fluoroscopy imaging. 
Finally fascia, subcutaneous and cutaneous tissues 
were sutured in layers after adequate lavage and 
accurate haemostasis (Figure 1, 2). 

Figure 1. A) X-rays of distal femur’s supra condylar fracture (33.A3 according AO/ OTA) in 62 years old male; B) fracture with a 
plate and screws (LISS) hesitated in non-union after 9 months after surgical treatment; C) exposure of plate and wires for removal 
per via modified para vastus lateralis approach; D) exposure of the proximal segment of the nounion; E) reaming of the medullary 
canal; F) implant of plate blade system; G) X-rays of post-operative (Rollo G, 2014)

2. A) X-ray of union of distal femur nonunion; B) the X-ray of 
the left non- injured knee in the same patient; C, D) the differ-
ence in length to the right a rise of 3.2 cm; the patient reported 
good functional recovery and did noFt want to undergo sub-
sequent interventions to rebalance the lower limbs in length 
(Rollo G, 2015)
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Malunion surgical technique. In all cases, sur-
gery was performed with patient in supine positi-
on using the direct anterior approach to the injured 
distal femur. Approach and exposure were identi-
cal to the above described surgical procedure for 
NU cases. After exposing the malunion site, the 
previous implanted metalwork was removed and 
corrective osteotomy was performed in accordan-
ce with the specific need of deformity correction 
depending on single patients’ pattern of injury; 
the allogenic bone strut was prepared on a sepa-
rate table after performing tampons to reduce the 
risk of infection. The margins of the nonunion 
site were modelled in such a way to create a wide 
surface for a stable compression osteosynthesis. 

The hardware for the osteosynthesis used in all 
cases was a condylar blade steel plate. This was 
applied with dedicated surgical kits to the fractu-
re site together with compression cortical screws 
to stabilize the bone strut, placed to reinforce the 
medial wall of diaphysis and distal metaphysis. 
Furthermore, the gap left between the stick and 
the bone was compressed with morcelized bone 
and bone paste. Placement of fixation metalwork 
was checked throughout the procedure and again 
at the end of the osteosynthesis by fluoroscopy 
imaging. Finally, fascia, subcutaneous and cuta-
neous tissues were sutured in layers after adequ-
ate lavage and accurate haemostasis (Figure 3).

Figure 3. A, B) X-rays of distal femur’s supra and intra condylars fracture (33.C1 according AO/OTA) in 47 years old male; C, D) 
fracture healing in mal union with a plate and screws (LISS) after 12 months after surgical treatment; E, F) the varus and flexion 
deformity of the injured knee; G) implant of plate blade system; H) X-rays of post-operative; I, K) The X-Rays control after one year 
from surgery show the perfect alignment and bone healing; J, L, M, N, O) the excellent clinical control after one year from the 
surgery (Rollo G, 2014)

Rollo et al. Treatment of femur nonunion and malunion
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The NU’s average age was 52.5 (range 18-78); 
the sex ratio was 1.69 in favour of males. All 
previous fractures were classified according to 
the AO Classification. The original distal femur 
fractures were surgically treated and stabilized 
by plate and screws or plate and cerclage cable or 
retrograde nail or other various treatments (wires, 
screws, cerclage, etc.) according to specific sur-
gical indications and surgeon experience.
For 29 (82.86%) patients the first performed sur-
gery was an open reduction and internal fixation 
(ORIF), while in six (17.14%) patients the first 
performed surgery was closed reduction and in-
ternal fixation (CRIF). The outcomes of fracture 
reduction and surgical fixation were: 17 (48.57%) 
bad, 13 (37.14%) sufficient, five (14.29%) good 
ones (Table 1).
Oligotrophic nonunion was found in 10 (28.57%), 
while atrophic or avascular nonunion in 25 
(71.43%) cases. The Weber-Cech classification 
was used to classify our nonunion cases (9) (Ta-
ble 1). The malunion classification of Paley (9) 
was found not applicable to this group.
We retrospectively used the Non-Union Scoring 
System (NUSS) (10) to understand and study the 
type of nonunion. The average point of the Non-
Union Scoring System was 63.4 (range 35-72). 
All the NU’s patients had a CT scan of the injured 
femur performed before the surgery. The avera-
ge time between the first surgery and breakage 
of metalwork device was 268.7 days (range 103-
363) (Table 1). 
The MU average age of the studied population 
was 48.2 (range 18-80), the sex ratio was 1.75 
in favour of males. All previous fractures were 
classified according to the AO Classification 
(33.A and 33.C). In 20 (90.90%) patients the first 
performed surgery was an ORIF while in two 
(9.10%) patients CRIF was the first surgery. The 
initially sustained distal femur fractures were sta-
bilized by plate and screws or plate and cerclage 
cable or retrograde nail or various other procedu-
res (wires, screws, cerclage, etc.). The outcomes 
of fracture reduction and osteosynthesis were: 
bad in 13 (59.09%), sufficient in eight (36.36%), 
good in one (4.55%) case (Table 1). 
Type of Non Union according Weber-Cech (9) cla-
ssification was not found applicable in this group. 
We divided this group according to the maluni-
on classification of Paley (9) into the following 

subgroups: 14 valgus deformities (63.64%), nine 
varus deformities (36.36%), five antecurvatum 
deformities (14.29%), 17 recurvate deformities 
(48.57%), 13 rotational deformities (59.09%), six 
intra-articular deformities (27.27%). 
To understand and study the possibility of union 
after the malunion’s correction surgery we used 
the NUSS (8) in the retrospective mode. The ave-
rage point of the Non-Union Scoring System was 
38.3 (range 18-70) in MU group. In this group 
we had no breakage of hardware. All the MU’s 
patients had a CT scan of the affected femur per-
formed before surgery. 

Variable NU MU
Number of patients 35 22
Average age (years) 52.5 48.2
Range of age (years) 18-78 18-80
Gender (M:F) 22:13 14:8
Male/Female ratio 1.69 1.75
Type of distal femur fracture according AO’s Classification (No, %)
A 16 (45.71) 8 (36.36)
C 19 (54.29) 14 (63.64)
Orthopaedic device used in the surgery for osteoysnthesis of the 
first femoral fracture (No, %)
Plate and screws 22 (62.86) 16 (72.72)
Plate and cerclage cable 4 (11.43) 1 (4.55)
Retrograde nail 6 (17.14) 2 (9.10)
Various treatment (wires, screws, 
cerclage, etc) 3 (8.57) 3 (13.63)

Type of reduction and osteosynthesis (No, %)

Open reduction and internal fixation 29 (82.86) 20 (90.90)

Closed reduction and internal 
fixation 6 (17.14) 2 (9.10)

Results of reduction and osteosynthesis (No, %)
Bad 17 (48.57) 13 (59.09)
Sufficient 13 (37.14) 8 (36.36)
Good 5 (14.29) 1 (4.55)
Type of nonunion according Weber-Cech classification (No, %)
Oligotrophic 10 (28.57)

Not applicable
Atrophic or avascular 25 (71.43)
Type of mal union according Paley’s parameters (No, %)
Valgus

Not applicable

14 (63.64)
Varus 8 (36.36)
Antecurvation 5 (14.29)
Recurvation 17 (48.57)
Rotational 13 (59.09)
Intraarticular 6 (27.27)
Average point of nonunion scoring 
system 63.4 38.3

Range of nonunion scoring system 35-72 18-70
Average time after first surgery and 
breakage of orthopaedic device (days) 268.7 Not applicable

Range time after first surgery and 
breakage of orthopaedic device (days) 103-363 Not applicable

Average time in days of malunion 
consolidation after first surgery Not applicable 236.4

Average time in days of malunion 
consolidation after first surgery Not applicable 124-213

Table 1. Characteristics of the nonunion (NU) and malunion 
(MU) populations
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Statistical analysis

Descriptive statistics were used to summarize the 
characteristics of the study group and subgroups, 
including means and standard deviations of all 
continuous variables. The t-test was used to com-
pare continuous outcomes. The Chi-square test or 
Fisher’s exact test (in subgroups smaller than 10 
patients) were used to compare categorical varia-
bles. The statistical significance was defined as P 
< 0.05. We used Pearson correlation coefficient 
(r) to compare the predictive score of outcomes 
and quality of life. Mean ages (and their range) of 
the patients were rounded at the closest year. The 
predictive score of outcomes and quality of life 
and their ranges were approximated at the first 
decimal, while Pearson correlation coefficient (r) 
was approximated at the second decimal.

RESULTS

Only the value of MU’s NUSS was statistically si-
gnificant (p<0.05) with regards to the comparison 
between the two populations before the surgery. 
The surgery lasted for an average of 141.2 minutes 
(100-193) in NU group, while an average of 138.3 
minutes (range 92-188) in MU group (p>0.05).
The average follow-up was 9.3 years (range 1-17). 
At X-rays control after surgery there were no any 
varus collapse noted in the two groups. The NU’s 
X-rays bone healing measured by RUS occurred 
in our group on average of 260.8 (range 182-283) 
days after surgery. In MU at X-rays bone healing 
measured by RUS occurred in 9 on average 242.9 
(174-277) days after surgery (p>0.05). 
In NU and MU groups, the XR and CT-Scan at 
one year of follow-up showed the integration of 
the bone allograft strut and lack of osteolysis are-
as around hardware. The RUS SCORE was noted 
to be unchanged throughout the entire follow up.
During the follow-up 10 complications in NU and 9 
Complications in MU appeared (p>0.05) (Table 2). 
In MU group one patient died (female, 80 years old, 
the oldest patient of this group) caused by unresol-
ved deep infection and failure of wound healing af-
ter two months from the surgery. Two hardware bre-
akages in NU group were found: 1 proximal screw 
breakage and 1 distal screw breakage (Table 2). The 
same complications were found in MU group.
The evaluation of leg length discrepancy was done 
by clinical and radiological (x-ray) examination at 

the following endpoints: before the trauma, after 
the first surgery, after the revision surgery, at the 
moment of the union. Only “after the first surgery” 
group had p<0.05 in favour of the MU group; 
p>0.05 was noticed in the rest of groups.
In NU group 33 out of 35 patients demonstra-
ted wound healing within 21 days. Two patients 
exhibited wound dehiscence, which required se-
condary debridement and suturing under local 
anaesthesia. In the MU group 20 patients demon-
strated wound healing within 21 days. Again in 
this group one patient exhibited wound dehiscen-
ce, which required secondary debridement and 
suturing under local anaesthesia (p>0.05). 
The quality of NU’s life before the trauma (me-
asured by SF-12) was 86.4 points (range 66.3-
100), while the quality of life before the trauma 
(measured by SF-12) was 85.9  points (range 
64.7-100) in MU group (p>0.05). At the moment 
of diagnosed nonunion the SF-12 was 22.1 (ran-
ge 9.3-.36.3) in the NU group, while the HHS 
was 25.3 (range 12.8-42.2) at the moment of 
malunion in MU group (p>0.05). After 1 month 
from the revision surgery the SF-12 score was 
40.3 (range 22.6-58.7) in NU and 41.9 (range 
23.4-58.6) in MU (p>0.05). Thereafter, the SF-
12 score was 60.7 in NU (range 44.5-71.3) and 
60.4 in MU (range 45.3-72.4) 3 months after the 
surgery (p>0.05). The same values were recorded 
at the sixth month of follow-up. 
At 6 months from the revision surgery the SF-12 
score was 70.3 (range 44.5-92.3) in NU, while it 
was 70.9 (range 45.3-91.7) in MU group (p>0.05). 
At twelve months after the surgery SF-12 score in 
NU was 77.6 (range 44.5-92.3), while in MU gro-
up it was 77.4 (range 45.3-91.7) (p>0.05). 
A slight increase of the SF-12 score from the 6th to 
12th month post revision surgery was recorded. It 
was found that a better quality of life linked to the 

No (%) pf the patients in the group
Type of complications NU (N=35) MU (N=22) p
Deep infection 0 1 (4.55) >0.05
Death linked to the surgery 0 1 (4.55) >0.05
Wound healing after 21 days 2 (5.71) 3 (13.64) >0.05
Deep vein embolism (DVE) 3 (8.57) 2 (9.09) >0.05
Hardware breakage 2 (5.71) 2 (9.09) >0.05
Seroma 1 (2.86) 0 >0.05
Wound hematoma 1 (2.86) 0 >0.05
Superficial skin infection 1 (2.86) 0 >0.05
Total 10 (28.57) 9 (30.30) >0.05

Table 2. Number and type of complications of the nonunion 
(NU) and malunion (MU) patients during the follow up

Rollo et al. Treatment of femur nonunion and malunion
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psychological aspects was achievable only in yo-
ung people, despite shortening of the injured limb.
The NU’s functionality of the knee and quality of 
life before the trauma (measured by KOOS) was 
81.6 points (range 63.4-100) in NU group. The 
same functionality of the knee and quality of life 
before the trauma (measured by KOOS) was 81.4 
points (range 62.8-100) in MU group (p>0.05). 
At the moment of diagnosed nonunion the KOOS 
was 14.3 points (range 11.3-32.4) in NU, while it 
was 14.6 (range 11.8-32.9) in MU group (p>0.05). 
There was no statistical significance (p>0.05) 
between the two groups at 1 month follow up af-
ter the surgery. The KOOS in NU was 25.4 (range 
12.8-42.3) at one month post-op, while it was 25.6 
(range 12.8-42.3) in MU group.
At the third month (p>0.05 between the two gro-
ups) KOOS was 43.6 (range 29.6-66.7) in NU 
and 44.2 (range 28.3-69.5) in MU group. At 6 
months from the revision surgery the KOOS 
was 68.4 (range 50.2-90.8) in NU, while it was 
69.6 (range 50.6-91.2) in MU group (p>0.05). At 
twelve months after the surgery KOOS score was 
75.5 (range 50.2-94.3) in NU, while it was 75.4 
(range 51.0-95.7) in MU group (p>0.05).
The KSS in the two groups reflected the trend of 
the KOOS. It is interesting to report that at the 
time of nonunion or malunion, the major functi-
onal limitations were represented by stiffness and 
pain rather than the limping with which the patient 
could live with providing appropriate supports.
The pre-injury asymmetry of the femurs collec-
ted from the patients’ medical history showed 
an average of 0.8 (0-2.5) in the NU group and 
0.7 (range 0-2.8) in MU group (p> 0.05). After 
the first surgery it was 8.9 cm (4.3-10.7) in NU, 
and 4.3 cm (2.2-8.5) in MU group with p <0.05 
in favour of MU. At the time of the fracture site 
consolidation after the revision surgery it was 3.7 
(1.3-6.8) in NU and 3.3 (0.8-6.7) in MU group 
with p> 0.05 (Table 3).

DISCUSSION

The results of the surgical treatment of distal fe-
mur fractures depend on the restoration of the 
anatomical axes and the articular surface, which 
is not always possible, as well as the restorati-
on of normal length with respect to the normal 
limb and a stable fixation that allows early reha-
bilitation (11,12). The fixation of these fractures 
with plates and screws should allow the patient to 
safely perform active and passive exercises of the 
knee and without the risk of nonunion or delayed 
union or incorrect fracture reduction (12,13). 
Compared to malunion, the nonunion is due to 
both endogenous and surgical related factors 
(2,3,14). Post reduction surgery results of these 
injuries show KOOS indicating predominance of 
poor results, while average KSS scores indicate 
good results. The results of the treatment were 
significantly affected by pain and limited mobi-
lity (13). These symptoms are emphasized both 
in the nonunion and malunion (14). As shown 
by the NUSS score (10), there is no doubt that 
the malunion group had a greater capacity for re-
consolidation after revision surgery compared to 
the nonunion group. Before approaching revision 
surgery patient assessment and an appropriate 
preoperative planning should always be made 
(2). The following questions should be asked: 
why did not the fracture heal or why it did not 
consolidate? Is there an inadequate synthesis or 
a biological problem? Is there a recognized in-
fection? Radiographic evaluation should inclu-
de appropriate plain films capable of assessing 
deformity and condition of the joints above and 
below the fracture. If the deformity exists, ort-
hostatic radiographs should also be performed, 
along with CT scans that are able to assess and 
predict the lack of bone consolidation. CT scans 
may also allow assessment of rotational and axial 
malalignments. The CT scan is able to accura-
tely assess the heterometry of the lower limbs. 
The surgical approach used in the intervention 
of revision in nonunion and malunion groups 
does not aim at re-incising on the previous sur-
gical approach, but to preserve the blood supply 
(15), the integrity of the vastus lateralis (17) and 
to perform a modified Judet approach above all 
(17,18,19) for an early functional recovery and 
optimization of the recovery time (19-20). In 
order to respect the biomechanics at the level of 

Lower limb length: average diffe-
rence between the two limb (cm) NU MU p

Before the trauma (range) 0.8 (0-2.5) 0.7 (0-2.8) >0.05
After the first surgery (range) 8.9 (4.3-10.7) 4.3 (2.2-8.5) <0.05
After the revision surgery (range) 3.7 (1.3-6.8) 3.3 (0.8-6.7) >0.05
At the moment of the union (range) 3.7 (1.3-6.8) 3.3 (0.8-6.7) >0.05

Table 3. Average difference between the two limb of the non-
union (NU) and malunion (MU) patients before the trauma
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metaphyseal or diaphyseal nonunions or while 
performing corrective osteotomy (9,22) it was 
decided to opt for the bio-metallic solution. It has 
been shown in the international literature (23,24) 
on the treatment of  periprosthetic hip fractu-
res that a bone splint, opposed to a metal plate, 
increases the mechanical strength of the femur 
by 2250N (23). Furthermore, the bone splint not 
only has a positive mechanical effect but it has 
revealed to be a stimulus for the consolidation 
of the fracture (22). The choice of the blade pla-
te can be explained by the fact that its construct 
reaches greater rigidity compared to the average 
values obtained with the use of Locking Plate 
with regards to compression and torsion on axi-
al loads (24). Moreover, it has been shown to be 
superior during bending tests with respect to the 
dynamic condylar screws (25). The use of mor-
selized bone and allograft to fill the bone defect 
in nonunion and malunion should be taken into 
consideration (26).
Paradoxically the point of nonunion can be equi-
valent to the centre of rotation of angulation 
(CORA) in nonunion. In some cases the angle 
and the displacement of the CORA may have an 
additive effect, while in other cases a slight defor-
mation of the limb (compensated by the bone tra-
becula dynamically realigning precisely in relation 
to changes in the direction of the peak load) can be 
noted. This indicates that Wolff’s law is not only 
accurate, but also very sensitive (9,27). In addi-
tion, an incorrect three-dimensional correction of 
the distal femur can cause a misalignment of the 
physiological mechanical axis of the tibia (MAD), 
which normally runs from 0 to 8 mm medial to 
the centre of the knee (9). Our technique has been 
implemented in compliance with the algorithm of 
Dyamond concept conceived by Giannoudis (28), 
but we relied on the capacity of bone healing and 
mechanical factors (10,27).
Moreover, the experience of our latest work 
(29,30) on nonunions of subtrochanteric fractures 
(difficult to resolve) treated with intramedullary 
nail shows how the combination of the lateral bla-
de plate and the medial bone splint is the winning 
choice for bone consolidation. This is demonstra-
ted by our bone healing and RUS results. 
Our study shows that in elderly patients we had 
poor functional outcomes and few complications 
that led to death in one case. In young patents we 

had a good functional recovery but we did not 
achieve full recovery. However, this was due to 
the impact that previous surgeries and type of di-
sease had on functional outcomes (12,13). Despi-
te the asymmetry of the limbs all patients decided 
not to undergo additional surgery to equalize the 
length of the limbs. Orthosis was the preferred 
solution. The reasons for the refusal given by the 
patients were related to the length of the nece-
ssary recovery time and possible complications 
caused by further surgery or the refusal to the 
shortening of the other healthy limb.
Nowadays the extraordinary improvement of pro-
sthetic implants and the modularity of tumoral 
prosthesis allow better treatment of nonunions and 
nonunions of knee prosthesis compared to the past 
(12). However, many authors concluded that the 
total replacement of the distal femur with modular 
prosthesis is an important option in the reconstitu-
tion from a functional point of view of the lower 
limbs after complex fractures and post-trauma 
results with high bone loss. But the same authors 
brought to light the disastrous complications that 
these patients could face (12,13). Therefore, distal 
femur replacement must be considered as an opti-
on, but after having considered all other possible 
options and factors related to the patients.
Distal femur replacement in young patients 
cannot be considered as a feasible option, while 
in the elderly it is better to wait for appropriate 
healing of the malunions and nonunions sites and 
then implant a simple prosthesis from a revision 
knee replacement (26).
The limitations of the current study were the limi-
ted number of patients, non-probability sample of 
convenience due to few centric samples, Level 1 
Trauma Center. Being a retrospective study could 
be considered as another limit. Disadvantages of 
retrospective studies: inferior level of evidence 
compared with prospective studies; subject to 
confounding (other risk factors may be present 
that were not measured); inability to determi-
ne causation, only association; some key stati-
stics cannot be measured. Selection of patients 
may be biased, making generalization of results 
difficult. It may be unclear whether the confluen-
ce of findings is merely a chance occurrence or is 
truly characteristic of a new disease or syndrome. 
Another limitation was that the measurements 
and interventions were made without randomiza-
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tion of the researcher to the experimental grou-
ps, which have potential for bias. Finally other 
limiting factors of the study acknowledged by the 
authors may include the potential for regression 
to the mean, the presence of temporal confoun-
ders and the mention of subjective score.
In conclusion, nonunion and malunion are two 
different pathologies but united by very bad 
outcomes that reduce the patient’s quality of life. 
From our data and from what is present in the 
literature, a functional “restitutio ad integrum” 

is possible. The role of bio-metallic solution in 
the treatment of nonunions and malunions is to 
recreate a knee anatomy and functionality com-
patible with a satisfactory quality of life.

FUNDING

No specific funding was received for this study.

TRANSPARENCY DECLARATION

Conflicts of interest: None to declare.

REFERENCES 

1. Zlowodzki M, Bhandari M, Marek DJ, Cole PA, 
Kregor PJ. Operative treatment of acute distal fe-
mur fractures: systematic review of 2 comparative 
studies and 45 case series (1989 to 2005). J Orthop 
Trauma 2006; 20:366-71.

2. Chan DB, Jeffcoat DM, Lorich DG, Helfet DL. 
Nonunions around the knee joint. Int Orthop 2010; 
34:271-81.

3. Gangavalli AK, Nwachuku CO. Management of dis-
tal femur fractures in adults: an overview of options. 
Orthop Clin North Am.  2016; 47:85-96. 

4. Agrawal A, Kiyawat V. Complex AO type C3 distal 
femur fractures: results after fixation with a lateral 
locked plate using modified swashbuckler approach. 
Indian J Orthop 2017; 51:18-27. 

5. Wu CC. A novel approach for evaluating acceptable 
intra-operative correction of lower limb alignment 
in femoral and tibial malunion using the deviation 
angle of the normal contralateral knee. Knee. 2014; 
21:573-81.

6. Fracture and dislocation compendium. Ortho-
paedic Trauma Association Committee for Co-
ding and Classification. J Orthop Trauma 1996; 
10Suppl 1:1–154.

7. Lizaur-Utrilla A, Miralles-Muñoz FA, Sanz-Reig J. 
Functional outcome of total knee arthroplasty after 
periprosthetic distal femoral fracture. J Arthroplasty 
2013;28(9):1585-8. 

8. Kessler S, Lang S, Puhl W, Stöve J. The Knee Injury 
and Osteoarthritis Outcome Score--a multifunctional 
questionnaire to measure outcome in knee arthropla-
sty. Z Orthop Ihre Grenzgeb 2003; 141:277-82. 

9. Litrenta J, Tornetta P 3rd, Mehta S, Jones C, OʼToole 
RV, Bhandari M, Kottmeier S, Ostrum R, Egol K, 
Ricci W, Schemitsch E, Horwitz D. Determination of 
radiographic healing: an assessment of consistency 
using RUST and modified RUST in metadiaphyseal 
fractures. J Orthop Trauma 2015; 29:516-20. 

10. Paley D.  Normal lower limb alignment and joint ori-
entation. In: Paley D, Herzenberg JE, editors. Prin-
ciples of Deformity Correction. 2nd ed.  New York: 
Springer, 2003; 1–18.

11. Calori GM, Colombo M, Mazza EL, Mazzola S, 
Malagoli E, Marelli N, Corradi A. Validation of the 
Non-Union Scoring System in 300 long bone non-
unions. Injury 2014; 45 (Suppl 6):S93-7. 

12. Fakler JK, Hepp P, Marquaß B, von Dercks N, Jo-
sten C. Is distal femoral replacement an adequate 
therapeutic option after complex fractures of the dis-
tal femur?. Z Orthop Unfall 2013; 151:173-9. 

13. Pakuła G, Kwiatkowski K, Kuczmera P, Fudalej P. 
Assessment of outcomes of treatment of fractures of 
distal femur with a locking plate taking into account 
factors influencing the result. Ortop Traumatol Re-
habil 2015; 17:501-11. 

14. Ehlinger M, Ducrot G, Adam P, Bonnomet F. Distal 
femur fractures. Surgical techniques and a review 
of the literature. Orthop Traumatol Surg Res 2013; 
99:353-60. 

15. Bertrand ML, Andrés-Cano P, Pascual-López FJ. 
Periarticular fractures of the knee in polytrauma pa-
tients. Open Orthop J 2015; 9:332-46. 

16. Link BC, Babst R. Current concepts in fractures of 
the distal femur. Acta Chir Orthop Traumatol Cech 
2012; 79:11-20.

17. Holschen M, Lobenhoffer P. Treatment of extension 
contracture of the knee by quadriceps plasty (Judet 
procedure). Oper Orthop Traumatol 2014; 26:353-
60. 

18. Mahran M, El Batrawy Y, Sala F, Al Kersh M. Qua-
dricepsplasty: a sustained functional achievement 
in front of a deteriorated flexion gain. Injury 2014; 
45:1643-7. 

19. Liu SH, Cui ZG, Han XZ, Liu KM, Wang AQ. The 
therapeutic effect analysis of three kinds of methods 
for the management of post traumatic knee stiffness. 
Zhonghua Wai Ke Za Zhi 2012; 50:84-7

20. Oliveira VG, D’Elia LF, Tirico LE, Gobbi RG, Pe-
cora JR, Camanho GL, Angelini FJ, Demange MK. 
Judet quadricepsplasty in the treatment of posttrau-
matic knee rigidity: long-term outcomes of 45 cases. 
J Trauma Acute Care Surg 2012; 72:E77-80.

21. Ebrahimzadeh MH, Birjandi-Nejad A, Ghorbani 
S, Khorasani MR. A modified Thompson quadri-
cepsplasty for extension contracture resulting from 
femoral and periarticular knee fractures. J Trauma 
2010; 68:1471-5. 

22. van der Woude JA, Spruijt S, van Ginneken BT, 
van Heerwaarden RJ. Distal femoral valgus osteo-
tomy: bone healing time in single plane and biplanar 
technique. Strategies Trauma Limb Reconstr 2016; 
11:177-86.



301

23. Carta S, Fortina M, Riva A, Meccariello L, Manzi 
M, Di Giovanni A, Ferrata P The biological metallic 
versus metallic solution in treating periprosthetic 
femoral fractures: outcome assessment. Adv Med 
2016; 2016:2918735. 

24. Peters CL, Bachus KN, Davitt JS. Fixation of peri-
prosthetic femur fractures: a biomechanical analysis 
comparing cortical strut allograft plates and conven-
tional metal plates. Orthopedics 2003; 26:695-9.

25. Batista BB, Volpon JB, Shimano AC, Kfuri M Jr. Va-
rization open-wedge osteotomy of the distal femur: 
comparison between locking plate and angle blade 
plate constructs. Knee Surg Sports Traumatol Ar-
throsc 2015; 23:2202-7. 

26. Percope Andrade MA, Rodrigues AS, Mendonça CJ, 
Santos Portela LG.  Fixation of supracondylar femo-
ral fractures: a biomechanical analysis comparing 
95° blade plates and dynamic condylar screws (dcs). 
Rev Bras Ortop 2015; 45:84-8. 

27. Buck B, Murtha YM. The management of bone de-
fects in periarticular knee injuries: a review article. J 
Knee Surg 2017; 30:194-9. 

28. Barak MM, Lieberman DE, Hublin JJ. A Wolff in 
sheep’s clothing: trabecular bone adaptation in res-
ponse to changes in joint loading orientation. Bone 
2011; 49:1141-51. 

29. Calori GM, Giannoudis PV. Enhancement of fractu-
re healing with the diamond concept: the role of the 
biological chamber. Injury 2011; 42:1191-3. 

30. Rollo G, Tartaglia N, Falzarano G, Pichierri P, Stasi 
A, Medici A, Meccariello L. The challenge of non-
union in subtrochanteric fractures with breakage of 
intramedullary nail: evaluation of outcomes in sur-
gery revision with angled blade plate and allograft 
bone strut. Eur J Trauma Emerg Surg 2017; 43:853-
61.

31. Schep NW, van Lieshout EM, Patka P, Vogels LM. 
Long-term functional and quality of live assessment 
following post-traumatic distraction osteogenesis of 
the lower limb. Strategies Trauma Limb Reconstr 
2009; 4:107-12.

Rollo et al. Treatment of femur nonunion and malunion



302

ORIGINAL ARTICLE

The experience of nurse anaesthetists in assessing 
postoperative pain in orthopaedic patients
Ferid Krupić1,2, Kemal Grbić3, Mirza Bišćević4, Mahir Jašarević5, Svemir Čustović5, Sebastian S. Mukka6

1Department of Orthopaedics, 2Department of Anaesthesiology; Institute of Clinical Sciences, Sahlgrenska Academy, University of 

Gothenburg, Gothenburg, Sweden, 3Clinic of  Thoracic Surgery, University Clinical Centre Sarajevo, 4Hospital ’’Prim.dr. Abdulah Nakaš“; 

Sarajevo, 5University Clinical Centre Tuzla, Clinic for Orthopaedics and Traumatology, Tuzla; Bosnia and Herzegovina, 6Department of 

Surgical and Perioperative Science, Umeå University, Umeå, Sweden

Corresponding author:

Ferid Krupić 

Department of Orthopaedics, Institute of 

Clinical Sciences, Sahlgrenska Academy, 

University of Gothenburg

Göteborgsvägen 31, SE-431 80 Mölndal, 

Sweden 

Phone: +46-31-342 82 42;

Fax: +46-31-78 75 31

E-mail: ferid.krupic@gu.se

ORC ID: http://www.orcid.org/0000-

0001- 7082-3414

Original submission:

15 January 2019;

Revised submission:

06 March 2019;

Accepted:

14 March 2019.

doi: 10.17392/1002-19

Med Glas (Zenica) 2019; 16(2): 302-310

ABSTRACT

Aim To explore the experiences of anaesthesia nurses in assessing 
postoperative pain in patients undergoing total hip and/or knee ar-
throplasty. 

Methods Data were collected through four focus group interviews 
(FGI) using the critical incident technique (CIT). The participants 
were six men and 12 women, all registered nurses with further 
education in anaesthesia with at least five-year experience of ca-
ring for patients on a postoperative ward. 

Results Maintaining communication with orthopaedic patients, 
different ways to assess pain, the assessment of unresponsive pati-
ents, using pain assessment scales and different work circumstan-
ces influencing their use, were stated as the main problems the 
nurses emphasize while assessing the pain of patients. 

Conclusion Skills related to observing the behaviour and experi-
ence of pain in different individuals are needed to ensure an under-
standing of patients’ pain, as well as the patients’ ability to estimate 
their pain, where the intensity of the pain varies in different pati-
ents. Further studies are needed to examine the way health profe-
ssionals assess pain, depending on the patients’ ability to transform 
their pain from a subjective feeling into an objective numeric gra-
de. The way individuals assess their pain differently and the way 
the resulting knowledge and experience of postoperative care may 
help nurses and other health-care professionals.

Key words: experiences, nurse anaesthetists, orthopaedics, pain, 
qualitative research
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INTRODUCTION 

Total hip (THA) and total knee arthroplasty 
(TKA) are currently two of the most successful, 
cost-effective orthopaedic surgical treatments in 
modern medicine. THA and TKA aim to reduce 
pain and improve mobility, function and quality 
of life in patients with osteoarthritis, when non-
surgical treatment has failed (1,2). The aims also 
include reducing anxiety, managing postoperati-
ve pain, preventing postoperative complications 
and obtaining the patient’s full participation in 
the rehabilitation process after surgery (1). Des-
pite good and excellent results in the majority of 
patients, some of them are dissatisfied (2). When 
postoperative pain is assessed and managed in 
good time, suffering is reduced and the result is 
earlier mobilization and shorter hospital stay, with 
resulting lower hospital costs and a higher degree 
of patient satisfaction. Over the past fifty years, 
the hospital length of stay (LoS) following THA 
and TKA has been falling all over the world (3). 
In order to reduce the length of hospital stay, pati-
ents must receive adequate treatment for pain (4). 
Although we are increasingly aware of the nece-
ssity to provide good pain management following 
surgery, this is still a weak area in orthopaedics 
(5). For this reason, assessments of pain in order 
to provide comfort for patients and an acceptable 
balance between the level of pain and avoiding 
negative side-effects have become increasingly 
important in the health-care profession (6). 
In order to help patients experiencing pain, he-
alth-care professionals need to know about pain, 
communicate effectively with patients, be able to 
assess pain correctly, understand possible post-
surgical complications, the use of analgesics and 
how to relieve pain (7,8). It is also very impor-
tant that they know how to talk to patients and 
include them in decision-making regarding the 
management of their pain  (9,10). In situations 
where patients do not speak the local language 
or come from a cultural minority group or are 
from a low-income background, it may be more 
difficult to communicate with them in order to 
assess pain (11,12). Since pain is something indi-
viduals feel subjectively, communication betwe-
en patients and health-care professionals may 
be a problem, so a numeric scale can be used to 
help patients report their pain levels themselves 
(13). The scales that are used most frequently in 

Sweden are the numeric rating scale (NRS), the 
visual analogue scale (VAS) and the verbal scale 
(VS) (14). These are all said to be good and prac-
tical for all concerned and they aid communica-
tion related to post-surgical pain. Nevertheless, 
some studies have shown that professionals still 
find it difficult to understand their patients’ pain 
and do not always accept what they say (15,16). 
Both their skills in communication and the con-
ditions of work affect their assessment of pain 
(17,18). A nurse’s education, his/her competence 
and accreditation category may also affect his/
her pain assessment (19). 
Many health-care professionals are included in 
the assessment and management of pain in ort-
hopaedics. They have various roles. Doctors 
prescribe therapy for pain relief, while nurse 
anaesthetists (NA) assess, administer analgesics 
and evaluate the effect and the level of pain (7,8). 
They are trained to perform their tasks responsi-
bly, respectfully and with an open mind regarding 
the patient’s health. In their post-surgical work, 
they should initiate and support and communica-
te well to ensure the patient’s safety (20). Altho-
ugh NA assess pain and administer pain relief, in 
Sweden they are not trained in prescribing drugs. 
It is more difficult to communicate with patients 
after surgery since the communication is based 
on their individual desire and capacity to express 
how they are feeling (21). 
Person-cantered care (PCC) has been advocated 
as a key indicator of quality of care by the World 
Health Organization (WHO) and by the Insti-
tute of Medicine at the US National Academy 
of Science (22). There are many definitions of 
PCC and one of them is Watson’s theory (23) of 
human caring, which is widely used in nursing 
practice. Nursing is a caring science with ethical 
and philosophical implications. Human beings 
are connected to each other in the caring proce-
ss; a nurse’s humanity embraces the humanity of 
others to preserve the dignity of self and others. 
A holistic approach is used in the transpersonal 
caring relationship (24). Nursing care, accor-
ding to Watson (23), is not conventional nursing, 
when the nurse provides care to the patient. Nu-
rses take care of patients’ physical needs, as well 
as their minds and souls. “Caring is the heart of 
nursing” and therefore an obligation to patients, 
families, communities and the universe. A hu-
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man-to-human connection is established while 
the nurse provides care. A vital consciousness 
is created within the care provided by the nurse 
and received by the patient. This practice mo-
del demonstrates the four elements of Watson’s 
theory, which are relational caring, a transperso-
nal, caring relationship, the caring moment and 
caring, healing modalities (24). Providing love 
and holistic care to patients through curative 
factors evokes the “caritas” process. The nurse 
treats the person as a whole. The nurse-patient 
relationship becomes transpersonal and authentic 
when the nurse embraces the spirit of the patient 
and provides holistic care (25). Watson’s theory 
is an excellent theoretical framework that can be 
applied in different settings and populations. It is 
also a constructive tool that can easily be adapted 
by health-care professionals (25). 
The aim of this study was to explore the expe-
riences of NA in assessing postoperative pain 
in patients who have undergone total hip and/or 
knee arthroplasty. 

PARTICIPANS AND METHODS

Participants and study design

The study was conducted on the orthopaedic ward 
of a hospital that performs THA and TKA surgery, 
located in western Sweden.  The goal of the study 
was presented at a meeting with the participants. 
NAs with at least five-year experience of caring 
for patients on a postoperative ward were asked 
to take part in the study. Twenty-four of those 
were sent a letter of invitation and, of those, six 
males and twelve females agreed to take part in 
the survey. Four nurses were unable to take part 
due to a lack of health-care staff. The nurses all 
had between five and twenty-two years of expe-
rience of orthopaedic care and treating patients 
for pain following surgery. Eleven had undergone 
post-graduate training in nursing. Their age ranged 
from 35 to 65 (median 40) and they had been wor-
king as anaesthesia nurses for four to thirteen years 
(median 12 years) (Table1). The author conducted 
focus group interviews (FGI) to collect data. 

Methods

This study takes a qualitative, descriptive 
approach, using the method known as the critical 
incident technique (CIT). The CIT was described 

by Flanagan (26) in order to record the actions of 
the people who are best able to define an incident. 
It is a systematic, inductive and highly flexible 
method, which results in specific and factual des-
criptions of incidents, aimed at resolving specific 
issues (27). According to Flanagan, the analysis of 
an incident in CIT must have a goal that is specifi-
cally defined, along with the positive and negative 
features and issues involved in the activity. Three 
pieces of information must be given in order for 
the CIT to be of use and effective. The situation 
that preceded the incident, the actions and conduct 
of the main person involved in the incident and the 
outcome of that conduct must be described. The 
type of problem defines how many incidents are 
necessary, but 100 incident analyses are deemed to 
be adequate for qualitative analysis (28).
The author conducted four FGIs, from August 
2014 to October 2015. They began with casual 
conversation and open-ended questions using a 
guide based on Kvale’s suggestions (29). The key 
questions asked were: “Please tell me about your 
experience with patients and their pain post-sur-
gery” and “What negative and positive situations 
have you encountered while working with these 
patients?”. During the interview, the content was 
deepened, clarified and considered using more 
direct questions. The author only intervened in 
order to ask more questions or to pursue informa-
tion the nurses had given. The participants had all 
given a prior signed, informed consent. The FGIs 
took place on the surgical ward and were led by 
the first author. They took from two to two and 
a half hours and were recorded and transcribed. 

Characteristic Number (%) of participants
Gender
Male 6   (33)
Female 12 (67)
Education level
Anaesthesia nurses 11 (62)
Master’s 7   (38)
Age
31-40 years 7  (38)
41-50 years 5  (27)
51-60 years 4  (22)
≥ 60 years 2  (13)
Experience (years)
≤ 5 4  (22)
6-10 5  (27)
11-15 3  (16)
16-20 4  (22)
≥ 20 2  (13)

Table 1. Demographics of 18 participants in terms of educa-
tion, work and years of experience
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Statistical analysis

Having read the transcription of every interview 
with great care, the problematic situations men-
tioned by the participants were identified. It took 
specific experience (critical incident) mentioned 
by nurses to be positive or negative according to 
how they experienced it, when they had used in-
terpreters to talk with orthopaedic patients. The in-
terviews identified 243 critical incidents with each 
subject describing from seven to thirty-six inci-
dents. Some mentioned several incidents related to 
a certain situation, but some did not mention any at 
all. The incidents were first abstracted from the text 
of the interview and then labelled and categorized 
in groups according to the type of behaviour. From 
this,  a theme and three categories were deduced, 
which were then sorted into eight subcategories on 
the basis of their narrower similarities and diffe-
rences. We went on doing this until we categorized 
all the critical incidents, as appropriate. 
As there was no physical intervention and no in-
formation on individual health issues was invol-
ved in the study, there was no need to involve the 
ethical board according to Swedish law (30). The 
World Medical Association Declaration of Hel-
sinki (31) was, however, considered carefully. 
The informants’ identities were protected, i.e. 
their names and personal identity numbers were 
not stated in the recordings or any publications. 
The audiotapes used for the interviews were sto-
red in a locked safe at the hospital. 

RESULTS

The analysis of the interviews in this study resul-
ted in one theme, three main categories and eight 
subcategories (Table 2).

Communication

The NAs stated that the assessment of postopera-
tive pain in orthopaedic patients is a long process 
that begins when the patients undergo surgery and 
ends at discharge. The process has many steps, 
but according to the nurses, one of the most im-
portant is communication with the patients. The 
orthopaedic patients usually underwent surgery 
under general anaesthesia and, to communicate 
with them, they needed to be awake. Commu-
nication with patients with pain was sometimes 
easy, sometimes difficult for nurses, but there 
were situations in which it was impossible. In 
these situations, they had to use other tools and 
most of them asked their colleagues for help. 

Talking to and hearing the patient

In order to assess the patients’ pain, many NAs 
said that they needed to communicate with them. 
They said that, depending on the length of the  
and the intensity of pain during surgery, it took 
them longer to wake up. The patients needed 
more opioids and so they were anesthetized more 
deeply. NAs described communication with pati-
ents in two phases. The first phase is to commu-
nicate with the patients as they come round. The 
reactions of patients about to wake up and pati-
ents who are awake were different.
One nurse described this as follows: “I started 
bringing my patient round early, but he did not 
wake up and this took time. I would rather have 
him awake and ask if he had pain”.
Another study nurse stated, “I think I once had a 
patient who was awake..., I thought so... but he 
was so influenced by opioids that he could not 
talk”.
Some NAs emphasized, however, that the only 
true communication with patients is when they 
are fully awake and the assessment of pain is 
only possible then. They pointed out that there 
was no point in communicating with half-awake 
or intoxicated patients, since they provide no sen-
sible information. The group of NAs with more 
experience, who had worked with patients for a 
few years, wanted to talk to the patients and hear 
what they had to say.
One NA said, “I assess pain and communicate 
only when the patients are awake. That’s when 
you get the best answers”.

Categories Subcategories    Theme

Communication

Talking and listening to 
patients

Other ways to assess pain
Assessment of unresponsive 

patients

Pain assessment 
scales

Pain scales in assessment of 
pain intensity 

Pain scales in assessment of 
treatment choices

Work circumstances as influ-
ence in using pain assessment 

scales

Practical and organi-
zational difficulties 

in assessment of 
postoperative pain

Practical issues Time aspect
Stress

Table 2. Overview of categories, subcategories and theme
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Another one said, “The most important thing is 
that they are awake.... they can talk, I use the VAS 
scale and it works really well”.

Other ways to assess pain

According to most NAs in the present study, 
verbal and non-verbal communication cannot 
be separated. Where one stops, the other begins. 
However, they agreed that there were circum-
stances in which the patients were awake but 
were unable to communicate. This may be be-
cause these patients did not communicate or they 
needed extra time to initiate communication. In 
these circumstances, all the NAs in the present 
study used various methods to assess their pain, 
such as observing the patient’s vital signs, exa-
mining the patient especially carefully, observing 
the patient’s appearance, circulation, respiration, 
making eye contact with the patient, consulting 
other colleagues and checking the surgical woun-
ds in particular. 
One NA mentioned other ways to assess pain, 
The patients always make me extra nervous... you 
have to do your work, but sometimes you have 
to guess... you are not quite sure what you are 
doing”.
Another one said, “In that case, I check the pa-
tient several times..., I look at the device and 
the patient…, ask my colleagues…, but I would 
rather communicate with the patient”.

Assessment of unresponsive patients

The majority of NAs in this study described 
a special group of patients that are extremely 
difficult in terms of pain assessment. Patients in 
this group are impossible to communicate with. 
This is due to aphasia, dementia or the fact that 
they were born abroad and there was a langua-
ge barrier. In all these cases, and in the process 
of assessing pain in these patients, NAs had to 
work harder and do their best to make the pati-
ents happy and ensure that they were not in pain. 
In these cases, all they had learned and all their 
knowledge of pain was not sufficient when the 
patient was unresponsive.
One NA said, “I once asked the patient if she 
was in pain, and she asked me: ‘Where is my 
mother?’”, and another one, “I asked my patient 
about pain and showed him the VAS scale, but 
he only spoke Arabic and I understood nothing”.

Pain assessment scales

According to all the NA in the study, after a pati-
ent is awake, the assessment of postoperative pain 
usually begins by screening patients, followed by 
asking about the location, duration and intensity 
of pain and, if necessary, giving analgesics and 
sedatives. According to most NAs, communicati-
on, discussion and the assessment of pain are very 
important when caring for patients with postope-
rative pain. On the other hand, most NAs said this 
was very difficult. The NA used the visual analo-
gue scale (VAS) and numeric rating scale (NRS). 
These are almost always used for the assessment 
of pain intensity and choosing treatment. 

Pain scales in assessments of pain intensity 

The majority of NAs mentioned that they use a 
variety of scales repeatedly over a short period 
to monitor signs of pain in order to increase the-
ir understanding of the patients’ experience and 
the intensity of their pain. The intensity of pain 
was assessed many times and scales were used 
as soon as the patients were awake, until they left 
to the postoperative ward. The assessment of the 
intensity of pain was a predictor for medicating 
patients for pain. Depending on the intensity of 
the pain, the medication was short or long acting.
One NA said, “I examine and observe constantly 
and I ask my patients many times about their 
pain..., I show them the scale many times over a pe-
riod of five minutes”; another one, “The VAS scale 
is very helpful; depending on the number on the 
scale, I give injections of morphine or alfentanyl”.
During the pain assessment process, situations or 
circumstances sometimes arose that were amusing 
and made the day more interesting. These situa-
tions gave the NA an incentive to do their work. 
According to one of the NA in the study, there 
was a funny situation as follows:
“I once asked one of my patients to self-rate his 
pain... to estimate it on a scale of 1-10 and he asked 
me if I meant millimetres or meters.” Another NA 
said, “I asked the same thing, but the answer was 
‘I have pain that is 110 on your scale’”.

Pain scales in assessments of treatment choices

Pain assessment scales were described by all the 
NAs in this study as very useful in the choice of 
drugs or pain relief procedures. The scales were 
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used to choose whether to give patients long-
lasting or fast-acting drugs and regarding what 
should be given to the patient. 
The NAs had different experiences relating to 
how patients responded regarding pain intensity 
and treatment. 
One NA described his experience in this way: 
“Depending on the number on the VAS scale, I 
give medicine, usually fast-acting medication, 
and the patients react quickly.” Another nurse 
described it differently, “I often have patients 
who have pain after surgery, I give medicine 
according to an estimation of the VAS, but pati-
ents sometimes react and sometimes they don’t.”

How work-related circumstances affect the use 
of pain assessment scales

Work-related circumstances and the use of pain 
assessment scales are often associated with the 
length of work experience, where the nurses wor-
ked in the past and whether they were familiar with 
the use of the various pain scales. The majority of 
NAs stated that the most experienced NAs were 
usually more accustomed to using pain scales.
One NA noted, “Pain scales are very good... I 
use them every day and they are very good for 
assessing pain in patients.”, and another NA, “I 
used to work at the neonatal unit and psychiatry 
and I was not used to using pain scales. I learned 
to use them at the surgical ward”.

Practical issues

The majority of NAs in the present study expre-
ssed frustration with having too little time to pro-
vide care to orthopaedic patients and thoroughly 
assess their pain after surgery. Patients in pain 
after surgery require extra time, energy, commi-
tment and patience, but there was no time. They 
often had no one to call on because there was 
always someone who was sick or at home. Diffe-
rent situations related to lack of time led to an 
increase in stress in the majority of nurses. Most 
NAs also noted that the constant turnover of new 
colleagues and their training also took time.

Time aspect

Time was the most frequent of all the practical 
issues that NAs encountered when they were 
assessing pain in orthopaedic patients. They sta-

ted that surgery was often extensive and the pa-
tients were often in a great deal of pain after sur-
gery. Assessing their pain takes time, time they 
did not have.
One NA said, “I wanted to talk a bit more with 
the patient and assess his general condition, but 
I couldn’t, as there was no time for that”; another 
one, “It’s very unprofessional just to ask about 
pain and leave the patient post-op. But we do not 
have time for anything more”.
One nurse said about new colleagues, “Always 
new colleagues, always new teaching and time, 
time flies”.

Stress

All the NAs in the study suffered additional stre-
ss. The majority of NAs in the study emphasized 
that, in addition to the stress they suffered during 
their working hours and work, they experienced 
additional stress, because they had no time and 
also due to the fact that many of their colleagues 
were absent from work at the same time. The re-
ason for this may be that people or their children 
were sick.
One NA said, “Sometimes I get so stressed that I 
feel that my hair is getting greyer”.

DISCUSSION

The findings in the present study shed empirical li-
ght on the experience of postoperative pain and pain 
assessment among NAs who care for orthopaedic 
patients in the postoperative period. The results 
provide some indication that pain management for 
this group of patients needs to be improved in the 
early postoperative period. The majority of NAs in 
the present study stated that pain assessment has 
many steps, but one of the most important is to 
communicate with patients. Orthopaedic patients 
usually undergo surgery under general anaesthesia 
and, in order to communicate with them, they need 
to be awake. Communication with patients in pain 
was sometimes easy, sometimes difficult for NAs, 
but there were moments and situations in which 
it was impossible. In these situations, NAs had to 
use other tools such as pain assessment scales, and 
most NAs asked their colleagues for help. In some 
circumstances, NAs were limited by time and this 
caused increased stress.  Most NAs preferred di-
rect communication with patients, because they 
wanted to talk to the patients and hear what they 
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had to say. However, they said that there were cir-
cumstances in which the patients were awake, but 
they were unable to communicate. This was due 
to patients who did not communicate, or because 
they needed extra time to begin communicating. 
In these circumstances, all NAs in the present stu-
dy used various pain assessment methods to assess 
their patients’ pain: observing the patient’s vital si-
gns, examining the patient intensely, observing the 
patient’s appearance, circulation, respiration, ma-
king eye contact with the patient, consulting other 
colleagues and making extra checks of surgical 
wounds. Sometimes, there were different groups 
of patients in which all the NAs’ knowledge and 
experience did not help. These patients were in the 
group of patients with aphasia or dementia or they 
were born abroad. The findings in the present stu-
dy are not in line with those in a previous study 
where the authors stated that ideal communication 
is based on mutual exchange of information, in 
which both patients and health-care professionals 
are active (32). A mutual understanding of pati-
ents’ pain is only reached by dialogue, where the 
patients are seen as equals. Previous studies also 
demonstrate the importance of well-functioning 
communication in pain assessment (33). Howe-
ver, health-care professionals are generally seen 
to have limited conversations with patients about 
their experiences (13). The reason for this may be 
that patients do not want to talk even if they are 
awake or the limited time for postoperative care 
that nurses described in previous studies. Another 
reason for this may be that person-cantered care 
has not yet “come to life” in Swedish health care 
and there is still a tradition of hierarchical commu-
nication between health-care professionals and 
patients (13). The result of the present study and 
previous studies by the same author show that, 
despite the fact that NAs want and are prepared 
for communication with patients and plan to asse-
ss their pain, there is always a group of unrespon-
sive patients where this is impossible (11, 20). In 
these cases, NAs rely on patients’ vital signs and 
appearance. The assessment of postoperative pain 
usually begins by screening patients, followed by 
questions on the location of pain, the duration and 
intensity of pain and, whenever necessary, patients 
are given analgesics and sedatives. To assess pain 
in patients after orthopaedic surgery, most NAs in 
the study used pain assessment scales. Pain scales 
in the study were used for assessments of the in-

tensity of pain and choice of treatment. However, 
the NA education and customary use of scales are 
decisive when it comes to using them. The utili-
zation of pain scales in a clinical context has been 
highlighted in the past decade and health-care ser-
vices worldwide have followed the guidelines of 
the American Pain Society (33). Our study shows 
that most NAs used pain scales and they helped 
them assess patients’ pain in the postoperative pe-
riod. Our findings are in line with those of Young 
et al. who stated that pain scales contribute to a 
better understanding of patients’ pain (34). The 
findings in this study also show that pain is indi-
vidual and that patients experience pain in many 
different ways. Some patients estimated their 
pain between 1 and 10, while other patients asked 
about millimetres and meters and estimated their 
pain as 110 on the pain scale. Health-care services 
have not yet found ways to use pain scales in a 
structured manner (35).  The NAs also said that 
patients varied in the way they converted pain into 
a rating and their difficulty treating these patients. 
Our findings are in line with those of van Dijk et 
al. in 2012 (36), which stated that these problems 
caused difficulties in differentiating a cut-off point 
between mild and moderate pain. One important 
reason for this might be the significant individual 
variations in interpretations of the worst possible 
pain (37). We found that the NA with more expe-
rience of working with orthopaedic patients used 
pain scales more frequently, while there were so-
metimes situations with inexperienced colleagues, 
or those who were not used to using pain scales 
and new colleagues who needed to be taught by 
their seniors to use pain assessment scales. This is 
in line with research where information is found to 
increase patients’ satisfaction with pain manage-
ment (38). Health-care professionals need to have 
sufficient time to do all their work, to devote suffi-
cient time to their patients and the assignments 
involved, but time is limited. The fact that the 
surgery was often extensive, patients had a great 
deal of pain, some patients were unresponsive, 
new colleagues who needed to be taught and the 
daily situation of colleagues on sick leave are only 
a few of the things that increase time restrictions 
and stress. The findings in the present study are in 
agreement with those in a previous study where 
the authors identified important factors that gene-
rate mental stress, including difficulty balancing 
priorities and following rules and recommendati-
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ons that appear to be contrary to the best care and 
the need for interdisciplinary teamwork (39). The-
re are four elements in Watson’s theory and they 
are the caritas process, transpersonal, caring rela-
tionships, the caring moment and caring, healing 
modalities (22-25). However, not all segments of 
Watson’s theory were met in the present study. 
Person-cantered care locates the patient as a su-
bject in first place. It is therefore important during 
pain assessment to listen actively to the patient’s 
verbal and non-verbal expressions and descripti-
ons of pain. However, this is not always possible. 
It is important to learn how the patient really feels 
pain. NAs should observe and investigate other 
signs of pain, confirming the patient’s statements. 
NAs need an adequate basis for clinical asse-
ssments and decisions and this explains the need 
for data that are adequate in scope, relevance and 
credibility at the right level. 
In conclusion, the result in the present study sugge-
sts that, although the patients were fully awake, it 
was sometimes not possible to communicate with 
them and assess their pain. Unresponsive patients 
and various work and organizational problems 

were the worst problems mentioned. A well-functi-
oning organization and continuity of care facilitate 
communication and the assessment of pain in pati-
ents. Further research is needed to understand how 
adequate working conditions affect the performan-
ce of pain assessments. Skills in the observation of 
behaviour and the experience of pain in different 
individuals are needed to ensure an understanding 
of patients’ pain as well as the patients’ ability to 
estimate their pain, where the intensity of the pain 
varies in different patients. Further study is needed 
of the way health professionals assess pain depen-
ding on the patients’ ability to transform their pain 
from a subjective feeling into an objective numeric 
grade, the way individuals assess their pain diffe-
rently and the way the resulting knowledge and 
experience of postoperative care may help nurses 
and other health-care professionals.
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ABSTRACT

Aim To develop and validate a screening questionnaire for migra-
ine without aura with sufficient diagnostic accuracy to be used in 
primary care settings.

Methods The study was designed as cross-sectional, multicentric, 
diagnostic accuracy trial of new questionnaire for screening pati-
ents who visit general practitioners, with an aim to reveal migraine 
without aura. The instrument was constructed for the purpose of 
this study, and validated on the sample of 429 primary care out-
patients. The gold standard of diagnosing migraine without aura 
was clinical estimate by a neurologist based on the International 
Classification of Headache Disorders 3rd edition (ICHD-III) cri-
teria. Diagnostic accuracy of the instrument was tested through 
construction of the Receiver Operator Curve.

Results The Balkan Migraine Screening Questionnaire (BMSQ) 
instrument showed good diagnostic accuracy (sensitivity 83.4% 
and specificity 79.9%) for migraine without aura, with significant 
screening yield among previously undiagnosed patients of 75.9%. 
The study also confirmed a high percentage of patients with hidden 
migraine without aura (MWA) (52.9%) revealed by the BMSQ and 
the ICHD-III criteria that would otherwise remain undiagnosed.

Conclusion The BMSQ is a valid and reliable clinical instrument 
for revealing migraine without aura, which could be easily self-
administered by patients. It has high screening yield, discovering 
majority of patients with previously undiagnosed migraine wit-
hout aura, whose definite diagnosis should later on be confirmed 
by the attending physicians using the ICHD-III criteria.              

Key words: diagnosis, migraine without aura, questionnaire desi-
gn, screening migraine disorders, validation studies
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INTRODUCTION

Migraine is a type of headache which almost 
completely incapacitates a sufferer during the 
attack. According to the International Classifica-
tion of Headache Disorders 3rd edition (ICHD-
III) there are two main types of migraine: with 
and without aura (1). The diagnosis of migraine 
without aura (MWA) could be ascertained if the 
following criteria were met: at least 5 atacks of 
headache in the past; duration of the attack 4-72 
hours; at least two of the following - unilateral, 
pulsating, moderate or severe headache deterio-
rating with physical activity; and appearance of 
at least one of these symptoms: nausea and/or 
vomiting, photophobia and phonophobia. The 
prevalence of migraine is high, and varies from 
nation to nation: e.g. in Japan the prevalence is 
14% in general population, and about 18% in 
women (2), while the prevalence in the United 
States of America amounts to 14.9% in total 
(20.2% in women and 9.4% in men) (3). About 
57% of patients with migraine suffer from ’mi-
graine without aura’ type (4).
Although there are clinical criteria for diagno-
sing migraine without aura, standardized que-
stionnaires with high diagnostic accuracy and 
administered by the patients themselves could 
be of great help to reveal patients with undia-
gnosed MWA in busy and often understaffed 
primary care settings. Almost 30 to 59% of pati-
ents with MWA are undiagnosed and improperly 
treated, mainly because they were not given 
enough attention in the primary care (5,6). Alt-
hough a questionnaire for screening migraine 
(MS-Q – Migraine Screen Questionnaire) with 
good diagnostic accuracy (sensitivity 82% and 
specificity 97%) was developed and validated 
(7), showing good screening performance (8), it 
is rather general and not focused on the MWA. 
Since the role of a general practitioner is crucial 
for revealing MWA (9), questionnaires that are 
simple but more focused to the MWA may signi-
ficantly improve screening results.
The aim of our study was to develop and validate 
a screening questionnaire for migraine without 
aura with sufficient diagnostic accuracy to be 
used in primary care settings.

PATIENTS AND METHODS

Patients and study design

The study was designed as cross-sectional, mul-
ticentric, diagnostic accuracy trial of new questi-
onnaire for screening patients who visit general 
practitioners, with an aim to reveal migraine wit-
hout aura. The instrument was constructed for the 
purpose of this study, and validated on the pri-
mary care outpatients. 
The study was conducted in the first half of 2018 
on primary care outpatients from the following 
cities in Bosnia and Herzegovina (B&H): Sara-
jevo, Hadžići, Zenica, Tuzla and Kalesija. The 
inclusion criteria were: the patients visiting gen-
eral practitioners of the public heath care system, 
of both sex, age between 18 and 65 years, with 
normal cognition as judged by the attending gen-
eral practitioners, literate and agreed to sign the 
informed consent. The exclusion criteria were: 
pregnancy, schizophrenia, major depression, bi-
polar disorder, epilepsy, acute diseases that dis-
tract the attention of a patient, and reporting any 
type of aura in relation to the headache. 
The study was approved by the Ethics Committee 
of the Clinical Center of Kragujevac. 
The sample was consecutive, i.e. all patients 
within the study period that fulfilled inclusion 
criteria and did not meet exclusion criteria were 
enrolled after signing the informed consent. 

Methods 

Development of the new questionnaire with a 
working title „ the Balkan Migraine Screening 
Questionnaire“ (BMSQ) was undertaken accor-
ding to the guidelines set by Robert F. DeVellis 
(10,11) in six steps. In the first step (determining 
object of measurement) migraine without aura 
was chosen as an object of measurement since 
it is a separate entity within the framework of 
headaches and the most frequent among the mi-
graine headache types. The second step, genera-
ting an item pool, was conducted at two meetings 
of the authors one week apart. In the third step 
(determining format for measurement) the items 
were formulated as closed, and each item reflec-
ted one element of diagnosis of migraine without 
aura. Each item had two answeres offered, “Yes” 
or “No”. The fourth step (revision and correction 
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of the -initial pool of items) was made by a five-
member expert committee composed of two spe-
cialists of neurology and three experienced gene-
ral practitioners. Every member of the committee 
evaluated each item in regard to the relevance (1 
– not relevant, 2 – the item should be modified, 
3 – relevant item, but minimal changes are necce-
ssary and 4 – very relevant item) and clarity (1 
– not clear, 2 – the item should be modified, 3 – 
the item is clear, but minimal changes are necce-
ssary and 4 – very clear item). For each item the 
content validity index was calculated: number of 
marks 3 or 4 divided by number of experts, i.e. 
with 5 in this case. Only the items with the con-
tent validity index of 0.8 or more were retained 
in the final questionnaire (12). Within the fifth 
step one validation item for discovering socially 
desirable behavior of respondents was included 
in the questionnaire: “I always try to help other 
patients.“ In the sixth step the initial pool of the 
BMSQ’s items was tested on 10 primary care 
patients for clarity and comprehension. After the 
pilot testing certain minor changes were made, 
and the final version of the BMSQ was copied 
and prepared for testing diagnostic accuracy on 
the study sample (Table 1). 

BMSQ was tested for all possible values of its 
score (since the answers to each of 6 questions 
were either “Yes” or “No”, which was coded with 
1 and 0, respectively, there were in total 7 possi-
ble score values: 0, 1, 2, 3, 4, 5 and 6). Based on 
the calculated values of sensitivity and specificity 
for each score value we constructed the Receiver 
Operating Characteristics curve abbreviated as 
ROC curve, and calculated the area under the cu-
rve (13). The ROC curve was drawn by the onli-
ne software „Cut-off  Finder“ (available at: http://
molpath.charite.de/cutoff/index.jsp). Furthermo-
re, by graphic Manhattan method and Youden’s 
statistics the cut-off value with the highest sensi-
tivity and specificity was found (14), and Cohen 
Kappa together with diagnostic accuracy indexes 
(sensitivity, specificity, positive predictive value, 
negative predictive value, positive likelihood ra-
tio and negative likelihood ratio) were calculated 
for BMSQ using this cut-off point. 

Statistical analysis

Characteristics of the study sample were des-
cribed using descriptive statistics by rates and 
percentages when categorical in nature, and by 
means and standard deviations when continuous.  

RESULTS

In total 429 patients visiting general practitioners 
in primary health care centres of Bosnia and Her-
zegovina took part in the study. Mean age of pati-
ents was 46.4 ± 12.7 years. Female patients were 
more numerous and somewhat younger (46.0 ± 
12.7 years) than male patients (47.6 ± 12.6 ye-
ars). According to the ICHD-III, the criteria for 
migraine without aura were met in 195 (62.5%) 
females and in 70 (59.8%) males, based on clini-
cal judgement (Table 2).
The area under the ROC curve for BMSQ was 
0.89 (Figure 1).
The cut-off point of the BMSQ score with maxi-
mal sensitivity and specificity calculated by Ma-
nhattan graphical method and Youden’s statistics 
was 3.5, i.e. four or more responses „Yes“ to the 
items of the BMSQ. Sensitivity and specificity of 
the BMSQ for this cut-off point were higher and 
equal to 80%, respectively, indicating satisfac-
tory accuracy (Table 3). 
The Cohen Kappa coefficient of agreement 
between diagnosis of migraine without aura by 

Item Answers

Is your headache long lasting (4 hours or more)?      Yes
No

Is your headache mostly present at one side of the head 
(left or right)?  

Yes
No

Does your headache have a pulsating character? Yes
No

Does physical activity aggravate your headache?       Yes
No

Do you have an urge to vomit after you get the headache?       Yes
No

Do sounds, scents or light bother you after you get the 
headache?       

Yes
No

Table 1. Items of the final version of the Balkan Migraine 
Screening Questionnaire (BMSQ) scale

The questionnaire was self-administered by the 
study subjects. As a gold standard of diagnosing 
migraine without aura we used clinical estima-
te by an independent neurologist based on the 
ICHD-III criteria: at least four of them should be 
present: at least 5 atacks of headache in the past; 
duration of the attack 4-72 hours; at least two of 
the following - unilateral, pulsating, moderate 
or severe headache deteriorating with physical 
activity; and appearance of at least one of these 
symptoms: nausea and/or vomiting, photophobia 
and phonophobia (1). Diagnostic accuracy of the 
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the BMSQ score ≥ 4 and diagnosis by the ICHD-
III criteria (gold standard) was 0.625 (standard 
error 0.039; p=0.000). 
Among the patients who did not have diagnosis of 
migraine without aura before participation in the 
study (n = 312), 154 (49.4%) met the ICHD-III 
criteria and were newly diagnosed („de novo“) as 
having the MWA. The BMSQ with cut-off score 
of 4 correctly made diagnoses of the MWA in 117 
(75.9%) newly diagnosed patients suggesting a 
significant screening yield. On the other hand, six 
(5.1%) patients from those who had diagnosis of 
migraine without aura before the study did not 
meet the ICHD-III criteria; the BMSQ correctly 
classified these patients as not having the MWA, 
but it also wrongly classified five (4.3%) patients 
as not having the MWA, while they actually met 
the ICHD-III criteria.
The so-called „hidden migraine without aura“ 
was found in 58.1%, i.e. there were 154 patients 
with de novo diagnosis out of total 265 migraine 
patients without aura diagnosed by both ICHD-
III criteria and BMSQ.

DISCUSSION

The BMSQ instrument showed good diagno-
stic accuracy (sensitivity 83.4% and specificity 
79.9%) for migraine without aura, with signifi-
cant screening yield among previously undiagno-
sed patients of 75.9%. The study also confirmed 
a high percentage of patients with hidden MWA 
(58.1%) revealed by the BMSQ and ICHD-III 
criteria that would otherwise remain undiagno-
sed.
The diagnosis of migraine without aura is usu-
ally established by checking compliance with 
the ICHD-III criteria of patients with frequent 
headaches, either through interviewing them or 
using headache diaries or structured input forms 
for headaches (15).  However, these methods take 
considerable time to complete and require fami-
liarity of attending physicians with the ICHD-III 
criteria, which makes them unsuitable for the use 
in primary care settings. Unfortunately, to date 

Variable No (%) of 
participants 

Gender
Females 312 (72.7)
Males 117 (27.3)
Education
Elementary school 50 (11.7)
High school 265 (61.8)
Higher education 114 (26.5)
Primary reason for visiting a general practitioner
Cardiovascular disorder 78 (18.2)
Respiratory disorder 9 (2.1)
Psychiatric disorder 11 (2.6)
Neurological disorder 226 (52.7)
Gastrointestinal disorder 10 (2.3)
Musculoskeletal disorder 26 (6.1)
Endocrinological disorder 17 (4.0)
Infection 37 (8.6)
Other 15 (3.5)
Previous diagnosis of migraine without aura
Yes 117 (27.3)
No 312 (72.7)
Family diagnosis of migraine
Yes 142 (33.1)
No 287 (66.9)
Smoking
Yes 151 (35.2)
No 278 (64.8)
Drinking coffee
Yes 370 (86.2)
No 59 (13.8)
Diagnosis of migraine without aura according to the Internatio-
nal Headache Society (IHS) criteria
Yes 265 (61.8)
No 164 (38.2)

Table 2. Characteristics of 429 study participants

Questionnaire Sensitivity Specificity Positive Predicti-
ve Value

Negative Predicti-
ve Value

Positive Likeliho-
od Ratio

Negative Likeliho-
od Ratio Accuracy

BMSQ 83.4%
(78.4% - 87.7%)

79.9%
(72.9% - 85.7%)

87.0%
(83.1% - 90.1%)

74.8 %
(69.2% - 79.7%)

4.1
(3.0 - 5.6)

0.2
(0.2 - 0.3)

82.1%
(78.1% - 85.6%)

Table 3. Accuracy of the Balkan Migraine Screening Questionnaire (BMSQ) instrument when used for screening of migraine 
without aura

*95% confidence intervals are shown in parenthesis

Figure 1. The Receiver Operator Curve (ROC) for the Balkan 
Migraine Screening Questionnaire (BMSQ) score as a positive 
marker for the diagnosis of migraine without aura according to 
the International Headache Society criteria 
X, cut-off point
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only two short questionnaires were developed 
and validated for rapid diagnosis and screening 
of migraine in general, the three-item ID-Mi-
graine (focusing to headache disability, nausea, 
and photophobia) (15) and the five-item MS-Q 
(referring to the ICHD-III criteria) (7). Both que-
stionnaires have solid diagnostic accuracy (sensi-
tivity and specificity 0.82 and 0.75 for ID-Migra-
ine, and 0.82 and 0.97 for MS-Q, respectively), 
but are not targeted to migraine without aura. The 
items of the BMSQ are somewhat more corres-
ponding to the ICHD-III criteria for diagnosing 
the MWA, although it did not result with much 
higher sensitivity and specificity. However, this 
could have been the consequence of unusually 
high prevalence of MWA in the study sample 
(61.8%), which was not representative of the ge-
neral population in Bosnia & Herzegovina.
There is an ongoing debate whether migraine with 
and without aura are separate clinical entities, or 
just two variations of the same one. Proponents 
of the second opinion stress commonalities in 
the pathophysiology of both migraine types (16), 
while the opponents underline differences in epi-
demiology, clinical picture, patient behaviour du-
ring attacks, age at onset and age at resolution, the 
pattern of attacks, risk factors, comorbidities and 
response to drugs (17). However, even if patho-
physiology is common, the two migraine types do 
produce different symptoms and signs, which are 
accompanied by differences in the patients’ per-
ception of their disorder. These differences require 
separate communication patterns when taking the 
patients’ history, and this explains why questionna-
ires for diagnosing migraine with and without aura 
should differ.  Like the MS-Q and the ID-Migra-
ine, the BMSQ is not differentiating between the 
two migraine types, but may reveal the MWA cases 
which, due to the absence of aura, could be misdi-
agnosed as some other type of headache. The fact 
that the BMSQ was targeted to the MWA is further 
confirmed by a relatively high value of Cohen’s 
Kappa coefficient (0.625), which corresponds to 
moderate agreement (18) between the BMSQ sco-
re ≥ 4 and the diagnosis of the MWA by the ICHD-
III criteria specific for this migraine type. 
Besides having considerable validity and reliabi-
lity, the BMSQ has a significant screening yield, 
since positive predicted value was high (87%) 
in our study, and the test correctly recognized 

75.9% of previously undiagnosed MWA cases. 
The prevalence of the MWA was higher in our 
patient sample than that in general population, 
which may explain so high yield, but according 
to general recommendations for screening tests, 
prevalence of migraine without aura is high eno-
ugh to justify the use of the BMSQ for screening 
purposes (19). It is illustrated by overall accuracy 
of the BMSQ, which was 82.1% in our study 
sample, but decreased just a little to 79.6% when 
actual prevalence of MWA (8.5%) in general po-
pulation was taken into account (19).
The main limitation of our study was the use of 
an unrepresentative sample with high prevalence 
of MWA to test reliability, validity and screening 
yield of the BMSQ, but it was dictated by ava-
ilability of the study sites, some of them being 
linked to neurology departments of nearby hos-
pitals more than average primary care facilities. 
It could contribute to overestimation of the scre-
ening yield, which should be taken into account 
when utility of the BMSQ for screening purposes 
is judged upon.
In conclusion, the BMSQ is valid and reliable cli-
nical instrument for revealing migraine without 
aura, which could be easily self-administered by 
the patients. It has high screening yield, disco-
vering majority of patients with previously un-
diagnosed migraine without aura, whose definite 
diagnosis should be later on confirmed by the 
attending physicians using the ICHD-III criteria.
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ABSTRACT

Aim To examine the relationship of protective factors (self-esteem, 
optimism, proactive coping), and a measure of psychological resi-
stance in women diagnosed with breast cancer, and the contributi-
on of protective factors in explaining the criterion of posttraumatic 
growth. 

Methods The study included 100 women diagnosed with breast 
cancer. To examine optimism the Scale of Dispositional Optimism 
and Pessimism, the Scale of Self-esteem for self-esteem and the 
Scale of Proactive Coping for proactive coping were used. The po-
sttraumatic growth measured five factors: relating to others, new 
possibilities, personal strength, spiritual changes, appreciation of 
life. 

Results Self-esteem, optimism and proactive coping were asso-
ciated with posttraumatic growth and its factors: new possibilities, 
personal strength, appreciation of life. Optimism and proactive co-
ping positively corelated also with relating to others. Final model 
of posttraumatic growth in all three steps (self-esteem, optimism, 
proactive coping) explained 20.4% variability of the posttraumatic 
growth total score. 

Conclusion Posttraumatic growth does not mean a decrease in tra-
uma, but leads to a change in the perception and view of life. It 
refers to more favourable management and use of its own resour-
ces, relying on its own strengths and capabilities, identifying new 
opportunities and connecting with others.

Key words: optimism, posttraumatic growth, proactive coping, 
self-esteem 
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INTRODUCTION 

The diagnosis of breast cancer is a traumatic event 
that is a direct threat to a person’s life (1). The pa-
tient faces a number of negative experiences inclu-
ding the treatment and reaction to the treatment 
such as pain, fatigue, temporary or permanent 
change in physical appearance, fear of recurrence, 
uncertain future (1). Changes in physical appea-
rance can be a significant source of anxiety, dissa-
tisfaction, depressive symptoms (1,2). All effects 
of the treatment, hair loss that adversely affect the 
image of their own body, feeling of femininity and 
sexuality, scars after surgery and mastectomy are 
visible reminders of the presence of the disease 
(2,3). For a women hair loss from cancer treatment 
is more than a physical appearance, it emotionally 
affects self-image and the quality of life (3). In the 
recent period, many studies have researched posi-
tive outcomes after the disease and reported posi-
tive changes that occur in people who are diagno-
sed with cancer (4). The idea that traumatic events 
can bring out positive changes in life has been the 
main message in many religions and philosophi-
es for thousands of years (5,6). Large life crises 
are usually caused by unfavourable psychological 
reactions, but posttraumatic growth occurs simul-
taneously. This means that personal troubles and 
growth often coexist (6). Posttraumatic growth 
(PTG) refers to a range of positive changes that 
may arise after a traumatic experience (5,7). It im-
plies the improvement, development and growth 
of a person in the domain of better connections 
with others, perceiving new opportunities, own 
strengths, spiritual development and greater under-
standing and appreciation of life (6). Posttrauma-
tic growth does not reject or minimize the adverse 
effects of the trauma, but emphasizes that growth 
and adaptation in certain areas of functioning can 
occur simultaneously (7). According to Tedeschi 
and Calhoun (7), the process of dealing with de-
structive circumstances can in fact boost growth.
High level of self-esteem, optimism and proac-
tive coping with problems, have the role of 
stress buffer, as well as better adaptation and 
reduction of negative outcomes after stressful 
events (8-10).
Self-esteem is the basis of mental health, and 
high self-esteem relieves anxiety, and is viewed 
as a protective factor against the negative influ-
ences that endanger it (11,12). Optimism refers 

to the way in which an individual approaches 
the world. People who are high on the scale of 
optimism are looking at the favourable side of 
events or conditions, expect a better resolution of 
the situation, and have positive expectations of 
future events (8,13). Proactive confrontation can 
be viewed as an effort to build common coping 
resources that make it easier for people to meet 
the demands, goals and develop their potentials. 
In the proactive confrontation, they have a visi-
on, they see risk, demands and opportunities, and 
perceive demanding situations as personal chall-
enges (9). Over the past twenty years, more and 
more research has been done on how to deal with 
stress, and there is a desire to increase benefits, 
and build factors that contribute to better resi-
stance to a stressful situation (9,12,14,15).
The aim of this study was to examine the relati-
onship of protective factors, such as self-esteem, 
optimism, proactive coping, and a measure of 
psychological resistance in women diagnosed 
with breast cancer, as well as the contribution of 
self-esteem, optimism, proactive coping in expla-
ining the criterion of posttraumatic growth.

PATIENTS AND METHODS 

Patients and study design 

The research was conducted from April to the be-
ginning of October 2013. The study included 100 
women diagnosed with breast cancer. The women 
were from different cities in Bosnia and Herze-
govina (B&H) (Sarajevo, Bihać, Zenica, Goražde, 
Banja Luka, Fojnica, Vitez, Orašje, Ključ, Travnik, 
Maglaj and Olovo). We contacted all Breast Can-
cer Associations in B&H and informed them about 
our research. Some patients were questioned in the 
city where they lived (Sarajevo, Bihać, Zenica and 
Goražde), and some were questioned when they 
arrived to Sarajevo for the oncological treatment. 
Also, women who were not members were ran-
domly included in this study and questioned dur-
ing their visits to Sarajevo. 
The sample was homogenous in terms of gender, 
but it was heterogeneous in relation to all other 
socio-demographic variables. The average age of 
patients was 55 years (mean±standard deviation 
was 55.02 ± 10.03 years); the youngest patient 
was 31 and the oldest 83 years old. Monthly earn-
ings below 800 BAM per month were found in 
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76% of patients (which was lower than the aver-
age salary in the Federation of B&H at that time). 
In our study, 65% of women received chemo-
therapy and radiation therapy, and also had full 
or partial mastectomy.
All respondents were given instructions to read 
carefully the questions contained in each scale 
and were asked to answer them honestly. It took 
about 15 minutes to complete the questionnaires. 
During the data collection process, all ethical 
principles prescribed by the American Psycholo-
gical Association (APA) (16) were followed. Par-
ticipation of all patients was anonymous and on 
a voluntary basis. All patients read and signed an 
informed consent. The research was approved by 
the Ethics Committee of Faculty of Philosophy, 
University of Sarajevo.  

Methods 

Socio-demographic questionnaire, Self-esteem 
Scale (17), Optimisms and Pessimisms Scale 
(18), Proactive Coping Scale (19) and Posttrau-
matic Growth Inventory (7) were used.
The socio-demographic questionnaire was desi-
gned for the purpose of this research, containing 
information about the patients and the disease 
(age, occupation, education degree).
The Scale of Self-esteem (17) is the most 
commonly used instrument for measuring gene-
ral self-esteem. It has 10 particles, of which 5 are 
formulated in positive, and 5 in the negative di-
rection. The scale was Likert type designed from 
answer 1 (completely incorrect) to 5 (completely 
true). Before generating the overall result, the 
responses to non-affirmative particles were re-
versed in such a way that the higher overall result 
reflects greater self-esteem. The reliability of this 
scale in the study was α=0.82
The Optimism and Pessimism Scale (18) - the 
scale of dispositional optimism and pessimism 
has 14 particles - six particles contain a scale of 
optimism, and eight scale pessimism. Patients 
evaluate the Likert type scale to the extent whe-
re each claim relates from 1 (it does not apply 
to me) to 5 (it entirely applies to me). Reliabi-
lity for the scale of optimism in this research 
was α=0.88, reliability for pessimism scale was 
α=0.81. Reliability at the level of the entire sca-
le in this research was α=0.72.

The Scale of Proactive Coping (19) consists 
of 14 particles that combine autonomous goal 
setting with cognitions and self-regulated goal 
attainment. The task of the respondents was to 
assess to what extent each of these particles or 
claims are related to it, on the scale of 1 (totally 
incorrect) to 5 (completely true). In this study, the 
reliability of this scale was α=0.83.
The Posttraumatic Growth Inventory (7) was 
translated into the Bosnian language by three 
different persons. It was modified until a final 
version was adopted. The scale consists of 21 
items that measure the degree of positive change 
in the perception of the consequences of the tra-
umatic event. The Posttraumatic Growth Inven-
tory measures five posttraumatic growth areas, 
and has been developed to allow quantification 
of observed growth. Items in this scale were de-
veloped on the basis of a variety of literature on 
responses to very stressful events and on the ba-
sis of the experience with people with a physical 
disability or other life crises.
Five factors determine the main domains of 
posttraumatic growth: the first factor (F1) me-
asures relating to others, the second factor (F2) 
measures recognition of new possibilities or a 
new pathway for moving on, the third factor 
(F3) measures the general sense of increased 
personal strength or recognition of having per-
sonal power, the fourth factor (F4) measures 
spiritual change, and the fifth factor (F5) mea-
sures the level of appreciation of life, i.e. a gre-
ater understanding of life and changing prioriti-
es. During the analysis, the total posttraumatic 
growth score (PTG total) was also calculated. 
The scale was Likert type and the task of the 
patient was to estimate to what extent each item 
refered to them, on the scale of 0 (completely 
incorrect) to 5 (completely correct). The inter-
nal reliability of this scale was 0.93. 

Statistical analysis

The first test performed was normality of distri-
bution. Due to the significant deviation of distri-
bution from normality, the collected data were 
analysed by nonparametric procedures. For data 
processing hierarchical regression analysis was 
used, and Spearman’s correlation coefficient was 
used within nonparametric statistic tests. 

Lisica et al. Psychological resistance and breast cancer
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RESULTS

The mean of total posttraumatic growth score 
was 77.73 (SD=19.05, min. 24, max. 105). The 
mean of self-esteem score was 39.51 (SD=6.84), 
optimism 24.94 (SD= 4.61) and mean of proacti-
ve coping score was 52.11 (SD=8.87) (Table 1).

Variable M ± SD Min. Max.
Self-esteem 39.51 ± 6.84 23 50
Optimism 24.94 ± 4.61 10 30
Pessimism 19.99 ± 6.98 8 35
Proactive coping 52.11 ± 8.87 26 69
Posttraumatic growth factors
First factor  (F1) - relating to others 25.30 ± 8.18 1 35
Second factor  (F2) – new possibilities 17.70 ± 5.27 3 25
Third factor  (F3) – personal strength 15.70 ± 3.71 3 20
Fourth factor (F4) – spiritual change 6.75 ± 3.09 0 10
Fifth factor (F5) – appreciation of life 12.21 ± 2.60 4 15

PTG total – posttraumatic growth total 
score 77.73 ± 19.05 24 105

Table 1. Self-esteem, optimism, pessimism, proactive coping 
and posttraumatic growth factors of women with breast 
cancer* 

Variable RSS O P PCI F1 F2 F3 F4 F5 PTGI total
RSS 1 .408* -584* .502* .152 .305* .413* .120 .233† .247†

O 1 -.186 .653* .199† .411* .378* .264* .282* .337*

P 1 -.256† -.054 -.166 -.226† -.081 -.103 -.119
PCI 1 .231† .461* .354* .183 .255† .352*

F1 1 .689* .638* .578* .373* .878*

F2 1 .785* .516* .527* .896*

F3 1 .578* .587* .841*

F4 1 .290* .695*

F5 1 .578*

PTGI Total 1

Table 2. Correlation between self-esteem, optimism, pessimism, proactive coping and posttraumatic growth

RSS, self-esteem; O, optimism; P, pessimism; PCI, proactive coping; F1, relating to others; F2, new possibilities; F3, personal strength; F4, 
spiritual change; F5, appreciation of life; PTGI, posttraumatic growth total score; *statistically significant at level of 0.01; †statistically significant 
at level of 0.05

Model/Variable SD  β p R R2 ΔR Sig.
First factor (F1) – relating to others
1# self-esteem .119 >0.05 .119 .014 >0.05

2#
self-esteem .029 >0.05

.210 .044 .024 >0.05optimism .195 >0.05

3#
self-esteem -.021 >0.05

.245 .060 .031 >0.05
optimism .081 >0.05
proactive coping .192 >0.05

Second factor  (F2) – new possibilities
1# self-esteem .286 <0.01 .286 .082 <0.01

2#
self-esteem .077 >0.05

.490 .240 .225 <0.01optimism .450 <0.01

3#
self-esteem -.025 >0.05

.550 .308 .287 <0.01
optimism .216 >0.05
proactive coping .394 <0.01

Third factor  (F3) – personal strength
1# self-esteem .415 <0.01 .415 .172 <0.01

2#
self-esteem .232 <0.05

.542 .294 .280 <0.01optimism .394 <0.01

3#
self-esteem .203 <0.05

.547 .299 .277 <0.01
optimism .329 <0.01
proactive coping .110 >0.05

Fourth factor (F4) – spiritual change
1# self-esteem .112 >0.05 .112 .013 >0.05

2#
self-esteem .005 >0.05

.232 .054 .034 >0.05optimism .230 >0.05

3#
self-esteem -.019 >0.05

.240 .058 .028 >0.05
optimism .174 >0.05
proactive coping .094 >0.05

Fifth factor (F5) – appreciation of life
1# self-esteem .275 <0.01 .275 .076 <0.01

2#
self-esteem .108 >0.05

.421 .177 .160 <0.01optimism .360 <0.01

3#
self-esteem .090 >0.05

.424 .179 .154 <0.01
optimism .318 <0.05
proactive coping .070 >0.05

PTG total – posttraumatic growth total score
1# self-esteem .267 <0.01 .267 .071 <0.01

2#
self-esteem .094 >0.05

.423 .179 .162 <0.01optimism .371 <0.01

3#
self-esteem .033 >0.05

.452 .204 .179 <0.01
optimism .230 >0.05
proactive coping .238 >0.05

Table 3. Hierarchical regression analysis of women with 
breast cancer 

SD beta, standard regression coefficient; R, explained variance; R2,  
total explained variance; AR, change in explained variance; Sig. 
statistically significant; 

Women who had higher score of self-esteem and 
proactive coping positively correlated with new 
possibilities, personal strength, appreciation of 
life and posttraumatic growth total score, also 
proactive coping positively correlated with re-
lating to others. Optimism positively correlated 
with all posttraumatic growth factors and the total 
score. The highest positive correlation was found 
between proactive coping and new possibilities 
(r = 0.461; p<0.01), and between self-esteem and 
personal strength (r = 0.413; p<0.01). Pessimi-
sm was negatively correlated only with personal 
strength (r = - 0.226; p<0.05).
The obtained results of the hierarchical regression 
analysis showed that the final model explained 
30.8% of the variance of the second factor of new 
possibilities, and a statistically significant pre-
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dictor was proactive coping (β=0.394; p<0.01). 
In the explanation of the third factor, all three 
blocks explained 29.9% of the criterion, and sta-
tistically significant predictors in the explanation 
of personal strength were self-esteem (β=0.203; 
p<0.05) and optimism (β=0.329; p<0.01). Also, 
hierarchic regression analysis showed that the 
final model explained 17.9% of the variance of 
the fifth factor, the appreciation of life, and the 
statistically significant predictor was optimism 
(β=0.318; p < 0.05).
The obtained results of the hierarchical regressi-
on analysis showed that the final model explai-
ned 20.4% of the variance of the posttraumatic 
growth total score (Table 3). 

DISCUSSION

Protective factors analysed in this study, e. g. se-
lf-esteem, optimism and proactive coping, were 
statistically positively associated with posttrau-
matic growth total score: also they contributed 
(with statistical significance) to the explanation 
of posttraumatic growth total score and its new 
possibilities factors, personal strength and appre-
ciation of life.  
In other words, people who have a high self-
esteem and/or proactively address the problem 
and who in circumstances such as diagnosis and 
treatment of cancer, change their life philosophy 
focusing on new opportunities and possibilities, 
changing life priorities, paying attention to the-
ir own possibilities and strengths. People who 
proactively faced the problem also felt a greater 
emotional connection and a sense of closeness 
with other people.
The protective nature of self-esteem is particu-
larly important in studies dealing with stress and/
or physical illnesses in which self-esteem shows 
various protective functions. According to Mann 
et al. (12) a high level of self-esteem protects an 
individual from fear and uncertainty, improves 
the ability of a person to deal with the disease 
and recovery after surgery. Self-esteem contri-
butes to resilience (20) and greater likelihood 
of positive adaptation (21). The use of adaptive 
coping strategies is one of the most important 
components in the development of posttraumatic 
growth (7). Proactive confrontation involves the 
behaviour of people who in bad situations seek 
help and support from other people and focus on 

the opportunities that lead to growth. The results 
obtained in this study are consistent with previo-
us studies (22) where proactive confrontation is 
associated with posttraumatic growth, and affects 
the ability to connect more easily with other peo-
ple, to look for new opportunities, recognize their 
own strengths, and experience spiritual changes. 
The correlation between optimism and posttrau-
matic growth was the subject of other research 
(8,13,23). Optimism not only acts as a resource 
that protects mental health in the context of trau-
matic events, but can also protect physical health 
during recovery and adaptation (23). Optimism is 
associated with adaptive strategies for confronta-
tion, such as seeking social support, planning and 
positive reinterpretation (8). According to Carver 
et al. (8), optimists during stressful situations be-
lieve that they can face the problem and that in 
the end everything will be all right. This view of 
the future makes it easier to accept the present 
situation, and hence early reacting and focusing 
on the present and difficulties.
According to the obtained results, optimism sta-
tistically significantly contributed to the explana-
tion of posttraumatic growth. Respondents who 
were high on the scale of optimism, or rather po-
sitively looked at their future, sought to find rele-
vant information, and their positive side was rela-
ted to posttraumatic growth and all of its factors. 
Despite the traumatic experience, excessive way 
of treatment, changed image of themselves and 
their femininity, the protective factors of psycho-
logical resistance, such as self-esteem, optimism 
and proactive coping have contributed to experi-
encing posttraumatic growth. 
Taking into account the above mentioned, during 
the traumatic event people who have high level of 
self-esteem, who are optimistic and/or proactively 
face stress, experience posttraumatic growth.
There were several limitations to the present stu-
dy. The first limitation was the potential for sam-
pling bias, also the sample size was small, and 
furthermore it was longitudinal. More accurate 
studies are needed in order to confirm this mere-
ly preliminary report. It is hard to generalize our 
findings to all people who have breast cancer or 
any other type of cancer.
The second point is that we did not consider other 
psychological problems, such as depression dis-

Lisica et al. Psychological resistance and breast cancer



Medicinski Glasnik, Volume 16, Number 2, August 2019

322

REFERENCES 

1.  Gallagher J, Parle M, Cairns D. Appraisal and 
psychological distress six months after diagnosis of 
breast cancer. Br J Health Psychol 2002; 7:365-76.

2.  Falk Dahl CA, Reinertsen KV, Nesvold IL, Fosså SD, 
Dahl AA. A study of body image in long term breast 
cancer survivors. Cancer 2010; 115:3549-57. 

3.  Freedman T. Social and cultural dimensions of hair 
loss in women treated for breast cancer. Cancer Nurs 
1994; 17:334-41. 

4.  Lelorain S, Tessier P, Florin A. Bonnaud-Antignac A. 
Posttraumatic growth in long term breast cancer sur-
vivors: relation to coping, social support and cogniti-
ve processing.  J Health Psychol 2012; 17:627-39.

5.  Tedeschi RG, Calhoun LG. Trauma and transformati-
on: growing in the aftermath of suffering. Thousand 
Oaks, CA: Sage, 1995. 

6.  Tedeschi RG, Calhoun LG. Posttraumatic growth: 
conceptual foundations and empirical evidence. 
Psychol Inq 2004; 15:93-102. 

7.  Tedeschi RG, Calhoun LG. The Posttraumatic Growth 
Inventory: measuring the positive legacy of trauma. J 
Trauma Stress 1996; 9:455-71. 

8.  Carver CS, Pozo C, Harris S, Noriega V, Scheier MF, 
Robinson DS, Ketcham AS, Moffat Jr FL, Clark KC. 
How coping mediates the effect of optimism on dis-
tress: A study of women with early stage breast can-
cer. J Pers Soc Psychol 1993; 65:375-90. 

9.  Schwarzer R,  Taubert S. Tenacious goal pursuits and 
striving toward personal growth: Proactive coping. 
In: Frydenberg E (Ed.). Beyond Coping: Meeting Go-
als, Visions and Challenges. London: Oxford Univer-
sity Press, 2002, 19-35. http://citeseerx.ist.psu.edu/
viewdoc/download?doi=10.1.1.533.5201&rep=rep1
&type= pdf  (21 December 2018)

10.  Chang AM, Mackenzie AE. State self-esteem 
following stroke. Stroke 1998; 29:2325–28. 

11.  Greenberg J, Solomon S, Pyszczynski T, Rosenblatt 
A, Burling J, Lyon D, Simon L, Pinel E. Why do pe-
ople need self-esteem? Converging evidence that se-
lf-esteem serves an anxiety-buffering function. J Pers 
Soc Psychol 1992; 63:913-22.

orders and anxiety that could affect the results. 
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connecting with others. Self-esteem, optimism 
and proactive coping are protective factors in 
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tation to posttraumatic growth. 
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ABSTRACT

Aim To determine a degree of change in the bones of workers who 
spend their full time job in sitting position and to find a correlation 
between smoking and changes in bone structure. Methods Exa-
minees were 213 female workers who worked full time sedentary 
work in front of computer. Each worker was subjected to physical 
examination and ultrasonic osteodensitometry of calcaneus. 

Results The average age of patients was 45.4 years. Changes in 
bone density were found in 110 (51.64%) workers. Correlation 
between smoker and non-smoker groups was positive, but “r“  was 
higher in smokers than in non-smokers. It is worrying that 10 out 
of 22 persons in the group up to 30 years of age have osteopenia. 

Conclusion Recommendation for regular annual control of bone 
density of the working group at risk regardless of age should be 
followed. Prescribing exercise for the working group at risk sho-
uld be a significant part of preventive work in clinics of occupati-
onal medicine and sports. 

Key words: bone diseases, occupational health, osteopenia
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INTRODUCTION

Bone weight loss per unit volume is called osteo-
penia or osteoporosis, depending on the degree of 
decrease. Osteoporosis is a disease associated with 
aging, but the process is influenced by genetic, epi-
genetic and environmental factors. Aging is a high 
risk factor for osteoporosis (1). Sedentary lifestyle 
implies too much sitting at work or at home. This 
way of life is directly related to the increased risk 
of developing a disease, most of which is the dege-
neration of the musculoskeletal system (2,3).
Regardless of work, each body or extremity posi-
tion at work causes a certain load of physiologi-
cal function of the worker. People who work full 
time sedentary are often exposed to an ergonomi-
cally inadequate work space (4).
Multi-year work in such conditions, with ina-
dequate nutrition and tobacco products abuse, 
can lead to changes in bone structure that can 
progress over time. Nicotine has a direct adverse 
effect on bone density because it interferes with 
their metabolism (5).
Women who smoke have more frequent menstru-
al disorders, and 2-3 years earlier menopausal 
occurrence and hence early termination of the 
protective effect of estrogen in the sense of oste-
oporosis (6). Changes in bone density are most 
commonly associated with menopausal women, 
while changes in pre-menopausal women are of-
ten associated with their lifestyle (7). 
Practical cases show that it is also necessary for 
young women to undergo an annual ultrasound 
examination of calcaneus in order to prevent oste-
oporosis, and also for successful treatment (8).
Changes in the structure of the bones are more 
and more frequently occurring earlier (9). 
In addition to densitometric methods based on 
DXA (dual energy X-ray absorption), which is 
a gold standard in the diagnosis of osteoporosis, 
the ultrasonic densitometric method has been de-
veloped over the past years. The ultrasound met-
hod is simple, fast, without ionizing radiation and 
most importantly, accessible (10). 
Sedentary lifestyle implies too much sitting, ta-
king into account the time a person spends in the 
car, sitting at work or at home. This way of life 
is directly related to the increased risk of develo-
ping the disease, the most common of which is 
the degeneration of the musculoskeletal system 

(11). Regardless of the work performed at the 
workplace, each position of the body or extre-
mity causes a certain load of the corresponding 
physiologic functions of the worker (12). In the 
sitting position, due to the long-lasting static con-
traction of the spinal cord extender muscle, their 
excessive fatigue occurs and the end result is the 
spasm of the muscles and severe pain (13). Nico-
tine has a direct adverse effect on bone density as 
it interferes with the metabolism. Females who 
smoke have more frequent menstrual disorders 
and 2-3 years earlier menopausal occurrence and 
hence early termination of the protective effect 
of estrogen in the sense of osteoporosis (14,15). 
This work aims to determine the degree of chan-
ges in the bones of female workers who worked 
full time sedentary according to the age and to 
investigate a correlation between smoking and 
changes in the bone structure.

PATIENTS AND METHODS

Examinees and study design

This prospective study was conducted at the 
Department of Occupational Health of Sarajevo 
during 2015. The survey included 213 females 
full-time employed with sedentary work in front 
of computer: up to 30 years 23, 31-40 years 44, 
41-50 years 66, 51-60 years 69 and more than 61 
years of age there were 11 females. Examinees 
were divided into two groups: first group inclu-
ded 100 (46.9%) smokers and second group 113 
(53.1%) non-smokers. In the smoker group no 
examinees were younger than 30 years, 22 were 
in 31-40, 30 in 41-50, 39 in 51-60 and nine were 
older than 61 years of age. Non-smoker group 
consisted of 13 examinees younger than 30 ye-
ars, 22 in 31-40, 30 in 41-50, 39 in 51-60 and 
nine in more than 61 years of age group (Table 
1). Exclusion criteria were workers with hyper- 
or hypothyroidism, workers taking corticosteroid 
therapy, workers who do not work full time in the 
sedentary position, workers who are physically 
active at work, workers who were pregnant in the 
last 2 years, breast-feeding workers.
Prior to the start of the study, a brief education of 
respondents was made and relevant information 
provided, explaining the purpose and objectives 
of the study. All examinees signed informed con-
sent forms. The study was approved by the Ethics 
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Committee of the Department of Occupational 
Health Centre of Sarajevo.

Methods

During a systematic examination in the Institute of 
Occupational Health, a general examination was 
carried out, including work history, personal and 
family history, as well as physical examination. 
The ultrasound osteodensitometry of calcaneus 
was performed on the ultrasound osteodensitome-
ter (Osteosys BTL, Czech Republic) at the Depar-
tment of Physical Medicine of the Institute. Te-
sting was done by a direct method and the results 
of bone density measurements were expressed by 
T-scale (16). Osteoporosis was diagnosed when 
T-score <-2.5 and osteopenia when T-score was 
between 1.0 and 2.5. Bone density was conside-
red normal if T was ≥ -1.0. Decreasing of the bone 
mineral density (BMD) for one standard deviation 
increases the risk of bone fractures by 1.5-3 times.

Statistical analysis

One part of the study results were processed by 
the statistical correlation method by Pearson. 
Accepted statistical significance was at p <0.05. 
Pearson’s correlation coefficient was used in ca-
ses where there was a linear link between the va-
riables of the observed model and a continuous 
normal distribution. The Pearson correlation co-
efficient value ranged from +1 (perfect positive 
correlation) to -1 (perfect negative correlation). 
Pearson’s correlation coefficient r was based on  
comparison of the actual influence of observed 
variables on each other in relation to the maxi-
mum possible influence of two variables. 

RESULTS 

The average age of 213 females was 45.4 years; 
the majority were in the age group 41 to 60 years, 
138 (65%) (Table 1). 

Changes in bone density were found in 121 (out 
of 213; 56.8%) females: 110 (51.6%) were with 
osteopenia and 11 (5.2%) with osteoporosis.
Both, osteopenia and osteoporosis were most 
represented in the 51-60 years age group, in 39 
(out of 121; 32.3%) and eight (out of 121; 6.6%) 
females, respectively.
Out of 100 examinees in the smoker group (46.9% 
of total examinees), 40 (40.0%) examinees had 
osteopenia and seven (7.0%) had osteoporosis; 
both, osteopenia and osteoporosis were most re-
presented in the 51-60 years of age smoker group, 
15 (37.5%) and six (85.7%) females, respectively. 
Out of 113 non-smoker examinees (53.1% of total 
examinees), 70 (61.9%) had osteopenia and four 
(3.5%) had osteoporosis (Table 1). 
The correlation between bone changes and age in 
the smoker group was r = 0.2822 (positive corre-
lation) (p <0.05), and in the non-smoker group it 
was r = 0.2030 (positive correlation) (p <0.05). 

DISCUSSION

Changes in bone density were found in 121 
(56.8%) females. It is particularly worrying that 
10 out of 13 females younger than 30 years of 
age had osteopenia. The correlation between 
bone changes and age in both smoker and non-
smoker group was positive, but it was higher in 
smokers than non-smokers group due to nicotine 
adversity. There was also a high probability of 
further bone loss combined with all further con-
sequences. It is known that in women who smoke 
earlier menopause may occur and that osteoporo-
sis development is more present (17). This work 
has confirmed this finding. 
Comparing the results of this work with other 
authors, it can be seen that in all studies the pre-
valence ranges from moderate to high. A study in 
Italy found prevalence of 18% of women suffering 
from osteoporosis (18). The research conducted in 

No (%) of respondents

Age (years)
Smokers Non-smokers Total

Osteopenia Osteoporosis Without changes Total Osteopenia Osteoporosis Without changes Total
≤30 0 0 0 0 10 (14.2) 0 3 (7.6) 13 (11.5) 13 (6.1)
31-40 11 (27.5) 0 11 (20.7) 22 (22.0) 11 (15.7) 0 11 (28.2) 22 (19.4) 44 (20.7)
41-50 11 (27.5) 1 (14.2) 18 (33.9) 30 (30.0) 19 (27.1) 1 (25.0) 10 (25.6) 30 (26.5) 60 (28.1)
51-60 15 (37.5) 6 (85.7) 18 (33.9) 39 (39.0) 24 (34.2) 2 (50.0) 13 (33.3) 39 (34.5) 78 (36.6)
˃61 3 (7.5) 0 6 (11.3) 9 (9.0) 6 (8.5) 1 (25.0) 2 (5.1) 9 (7.9) 18 (8.4)
Total 40 (100.0) 7 (100.0) 53 (100.0) 100 (100.0) 70 (100.0) 4 (100.0) 39 (100.0) 113 (100) 213 (100)

Table 1. Changes in bone density in 213 smoker and non-smoker examinees according to age

Bišćević-Tokić et al. Sitting position and bone changes
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Colombia also showed a high prevalence of osteo-
porosis, as many as 97.3% of women had at least 
one risk factor for osteoporosis (19). A US study 
has shown the prevalence of osteoporosis of 10.3% 
(20). So far, it has been a practice for women youn-
ger than 45 years old not to measure bone density. 
This study has shown that even younger women 
should be included in the screening. If bone loss is 
not noticed in time, osteoporosis may arise, which 
can lead to disability, which disturbs the overall qu-
ality of life of the affected person (21).
In conclusion, osteoporosis becomes a public health 
problem. Prevention should include a regular annu-
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ABSTRACT

Aim To determine psychological characteristics of war veterans 
after the war in Bosnia and Herzegovina (B&H). 

Methods The study included 207 war veterans with war experien-
ce in B&H. Evaluation of veterans was conducted by the Harvard 
Trauma Questionnaire (HTQ)-B&H version, Emotion Profile In-
dex (EPI), Life Style Questionnaire (Life Style index - LSI).

Results Veterans who show symptoms of posttraumatic stress 
disorder (PTSD) had more traumatic experiences and higher level 
of traumatization than veterans who did not show PTSD symp-
toms (p=0.000). Low level of reproduction, incorporation, lack 
of control, self-defence and exploratory and acceptable responses 
(p=0.000), lack of control (p=0.025) and deprivation (p=0.013) 
were shown on the emotional profile by war veterans suffering 
from post-traumatic stress disorder. Negation, intellectualization 
and compensation were coping strategies for traumatic experien-
ces and symptoms of PTSD, used by war veterans.

Conclusion War veterans with post-traumatic stress disorder 
experienced more traumatic experiences and show more severe 
symptoms of post-traumatic stress disorder. In the emotional pro-
file, there was a lower level of emotional states, and coping strate-
gies with posttraumatic stress disorder were negating, intellectua-
lization and compensation. The treatment of post-traumatic stress 
disorder is becoming a conspicuous public health problem.

Key words: aftermath, mental health, war traumatization, 
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INTRODUCTION

Post-traumatic stress disorder (PTSD) is an 
anxiety disorder that a person may develop after 
experiencing or witnessing an extreme overwhel-
ming traumatic event experiencing intense fear, 
helplessness or anxiety. PTSD symptoms inclu-
de disturbing and intrusive symptoms of persi-
stence, avoidance, increased incitement, sleep 
problems, poor concentration, and emotional dis-
traction. People with PTSD often avoid places, 
activities or things that could remind them of the 
trauma (1). Psychological trauma is a disorder 
that causes a disorganization of the entire perso-
nality, continuing its psychological work further 
during life and triggering negative mechanisms 
of defence. It becomes a basis of new negative 
emotional experiences that may be a source of 
psychological disorders under unfavourable con-
ditions. PTSD affects several biological systems, 
such as cerebral pathways, neurochemistry, cel-
lular, immunological, endocrine and metabolic 
functions (2). At the same time, the presence of 
PTSD and other determinants related to psycho-
logical trauma affect people suffering from this 
disorder (3-6). The prospective longitudinal 
stroke of the PTSD war veterans shows that the 
PTSD is associated with war experiences, often 
chronic, including spontaneous recovery, late or 
delayed start (7). Post-traumatic stress disorder 
symptoms can be maintained for years at a signi-
ficant level and affect their functioning (3, 8-10). 
After the war in Bosnia and Herzegovina war ve-
terans have shown a high level of traumatization, 
and post-traumatic stress disorder is increasingly 
becoming a public health problem that needs to 
be dealt with adequately (11). 
The aim of this research is to determine the 
psychological characteristics of war veterans af-
ter the war in Bosnia and Herzegovina.

EXAMINEES AND METHODS

From January 2015 to December 2018 a group of 
207 war veterans who had experienced the war 
in Bosnia and Herzegovina (1992-1995) were 
included in the study in order to determine the-
ir psychological characteristics. Veterans were 
admitted to outpatient treatment at the Clinical 
Centre for Psychiatry, University Clinical Centre 
Tuzla. All veterans were informed and all gave si-
gned consents to participate in this research. 

Methods

Evaluation of veterans was conducted by the 
Harvard Trauma Questionnaire (HTQ)-B&H 
version, Emotion Profile Index (EPI), Life Style 
Questionnaire (Life Style index - LSI). 
The Harvard Trauma Manual (HTQ) - B&H versi-
on (12) consists of four parts. The first part presents 
a list of possible traumatic events and experiences, 
the second contains respondents’ (subjective) des-
criptions of the most horrible and painful experi-
ences during and after the war, which occurred in 
different environments, the third part is related to 
head (brain) injuries, and the fourth part includes 
psycho-social problems caused by (associated to) 
trauma. The first 16 statements were derived from 
the Diagnostic and Statistical Manual (DSM) IV 
criteria (13) for PTSD. Symptoms were grou-
ped into three phenomena: re-experiencing tra-
umatic experiences, avoiding and numbing, and 
psychological excitation. Part IV of the HTQ rela-
ted to symptoms was scored as follows: 1= not at 
all, 2= very little, 3 = pretty much, 4 = very strong. 
The result for PTSD and/or total score >2.5 were 
considered positive for PTSD. The values of the 
overall result reflect the actual level of the PTSD 
as this result also refers to the symptoms and func-
tional status (14,15).
The index profile of emotion - PIE profile is a 
personality-based questionnaire based on being 
forced to choose. It consists of 12 expressions for 
personality traits: social, hasty, cautious, self-bur-
dened, resentful, obedient, depressed, inclined to 
quarrel, inclined to adventures, shy and cordial. 
These personality traits are paired in all possible 
combinations, so the questionnaire contains 62 
particles. The questionnaire defines the following 
eight dimensions of the personality: reproduction, 
incorporation, uncontrollability, self-protection, 
deprivation, oppositionality, exploration and ag-
gressiveness. In addition to the listed scales there 
is also a bias scale (BIAS-L) that reflects the ten-
dency of an individual to choose a more socially 
desirable particle out of each pair. Results above 60 
are considered as high, and results that are lowen 
than 40, as low. Regarding the metric characteri-
stics of the questionnaire in the PIE Manual, the re-
liability of all questionnaire scales, determined by 
the test - retest method, is from 0.61 to 0.90 (16).  
Life Style and Defensive Mechanisms (LS and 
DM) - The Life Style Index Questionnaire (17) 
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was designed to assess defence mechanisms, assu-
ming that their use is related to specific emotional 
states and diagnostic concepts. It consists 92 cla-
ims that are substantially divided into 8 defence 
mechanisms: negation, regression, repression, 
compensation, projection, relocation of intellectu-
alization, reaction formation.  The questionnaire 
is based on Plutschik’s theory of eight primary 
emotions and eight basic defence mechanisms 
that are most responsible for controlling emotions 
(18). Psychometric checks indicate to an adequa-
te degree of reliability of individual scales: Com-
pensation (0.61), Moving (0.71), Negation (0.63), 
Intellectualization (0.58), Projection (0.61), Reac-
tion Formation (0.66), Regression (0.69), and Re-
pression (0.56). The original Questionnaire was 
translated in the Centre for Psycho-diagnostic 
Assays, in Ljubljana (Slovenia) 1990 (19).

Statistical analysis

The results were analysed using descriptive sta-
tistics calculating of the average value and stan-
dard deviation. To test the difference between 
groups t Mann-Whitney test of independent sam-
ples test was used. Differences were considered 
important for p<0.05. 

RESULTS

The mean age of 100 veterans with the post-tra-
umatic stress disorder were 51.58 ±5.04, whi-
le in 107 war veterans with no PTSD it was 
52.53±5.44 years. 
Veterans with the PTSD as well as those with 
no PTSD mostly lived in the four-five member 
families, 81 (37.5%) and 80 (40%), respecti-
vely.  Veterans with the PTSD were employed 
in 67 (30.9%) and veterans with no PTSD in 
seven (2.4%) cases. The war disability of 21-
100% among veterans with PTSD, 48 (23.2%), 
was higher than the disability of veterans who 
did not show symptoms of PTSD, 14 (6.7%) 
(p=0.001) (Table 1).
Veterans who showed symptoms of PTSD had 
more traumatic experiences-events compared 
to veterans who did not show PTSD symp-
toms, 15.91±5.81 and 6.86±4.86, respectively 
(p=0.000), as well as a higher level of trauma-
tization on HTQ, 3.08±0.37 and 1.46±0.35, res-
pectively (p=0.000) (Table 2).

War veterans with symptoms of PTSD showed 
a lower level of reproduction (p=0.000), incor-
poration (p=0.000), and uncontrol (p=0.025), and 
higher level of deprivation (p=0.013) (Table 3) in 
an emotional profile (Table 3).
War veterans who showed symptoms of PTSD 
as strategies for coping with traumatic expe-
riences and symptoms of posttraumatic stre-
ss disorder used more negating (52.50±17.07 
vs 37.66±20.94; p=0.000), intellectualizati-
on (62.81±49.60 vs 49.60±24.84; p=0.001), 
compensation (42.66±20.73 vs 31.73±20.28; 
p=0.004). War veterans without PTSD symptoms 

No (%) of war veterans

Characteristics With PTSD
(n=100)

without PTSD 
(n=107)

Age (mean ± SD) 51.58±5.04 52.53±5.44
Number of family members
three 15 (7.5) 19 (9.2)
4 - 5 80 (40.0) 81 (37.5)
< 5 5 (2.5) 7 (3.3)
Level of education of fathers 
No education / /
Primary school 17 (8.3) 16 (7.5)
Secondary school 82 (40.8) 64 (30.0)
Higher education 9 (3.3) 27 (12.5)
Employment status of fathers
Employed 7 (2.4) 67 (30.9)*
Unemployed 53 (26.6) 37 (17.5)
Occasionally employed 18 (9.2) /
Retired 22 (10.9) 3 (1.7)
Time spent in the war (years)
Less than 1 2(0.8) 9 (4.2)
1 -2 13 (5.8) 9 (4.2)
3 15 (7.5) 23 (10.8)
4 and more 72 (35.9) 66 (30.8)
Military disability (%)
0-20 52 (25.9) 93 (43.4)*
21-40 22 (10.8) 9 (4.2)
41-60 13 (6.7) 3 (1.7)
61-80 10 (5.0) 2 (0.8)
81-100 3 (1.7) /

Table 1. Demographic characteristics of 207 Bosnian war 
veterans with post-traumatic stress disorder (PTSD) and war 
veterans without PTSD

*p=0.001; 

Harvard Trauma Questi-
onnaire-version for Bosnia 
and Herzegovina

War veterans 
with PTSD 

(n=100)

War veterans 
without PTSD 

(n=107)
p

M±SD
Number of traumatic events 15.91±5.81 6.86±4.86 0.000
The severity of PTSD (≥2.5) 3.46±0.41 1.53±0.38 0.000
Functionality of PTSD (≥2.5) 2.95±0.43 1.42±0.35 0.000
Total PTSD (volume + func-
tionality) (≥2.5) 3.08±0.37 1.46±0.35 0.000

Table 2. Description of posttraumatic stress disorder (PTSD) 
according to the Harvard Trauma Questionnaire –version 
Bosnia and Herzegovina

M, mean; SD, standard deviation

Selimbašić et al. Mental health war veterans
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used displacement strategies (61.06±28.08 vs 
42.33±29.93; p = 0.001), regression (50.05±23.44 
vs 39.41±24.23, p=0.016), repression (48.6±24.70 
vs 38.66±24.24; p=0.027). As the most common 
confrontation strategy, war veterans used a pro-
jection, but without a statistical difference if they 
showed symptoms of PTSD (71.36±27.85 vs 
62.56±24.00; p = 0.201) (Table 4).

order. This study demonstrates that war veterans 
who show symptoms of PTSD had a higher per-
centage of disability compared to veterans who did 
not show symptoms of PTSD (20). Fontana and 
Rosenheck stated that social functioning remained 
largely unsettled among modern war veterans who 
were diagnosed with PTSD, but pointed to thera-
peutic interventions that emphasize the possibility 
of returning war veterans to the society (21). The 
differences between the men and women who ser-
ved in Iraq and Afghanistan, Fontana et al. indica-
ted in terms of exposure to hazards in combination 
with gender differences in psychopathology. Male 
soldiers are often diagnosed with medical pro-
blems, alcohol abuse or addiction, and are rarely 
diagnosed with anxiety disorders if mood disor-
ders and PTSD are excluded (22). Female soldiers 
in Iraq and Afghanistan have fewer opportunities 
to marry or recruit before being employed, but 
have more social support than men (23). 
Our study shows that veterans who suffer from 
PTSD showed more severe PTSD, which was 
manifested in more pronounced symptoms of 
post-traumatic stress disorder and impaired 
functioning. Selimbašić et al. pointed out that 
the trauma of war veterans in Bosnia and Her-
zegovina was maintained at a high level twenty 
years after the war ended, and emphasized the 
need for continued treatment in order to prevent 
the long-term consequences of the war (11). The 
trauma is maintained because of the unresolved 
status of a significant number of veterans who 
are dissatisfied with basic social and economic 
needs, creating continuous existential fear and 
insecurity; because of that it is important to 
analyse the differences between war veterans in 
terms of needs and expressiveness of disorders, 
comorbidity and diagnosis with regard to PTSD 
in the territory of the former Yugoslavia and the 
wars in Iraq, Afghanistan, the Persian Gulf and 
Vietnam. Murphy et al. believe that UK veterans 
show mental difficulties, expressed comorbidity 
and a need for treatment (20, 22). An analysis of 
Iraqi, Afghanistan, Persian and Vietnamese war 
veterans with the diagnosis of PTSD indicates 
that veterans of war submit the claims of disabi-
lity compensation (23). This reinforces the need 
for analyses of differences in terms of PTSD di-
agnosis and the development of programs and 
treatment planning for returnees from war zones 
(24).  In our study, war veterans in an emotional 

Plutchik’s 
Emotion Index 
(0-100) 

War veterans 
with PTSD 

(n=100)

War veterans 
without 

PTSD(n=107)
t-test p

M±SD
Reproduction 18.80±22.64 74.50±18.97 -14.605 0.000
Incorporation 16.98±22.49 74.76±18.80 -15.265 0.000
Uncontrolled 34.36±28.92 44.16±16.67 -2.274 0.025
Self-protection 27.44±24.49 55.50±15.45 -7.943 0.000
Deprivation 48.00±35.67 35.26±15.54 2.534 0.013
Opposition 41.20±32.72 35.61±16.72 1.177 0.242
Explosion 33.91±26.78 48.35±16.91 -3.529 0.001
Aggression 45.75±38.12 39.03±22.10 1.181 0.240
BIAS-L 22.03±23.62 70.53±15.33 -13.338 0.000

Table 3. Emotional profile of veterans with and without post-
traumatic stress disorder (PTSD) according to Plutchik’s 
Emotion Index

M, mean; SD, standard deviation; t, Mann-Whitney test (Independent 
sample test)

Coping styles- The 
Life Style Index 
(0-100)

War veterans 
with PTSD 

(n=100)

War veterans 
without PTSD 

(n=107)
t-test p

M±SD
Negating 52.50±17.07 37.66±20.94 4.253 0.000
Repression 38.66±24.24 48.60±24.70 -2.243 0.027
Regression 39.41±24.23 50.05±23.44 -2.443 0.016
Compensation 42.66±20.73 31.73±20.28 2.919 0.004
Projection 65.26±24.00 71.36±27.85 -1.285 0.201
Displacement 42.33±29.93 61.06±28.08 -3.535 0.001
Intellectualization 62.81±49.60 49.60±24.84 3.273 0.001
Reaction formation 49.66±19.99 54.96±26.22 -1.245 0.216
BIAS-L 48.21±16.13 51.26±19.98 -0.920 0.360

Table 4. Coping style according to Life Style Questionnaire of 
Bosnian war veterans with and without post-traumatic stress 
disorder (PTSD) 

M, mean; SD, standard deviation; t, Mann-Whitney test (Independent 
sample test)

DISCUSSION

The war in Bosnia and Herzegovina (1992-1995) 
has long-lasting consequences on the general po-
pulation, families and war veterans. In this study, 
war veterans who showed symptoms of post-tra-
umatic stress disorder were of lower socioecono-
mic status, lower education and the severity of 
war disabilities than veterans who did not show 
symptoms of post-traumatic stress disorder.
Wounding and war disability are a significant risk 
for the occurrence of post-traumatic stress disor-
der of war veterans with post-traumatic stress dis-
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profile showed a low level of reproduction, depri-
vation, incorporation, uncontrollability, self-pro-
tection, exploration and creation of a more accep-
table image of themselves. War veterans who do 
not show symptoms of PTSD had elevated values 
of reproduction, incorporation and better social 
acceptability. Husar Mršić and Bogović have fo-
und the difference in the dimensions of the PIE 
questionnaires in groups of veterans of the dome-
stic war with higher and lower intensity of PTSD: 
differences in the emotional profile (PIE) were 
obtained with higher level of confidentiality, dis-
trust, aggression and bias, and accordingly, ve-
terans with higher intensity of PTSD choose the 
socially disagreeable answers, and were descri-
bed as more untrustworthy, more aggressive and 
less social (25). Symptoms of PTSD within war 
veterans could have a negative impact on mental 
health, physical health, work and relationships, 
might cause a feeling of isolation, the inability 
to trust other people, difficulties to control or 
express their emotions and pay attention to pro-
blems (26). Trlaja et al. comparing a groups of 
the wounded with and without PTSD, found thro-
ugh PIE that the PTSD group had a significantly 
lower degree of confidentiality, sociability and 
fearfulness, and higher results on the dimension 
of aggressiveness; they suggested that effects of 
post-traumatic stress disorder could be far-re-
aching, so learning healthy strategies for dealing 
with PTSD can provide a sense of recovery, hope 
and control over life to war veterans (27).
War veterans in our study who suffered and 
showed symptoms of PTSD use the negation, 
intellectualization and compensation as the most 
common coping strategies. 

Knežević et al. in the study of 220 war veterans 
in Croatia, pointed out long-term effects of war 
trauma, a strong relationship between dysphoria, 
coping strategies and chronicity of PTSD (28). In 
a study of 120 war veterans with political experi-
ence 20 years after the war, Selimbašić et al. fo-
und as dominant coping strategies of projections, 
intellectualization and reactive formation (11). 
Shariati and Dehghani in a study of 80 Iranian-
Iraq war veterans found that the average emoti-
on-solving results were significantly different, 
and that PTSD veterans used an emotional-ori-
ented style coping and underdeveloped defensi-
ve styles more than veterans who did not show 
PTSD symptoms (29). In a study of 120 veterans 
with PTSD, Mikaeili et al. found that styles of 
problem-solving, internal control focus and high 
emotional intelligence predicted a high social 
adjustment of veterans with PTSD (30).
In conclusion, veterans with experience of war 
in Bosnia and Herzegovina with symptoms of 
post-traumatic stress disorder have shown more 
traumatic experiences, more pronounced symp-
toms of post-traumatic stress disorder, lower 
level of emotional state, coping strategies as of 
negation, intellectualization and compensation. 
Post-traumatic stress disorder is a public health 
problem that requires continuous treatment and 
rehabilitation.
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ABSTRACT

Aim To determine the prevalence of depressive episodes and recu-
rrent depressive disorders despite of the length of therapy and type 
of antidepressants.

Methods The study was conducted among 508 patients aged 19-65 
years who were treated for depression for at least 3 months (mild 
and moderate episodes were controlled and the effects of treatment 
monitored by family physicians, while severe episodes were con-
trolled by a psychiatrist) during 2013- 2015 in Zenica-Doboj Can-
ton using the Hamilton Depression Rating Scale (HDRS). 

Results The average age of the patients was 48.98±11.585 years. 
Depressive disorder was most commonly represented in patients 
with high-level education, 22%, more frequently in non-produc-
tive workers (non-productive vs. manufacturing 58%:35%). A si-
gnificant number of patients who were treated for depression were 
unemployed (57%). All respondents were suffering from the most 
serious episode of depression with an average depression rate at 
the Hamilton scale 18.49±8.603, with a very serious depression 
level of 32%, severe 17%, moderate 21%, and mild 20%. Most pa-
tients were treated with paroxetine, 27%, fluoxetine 22% and ser-
traline 17%. Efficacy of depression treatment with different types 
of selective serotonin reuptake inhibitors antidepressants (SSRIs) 
was not significantly different (p=0.502).

Conclusion Success of the treatment with the absence of symp-
toms of depression was achieved in 10% and the maintenance of 
depressive episodes occurred in 90% of cases. Adverse reactions 
with the most commonly prescribed SSRI in our country should 
be important in creating procedures and strategies for the future 
treatment of depression in family medicine.

Key words: depressive episodes, effects of medications, antide-
pressant side effects, general practitioners, recurrent depressive 
disorders
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INTRODUCTION 

Depression can occur in any age. It is believed 
that over 120 million people worldwide suffer 
from depression, of which twice as many are wo-
men (1). The most frequently prescribed antide-
pressants are from serotonin reuptake inhibitors 
(SSRI) group. Family medicine physician should 
be familiar with the wider psychopharmacologi-
cal choice, precisely to access chronic patients 
or patients on prolonged antidepressant therapy 
(2,3). Depression is a disease that represents a big 
challenge not only for mental health professio-
nals, but also for family physicians (4). 
Antidepressants generally have similar effects, 
but differ in their safety and side effects. A large 
number of side effects of antidepressants are re-
lated to the action on different neurotransmitter 
systems (5). To establish the diagnosis of depre-
ssion with somatic symptoms, the presence of 
mild or moderately severe depressive episodes 
and four of the eight listed melancholic features 
need to be present. Common vegetative symp-
toms of depression include the reduction of inte-
rest in sexual activity (6). 
According to the records of the Institute of He-
alth Insurance of the Federation of Bosnia and 
Herzegovina (B&H), the most frequently pres-
cribed antidepressants in 2009 were paroxetine 
57.3%, sertraline 11%, fluoxetine 41.15%, ami-
triptyline 0.90% and maprotiline 0.59%. The most 
commonly used anxiolytics are: flurazepam (13%) 
and diazepam (6%). Large use of bromazepam, or 
rare combinations of antidepressants were pres-
cribed if therapeutic goals were not achieved. The 
prevalence of depression with an upward trend in 
Bosnia and Herzegovina is 40% (7).
Antidepressants are the group of drugs that pri-
marily improve depression mood, stimulate vital 
dynamics, and act anxiolytically. Their effect is ba-
sed on the idea of a functional deficiency of “mo-
noamine” in a depressive disorder. Thus, synthesi-
zed antidepressants increase the concentration of 
monoamines at receptor sites in the brain (8). 
The aim of this study was to determine the pre-
valence of depressive episodes and recurrent de-
pressive disorders as negative outcomes of the 
treatment by different types of antidepressants 
despite of the length of therapy. We expected 
the results of the study to provide an important 

degree of variability of side effects of prescribed 
antidepressants compared with the expected regi-
strations in clinical studies that were conducted 
to monitor the effects of these drugs before their 
approval (placebo treatment). Results of the stu-
dy may help optimise health care of patients and 
help family medicine physicians in their choice 
of antidepressants in practice.

PATIENTS AND METHODS 

Patients and study design 

The research was designed as a cross-sectional 
study, conducted on a voluntary basis and with 
anonymity. The study included patients treated 
from depressive mood disorder: mild and mode-
rate episodes under the control and monitoring of 
treatment effects done by family medicine physi-
cian, while severe and serious episode was con-
trolled by the psychiatrist, during 2013-2015 in the 
Family Medicine Teaching Centre, Primary He-
alth Care Zenica, Bosnia and Herzegovina (B&H). 
For the sake of safety and achievement of the 
desired sample, 600 respondents were surveyed. 
Inclusion criteria were: diagnosed depressive dis-
order without psychotic symptoms, respondents 
aged 19-65, treatment with antidepressants for 
at least three months. The diagnosis was based 
on two typical and two other common symptoms 
(DSM-IV) (10). Typical symptoms included: de-
pressive mood, loss of interest and satisfaction, 
decreased energy and increased tiredness. Other 
common symptoms were: disturbed sleep, redu-
ced appetite, reduced concentration and attenti-
on, decreased self-esteem and self-confidence, 
guilt and worthlessness, pessimistic view of the 
future, ideas of self-injury and injury. 
This study was approved by the Ethics Com-
mittee of the Primary Health Care Zenica. 

Methods 

Self-response questionnaire survey on a volun-
tary basis with adherence to ethical terms of 
anonymity was done. Prior to access to the sur-
vey, patients were provided with relevant infor-
mation to clarify the purpose, objectives and im-
portance of the research. 
Prevalence rates of the treatment or negative 
outcome of the treatment and maintenance of 
depressive episodes and recurrent depression 
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episode despite the treatment of antidepressants, 
were determined by a screening method using the 
Hamilton Depression Scales translated into the 
B&H language. Intervals of the Hamilton scale 
represent and categorize depression. It contains 
17 numbered graduated doors (symptoms of de-
pression) whose sum is added: 0 -7 normal men-
tal status, 8-13 mild depression, 14-18 moderate 
depression, 19-22 serious depression, and > 22 
very serious depression (9). 

Statistical analysis

Standard methods of descriptive statistics were 
applied. The χ2-test and t-test (p <0.05) were used 
to test statistical significance of the difference 
of the selected variables. For non-parametric 
Spearman correlation test and multivariate re-
gression analysis of ANOVA variance, multivari-
ate correlation analysis were used. 

RESULTS

The study included 508 patients. Response rate 
was very satisfactory, 85% (out of 600). The mean 
age of the respondents was 48.98±11.585 years. 
The age ranged from 18 to 78 years. The majority 
of respondents who were treated for depression 
were women, 320 (63%), and they were mostly 
41-60 years old, 302 (59%). Only 33 (11%) pati-
ents were younger than 30 years of age. Depressi-
ve disorder was most commonly reported in per-
sons with secondary school education, 189 (37%), 
and those with a university degree, 66 (13%). A 
total of 219 (43%) patients were unemployed; 165 
(33%) were employees of services and administra-
tion, 116 (22%) were pensioners.
The mean value of depression 18.49 ± 8,603 SD 
reveals that all respondents were approaching 
or mostly suffering from a serious episode of 
depression.
The first life episode of depressive disorder, 
which had never occurred before, was noticed 
in 182 (36%) patients; 326 (64%) recovered 
from depressive disorder. Backward disorder 
that occurred one more time was noticed in 141 
(28%), twice in 45 (9%), three times in 66 (13%), 
and more than three times in 74 (14%) patients.
Only 53 (10%) patients achieved remission and 
absence of the depressive disorder as a successful 
treatment outcome. 101 (20%) patients suffered 
from mild depressive disorder, and 103 (21%) 

patients from moderately severe depression. Se-
rious depression was recorded in 87 (17%), and 
very serious with treatment in 164 (32%) pati-
ents. Failure to treat and maintain depression was 
found in 457 (90%) and serious depressive level 
in 248 (49%) patients.
The patients were mostly treated with paroxe-
tine, 141 (27%), 90 (17%) with sertraline, 116 
(22%) fluoxetine, 107 (21%) with escitalopram 
or another antidepressant, and 65 (13%) with flu-
razepam (p<0.000). Differences in achieving the 
success/failure of treating depression according 
to the chosen first antidepressant were not stati-
stically significant (p=0.502). (Table 1). A total of 
296 (59%) respondents did not show any suicidal 
thoughts or suicidality. Suicidality was manife-
sted in 212 (41%) respondents.

The level of 
depression

Antidepressant (No of patients)
Paroxetine

(130)
Sertaline

(90)
Fluoxetine

(116)
Flurazepam

(65)
Other
(107)

Normal 
mental status 17 (13) 7 ( 8) 8 ( 7) 6 ( 9) 15 (14)

Mild
depression 31(24) 18 (20) 20 (17) 12 (19) 20 (19)

Moderate 
depression, 21 (16) 17 (19) 22 (19) 19 (29) 24 (22)

Severe 
depression 21 (16) 16 (18) 22 (19) 10 (15) 18 (17)

Very severe 40 (31) 32 (35) 44 (38) 18 (28) 30 (28)

Table 1. Comparative distribution of choice of the first 
antidepressant in the treatment and the outcome of treatment 
success according to the reported level of depression

p=0.502

DISCUSSION 

In stationary psychiatric institutions, about 3000 
depressed persons are treated annually, of whom 
69% are females (10), which is similar to the re-
sults of our study, e. g. 63% of women being tre-
ated for depressive episodes. Our patients mostly 
suffered from serious, most recurrent episode of 
depression; 36% of patients had the first life epi-
sode of depressive disorder. The prevalence of 
recurrent depression with recurrent episodes was 
64%; a serious level of depression was found in 
32% of patients. 
The diagnosis of depression is associated with 
high suicidal risk. The assessment of suicidal 
risk is an integral part of clinical practice. Sui-
cide is manifested by the following perceptions: 
life is not worth living; desires death or shows 
suicidal intentions (10). Authors of a systematic 
meta-analysis in 2005 concluded that increased 
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risks of suicide and suicidal attempts caused by 
SSRIs could not be ruled out (11). Some authors 
fail to support either an overall difference in sui-
cide risk between antidepressant and placebo-tre-
ated depressed patients in controlled trials, or a 
difference between SSRIs and either other types 
of antidepressants or placebo (12,13). Our results 
are worrying because of a very high prevalence 
rate of suicide related to the treatment of SSRIs.
Social theories assume that a number of stress si-
tuations predispose a person to the development 
of depression (14). Our results support social the-
ory and the role of stress in the development of 
depression. Today’s environment lifts the spiri-
tual sphere and makes life difficult. How much a 
social moment is associated with depression spe-
aks in favour of the incidence rate of depressive 
disorder in work-active respondents in our study; 
non-productive workers were represented with 
65% compared to the workers with professional 
education in production with 35%. In our study, 
health workers have a high prevalence of de-
pression (13%) compared to educators (3%). In 
addition, production workers suffer from depre-
ssion with the prevalence of 35%, and most often 
due to the lack of respect for their employment 
rights. Unfortunately, there is an impression that 
the most important of all sociodemographic fac-
tors is unemployment. In our study depression 
affected 43% of the unemployed. The guidelines 
for treating depression are based on a review of 
literature and guides by various psychiatric soci-
eties and organizations dealing with the treatment 
organization of mental disorders (15,16). 
It is very important to evaluate well all of the 
conditions associated with a depressive disorder, 
then select an antidepressant (17). Most patients 
should be trained to continue the treatment after 
remission of the disease or to achieve significant 
improvement (18). Selective serotonin reuptake 
inhibitors (SSRIs) (sertraline, paroxetine, fluoxe-
tine, escitalopram), selective serotonin inhibitors 
(noreprinephrine-venlafaxine), bupropion and 
mitrazapine are often the first choice drugs for 

depression (19), which was confirmed in our re-
search. Amongst the SSRIs examined, only flu-
oxetine acutely increases extracellular concen-
trations of norepinephrine and dopamine as well 
as serotonin in prefrontal cortex, suggesting that 
fluoxetine is an atypical SSRI (20). Symptoms 
such as fear and concern should be treated with 
tricyclic antidepressants (TCA) (amitriptyline, 
imipramine). They make the second line of tre-
atment for depressive disorder (21).
Unfortunately, the treatment with antidepres-
sants often has a potential risk of side effects 
and suicidal ideals (22). Although SSRIs have 
better overall safety and tolerability than older 
antidepressants, experience and clinical studies 
have shown significant incidence of their unde-
sirable effects, especially sexual dysfunction, 
weight gain, and sleep disorder (23). Those are 
the most concerning unwanted events in long-
term SSRI therapy. Results of our study are con-
sistent with Ferguson results (23). 
Patients suffering from depression require a 
multidisciplinary approach to treatment. Early 
recognition and effective, time-long enough tre-
atment are important to avoid the consequences 
and chronic disease course (24,25). Depression 
treatment is performed with psychopharmaceuti-
cals, psychotherapy and psycho-education of the 
affected patient and family members. Depressive 
episodes can be treated in 70 to 80% of cases (26). 
Patients requiring depressive episodes to repeat 
maintenance therapy should take it for at least 
five years and a certain number of patients for a 
lifetime (27-30).
In conclusion, the management of depressi-
on requires a family physician to have good 
knowledge and diagnostic skills on the use of 
appropriate antidepressants. 
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ABSTRACT

Aim To validate two sub-scales of self-care behaviour and self-ef-
ficacy of hypertension in elderly patients in Iran using an English 
scale developed by Dr. Han et al.

Methods The Persian version of two sub-scales of self-care be-
havior and self-efficacy was validated for 300 elderly people who 
suffered from hypertension. These sub-scales were translated into 
Persian according to the Wild et al. model. The validity of the tool 
was confirmed through formal, content and structural validity and 
reliability through calculation of internal consistency and time sta-
bility.

Results Cronbach’s alpha was reported to 0.85 for behavior, 0.86 
for self-efficacy. Pearson’s correlation coefficient for behavior was 
0.89, for self-efficacy 0.92. Intraclass correlation coefficient (ICC) 
was 0.84 for behavior and 0.88 for self-efficacy. The minimum 
acceptable content validity ratio (CVR) for each grade was equal 
to 49.0 and for the content validity index (CVI)  equal to 0.79, 
indicating that all items obtained the grade points. In exploratory 
analysis, two dimensions of diet and disease management were 
determined for both sub-scales, which were approved according 
to fit indicators.

Conclusion The Persian version of the Self-Care Tools for hyper-
tension showed favourable validity and reliability, and thus it can 
be used for measuring the level of self-care for hypertension in 
Iranian elderly population.

Key words: aged, hypertension, Persian, self-care, validation
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INTRODUCTION 

Because of high rate of outbreaks of the hyper-
tension disease and its effects on vital organs, it 
is recognized as one of the most important health 
challenges worldwide (1). The global outbreaks of 
this disease are reported ranging between 10% and 
60%, and the percentage of global outbreak in the 
elderly population is reported to be about 40% (2). 
Hypertension is associated with an increased risk 
of developing diseases such as kidney, brain, he-
art and vision, and if left untreated, among half of 
the patients suffering from coronary artery disea-
se, one third of them due to myocardial infarction 
disease and 10 to 15% of them because of kidney 
disease will die (3). Despite the advancement and 
development of modern technologies, the availabi-
lity of multiple drug and non-drug therapies, and 
the facility of diagnosis and treatment, controlling 
this disease continues to be a challenge, imposing 
high cost on many healthcare systems (4,5). Accor-
ding to the World Health Organization, half of the 
people are unaware of their diseases and less than 
12.5% of those who were treated can control the 
disease (6). Usually, the first treatment suggested 
for hypertension is drug therapy, but the medicati-
on is not always successful. About 30% of people 
do not provide their own drug, and many patients 
are unwilling to be exposed to the medication side 
effects or they are reluctant to take medication (7). 
In the elderly, as they often experience emotional 
problems, such as mental burdens caused by unpaid 
life insurance, family members’ neglect or social 
isolation, as well as physical problems such as im-
paired function of the heart, kidneys, liver or he-
modynamic changes caused by using the medica-
tions without prescription or complementary home 
remedies; they may refer to the healthcare centers 
with an exacerbation in their clinical situation (8,9).
Eighth joint national committee (JNC-8) re-
commends drug -based treatment of hypertensi-
on, as well as interventions for changing lifestyle 
along with presenting a set of self-care behavior, 
which are useful with regard to its cost-effective-
ness, and it is also accompanied with taking medi-
cation for effective control of hypertension (10). 
Self-care is the most important form of primary 
care in developed and developing countries (11). 
A review of previous studies has confirmed that 
the reduction of 5 and 4.3 mmHg in systolic and 
diastolic blood pressure occurred as a result of 
practicing self-care (2).

Unfortunately, despite the fact that the role of self-
care in controlling high blood pressure is well docu-
mented, there is a limited number of valid tools for 
measuring it throughout the world (12). One of the 
most valid tools used globally is the Hypertensi-
on Self-Care Tool which was designed by Hae- Ra 
Han et al (13). This scale was developed during a 
research conducted at the Johns Hopkins Univer-
sity in 2014, which covers all aspects of self-care in 
hypertension. This tool has three distinct sub-sca-
les: motivation, behavior, and self-efficacy. This 
4-point Likert scale actually has four options that 
are tailored to each area according to the designer’s 
view; each of these sub-scales can be used alone or 
together (13). Regarding the importance of self-ca-
re in controlling chronic diseases such as hyperten-
sion and considering the fact that unfortunately in 
Iran, there is an increase in the outbreaks of hyper-
tension, especially among the elderly, the need for 
developing a standard tool in accordance with the 
scientific principles of nursing in the medical field 
is considered as a necessary measure. 
Since this tool has been designed based on the 
nursing frameworks and principles, as well as the 
need for the simplicity of tool comprehension, 
full validation steps, the inclusion of all aspects 
of self-care for hypertension, and also the pro-
posal of designers regarding the use of this tool 
in different ethnicity, cultures and different age 
groups and finally because of the fact that, there 
is no study conducted on the validation of this 
tool in the elderly population of Iran.
The aim of this study was to validate two sub-
scales of self-care behavior and self-efficacy for 
hypertension in the elderly.

PATIENTS AND METHODS

This is a methodological study carried out to 
validate two sub-scales of behavioural and self-
efficacy of self-care for hypertension among 300 
elderly people in Ahwaz, Iran. Inclusion criteria 
were: being 60 years old and older, completion of 
a consent form for participation in the research, 
diagnosis of hypertension by physician, possessi-
on of active health records in community health 
centres, receiving anti-hypertensive medications, 
and ability to speak the Persian language. The 
existence of cognitive impairments, the existence 
of severe conditions associated with hypertension 
and the presence of visual and auditory disorders 
so that one is not able to communicate and com-
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plete the questionnaire form, all were considered 
as the exclusion criteria. Based on these Plichta 
et al. criteria the adequate number of sample size 
needed to perform construct validity is between 
200 and 500 people, 300 people were selected for 
the sample size in this study (14).
Sampling was done from April to November 
2018. In this research, translation and validati-
on of tools were performed based on the method 
proposed by Wild et al. (15). 
In order to collect the data, after selection of the 
qualified elderly people for participation in the 
study and explaining the goals and method of the 
research, we took informed consents from the par-
ticipants. Demographic information questionnaire 
including demographic information (age, sex, le-
vel of education, marital status, occupation, place 
of residence) along with two sub-scales of self-
efficacy and self-care behaviour were distributed 
among them, and they were asked to complete the 
questionnaires. For the illiterate people, the questi-
onnaires were completed by the researcher.

Methods 

After obtaining the written permission from the 
original designer of the questionnaire, the original 
questionnaire was translated by two fluent speakers 
in English and Persian. The two versions of transla-
tions were compared and with some little changes 
in the words, the final version was obtained. In the 
next step, to translate the final translated version to 
English, those versions were given to two people 
who had good command in both English and Persi-
an language who had no relationship with the first 
group of people. Finally, the returned translated 
version was sent to one of the people in the questi-
onnaires design team by email, and was confirmed 
subsequently. Validation process of the translated 
questionnaire was performed using formal and con-
tent validity, structural validity (confirmatory factor 
analysis), internal consistency and time stability. 
Regarding the evaluation of the content validity 
index, translated questionnaires were given to 
15 people (2 nutritionists, 6 nursing assistants, 3 
senior staff assistants, and 4 instrumentation assi-
stants) to evaluate them and submit their correc-
tive comments. Then the questionnaires were gi-
ven to 10 elderly people to express their opinions 
about the facility with respect to using the tool and 
remark their ability to understand sentences. After 

that, the instruments were used twice in two weeks 
for 30 people of target groups. The next stage was 
run on the main group (300 people). 

Statistical analysis 

Descriptive and inferential tests were performed. 
Validation process of the translated questionnaire 
was performed using formal and content validity, 
structural validity (confirmatory factor analysis), 
internal consistency and time stability. The con-
struct validity was measured by confirmatory factor 
analysis using laser level software. Content validity 
was performed using two indicators content vali-
dity ratio (CVR) and content validity index (CVI). 
In order to determine the internal consistency and 
to measure time stability of Cronbach’s alpha co-
efficient, the tests for Pearson correlation coeffi-
cient and intraclass correlation coefficients (ICC) 
were used (14,15).

RESULTS

A total of 300 questionnaires were statistically 
analysed (Table 1). Content validity was perfor-
med using two (CVR) and (CVI) indicators. The 
minimum acceptable CVR score for each item 
based on the Lavasheh table was equal to 49/0 
according to the number of specialists, which all 
items obtained grades above 49%.

Category N  (%) of patients
Gender 
Females 163 (54.3)
Males 137 (45.7)
Marital status 
Single 4 (1.3)
Married 242 (80.7)
Widow/ Widower 54 (18)
Education 
Under diploma 221(73.66)
Diploma 55 (18.3)
University  degree 24 (8)
Living arrangements
Alone 21 (7)
Spouse 71 (23.7)
Child and spouse 164 (54.7)
Child  39 (13)
Other family 5 (1.7)
Occupation
Employed 34 (11.3)
Unemployed         17 (5.7)
Housewife                  130 (43.3)
Retired                    119 (39.7)
Comorbidity 
YES 184 (61.3)
NO 116 (38.7)

Table 1. Demographic and clinical data of participating older 
adults
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All items obtained good grades. Qualitative 
method was performed by oral interview and 
for further understanding, some words such as 
trans-fat and sodium were changed. Also, foods 
such as pork that is forbidden in the Islamic cul-
ture were deleted from rule 6, and self-efficacy 
in clause 7. The construct validity for this tool 
was obtained by exploratory factor analysis and 
confirmatory factor analysis; two dimensions 
of dietary observance and disease management 
were obtained in exploratory factor analysis 
of the tool. In the next step, with regard to the 
suggestions made by the software (EQS-6.1 
Multivariate software, Inc., Encino, CA, USA) 
to correct the model, by applying a shift in the 
item 14 (I avoid from smoking), from the “di-
etary observance” dimension to the “disease 
management”, fit indicators were improved to a 
satisfactory level and the model was confirmed. 
Accordingly, the Persian version of the hyper-
tension self-care tool in the elderly, without the 
need for removing the items, and with total of 40 
items was confirmed in two sub-scales, which 
includes “dietary observance” with 9 items and 
the “disease management” with 11 items. 
In the final consideration for the reliability of 
the tool, the Cronbach’s alpha value for self-care 
behaviour was 0.21-0.73, for the total score was 
0.851, and for the self-efficacy, the Cronbach’s 
alpha value was between 0.20-0.90, and the 
Cronbach’s alpha for the whole scale was 0.857 
(Table 2). Confirmatory factor analysis was per-
formed for the assessment of construct validity 
and providing the most appropriate model of 
self-care behaviour and self-efficacy for hyper-
tension (Table 3) presented confirmatory factor 
analysis results.

DISCUSSION

Considering the fact that there was nobody in the 
research groups that could find the translation and 
the psychometric properties of this instrument in 
other environments, the results of the different 
sections of the present study were compared with 
the original paper written for the design of the 
instrument.
The first step was to translate the tool based on 
the pattern proposed by Wilde et al. which was 
translated by the direct-inverse translation after 
obtaining the written permission from the origi-
nal designer. Because of its valid theoretical fra-
mework, this tool was chosen among the availa-
ble tools for psychometric assessment (self-care 
theory and motivational interviewing). Han et al. 
in their study introduced the lack of comprehen-
siveness of other tools in the field as the reason 
for the design and development of this tool, and 
they stated that tools, such as Hill Ben Adherens 
and Morinsky, are not well-considered and often 
considering the drug-related behaviours (18).
In next steps, content validity and face validity 
of the tool were measured. Content validity was 
done using two CVR and CVI indicators. The 
lowest (CVI and CVR) scores were obtained for 
items 12 in self-care behaviour sub-scale (which 
was equal to 60) and items 9 and 13 in self-effi-
cacy sub-scale (0.60). The item 12 in self-care 
behaviour sub-scale concerning “drinking less 
alcoholic drinks “ is less likely to be one of the 
reasons for the lower rate for the sentence rela-
ted to the word “alcoholic”, which is forbidden 
in the culture and religion of the studied commu-
nity. However, experts believed that, given the 

Subscale Cronbach’s alpha Test–retest reliability
Self-care behaviour
dietary observance .866 .90
disease management .727 .78
Total .851 .89
Self-efficacy
dietary observance .813 .88
disease management .902 .94
Total .857 .92

Table 2.  Internal consistency and test–retest reliability of the 
subscales

Model χ2 (df) p RMSEA 
(90% CI) CFI GFI AGFISRMR

Primary 
model 
based on 
EFA

self-care 
beha-
viour

660.7
(169) <.001 .081

(.073-.090) .087 .86 .085 .062

self-effi-
cacy

589.8
(169)

.11
(0.10-0.12) .90 .84 .85 .096

Modified 
model of 
tool

self-care 
beha-
viour

504.6
(169) <.001 .051

(.045-.057) .92 .91 .87 .049

self-effi-
cacy

555.6
(169)

.09
(.08-.10) .91 .90 .87 .071

Table 3.  The verifiable indicators of functional analysis on 
the Persian version of the strategies for self-care behaviour 
and self-efficacy for hypertension in the elderly

RMSEA, route mean square error of approximation; CFI, compara-
tive fit index; GFI, goodness of fit index; AGFI, adjusted goodness 
of fit index; SRMR, standardized root mean square residual , EFA, 
exploratory factor analysis
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acceptable score of CVR and CVI, this item 
would not be deleted. In the self-efficacy sub-
scale, 9-item dietary observance dimension was 
reviewed to determine the amount of saturated 
fat (such as fatty meat, peanut, butter, and so on) 
and solid fats (such as vegetable butter, solid fats, 
etc.)  “Less amount of drinking alcoholic drinks” 
was found to have the lowest scores. Concerning 
item 9, it was probably difficult for the elderly 
to understand the saturated fat content of other 
fats, and the 13th grade was the same as the 12th 
grade in the self-care behaviour sub-scale. Some 
words needed to be changed in the study by Han 
et al. For example, he used antihypertensive dru-
gs instead of blood- pressure drugs (13). In the 
quantitative method, using the score formula for 
the effect of each item, all the items scored above 
1.5. In the study by Han et al., this value was re-
ported to be equal to 1.5 and higher.
In the final consideration for the reliability of 
the tool, the Cronbach’s alpha value for self-
care behaviour was equal to 0.21-0.73 and the 
Cronbach’s alpha for the total score was equal to 
0.851. Han et al. in their study reported it betwe-
en 0.20 and 0.8 and for the whole scale the score 
of 0.83 was reported. For the self-efficacy, the 
alpha value was reported to be between 0.20-0.61 
and for the whole scale it was equal to 0.857, and 
in the study by Han, it was reported to be betwe-
en 0.40- 0.44 and the total score was reported to 
be equal to 0.91 (13).
Hypertension is known to be one of the most 
common diseases in the world, which is positi-
vely correlated with age. This disease, with serio-
us complications affecting various organs of the 
body can be controlled and maintained in low le-
vels if self-care strategies are applied by patients, 
which is an important factor for the treatment of 
this disease (16). Considering the effectiveness 
of self-care in controlling the hypertension in the 
elderly, there is a low level of implementation re-
garding self-care program in Iran (17). Therefore, 
this study was conducted to validate a scientific 
and applied tool for implementing self-care pro-
grams among the elderly who are considered as 
vulnerable people in the society. An important fe-
ature of self-care hypertension tool is that it was 
designed based on the nursing principles (13). It 

is simple to use this tool and health care providers 
or researchers can use it in different places, such 
as the elderly’s house, or outdoor at community 
health canters, and the participants can complete 
it within 10-15 minutes. The terms used in the de-
sign of these two sub-scales are very simple, cle-
ar and understandable for people with any level 
of literacy and education, and the elderly people 
can complete it by themselves, and for the illite-
rate elderly people, it can be completed without 
the need for the presence of an expert, it can be 
read by an ordinary person to them. 
With regard to the degree of common and clo-
se coherence with the initial study on the instru-
ments, it can be concluded that the principles of 
this tool are common with other tools due to the 
nature of hypertension in spite of the individual 
and environmental factors and lifestyle that are 
shared with other communities and groups.
In conclusion, this study sought for introducing a 
simple, clear and understandable tool to be used by 
the elderly and with appropriate indicators, related 
to instrumental psychometric, can be considered as 
a valuable source for increasing the awareness and 
understanding of nurses and healthcare profession-
als and other people related to the healthcare of the 
elderly and enables them to design well-programed 
activities in the fields of education, treatment and 
health promotion for the elderly.
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ABSTRACT

Aim To explore preventive health service utilization in patients 
treated by family physicians and the factors associated with their 
use.

Methods This cross-sectional study was carried out in family me-
dicine outpatient departments of the Primary Health Care Canter 
of Canton Sarajevo, Bosnia and Herzegovina. The study included 
300 patients (150 males and 150 females). A questionnaire for the 
evaluation of patients’ socio-demographic characteristics, health 
profile and use of preventive health services was used.

Results Females visited family physicians significantly more often 
than males (p=0.001). About 51.2% of males reported undergoing 
a prostate examination within the past 2 years, 77% of females 
had an examination of the breast within the past 2 years, 9.8% of 
males and 10.5% of females had received influenza immunizati-
on in past 12 months. A number of visits to family physicians in 
the last twelve months was significantly associated with having 
had a prostate examination (digital rectal examination and/or pro-
state-specific antigen testing) (B=1.413, SE=0.171; p=0.043) and 
an examination of the breast (clinical breast examination and/or 
mammography) (B=1.817, SE=0.307; p=0.041). Advancement 
in age was positively associated with influenza immunization 
(B=2.901, SE=0.026; p=0.000).

Conclusion A visit to family physicians was an important step 
along the causal pathway to receiving preventive services (a pro-
state examination, an examination of breast).  Adults aged 18–64 
years were not well protected against influenza and comprehensi-
ve strategies are needed.

Key words: early detection of cancer, family practice, immuniza-
tion, office visits
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INTRODUCTION 

The classic categories of prevention include 
primary, secondary and tertiary prevention. Pri-
mary prevention is an action to avoid or remove 
the cause of a health problem in an individual 
or population before its onset (1). Immunization 
against influenza is one example of primary pre-
vention (2). Secondary prevention is an action 
to detect a health problem at an early stage in 
an individual or population and thus facilitate 
its cure or reduce or prevent its dissemination 
or effect in the long term. Secondary preventi-
on does not necessarily prevent a disease from 
occurring but rather detects it early enough to 
allow effective treatment (1). Regular exams 
and screening tests to detect disease in its ear-
liest stages (e.g. prostate-specific antigen te-
sting to detect prostate cancer, mammograms 
to detect breast cancer) fall in the category of 
secondary prevention (3). Tertiary prevention 
is an action to reduce morbidity and disability 
in people diagnosed with, and being treated for 
a disease (4). Prevention of progression or re-
currence in patients with prostate cancer is an 
example of tertiary prevention (5).
Preventive care is an important component of 
primary care medicine (6). Family physicians 
and their practice teams have a crucial role in 
preventing disease. Physician’s message can 
make a powerful and unique opportunity to deli-
ver preventive care (7).
People with certain characteristics are more li-
kely to use preventive health care services even 
though the characteristics are not directly res-
ponsible for health service use (7). Previous stu-
dies demonstrated that significant factors influ-
encing the utilization of adult preventive health 
care services included socio-demographic cha-
racteristics (age, sex, marital status, and educa-
tion level), risk behaviours and health status (8-
10). Sex, for example, among the demographic 
variables, is intimately related to ‘female exce-
ss’ in consulting, which has led to the assumpti-
on that women are more willing to utilise health 
services in all circumstances (11). Increased age 
predicts more responsibility for own health, thus 
older individuals were more likely to utilize pre-
ventive care services (12). Absence of a partner 
and family who encourage cancer screening or 
who participate in cancer screening is associa-

ted with non-attendance or irregular attendance 
(13) and protection of family members motiva-
tes influenza immunization (14). Characteristics 
such as education and occupation suggest a type 
of life style of an individual and associated be-
haviour patterns, which may be related to the 
use of preventive health services (15).  
Many studies have used specific subpopulati-
ons to investigate utilization of preventive he-
alth services and factors affecting such rates. 
Schülein et al. investigated participation in 
preventive health check-ups of German women 
and found about 53.4% women participating 
in the preventive health check-up; participati-
on was higher among women who were older, 
married and of higher socio-economic status. 
(16). Yen et al. investigated the utilization of 
preventive health services in adults with in-
tellectual disabilities in Taiwan and found 
about 16.65% people with intellectual disabi-
lities who used the preventive health services; 
utilization of preventive health services was 
higher among females,  those who were marri-
ed and aged 60–64 years (17). 
The aim of this study was to explore of preven-
tive health service utilization in patients treated 
by family physicians in Sarajevo Canton and the 
factors associated with their use.

PATIENTS AND METHODS

Study design

This cross-sectional study was carried out in 
family medicine outpatient departments of the 
Public Institution Primary Health Care Centre 
of Canton Sarajevo, Bosnia and Herzegovina 
(B&H) in the period March – July 2018. 
A total of 300 respondents (150 males and 150 
females) were selected from patients who used 
health care services at the Primary Health Care 
Centre during the course of the study period, 
through random sampling.
The inclusion criteria were persons aged 18-64 
years who had a medical record in the Primary 
Health Care Centre of the Sarajevo Canton. 
The exclusion criteria were persons younger 
than 18 or older than 64 years, persons who 
did not have medical records at the Primary 
Health Care Centre of the Sarajevo Canton, 
pregnant women, patients with previous can-
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cer diagnoses, patients with recurrent urinary 
tract infections.
The Ethics Committee of the School of Medici-
ne, University of Sarajevo, approved the study. 
For this investigation, a written consent of the 
General Director of the Primary Health Care 
Centre of the Sarajevo Canton was obtained. An 
informed consent for participation in the study 
was taken from all patients.

Methods

The patients were supposed to fill out a questi-
onnaire that included questions about their socio-
demographic characteristics, health profile and 
use of preventive health care services.  
Socio-demographic characteristics were inclu-
ded: gender, age, marital status, and education. 
Marital status was categorized as married (living 
with a spouse/co-habiting subject), single, di-
vorced and widowed. Education was measured 
by the highest self-reported level of education 
completed. Education level was categorized as 
incomplete elementary school, completed ele-
mentary school, completed secondary school, 
completed high school/university.
Health profile questions included self-reported 
current health status, whether currently smoked, 
daily cigarette consumption, number of visits to 
family physicians in the last twelve months. Se-
lf-reported health status was measured by one 
question: “In general, how would you rate your 
physical health?” with five response categories: 
poor, fair, good, very good and excellent. Data 
on tobacco use were obtained from questions 
about current smoking habits. To measure smo-
king intensity, current smokers were asked, “On 
the average, how many cigarettes do you now 
smoke a day?”  In the present study, smoking 
status was defined based on regular smoking ha-
bits, that is, current smokers were individuals 
who smoked on most or all days. All respon-
dents were asked the following question: ‘In the 
last 12 months, how often did you visit family 
physicians yourself?’
As an indicator of preventive health care uti-
lization a prostate examination (for male), an 
examination of the breast (for female) and influ-
enza immunization were observed. Self-repor-
ted prostate examination (digital rectal exami-
nation and/or prostate-specific antigen testing) 

was assessed through a question asking when 
a male individual had undergone his last exa-
mination. Time of the most recent prostate exa-
mination was recorded as within the past year 
(≤12 months), over 1 year but within the past 2 
years, over 2 years but within the past 5 years, 
and over 5 years. Self-reported examination of 
the breast (clinical breast examination and/or 
mammography) was assessed through a questi-
on asking when a woman had undergone her last 
examination. The time of the most recent exa-
mination of the breast was recorded as within 
the past year (≤12 months), over 1 year but wit-
hin the past 2 years, over 2 years but within the 
past 5 years, and over 5 years. Influenza immu-
nization was assessed by asking participants if 
they had received an influenza immunization in 
past 12 months.

Statistical analysis 

Testing of differences in the age distribution of 
respondents between males and females was per-
formed by Mann-Whitney test. Testing of the diffe-
rence in socio-demographic characteristics betwe-
en males and females was performed by χ2 test. 
Linear regression analysis was used to assess 
the association of the use of preventive health 
care services (prostate examination, examination 
of the breast and influenza immunization) with 
gender, age, marital status, education level, self 
- reported health status, tobacco smoking and a 
number of visits to family physicians in the last 
twelve months. The level of significance was set 
at p<0.05, and or the confidence level of 95%.

RESULTS

This study evaluated 300 patients in two groups 
of 150 (i.e. males and females).
Mean age of males and females was 46.2±9.6 ye-
ars and 46.8±10.4 years, respectively (p=0.589). 
Majority of the respondents were within 46-64 
age group. The age distribution of the two groups 
was similar and there was no significant differen-
ce (p=0.544). 
There was no significant difference between two 
groups in marital status (p=0.127). The vast ma-
jority of respondents (72.3% males and 74.3% 
females) were married.
Formal education level in males and females 
was significantly different (p=0.0001). The most 
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frequent educational level was secondary educa-
tion. Higher secondary education rate of males, 
68.4% (103 out of 150) than females, 45.4% (76 
out of 150) was noticed.
There was no significant difference between ma-
les and females in the assessment of their health 
status (p=0.795). The vast majority of respon-
dents (70.3% males and 71.7% females) reported 
good health status.
There were not significant differences in sex 
according to cigarette smoking status (p=0.909). 
Daily cigarette consumption was significantly 
lower in females than in males (p=0.036). The 
mean consumption of cigarettes per day was 
23.9±6.4 in males and 21.8±5.5 in females. 
Females visited family physicians significantly 
more often than males (p=0.001) (Table 1).

years. Influenza immunization in past 12 months 
was noticed in 15 (9.8%) and 16 (10.5%) males 
and females, respectively (Table 2).

Characteristics
No (%) of respondents

p
Males Females

Age group (years)
18-35 15 (10.3) 17 (11.2)

0.54436-45  59 (39.4) 57 (38.8)
46-64  76 (50.3) 76 (51.3)
Marital status
Married 108 (72.3) 111 (74.3)

0.127
Single 34 (22.6) 24 (15.8)
Divorced 6 (3.9) 7 (4.8)
Widowed 2 (1.3) 8 (5.3)
Education level
Incomplete elementary school 1 (0.6) 3 (2.0)

0.0001Completed elementary school 0 16 (9.9)
Completed secondary school 103 (68.4) 76 (45.4)
Completed high school /university 46 (30.9) 55 (32.9)
Self - reported health status
Excellent 0 0 
Very good 30 (20.0) 29 (19.7)

0.795
Good 106 (70.3) 108 (71.7)
Fair 13 (9.0) 13 (8.6)
Poor 1 (0.6) 0 (0)
Current smoker
Yes 75 (50.3) 74 (49.3)

0.909
No 75 (49.7) 76 (50.7)
Number of visits to family physicians in the last twelve months
0 106 (67.1) 76 (50.7)

0.001

1-2 21 (19.1) 55 (36.8)
3-4 14 (9.0) 17 (11.2)
5-10 3 (1.9) 0 
> 10 0 1 (0.7)
Don’t know 6 (3.9) 1 (0.7)

Table 1. Socio-demographic and health profile characteristics 
of the respondents

Males/Females No (%)  
Males
Years since last prostate examination 
≤1 22 (14.2)
>1, ≤2 55 (37.0)
>2, ≤5 60 (40.3)
>5 8 (5.2)
Never 5 (3.2)
Influenza immunization within the past 12 months
Yes 15 (9.8)
No 135 (90.2)
Females
Years since last examination of the breast
≤1 46 (30.9)
>1, ≤2 69 (46.1)
>2, ≤5 28 (18.4)
>5 5 (3.3)
Never 2 (1.3)
Influenza immunization within the past 12 months
Yes 16 (10.5)
No 134 (86.5)

Table 2. Use of preventive health care services

A total of 79 (out of 150; 51.2%) males repor-
ted undergoing a prostate examination within the 
past 2 years, 115 (out of 150; 77%) females had 
an examination of the breast within the past 2 

The number of visits to family physicians in 
the last twelve months was significantly asso-
ciated with having had a prostate examination 
(p=0.043). Socio-demographic characteristics 
such as age (p=0.774), marital status (p=0.395) 
and education level (p=0.236) were not signifi-
cantly associated with having had a prostate exa-
mination. Self-reported health status (p=0.262) 
and tobacco smoking (p=0.600) were not signi-
ficantly associated with having had a prostate 
examination.
The number of visits to family physicians in the 
last twelve months was significantly associated 
with having had an examination of the breast 
(p=0.041). Socio-demographic characteristics 
such as age (p=0.328), marital status (p=0.636) 
and education level (p=0.093) were not signi-
ficantly associated with having had an exami-
nation of the breast. Self-reported health status 
(p=0.907) and tobacco smoking (0.534) were not 
significantly associated with having had an exa-
mination of the breast. 
Advancement in age was positively associated 
with influenza immunization (p=0.000). So-
cio-demographic characteristics such as gender 
(p=0.741), marital status (p=0.639 and education 
level (p=0.305) were not significantly associa-
ted with influenza immunization. Self-reported 
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health status (p=0.626) and tobacco smoking 
(p=0.130) were not significantly associated with 
influenza immunization. The number of visits to 
family physicians in the last twelve months was 
not significantly associated with influenza immu-
nization  (p=0.720) (Table 3).

Clinical breast examination by a health care provi-
der and mammography is a common and valuable 
screening method for breast cancer (21). In this stu-
dy, 77% of females had an examination of the breast 
within the past 2 years. The prevalence of mammo-
graphy screening across the US in 2006 was 65% 
among whites, and 59% among blacks (22). 
Influenza immunization is one of the most effecti-
ve methods for preventing influenza and its com-
plications (23). A survey carried in several Euro-
pean countries confirmed that the coverage rates 
were generally low, ranging from the lowest rate 
of 6.4% in Poland to 26.3% in the Czech Repu-
blic (24); in this study, the immunization covera-
ge rate was 9.8% among males and 10.5% among 
females. Lower immunization rates in this study 
might suggest that adults between 18 and 64 ye-
ars do not feel the need to be immunized because 
they are less prone to severe complications. Health 
authorities of most countries do not consider he-
althy adults to be a priority group requiring annual 
immunization against seasonal influenza (25). 
The results of this study showed that the number 
of visits to family physicians in the last twelve 
months was significantly associated with having 
had a prostate examination (digital rectal exami-
nation and/or prostate-specific antigen testing). 
This result agrees with previous studies. Flaha-
van et al. observed positive associations between 
PSA testing and more primary care visits (26). 
The results of this study showed that the number 
of visits to family physicians in the last twelve 
months was significantly associated with having 
had an examination of the breast (clinical breast 
examination and/or mammography). Volesky et 
al. found that having a regular physical check-up 
in the past year was strongly related to whether 
women participated in screening mammography 
(27). Poole et al. found that seeing a family doc-
tor in the past 12 months doubled the odds of ha-
ving had a screening mammogram in the past 2 
years (28).  A recommendation from a primary 
care physician is consistently one of the stron-
gest predictors of cancer screening (29-31). The 
results of this study showed that advancement 
in age was positively associated with influenza 
immunization in adults aged 18–64. Increasing 
age was an important factor associated with upta-
ke of influenza immunization in studies in Euro-
pean and Asian populations (24,32).

Use of preventive health care 
services B SE 95%CI p

Prostate examination
Age 1.006 0.020 0.967-1.046 0.774
Marital status 0.784 0.287 0.447-1.375 0.395
Education level 0.790 0.199 0.534-1.167 0.236
Self - reported health status 0.662 0.368 0.322-1.367 0.262
Tobacco smoking 0.838 0.339 0.431-1.626 0.600
Number of visits to family physici-
ans in the last twelve months 1.413 0.171 1.010-1.976 0.043

Examination of the breast
Age 1.022 0.022 0.979-1.067 0.328
Marital status 0.892 0.243 0.554-1.434 0.636
Education level 1.434 0.215 0.942-2.184 0.093
Self - reported health status 0.948 0.463 0.942-2.184 0.907
Tobacco smoking 1.282 0.400 0.382-2.348 0.534
Number of visits to family physici-
ans in the last twelve months 1.817 0.307 0.586-2.807 0.041

Influenza immunization
Gender 1.147 0.417 0.507-2.597 0.741
Age 2.901 0.026 1.856-2.948 0.000
Marital status 0.896 0.233 0.568-1.416 0.639
Education level 1.261 0.226 0.810-1.962 0.305
Self - reported health status 0.804 0.447 0.335-1.931 0.626
Tobacco smoking 0.522 0.430 0.225-1.212 0.130
Number of visits to family physici-
ans in the last twelve months 1.092 0.246 0.674-1.770 0.720

Table 3. Linear regression model of the use of preventive 
health care services

B, regression coefficient; SE, standard error; CI, confidence interval

DISCUSSION 

This study investigated the preventive health ser-
vice utilization among patients aged 18-64 years 
treated by family physicians and factors associated 
with their use. The preventive health services that 
were chosen concerned prostate examination, bre-
ast examination and influenza immunization. 
Digital rectal examination and prostate-specific 
antigen testing form two of the key components 
of the assessment of the prostate gland (18). In this 
study 51.2% of males reported undergoing a pro-
state examination within the past 2 years. A study 
of more than 4 000 men from seven cities in Latin 
America found between 22% (Havana) and 52% 
(Bridgetown) of men reported undergoing a pro-
state examination in the past 2 years (19). In the 
study conducted in Italy, only 29.6% of men had 
undergone prostate-specific antigen testing (20).
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In this study, marital status was not statistically 
significantly associated with use of the above pre-
ventive services. Contrary to our findings, Blum-
berg et al. found that being married was associa-
ted with a higher probability of using preventive 
services than all other statuses, indicating that 
generally marriage acts increase utilisation rates 
of preventive health services, particularly for men 
(33). Research on relationship between educati-
on and the use of preventive health care services 
has not provided a definite answer. Some studies, 
as well as this one, have not found a statistically 
significant relationship (16), some have found a 
positive relationship (34,35), while others have fo-
und a statistically significant relationship only for 
certain types of preventive services. Fiscella et al. 
found that screening tests were provided at lower 
rates among less educated patients, but there were 
no differences in rates of immunization (36).
There are contradicting findings on the effect of 
poor health status on the uptake of health check-
ups. Labeit et al. found no significant influence 
of poor health status on utilization rates concer-
ning breast cancer screening (37). Similar results 
were obtained in this study. Another study showed 
that individuals that were in poorer health were 
more likely to get flu shots, but less likely to have 
mammograms, breast examinations, and prostate 
checks (38). Psychological factors such as fear 
about receiving a cancer diagnosis may deter some 
individuals from attending one of these health 
check-ups. In this study, tobacco smoking was not 
statistically significantly associated with use of the 
above preventive services. A small number of stu-
dies have reported lower use of preventive health 
care services by current smokers. Jorm et al found 
that current smokers were 15-20% less likely than 

never smokers to use immunizations, and prostate 
specific antigen tests (39). 
Therefore, the present study adds to the existing 
research by attempting to determine socio-demo-
graphic and health profile factors that affect the 
use of preventive health care services in order to 
promote an international health policy on cancer 
prevention and influenza immunization. In order 
to increase the use of preventive health services, 
future research should explicate the motivating 
factors behind adults’ decisions to visit family 
physicians and get flu shots.
In conclusion, our findings indicate that respon-
dents more likely to have had a prostate exami-
nation, an examination of breast were those who 
visited family physicians most frequently in the 
last twelve months. A visit to family physicians 
is a necessary step along the causal pathway 
to receiving preventive services. The results 
showed that older adults had a higher likelihood 
of obtaining a preventive flu shot than younger 
individuals. However, influenza immunization is 
important for adults of all ages. Increasing influ-
enza immunization coverage among the younger 
adults is likely to result in a large increase in the 
number of averted cases.
Primary health reform initiatives that support a 
model whereby adults are encouraged to have 
regular care from family physicians could result 
in a greater proportion of the adults aged 18-64 
years receiving recommended preventive care.
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ABSTRACT

Aim To systematically review the scientific evidence of biomarker 
validity, reliability, specificity and sensitivity in identifying mal-
nutrition in the elderly. 

Methods Peer-reviewed journals were searched using PUBMED 
and EBSCO from January 1998 to April 2018. The articles inclu-
ded description of the association between malnutrition blood bi-
omarkers and validated nutritional status assessment instruments 
and studies were conducted among community-dwelling elderly 
or nursing home residents. 

Results The research strategy identified a total of 293 studies. This 
literature review picked out seven articles for follow-up evaluati-
on. A total of sixteen blood biomarkers were identified. Six studies 
found a significant association between the nutritional assessment 
score and albumin level. 

Conclusion Combining serum concentrations of malnutrition bio-
markers with nutritional status assessment tools has a great poten-
tial in identifying the risk of malnutrition in the elderly, while also 
increasing sensitivity and specificity. 

Keywords:  aged, biomarkers, geriatric assessment, humans, mal-
nutrition
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INTRODUCTION 

Good nutrition is a fundamental component of he-
alth, independence and quality of life of elderly per-
sons (1).  Malnutrition may cause health problems 
such as the increased risk of morbidity (chronic di-
seases, pathological fractures, impaired wound he-
aling, slow post-operative recovery, development 
of decubitus ulcers, weakened functionality, lack 
of appetite), and increased hospitalization rate, 
number of hospital treatment days and mortality 
rate (2). Studies have shown that the prevalence of 
malnutrition after the age of 65 has been on the rise 
reaching a range of between 15-85% (2-4).  Accor-
ding to Bedogni et al. (5), nutritional status is a re-
sult of the interaction of three variables: food inge-
stion, absorption, and the use of nutrients. It clearly 
follows from the described definition that an ideal 
nutritional status assessment and malnutrition scre-
ening instrument should include the assessment of 
dietary, anthropometric, functional indicators, and 
laboratory biomarkers in the blood (Figure 1) (5,6). 
A recent systematic review has shown that multiple 
biochemical parameters (albumin, prealbumin, he-
moglobin, total cholesterol, and total protein) may 
be used in diagnosing malnutrition in the elderly 
(7).   However, it remains unknown which are the 
reference cut-off values of these biomarker blood 
parameters, and which biomarker is usable, precise 
and reproducible, acceptable to the patient, easy for 
clinical interpretation, and cost-effective, while ha-
ving the high sensitivity and specificity necessary 
for the expected outcome. Such a biomarker would 
have a promising potential for the malnutrition di-
agnosing system.

MATERIALS AND METHODS 

Study design

The systematic literature overview was made 
according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRI-
SMA) statement (8). 

We considered observational, longitudinal, retros-
pective, and cross-sectional studies that reported 
an association between blood biomarkers levels 
and validated nutrition assessment instruments, 
such as anthropometric measurements (body 
mass index – BMI, or skinfold thickness). Additi-
onally, it followed screening questionnaires: Mini 
Nutrition Assessment-Short Form (MNA-SF), 
Malnutrition Universal Screening Tool (MUST), 
Nutritional Risk Screening 2002 (NRS-2002), 
Geriatric Nutritional Risk Index (GNRI), Nu-
tritional Risk Index (NRI), Instant Nutritional 
Assessment (INA), Nutrition Screening Initiati-
ve (NSI), Short Nutritional Assessment Questi-
onnaire (SNAQ), Subjective Global Assessment 
(SGA), and the Nutritional Risk Screening Tool 
(NRST). Inclusion criteria were studies conduc-
ted among community-dwelling elderly and/or 
nursing home residents. Country and English-lan-
guage restrictions were not applied. Outcomes of 
interest were the sensitivity and specificity of blo-
od biomarkers, as well as their ability to identify 
malnutrition risk among the elderly (Table 1). 

Variable  Inclusion criteria  Exclusion criteria

Population

People over the age of 60, 
well-oriented in time and 
space, without malign di-
seases, dementia, chronic 

renal insufficiency

People under the age of 
60, persons with dementia, 
persons with malign disea-
ses and with chronic renal 

insufficiency

Environment
People living in commu-

nity or in gerontology 
institution 

People in hospital envi-
ronment

Study type
Observational, longi-
tudinal, retrospective, 

transversal
Non-empirical studies

Outcome
Identification of bio-

chemical malnutrition 
markers

Non-identification of 
biochemical malnutrition 

markers

Development 
and validation Described Not described

Other

Abstract availability,
year of publication 

from1998,
full text available 

Abstract and full text 
unavailability, year of 

publication before 1998

Table 1. Study inclusion and exclusion criteria

Figure 1. Definition of nutritional status indicators

The aim of this systematic review was to study, 
investigate, analyse, and synthetize the scientific 
evidence of biomarker validity, reliability, speci-
ficity and sensitivity in identifying malnutrition 
in elderly patients. 
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Methods 

Malnutrition was defined as deficiency or imba-
lances in an intake of energy and macro/micro nu-
trients (5). The studies were downloaded via the 
electronic databases PUBMED and EBSCO, and 
by manual search of relevant studies from a list 
of reference key articles. The electronic databa-
ses were searched from the period January 1998 
to April 30 2018 by defining key words adapted 
for each database (malnutrition, nutrition, blood 
markers, serum, elderly), and words from MESH 
(Medical Subject Headings) and Boolean ope-
rators, AND/OR words establishing a logical 
connection with the paper search concepts at 
Medline. There was an advanced search moda-
lity. The manual search of original papers, loo-
king for additional acceptable studies, was con-
ducted through the Electronic Journals Library. 
Papers were searched through various journals 
(Nutrition, The American Journal of Clinical Nu-
trition, Nutrients, Nutrition Reviews, Journal of 
Nutrition, and European Journal of Clinical Nu-
trition). Titles and abstracts were reviewed and, if 
an abstract met the inclusion criteria, the full text 
was downloaded. In accordance with the search 
criteria, the full texts of papers selected were in-
dependently assessed by two investigators and, in 
case of any doubt before the final decision, the in-
vestigators sought a third investigator’s opinion.
During this step, the application of the final criteria 
for inclusion of papers into the analysis resulted 
in the selection of biomarker research studies with 
validated instruments in identifying malnutrition 
in persons over 60 years of age. The data from 
each paper using a data extrapolation form based 
on the Best Evidence Medical Education (BEME) 
coding sheet (9) were pulled out. After investiga-
tors checked the extrapolated data, they focused 
on biochemical markers, study methodology, and 
results. No exact meta-analysis could be done due 
to discrepancy between the methods used, the 
different statistical analyses of the studies included 
in the final analysis, the difference in measurement 
outcomes, different biomarker validity values in 
relation to the instruments used, as well as the lack 
of reliable borderline values of biomarkers for el-
derly persons. The synthesis showed the ability of 
blood biomarkers in identifying an elderly indivi-
dual with malnutrition or at high risk of malnutriti-
on. The extrapolated data are presented in a tabular 

form in order to facilitate comparison. Each study 
included the name of author(s), publication year, 
sample size, study design, methodology, identified 
biochemical markers, and results (Table 2).

RESULTS

The research strategy identified a total of 293 stu-
dies. Following data deduplication and selection 
of papers based on titles and abstracts, a total of 
277 papers were excluded because they were not 
focused on malnutrition, the population was un-
der the age of 60, the authors did not use labora-
tory analysis to identify malnutrition, or the stu-
dies did not undergo a validation process. Nine of 
the remaining studies were included for a full text 
review, of which 7 were selected for extrapolati-
on and final analysis (Figure 2).

Figure 2. Flow diagram of the research and selection process

Sixteen biomarkers were identified in the litera-
ture review. Most commonly analysed were albu-
min and total cholesterol. Other biomarkers found 
were lymphocyte count, leucocytes, haemoglobin, 
prealbumin, triglycerides, zinc, copper, transthyre-
tin, leptin, orosomucoid, insulin-like growth fac-
tor-1 (IGF-1), IGF binding protein-1 (IGFBP-1), 
and C-reactive protein (CRP).
The biomarkers values were evaluated against 
GNRI (10) , NRST (11), MNA (12,13) , SGA 
(13,14), MNA-SF/NRS2010 (15), and antro-
pometric measurements (BMI and skinfold 
thickness) (16). 
Biochemical concentrations were measured 
using well-accepted methods, with variations de-
pending on the setting. Three studies detected a 
significant, positive correlation between nutritio-
nal assessment and albumin level (10-12) and, in 
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three studies, individuals with albumin <35 g/L 
had higher scores for malnutrition compared to 
individuals without hypoalbuminemia (13-15). 
Two out of three studies analysing cholesterol 
level detected a correlation between malnutrition 
and hypocholesterolemia (11,12).  The assessed 
level of haemoglobin (<13g/dL) for the given 
population was relatively low, even among those 
characterized as malnutrition risk-free (15). To-
tal lymphocyte count was not significantly asso-
ciated with malnutrition categories (10,12,15). 
Transthyretin level was significantly lower 
among malnourished elderly compared to those 
who were well-nourished or at risk for malnutri-
tion (13). Leptin concentration was highly corre-
lated with the anthropometric data used to define 
nutritional status (16). 

Overall, the quality of included studies was low 
to moderate.

DISCUSSION

The analysis and synthesis of the reviewed studi-
es showed that the nutritional status assessment 
plays an important role in persons older than 65. 
Blood biomarkers, particularly albumin, haemo-
globin and cholesterol, are useful biochemical 
indicators of malnutrition (17). Protein albumin 
was the most frequently cited biochemical mar-
ker and the most frequently studied malnutriti-
on-diagnosing protein used in the relevant studi-
es (17). Previous research analysed the effect of 
serum albumin concentrations on disease outco-
mes and discovered that these are associated with 
increased morbidity and mortality (17). The re-
levant studies defined borderline haemoglobin 
values at 13.5 – 17.5 g/dL for male and 12.0 – 
15.5 g/dL for female (17). Serum haemoglobin 
concentrations were relatively low, even among 
those at risk of malnutrition (<14.2 g/dL), whi-
le serum cholesterol concentrations <160 mg/dL 
(hypocholesterolemia) were frequently associa-
ted with malnutrition (18). It should be also no-
ted that borderline total protein value of <6 g/dL 
is inadequate for the diagnosis of malnutrition or 
may cause a misdiagnosis when using MNA and 
SGA instruments (19). Total MNA score showed 
a good correlation with albumin and total chole-
sterol, as well as high specificity in lower values 
of both albumin <3.5 g/dL and cholesterol <150 
mg/dL suggesting that albumin and cholesterol 

represent reliable malnutrition markers (12). It is 
well known that serum albumin and cholesterol 
concentrations drop with aging (18). In addition, 
GNRI components, serum albumin, and loss of 
weight are correlated with morbidity and mor-
tality in numerous studies (20,21). Relevant in-
ternational validation studies have shown a total 
cholesterol level of 3.88 mmol/L, in accordance 
with the Subjective Global Assessment (SGA), 
indicating high specificity, but low sensitivity as a 
malnutrition indicator (21). This could cause mi-
sidentification of persons at risk of malnutrition, 
meaning that the reference borderline values of 
those biomarkers are not reliable in elderly per-
sons (12). Serum albumin is the most useful tool 
for assessing and monitoring long-term changes 
in nutritional status, while its value has a predic-
tive value in hospitalized patients (22,23). On the 
other hand, hypoalbuminemia may be a result of 
underlying disease (hepatic insufficiency, infec-
tion, heart insufficiency, burns, trauma, or the 
significant loss of fluids) (12). Due to long pla-
sma half-life, albumin shows a minimal response 
to short-term fasting or nutritional support (22). 
Prealbumin, on the other hand, due to its short 
plasma half-life, more accurately shows short-
term changes in nutritional status (22). Haemo-
globin is not a true indicator of inflammation, but 
has low values in patients with malnutrition or 
inflammation. A low level of haemoglobin, in the 
absence of iron, folic acid or vitamin B12 defici-
ency, and in the absence of haematological dise-
ase, indicates the existence of inflammation and/
or low body mass (11).
The most important step prior to clinical use of 
any biomarker is the accurate definition of re-
ference values of relevant markers and precise 
interpretation of  haematological test results, 
although it is well known that blood biomarker 
concentrations often vary with age, gender, race, 
metabolism, diet, and even overall health status. 
It is necessary to clearly define the reference cut-
off values of those parameters, and to determi-
ne which biochemical marker can be clinically 
usable, precise and reproducible, acceptable to 
the patient, easy for clinical interpretation, whi-
le having a high sensitivity and high specificity 
for the expected outcome, as well as promising 
potential in the recommended malnutrition dia-
gnosing system. Due to the difficulties in defi-
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ning reference values for individual parameters, 
it is neither simple nor easy to select a nutritional 
status assessment method. Those difficulties re-
sult from major individual and population diffe-
rences which take place during senium. Due to 
the absence of a universally accepted definition 
of malnutrition and a “gold standard” for diagno-
sing malnutrition, a comprehensive nutritional 
status assessment requires choosing a simple tool 
with all three nutritional status indicators, one 
which has sufficient sensitivity and specificity. 
This will enable timely malnutrition identifica-
tion, as well as the treatment of elderly persons 
with malnutrition.
Combining biochemical markers and validated 
malnutrition assessment tools increases specificity 
and sensitivity. Two studies combined a validated 
screening tool and/or a blood biomarker in order 
to minimize malnutrition risk (24), while multiple 
studies combined one or more blood biomarkers 
and anthropometric malnutrition identification 
measurements (25-27). Dietary tools combining 
anthropometric measurements, biochemical mar-
kers, and a GNRI instrument have also been pro-
posed for assessing malnutrition. However, none 
of the proposed tools have been reliably validated. 
Validity studies are necessary before those dietary 
indicators are recommended in the assessment of 
malnutrition in the elderly (28).
There are several limitations of the study. The li-
terature search required a good knowledge of the 
research subject and the journals in which rele-
vant studies might have been published. Manual 
search increased the number of papers reviewed, 
but was subjective (the references chosen in key 
articles). Numerous studies were based on a rela-
tively narrow sample size, so the results obtained 
cannot be generalized for this population. Dietary 
input assessed by a three-day food record was 
yet another limitation of the studies included for 
systematic review. Food intake assessment diffe-

red between studies, making the comparison of 
results unclear and unmeasurable. Certain tools 
had a low Cronbach’s alpha value, which can be 
a major deficiency in terms of reliability analysis. 
Most of the studies conducted were of poor met-
hodological quality. There were differences in 
data collection methodology and methods, so 
no reliability was expected in individual instru-
ments. Some authors relied on dietary changes 
and weight loss data, perhaps leading to erroneo-
us analyses. The studies included showed liver 
protein albumin as the most commonly studied 
malnutrition diagnosing protein, followed by 
prealbumin, cholesterol, haemoglobin, and total 
protein, with an evident lack of any study asse-
ssing other blood biomarkers. Therefore, statisti-
cal power may be limited. 
In conclusion, leptin, albumin, haemoglobin and 
total cholesterol are useful biochemical malnu-
trition indicators in elderly persons. Combining 
malnutrition biomarkers with nutritional status 
assessment tools has a greater potential in iden-
tifying the risk of developing malnutrition in the 
given population, while increasing sensitivity 
and specificity. It is necessary to update which 
reference biomarker values are reliable for a mal-
nutrition assessment of elderly persons. Due to 
the absence of a universally accepted diagnostic 
definition, it is necessary to choose a simple, sen-
sitive and specific tool, one which can be operati-
onally adapted and useful for a nutritional status 
assessment. For the purpose of early malnutrition 
detection, additional, randomized studies are ne-
cessary focusing on a comprehensive nutritional 
status assessment. 
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