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 ABSTRACT 

Aim To investigate association of mean platelet volume (MPV) 
and glycemic control markers, and whether MPV could be used as 
a predictor of deterioration of glucoregulation in Diabetes mellitus 
type 2 (DMT2) patients. 

Methods The cross-sectional study included 106 DMT2 patients, 
treated at the Primary Health Care Centre in Zenica, distributed 
into groups according to glycated haemoglobin (HbA1c) values: A 
(n=44, HbA1c ≤7.0%) and B (n=62, HbA1c>7.0%). Spearman’s 
correlation coefficients were calculated to evaluate the relationshi-
ps between MPV and glycemic control markers. Binomial logi-
stic regression analysis was performed to estimate the relationship 
between glycemic control, as dichotomous outcome, and MPV as 
the main predictor.  Diagnostic value of MPV as a marker for poor 
glucoregulation was estimated by using ROC analysis.

Results Mean platelet volume was significantly higher in the 
group B compared to the group A (p<0.0005). Significant posi-
tive correlations of MPV with fasting blood glucose and HbA1c 
were found in the total sample (rho=0.382, p<0.0005; rho=0.430, 
p<0.0005, respectively). Mean platelet volume was positively 
associated with the risk of inadequate glycemic control, with 2 
times increased odds of inadequate glycemic control per femtoliter 
greater MPV (Exp (β) =2.195; 95% CI=1.468 - 3.282, p<0.0005). 
The area under ROC curve for MPV was 0.726 (95% CI: =0.628-
0.823, p <0.0005). At the best cut-off value 9.55 fL, MPV showed 
sensitivity of 82% and specificity of 54.5%.

Conclusion Mean platelet volume correlates with glycemic con-
trol markers in DMT2 patients. It could be used as a simple and 
cost-effective predictor of deterioration of glucoregulation. 

Key words: platelet activation, hemoglobin A, glycosylated, logi-
stic models, risk assessment, ROC curve
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INTRODUCTION

More than 300 million people in the world suffer 
from Diabetes mellitus and their number is 
increasing and it is expected to rise in the future 
(1,2).  The risk of developing Diabetes mellitus 
type 2 (DMT2) increases with age, obesity and 
lack of physical activity. Women and individuals 
with hypertension and dyslipidemia represent the 
majority of these patients (3). Diabetes mellitus 
type 2 is a consequence of a progressive defect 
of insulin secretion on the background of the 
insulin resistance and represents ∼90–95% of 
those with diabetes (3,4). Consequential chronic 
hyperglycaemia causes accelerated atherosclero-
sis and long-term vascular complications. Athe-
rosclerotic cardiovascular, peripheral arterial and 
cerebrovascular diseases are the leading cause of 
morbidity and mortality in those patients (3,5).
Diabetes mellitus has also been considered as 
a ‘prothrombotic state’. It is the most common 
acquired thrombophilia because of the existing 
dysfunction of haemostasis. Platelets are a cen-
tral element of the atherothrombotic process 
due to their prothrombotic and proinflammatory 
function (6-8). Diabetics, particularly those with 
DMT2, are exposed to the increased platelet re-
activity due to multifactorial causes such as meta-
bolic (e.g. hyperglycaemia, hypertriglyceridemia) 
and systemic abnormalities (e.g. oxidative stress, 
inflammation) and insulin resistance (5, 9-11).
Many biomarkers of diabetic thrombocytopathy 
have been considered for the implementation in 
clinical practice (7). Measurement of most para-
meters of platelet activity is time-consuming, ex-
pensive, requires high sample volume and speci-
alty training (12). On the other hand, mean platelet 
volume (MPV) is a simple, quick and easy-to-me-
asure parameter of platelet size, and consequently, 
of its enzymatic activity and prothrombotic poten-
tial. It can be determined by routine automated he-
mograms at a relatively low cost (13). 
An increase in MPV is one of the risk factors for 
macro- vascular complications, such as myocar-
dial infarction, ischemic stroke and venous 
thromboembolism (14-18). It has been found that 
MPV is significantly higher in DMT2 patients 
having micro-vascular complications than in pa-
tients without them (19,20). 
It is already established that the value of glycated 
hemoglobin (HbA1c), as a marker of long-term 

glucoregulation, should be kept below 7% in order 
to reduce the risk of micro-vascular and macro-
vascular complications in DMT2 patients (21). Im-
proved gly cemic control decreases MPV (22) and 
thereby, it can be suggested that reduced platelet 
activity by proper glycemic control may prevent or 
delay vascular complications in these patients.
The aim of this study was to investigate associati-
on of MPV with short-term and long-term glyce-
mic control markers in DMT2 patients, as well 
as to find out whether MPV could be used as a 
predictor of deterioration of glucoregulation and 
a marker for distinguishing those patients. 

PATIENTS AND METHODS 

Patients and study design

In this cross-sectional study the total number of 
117 DMT2 patients (at least 6 months duration of 
diabetes), without macro-vascular complications, 
treated at the Primary Health Care Centre in Ze-
nica from March to May 2015 was investigated. 
In order to reduce the impact of the confounding 
factors, hematological disorders, pregnancy and 
malignancy were factors for exclusion from the 
study; the final sample size included 106 patients. 
According to the HbA1c values diabetic patients 
were distributed into two groups: group A repre-
sented patients with good long-term glucoregulati-
on (n=44, HbA1c≤7.0%) and group B included pa-
tients with poor long-term glucoregulation (n=62, 
HbA1c >7.0%). Demographic, clinical and labo-
ratory data including age, gender, duration of the 
disease, body mass index (BMI), physical activity, 
habit of smoking cigarettes, systolic and diastolic 
blood pressure, complete blood cell count inclu-
ding MPV, fasting blood glucose (FBG), HbA1c 
and lipid profile, in both groups were obtained.

Methods

If blood count and HbA1c were measured, blood 
samples were taken in tubes with EDTA anticoa-
gulant. The tubes without anticoagulant were used 
for collecting blood for glucose and lipid para-
meter measurement. Complete blood cell count, 
glucose and lipid measurements were performed 
at the Primary Health Care Centre in Zenica using 
XT 1800i hematology autoanalyzer (Sysmex Cor-
poration, Kobe, Japan) and chemistry analyzer 
Olympus AU 480 (Beckman Coulter, USA), res-
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pectively. Fasting blood glucose was measured 
using a hexokinase method.  Measurement of 
HbA1c was performed at the Department of Labo-
ratory Diagnostics, Cantonal Hospital Zenica by 
turbidimetric immunoassay (TINIA) principle on 
Dimension Clinical Chemistry System (Siemens, 
Germany). Standardization, calibration of instru-
ment and processing of samples were done accor-
ding to manufacturer’s instructions.
The research was done respecting ethical stan-
dards of the Declaration of Helsinki. The study 
approval was obtained from the Ethics Com-
mittee of Primary Health Care Centre Zenica.

Statistical analysis

Normality of the data distribution influenced the 
decision of whether to apply mean±standard de-
viation or median with interquartile range in des-
criptive statistics. The same criterion was used for 
testing the significance of difference in values of 
parameters between two groups (Student’s t-test 
or Mann Whitney U). Categorical variables were 
presented as frequencies and percentages. The 
difference in frequencies was tested by χ2 test. 
Spearman’s correlation coefficients were calcu-
lated to evaluate the relationship between MPV 
and markers of glycemic control. Binomial linear 
regression analysis was performed to assess inde-
pendent relationship between MPV, as the main 
predictor, and glycemic control, as dichotomous 
outcome. Finally, diagnostic value of MPV as a 
marker for poor glucoregulation was estimated by 
using ROC analysis. Recommended cut-off value 
of MPV was determined for optimum sensitivity 

and specificity ratio of the diagnostic test. Positi-
ve and negative predictive values were calculated 
using recommended cut-off value. Two-tailed p va-
lue <0.05 was considered statistically significant. 

RESULTS 

Baseline characteristics of the sample population 
are detailed in Table 1. A total of 106 DMT2 pa-
tients fulfilling the selection criteria included 69 
(out of 106, 65.1%) females and 37 (out of 106, 
34.9%) males. Among females, only four (out of 
69, 5.8%) reported physical activity while among 
males 10 (out of 37, 27.0%) reported the same. The 
habit of active cigarette smoking was reported in 
37 (out of 69, 53.6%) females and 25 (out of 37, 
67.6%) males. According to BMI, patients were 
mainly overweight. The median glycemic control 
of DMT2 patients enrolled in our study was subop-
timal as well as values of blood pressure and lipids. 
Of the total number of study participants who were 
divided into two groups according to their diabe-
tic status, 44 (out of 106, 41.5%) DMT2 patients 
were in the group A and 62 (out of 106, 58.5%) 
in the group B. Statistically significant differences 
were observed between those groups for vario-
us parameters. We found significant differences 
among the groups for all examined demographic 
and biochemical characteristics except for a habit 
of active smoking of cigarettes and cholesterol 
values. Median values of age, diabetes duration, 
BMI, systolic and diastolic blood pressure, FBG, 
HbA1c and triglycerides were significantly higher 
in the group B compared to the group A. Statisti-
cally significant differences in gender and physical 

Characteristic/parameter DMT2
(n=106)

Group A
(n=44)

Group B
(n=62) p

Age (years) 62.24±11.86 59.00 (47.75-65.75) 67.50 (58.00-73.25) 0.001
Female / Male, n (%) 69 (65.1) / 37 (34.9) 22 (50.0) / 22(50.0) 47 (75.8) / 15 (24.2) 0.011
Physical activity / physical inactivity, n (%) 14 (13.2) / 92 (86.8) 10 (22.7) /34 (77.3) 4 (6.5) /58 (93.5) 0.032
Active smoking, n (%) 62 (58.5) 25 (40.3) 37 (59.7) 0.925
Duration of diabetes (years) 10.00 (5.00-15.00) 5.00 (5.00-9.75) 10.00 (8.00-15.25) <0.0005
BMI (kg/m²) 25.00 (24.00-29.00) 25.00 (23.25-26.50) 28.00 (25.00-30.00) <0.0005
SBP (mmHg) 145.00 (135.00-150.00) 140.00 (130.00-145.00) 150.00 (140.00-150.00) <0.0005
DBP (mmHg) 90.00 (80.00-96.25) 85.00 (80.00-93.75) 90.00 (80.00-100.00) 0.042
FBG (mmol/L) 10.00 (8.00-12.10) 7.95 (7.20-8.90) 11.50 (10.00-15.00) <0.0005
HbA1c (%) 7.50 (6.90-9.13) 6.80 (6.50-7.00) 8.90 (8.00-10.00) <0.0005
MPV (fL) 10.10 (9.20-11.50) 9.50 (9.00-10.10) 10.50 (9.80-11.50) <0.0005
Cholesterol (mmol/L) 5.81±1.44 5.59±1.12 5.97±1.61 0.175
Triglycerides (mmol/L) 2.10 (1.50-2.70) 1.80 (1.50-2.45) 2.35 (1.65-2.90) 0.006

Table 1. Characteris tics and differences of the study participants

Values represent means (SD), medians (lower-upper quartile) or absolute numbers (percentages) according to type of variables and normality of 
data distributions; DMT2, diabetes mellitus type 2;  group A, glycated hemoglobin less or equal to 7%; group B, glycated hemoglobin more than 
7%; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbA1c, glycated hemoglo-
bin; MPV, mean platelet volume; 
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activity distribution between the groups were also 
found. Only 15 (out of 37, 40.5%) male patients 
were in the group of poorly controlled DMT2 pa-
tients, while 47 (out of 69, 68.1%) female patients 
were in the same group. There were 58 (out of 92, 
63.0%) physically inactive patients and only four 
(out of 14, 28.6%) physically active patients in that 
group. A significantly higher MPV in the group B 
compared to group A was found (p<0.0005). 
Further analysis showed significant positive corre-
lations between MPV and glycemic control mar-
kers, as measured with FBG (Figure 1) and HbA1c 
(Figure 2) (rho=0.382, p<0.0005; rho=0.430, 
p<0.0005, respectively) in the total sample.  There 
were no correlations of MPV with FBG and HbA1c 
in the group A or in the group B, individually. 

good (HbA1c≤7%) and poor (HbA1c>7%) gluco-
regulation. That model classified 69.8% of patients 
correctly. Binomial logistic regression showed that 
MPV  was significantly positively associated with 
the risk of inadequate glycemic control, with 2 ti-
mes increased odds of inadequate glycemic con-
trol per femtoliter greater MPV (Exp (β) =2.195; 
95% CI=1.468 - 3.282, p<0.0005). ROC curve 
analysis showed that diagnostic value of MPV as a 
marker for poor glucoregulation was of moderate 
quality (Table 2, Figure 3).

Variable AUC
(95% CI)

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

MPV (fL)
(cut off-9.55)

0.726
(0.628-0.823) 82.0 54.5 71.8 68.5

Table 2. Optimal cut-off, area under curve (AUC), sensitiv-
ity, specificity, positive (PPV) and negative predictive value 
(NPV) of mean platelet volume (MPV) in predicting deteriora-
tion of glucoregulation

Figure 1. Correlation analysis (unadjusted) between mean 
platelet volume (MPV) and fasting blood glucose (FBG) levels 
in the total sample

Figure 2. Correlation analysis (unadjusted) between mean 
platelet volume (MPV) and glycated hemoglobin (HbA1c) lev-
els in the total sample

Figure 3. Mean platelet volume (MPV) in predicting glycemic 
control deterioration; ROC, receiver operating characteristic; 
AUC, area under curve; 

DISCUSSION

Increased platelet reactivity and consequently 
higher MPV in DMT2 patients is caused by the 
multifactorial causes, e.g. hyperglycemia, hyper-
triglyceridemia, oxidative stress, inflammation and 
absolute or relative insulin deficiency creating a 
favorable milieu for the development of vascular 
complications (5, 9-11). Effects on coagulation 
system in those patients cannot be attributed to only 
one of these factors, individually. Since DMT2 is 
primarily defined by hyperglycemia, its impact 
on coagulation has been studied quite extensi-
vely (23). Hyperglycemia induces nonenzymatic 
glycation of proteins on the surface of the platelets, 
which decreases membrane fluidity and increases 
its reactivity (24). Hyperglycemia also increases 
platelet reactivity due to its direct osmotic effects 

Binomial logistic regression analysis model, with 
MPV as a predictor of deterioration of glucore-
gulation, was statistically significant, (p<0.0005), 
indicating that MPV distinguishes patients with 
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on platelets causing osmotic swelling (25). Addi-
tionally, higher MPV values may be the result of 
the increased production of young platelets due to 
a higher platelet turnover rate (26).
The association between MPV and DMT2 was 
first reported by Sharpe and Trinick, who foun-
ded a significant increase of MPV in diabetic 
compared with nondiabetic patients (27). This 
study was followed by numerous small studies 
(19,22, 28-30) and with the largest study to date, 
conducted on 13,021 diabetic patients by Shah et 
al. (31) with similar findings. 
Some of the previous studies were conducted in 
order to assess the role of the increased platelet 
activity in the pathogenesis of micro- and macro-
vascular complications in DMT2 patients. Papanas 
et al. and Demirtas et al. reported that MPV was 
significantly higher in patients with retinopathy 
and microalbuminuria than in patients without 
those complications (19,20). Han et al. revealed 
that the higher tertile MPV group (≥7.9 fL) had a 
significantly higher stroke/coronary artery disease 
(CAD) rate compared to the lower tertile MPV gro-
up (≤7.3 fL). They found that higher MPV was an 
independent predictor of stroke/CAD risk. Accor-
ding to their ROC analysis, recommended MPV 
cut-off level was set to 7.95 fL with the sensitivity 
of 91% and the specificity of 80% for differentia-
ting between the groups with and without stroke/
CAD (18).  Jindal et al. found that discriminant 
analysis using MPV could classify majority of pa-
tients with diabetic complications (6).
Results of this study showed a higher number 
of DMT2 patients with poor glycemic control 
(HbA1c >7%). It was consisted of diabetics with 
significantly higher values of age, diabetes dura-
tion, BMI, systolic and diastolic blood pressure, 
FBG and triglycerides and mostly of physically 
inactive women. All of those suggest the growing 
disease burden in that diabetic group. Since our 
study results had shown significantly higher 
MPV in the group B compared to the group A we 
assumed the association between poor glycemic 
control and platelet activity as measured by MPV. 
Those findings are mainly consistent with previo-
us findings (22,29). Similar to our results, Ozder 
et al. found that MPV was significantly higher in 
DMT2 patients with HbA1c levels > 7.5% than 
in patients with HbA1c levels ≤ 7.5% (32).
Our study also revealed a positive correlation 
between MPV and markers of the short and long 

term glycemic control such as FBG and HbA1c 
in DMT2 patients. This was in consonance with 
the results of other studies (28, 29). These asso-
ciations were most evident in diabetics with the 
poorest glucose control (31). Some authors found 
that only HbA1c levels correlate with MPV va-
lues in DMT2 patients (22). Graded association 
of MPV with diabetes, impaired fasting gluco-
se and healthy control subjects was noted (33). 
Mean platelet volume was significantly decrea-
sed at the 3-month follow-up period, compared to 
baseline MPV, in diabetic patients who achieved 
improved glycemic control with intensive diet 
and pharmacotherapy (22). Significant positive 
correlation between the reduction in thrombus 
formation and the reduction in HbA1c was repor-
ted (34). These findings suggested that platelet 
activity was recovered through improved glyce-
mic control, i.e. glycemic control decreases the 
platelet reactivity and thus may prevent or delay 
possible vascular complications. 
Some of these studies excluded patients on an-
tiplatelet drugs (32,34). However, there are data 
suggesting that MPV is not influenced by them so 
this would unlikely affect the study results (35).
All of the studies listed above investigated the 
association of MPV and presence of the diabetes, 
correlations of MPV with short and long glycemic 
control markers and associations of MPV with 
vascular complications. Obtained values indicate 
the possibility of using MPV as a hematological 
biomarker for prediction of the diabetes disease 
burden in terms of  vascular complications. Howe-
ver, data are scarce about whether MPV could be 
used as a predictor of deterioration of glucoregula-
tion and a marker for distinguishing those patients. 
We aimed to find out whether MPV could be used 
as a marker for prediction of poor glucoregulation 
and for earlier identification of high-risk individu-
als, even before the development of vascular com-
plications. Our findings that MPV predicts incre-
ased risk of inadequate glycemic control indicate 
that it might be used as a simple, effortless and 
cost-effective predictor of deterioration of gluco-
regulation. Considering that odds of inadequate 
glycemic control are 2 times increased per femto-
liter greater MPV, its use, especially in the primary 
health care centers, could improve the screening 
of high-risk individuals for vascular complicati-
ons. Early diagnosis and appropriate treatment co-
uld thereby delay their onset or progression. Mean 
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Prosječni volumen trombocita predviđa pogoršanje kontrole glikemije kod 
pacijenata sa šećernom bolešću tipa 2 
Damira Kadić¹, Sabaheta Hasić², Emina Spahić³
¹Služba za laboratorijsku dijagnostiku, Kantonalna bolnica Zenica, Zenica, ²Katedra za medicinsku biohemiju, Medicinski fakultet Univer-

ziteta u Sarajevu, Sarajevo,³Dom zdravlja Zenica, Zenica; Bosna i Hercegovina

SAŽETAK
Cilj Istražiti povezanost prosječnog volumena trombocita (MPV) i markera kontrole glikemije, te da li 
bi se MPV mogao koristiti kao prediktor pogoršanja glukoregulacije kod pacijenata sa šećernom bole-
šću tipa 2 (DMT2). 
Metode Presječna studija je uključivala 106 pacijenata s DMT2, liječenih u Domu zdravlja Zenica, po-
dijeljenih u grupe prema vrijednostima glikiranog hemoglobina (HbA1c): A (n=44, HbA1c ≤7,0%) i B 
(n=62, HbA1c>7,0%). Spearmanovi korelacioni koeficijenti izračunati su kako bi se ocijenila povezanost 
između MPV-a i markera kontrole glikemije. Binomna logistička regresija urađena je da bi se procijenila 
povezanost glikemične kontrole, kao dihotomnog ishoda, i MPV-a kao glavnog prediktora. Dijagnostička 
vrijednost MPV-a kao markera za lošu glikoregulaciju je procijenjena upotrebom ROC-analize. 
Rezultati Prosječni volumen trombocita bio je signifikantno veći u grupi B u poređenju s grupom A 
(p<0,0005). Pronađene su signifikantne pozitivne korelacije MPV-a s glukozom u krvi „na tašte” i HbA1c 
u cijelom uzorku (rho=0,382, p<0,0005; rho=0,430, p<0,0005, redom). Prosječni volumen trombocita bio 
je u pozitivnoj vezi s rizikom od neadekvatne glikemične kontrole, s 2 puta većom šansom za neadekvatnu 
glikemičnu kontrolu usljed povećanja MPV-a za jedan femtolitar (Exp (β) =2,195; 95% CI=1,468 - 3,282, 
p<0,0005). Područje ispod ROC krive bilo je 0,726 (95% CI: =0,628-0.823, p <0,0005). Pri najboljoj cut-
off vrijednosti od 9,55 fL, MPV je imao senzitivnost 82% i specifičnost 54,5%.
Zaključak Prosječni volumen trombocita korelira s markerima glikemične kontrole kod DMT2 pacije-
nata. On bi se mogao koristiti kao jednostavan i jeftin prediktor pogoršanja glukoregulacije.
Ključne riječi: aktivacija trombocita, glikirani hemoglobin, logistički modeli, procjena rizika, ROC 
kriva
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ABSTRACT

Aim The evaluation of biomarkers of acute ischemic brain injury 
following surgical revascularization of the heart with the use of the 
heart-lung machine (cardiopulmonary bypass, CPB).

Methods Twenty consecutive patients were divided into two grou-
ps: the first 10 patients received a potential neuroprotective human 
recombinant erythropoietin, while the remaining 10 comprised 
the control group. Neurological complications were monitored by 
measuring serum concentrations of neuropeptide proenkephalin A 
(PENK-A) and protachykinin A (PTA) before and in the first 5 
days after surgery, comparing the neurological outcome with MRI 
examinations.

Results Both the erythropoietin-treated group and control group 
were comparable with a non-significant difference shown for the 
postoperative concentrations of PENK-A and PTA. A comparison 
of serum concentrations of the biomarkers of 16 patients without 
brain ischemia and 4 patients with acute ischemia also displayed 
no significant differences, regardless of erythropoietin therapy. 

Conclusion  In our pilot study the analysis of PENK-A and PTA 
serum concentrations might not be the strategy to enable the mo-
nitoring and evaluation of neuroprotective stroke treatment, but 
further studies are required to investigate its role in acute ischemic 
brain injury.

Key words: biomarkers, ischemic brain injury, cardiac surgery
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INTRODUCTION

Neurological complications after cardiac surgery 
and revascularization of the heart with the use of 
the heart-lung machine (cardiopulmonary bypa-
ss, CPB) represent a significant problem in he-
althcare and stroke is one of the leading causes of 
death in the world (1,2). 
Ischemic stroke is associated with a variety of 
pathophysiological changes which lead to glial 
and neuronal brain changes. During the last few 
years, several biomarkers have been proposed 
to predict, diagnose and monitor brain injury. 
Among them the most studied are serum neuron-
specific enolase (NSE), protein S-100B and N-
methyl-D-aspartate (NMDA) receptor peptides 
and their antibodies.  Biomarkers are associated 
with infarct size and with damage to the blood-
brain barrier (BBB) (3-9).
Recent studies identified stable precursor fra-
gments of the neuropeptides enkephalin (pro-
enkephalin A, PENK-A) and substance P (pro-
tachykinin A, PTA) as markers of ischemic stroke 
and BBB integrity and also myocardial infarction 
(10,11). Both mature neuropeptides have a role 
as neurotransmitters and evidence suggests a role 
in immune and nociception stimulation. The dis-
tribution of PENK-A includes nervous system,, 
adrenal medulla and immune system. Enkepha-
lins are co-released from nerve terminals with ca-
techolamines. The PENK-A and PTA are involved 
in some neuropathologies, including Parkinson’s 
disease, Alzheimer’s disease, and head injury (12). 
In contrast to acute cardiac diseases, validated 
markers for ischemic stroke are lacking. Early de-
tection of patients with increased risk is of great 
importance, especially in stroke events. The identi-
fication of novel markers is of great importance for 
both diagnostic and prognostic evaluation of pati-
ents admitted to the stroke unit, because no current 
guideline makes recommendations for the use of 
biomarkers for risk stratification in stroke (13,14).
Several recently published reports have descri-
bed tissue-protective nonhematological effects 
of recombinant human erythropoietin (rHuEpo) 
that could have potential protective effects on 
ischemia-induced tissue damage in several or-
gans. The protective effects of rHuEpo on central 
and peripheral neurons, cardiomyocytes, hepa-
tocytes, vascular endothelial cells, the pancre-
as, and uterus have been substantiated. Several 

mechanisms of rHuEpo neuroprotection have 
been recognized, including the decreasing of 
glutamate toxicity, inducing the generation of ne-
uronal antiapoptotic factors, reducing inflamma-
tion, decreasing nitric oxide-mediated injury and 
direct antioxidant effects (15,16).
The goal of the present study was to determine 
whether molecular brain biomarkers PENK-A 
and PTA could identify a lower burden of acute 
ischemic brain injury following CPB in patients 
treated with rHuEpo versus control, and whether 
these molecular biomarkers are consistent with the 
MRI findings. This study is an unpublished part of 
the clinical study that has already been published 
regarding clinical outcome (9,17). We separated 
the clinical and biochemical parts due to a techni-
cal reason (analysis of brain biomarkers PENK-A 
and PTA was performed in 2 months following the 
conclusion of the clinical part of the study).

PATIENTS AND METHODS

Patients and study design 

We prospectively evaluated 20 patients as a con-
secutive group undergoing cardiac surgery on 
CPB. An approval was obtained by the National 
Medical Ethics Committee of the Republic of 
Slovenia as well as the written informed consents 
of all the patients. 
Patients under the age of 18, with known mali-
gnant hypertension, cancer, hematological dis-
order, renal or hepatic failure, receiving rHuEpo 
therapy and allergies to medications were exclu-
ded from the study. The patients were assigned to 
either the erythropoietin treated (Epo) or control 
group in random mode. The10 patients in the Epo 
group received 3 consecutive doses (24,000 IU) 
of epoetinum alfa (Eprex; Janssen-Cilag, Turn-
hout, Belgium) administered intravenously. The 
first dose was given 1 day before the procedure, 
the second dose on the day of operation, and the 
third dose 1 day after completion of the surgery. 

Methods 

Patients underwent preoperative testing within 2 
days of surgery that included medical history, an 
electrocardiograph (ECG), an magnetic resonan-
ce imaging (MRI) and physical and mental status 
examination by a neurologist. Blood was collec-
ted prior to anesthesia on the day of surgery for 
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subsequent biomarker analysis. Blood was again 
collected and MRI examinations performed within 
5 days after the surgery (a median of 4 days, range 
2 to 5). All patients had a similar intravenously-
inhalation anesthesia and operation protocol re-
garding hypothermia, hemodilution, cardioplegia 
and monitoring of all relevant clinical parameters 
(arterial pressure, cardiac arrest, duration of extra-
corporeal circulation, etc.). A delirium assessment 
was performed 24 and 48 hours after surgery.
Blood samples were centrifuged within 30 min-
utes and serum was stored at –20 °C until assayed 
in duplicate in one batch within 6 months. 
Concentrations of PENK-A and PTA were de-
termined by ELISA (reagents: Proekephalin A, 
Cusabio Biotech and Protachykinin-1, Cusabio 
Biotech; instrument Personal Lab™, Adaltis, 
Italy). All samples were measured in one batch.
The lower levels of detection were 3.9 ng/L 
(PENK-A) and 0.078 µg/L (PTA) and the measu-
ring range was set at 15.6 - 1000 ng/L for PENK-A 
and 0.312 – 20 µg/L for PTA by the manufacturer.  
The imprecision (coefficient of variation, CV) was 
according to the specifications of manufacturer. 
CV intra-assay: PENK-A < 8% (CV estimated 
at three samples of known concentration tested 
twenty times on one plate to assess); PTA < 8% 
(CV estimated at three samples of known concen-
tration tested twenty times on one plate to assess)
CV inter-assay: PENK-A ≤ 10% (CV estimated 
at three samples of known concentration tested 
in twenty assays to assess); PTA ≤ 10% (CV esti-
mated at three samples of known concentration 
tested in twenty assays to assess).
Magnetic Resonance Imaging (MRI) was perfor-
med using standardized protocols on a 3T instru-
ment (Magnetom Trio Tim; Siemens, Erlangen, 
Germany) (18). Scans were always performed in 
the same order with a T1-weighed 3-plane locali-
zer, diffusion-weighted imaging (DWI) sequence, 
and fluid-attenuated inversion recovery (FLAIR) 
sequence. The images were presented to one of the 
investigators blinded to the clinical assessments.

Statistical analysis

Nonparametric statistics was used and a com-
parison using a Mann-Whitney independent 
test performed. The significant level was set at 
the level p<0.05.

RESULTS 

The baseline characteristics of the erythropoie-
tin-treated ( Epo) and control group were com-
parable in terms of age, sex, blood pressure, dia-
betes, hyperlipidemia, body mass index, carotid 
disease, peripheral arterial disease, chronic atrial 
fibrillation and current smoking. None of the pa-
tients had significant carotid lesions. All of the 
patients underwent complete coronary artery re-
vascularization. 
All 20 patients survived open heart surgery. No 
patient showed neurological dysfunction before 
the operation. The MRI performed 24 hours be-
fore the surgery confirmed chronic multiple small 
ischemic lesions (2 to 5 mm) in all of the patients. 
Only 1 patient had a large ischemic region in the 
left middle artery circulation. It was observed that 
4 of 10 patients from the control group had posto-
perative ischemic brain lesions, two of them larger 
than 5 mm (cerebrovascular insult). Another two 
patients in control group showed small postopera-
tive ischemic lesions of about 2 mm in diameter. 
MRI scans revealed no acute postoperative ische-
mic brain lesions in patients treated with human 
recombinant erythropoietin.
The erythropoietin-treated group and control 
groups were comparable with respect to serum 
PENK-A and PTA (before and after surgery) 
according to the comparable study of clinical 
outcome (Table 1). 

Parameter (median) Epo Control p*
pre PENK-A (ng/L)
Q1–Q3 (ng/L)

35.10
25.35–38.07

28.05
21.65–35.55 0.283

post PENK-A (ng/L)
Q1–Q3 (ng/L)

17.70
14.125–27.77

26.85
15.05–48.70 0.509

pre PTA (μg/L)
Q1–Q3 (μg/L)

0.343
0.2048–0.3885

0.383
0.3355–0.4275 0.173

post PTA (μg/L)
Q1–Q3 (μg/L)

0.239
0.2153–0.3287

0.257
0.1835–0.3225 0.934

*10 patients from each group, Mann-Whitney test; PENK-A, proen-
kephalin A;  PTA, protachykinin A; Q1-Q3, interquartile range

Table 1. Comparison of serum preoperative (pre) and 
postoperative (post) concentrations of biomarkers of the 
erythropoietin-treated (Epo) group and control group

Pre- and postoperatively comparison of serum 
concentrations of biomarkers in 16 patients wit-
hout brain ischemia and 4 patients with acute po-
stoperative ischemia regardless of erythropoietin 
therapy also displayed no significant differences 
(Table 2). 
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Diagnostic accuracy through ROC analysis proved 
similar specificity and a predictive value for pre- 
and post-operative PENK-A and PTA (Table 3).

with predictive and diagnostic capabilities could 
in specific clinical situations represent a low cost 
alternative that could be more suitable and im-
prove management of cardio- and cerebrovascu-
lar patients. The release patterns of neuronal and 
glial tissue derived proteins before and after acu-
te stroke are associated with the neuroradiologi-
cal and neurobehavioral consequences of ische-
mic brain lesions and may be useful in short- and 
long-term outcome prediction (4). The kinetics 
of serum protein concentrations correlate and are 
dependent on the subtype of stroke lesions and 
do not always reflect the degree of brain damage. 
On the contrary, they often express complex ne-
uronal-glial interactions as a pathophysiological 
consequence of ischemic brain lesions (14,19).
The goal of the present study was to investiga-
te the diagnostic value of pre- and postoperative 
serum levels of PENK-A and PTA for postope-
rative neurological complications after cardiac 
surgery by CPB for two groups of patients: an 
erythropoietin-treated and a control group. Com-
parison of some of the basic biochemical (pre- 
and postoperative troponin, lactate) and clinical 
parameters such as the outcome (number of co-
ronary artery bypass grafts, operative time, car-
diac arrest and extracorporeal circulation time, 
mean blood pressure and transfusion) of both 
groups also proved the insignificant difference 
of the two groups (17). Only few clinical studi-
es have studied PENK-A and PTA as a markers 
of stroke (10) and as far as we know this is the 
first time that such a clinical scenario to monitor 
neuronal injury was used. The study provides se-
veral findings. The erythropoietin-treated group 
and control group were comparable with respect 
to serum PENK-A and PTA according to a com-
parable study clinical outcome such as coronary 
artery bypass grafts, operative time, transfusion 
volume and blood pressure values at all stages 
of operation. The comparison of MRI results, 
neurological outcome and brain ischemia/injury 
biomarkers proved an interesting finding especi-
ally regarding the untreated control group, where 
we observed postoperative fresh ischemic lesi-
ons in 4 out of the 10 patients without rHuEpo 
therapy. Two of them had lesions larger than 5 
mm and experienced delirium (cerebrovascular 
insult). Postoperative PENK-A and PTA levels 
were lower in both groups of participants but the 
decrease of PENK-A was much larger in the  epo 

Parameter (median) NOISCH  ISCH p*
pre PENK-A (ng/L)
Q1–Q3 (ng/L)

34.20
26.40–36.70

25.45
21.65–34.05 0.395

post PENK-A (ng/L)
Q1–Q3 (ng/L)

24.85
15.65–33.65

15.05
8.35–38.50 0.299

pre PTA (ng/L)
Q1–Q3 (ng/L)

0.348
0.2467–0.3918

0.396
0.303–0.4825 0.342

post PTA (ng/L)
Q1–Q3 (ng/L)

0.2310
0.1855–0.3260

0.1835
0.1635–0.2385 0.342

*Mann-Whitney test; PENK-A, proenkephalin A; PTA, protachyki-
nin A; Q1-Q3, interquartile range

Table 2. Comparison of serum preoperative (pre) and postop-
erative (post) concentrations of biomarkers of four patients 
with (ISCH) and 16 patients without brain ischemia (NOISCH) 
regardless of erythropoietin therapy

Parameter Sensitivity
(95% CI)

Specificity
(95% CI) + LR - LR + PV - PV

pre PENK-A 75.00
(19.4–99.4)

75.00
(47.6–92.7) 3.00 0.33 42.9 92.3

post PENK-A 75.00
(19.4–99.4)

68.75
(41.3–89.0) 2.40 0.36 37.5 91.7

pre PTA 50.00
(6.8–93.2)

86.67
(59.5–98.3) 3.75 0.58 50.0 86.7

post PTA 75.00
(19.4–99.4)

73.33
(44.9–92.2) 2.81 0.34 50.0 91.7

Table 3. Diagnostic accuracy in optimal cut-off values of 
proenkephalin A (PENK-A) and protachykinin A (PTA) serum 
preoperative (pre) and postoperative (post) concentrations of 
four patients with and 16 patients without brain ischemia

PENK-A: <=26.3 ng/L and <= 17.0 ng/L; PTA: >=0.411 μg/L and 
<=0.19 μg/L; CI, confidence interval; LR, likelihood ratio; PV, 
predictive value; 

DISCUSSION

The current protocols for monitoring neurological 
complications after cardiac operations are not op-
timal. Besides neurological examination and ma-
gnetic resonance imaging (MRI), biomarkers have 
also attained attention in the last few years (3).
Cerebral complications are very important after 
cardiac surgery with CPB as the leading cause 
of disability and morbidity. The etiology of ne-
urological complications from heart surgery is 
multifactorial, including intraoperative micro- 
and macroemboli, abnormal cerebral perfusion, 
reperfusion injury, inflammatory and neurohu-
moral responses (2). Currently, prediction and 
diagnosis are based on several clinical, neuroi-
maging and electrophysiological methods (18). 
The application of these methods is often diffi-
cult because of sedation and the hemodynamic 
instability commonly seen in critically ill patients 
(19). Routine application of specific biomarkers 
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group. Comparison of serum concentrations of 
biomarkers of 16 patients without brain ischemia 
and 4 patients with acute ischemia regardless of 
erythropoietin therapy displayed a nonsignificant 
difference in pre- and postoperative PENK-A and 
PTA levels. All concentrations were lower in is-
chemic patients except for the preoperative PTA, 
where the concentrations were higher on average.
Diagnostic accuracy in optimal cut-off values of 
PENK-A serum preoperative (pre) and postop-
erative (post) concentrations (≤ 26.3 ng/L and 
≤ 17.0 ng/L) of 4 patients with and 16 patients 
without brain ischemia proved relatively low 
sensitivity and specificity for both (pre- & post-) 
concentrations of PENK-A (of about 75%). Simi-
lar is the case with diagnostic accuracy in optimal 
cut-off values of PTA serum preoperative (pre) 
and postoperative (post) concentrations (≥ 0.411 
μg/L and ≤ 0.190 μg/L), except for the pre PTA 
specificity of about 87%. The positive predictive 
values for ischemic stroke is relatively low (≤ 
50%) comparing the negative predictive value (≥ 
86.7%) for both PENK-A and PTA values. 
These findings are in concordance with our pre-
vious investigation on the same patient popula-
tion about  the diagnostic value of pre- and po-
stoperative serum levels of N-methil-D-aspartate 
(NMDA) receptor antibodies (NR2Ab), S100B 
protein and neuron-specific enolase (NSE) for 
postoperative neurological complications after 
cardiac surgery by CPB (9). The main findings 
obtained in our new study is that serum PENK-
A and PTA are not elevated in ischemic patients 
compared to studies where PENK-A (but not 
PTA) are elevated in acute stroke patients against 
nonischemic events. The elevation of PENK-A 
correlated with stroke severity and with CT bra-
in lesion size (10). It should be clarified that not 
all brain injuries from ischemia lead to infarction 
recognized by MRI. The use of brain biomarkers 
is helpful because it can show injuries that cannot 
otherwise be detected by imaging. The results 
reported here suggest the possibility of a neuro-
protective effect of rHuEpo when administered 
to patients in the perioperative period of cardiac 
surgery. Despite the 40% difference in stroke in-
cidence between the treated and control groups, 
the pre- and postoperative serum PENK-A and 
PTA levels did not significantly differ. PENK-A 
and PTA are considered markers of blood-bra-

in barrier (BBB) dysfunction. Ischemic stroke 
is usually accompanied by BBB dysfunction; 
however, BBB dysfunction is not necessarily 
indicative of cerebral ischemia. Leakage of the 
BBB integrity is one of the main features of stro-
ke pathophysiology. The mature neuropeptides in 
blood are exposed to rapid degradation in vivo 
and low stability in vitro, which is not the case 
with stable PENK-A and PTA (12). 
The key limitation of the study was the small stu-
dy group. The monitoring of biomarkers should 
also be more frequently performed after cardiac 
surgery to obtain peak concentrations while the 
effects on long-term clinical outcome should be 
followed up. The limitation might be also that 
this study is an unpublished part of the clinical 
study that has already been published regarding 
clinical outcome (9,17). We separated the clinical 
and biochemical parts due to a technical reason 
as already mentioned in introduction.
In conclusion, we compared the preoperative, 
postoperative blood levels of PENK-A and PTA 
and MRI results of the erythropoietin treated and 
control group of patients undergoing surgical 
revascularization of the heart with CPB to dia-
gnose cerebral ischemia and ischemic stroke. Our 
results regarding diagnostic values of pre- and 
postoperative serum PENK-A and PTA levels 
and brain protection with rHuEpo did not prove 
benefit from medical intervention for the patients 
known to be at increased risk pre- and postopera-
tively and did not correlate with MRI. 
The question if PENK-A and PTA serum concen-
trations might be the strategy to enable the mo-
nitoring and evaluation of neuroprotective stroke 
treatment still remains unanswered in our pilot 
study. Further studies are required to investigate 
their role in acute ischemic brain injury. Given 
the significant risk of stroke associated with CPB, 
future studies involving larger multisite trials are 
warranted as well as the evaluation of alternative 
molecular biomarkers (including RNA analysis) 
to reliably identify ischemic brain injury in this 
population (20-22).
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ABSTRACT

Aim To investigate whether there is a relation between neutrophil-
lymphocyte (N/L) and platelet- lymphocyte (P/L) ratios and epi-
cardial adipose tissue (EAT) thickness in patients with ankylosing 
spondylitis (AS). 

Methods Thirty patients diagnosed with ankylosing spondylitis 
and 25 healthy people (controls) were included in the study. Age, 
gender, body mass index (BMI), height, hemogram, sedimentati-
on, neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, CRP, 
hepatic and renal function tests, lipid profile of the all patients were 
recorded. Data related to duration of the disease, Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI) and Bath Ankylo-
sing Spondylitis Functional Index (BASFI) values of the cases 
in the patient group were obtained. A cardiologist measured EAT 
thickness by ECHO in both patient and control groups. 

Results In the patient group, mean BASDAI and BASFI scores 
were 2.48±2.21 and 1.5±2.07, respectively. Age, gender, BMI va-
lues did not show statistically significant difference between the 
patient and the control groups. N/L and P/L ratios did not change 
significantly in the patient group having higher EAT, BASFI valu-
es and taking anti-TNF compared to the control group. 

Conclusion In patients with AS, EAT measurements, which are 
related to inflammatory response increase, can be used for mo-
nitoring of the risk of development of cardiac disease. We could 
not find the relation between EAT and N/L, P/L ratios in terms of 
evaluation of inflammatory response. 

Keywords: ankylosing spondylitis, inflammation, clinical mar-
kers
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INTRODUCTION

Ankylosing spondylitis (AS) is a chronic in-
flammatory rheumatic disease, which more 
frequently affects young adults. Extra-articular 
involvement can be seen in various rates with 
uvea, bowels, skin, lungs, kidneys affected most 
frequently and heart is affected less frequently 
(1). In patients with AS, cardiac involvement is 
seen in 10-30% of the patients. Its incidence is 
higher in HLA-B27 positive patients (2). In the 
most frequently seen cardiac involvement, aor-
tic root and aortic valves are affected. As the in-
flammation becomes chronic, the inflammatory 
process extends into ventricular septum, atrio-
ventricular node, its bundles and fascicles (3). As 
a consequence, myocarditis, high-velocity con-
duction disorders, excessive myocardial fibrosis 
and involvement of ascending aorta can occur 
(3). Mortality rates related to cardiovascular di-
seases are higher than in normal population (4). 
In patients with AS, mediators as IL1, IL6, TNF-
alpha, adhesion molecules have been considered 
as etiological agents of increased mortality (4,5). 
Inflammatory biomarkers are good predictors of 
cardiovascular risk (6). Ectopic fat accumulation 
is a more important predictor of metabolic and car-
diovascular diseases than overall bodily distribu-
tion of fat (7). Epicardial adipose tissue (EAT) is 
natural visceral adipose tissue, which is localized 
on the left ventricular apex and surrounds subepi-
cardial coronary arteries. It is a complex endocrine 
organ with systemic effects. It has been associated 
with the development of coronary atherosclerosis 
(8). It releases many cytokines related to athero-
sclerosis and genes encoding proteins. In biopsy 
studies, it has been demonstrated that EAT con-
tains excess amounts of IL1, IL6, TNF and Mi-
croRNA and also a correlation has been shown 
between thickness of EAT and severity of coro-
nary artery disease (8). The EAT is a new cardio-
metabolic risk factor and a strong correlation ex-
ists between EAT and accumulation of abdominal 
fat. Recently, EAT has been used as an indicator 
of atherosclerosis and cardiovascular risk factor 
in patients with AS and rheumatoid arthritis (9). It 
can be also used in the determination of the corre-
lation between clinical parameters, Bath Ankylos-
ing Spondylitis Disease Activity Index (BASDAI) 
and Bath Ankylosing Spondylitis Functional In-
dex (BASFI) parameters, as well as inflammatory 

markers, neutrophil-lymphocyte (N/L) and plate-
let- lymphocyte (P/L), N/L ratios etc. (9,10).
The neutrophil, lymphocyte, and platelet counts 
can be simply obtained by a hemogram. The ne-
utrophils are the major fraction of the circulating 
immune cells and rapidly accumulate in areas of 
infection and inflammation. There are studies de-
monstrating that N/L and P/L ratios can be used 
as a marker of systemic inflammation (11).
In the present study, we aimed to investigate 
whether there is a relation between neutrophil-
lymphocyte (N/L), platelet- lymphocyte (P/L) 
ratios and epicardial adipose tissue in the patients 
with ankylosing spondylitis.

PATIENTS AND METHODS

Patients and design of the study

Patients and volunteers who participated in the stu-
dy were informed about the study and their written 
informed consents were obtained. Thirty patients 
who were followed up with the diagnosis of AS 
in the Department of Physical Rehabilitation and 
Therapy at Abant Izzet Baysal University Physi-
cal Therapy and Rehabilitation Hospital were 
included in the study. Patient group (n=30) was 
subgrouped into two, either using biological drugs 
(n=18) or disease modifying antirheumatic drugs 
(DMARDs) (n=12). Twenty-five healthy people 
without any disease were included in the study as 
a control group. The patients in the control group 
were selected among the people coming to outpa-
tient clinics. Patients with systemic inflammatory 
diseases, history of known cardiac diseases, pati-
ents whose first degree relatives had heart attack at 
an earlier age, those with diabetes mellitus, hyper-
tension, hepatic and renal dysfunction, systemic or 
local malignancies were not included in the study.

Methods

Age, gender, body weight, height of the study par-
ticipants were recorded. Data related to duration of 
the disease, Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI) and Bath Ankylosing 
Spondylitis Functional Index (BASFI) values of 
the cases in the patient group were obtained (10). 
Biochemical parameters such as hemogram, sedi-
mentation, CRP, hepatic and renal function tests, 
lipid profile were measured. The N/L, P/L ratios 
were calculated by dividing the number of lym-
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phocytes, neutrophils and platelets. (There are no 
standard values for these ratios). A cardiologist 
measured EAT thickness on echocardiograms in 
both patient and control groups.

Statistical analysis

Parametric tests were applied to data of normal 
distribution and non-parametric tests were appli-
ed to data of questionably normal distribution. 
Data are expressed as mean±SD or median (in-
terquartile range), as appropriate. Statistical si-
gnificance was assumed for p<0.05.

RESULTS

Thirty patients with AS (19 males and 11 females) 
and 25 healthy individuals (16 males and 9 fema-
les) as a control group were enrolled in our study. 
Mean age of the patients and the control groups 
was 38.6±8.3 and 37.1±9.4 years, respectively. 
Mean duration of the disease was 8.8±8 years. 
Median body mass index (BMI) values in the pa-
tient and the control groups were 25.18 and 25.27 
kg/m2, respectively. 
In the patient group, mean BASDAI and BASFI 
scores were 2.48±2.21 and 1.5±2.07, respecti-
vely. Mean BASDAI and BASFAI scores of bi-
ological drug and DMARD users were 2.1±2.1 
and 2.9±2.2 vs 1.4±1.7 and 1.8±2.4, respectively.
Hemogram, sedimentation, CRP, glucose, hepa-
tic and renal enzyme levels of both patient and 
control groups were within normal limits. 
In the patient group, lipid profile was analyzed 
and LDL (99.76±31.61 mg/dL), HDL (47.8±11.8 
mg/dL), triglyceride (127.76±62.95 mg/dL) and 
cholesterol (174.8±38.03 mg/dL) values were 
obtained as indicated. 
Other measured parameters in the patient 
and the control groups were as follows: N/L 
1.98±1.24 vs 1.71±0.67; P/L 164660±135130 vs 
152757±111059. 
Age, gender, BMI, N/L, P/L ratios did not differ 
significantly between the patient and the control 
groups.
The BASDAI score of 8 patients was higher than 
4. The BASFI score of the patients were divided 
higher than 2 (10 patients) and less than 2 (20 
patients). In the patients (17 patients) receiving 
anti-TNF, N/L and P/L ratios were 1.97±0.53 
and 147413±73600 respectively. Maximum EAT 
thickness was roughly 7 mm in the control group 
and 16 patients had higher EAT thickness than 7 

mm. The N/L, P/L ratios did not differ significantly 
between the control group and the patient group 
having higher EAT thickness, receiving anti-TNF 
therapy, higher BASDAI and BASFI scores.

DISCUSSION

The N/L, P/L ratios obtained in this study, which 
are shown to be useful as the inflammation marker 
were not correlated EAT thickness which could be 
associated with inflammation (6,11). The results of 
this study have shown higher EAT values in the pa-
tient group compared with the control group; there 
was no significant difference in the patients recei-
ving anti-TNF therapy, having higher BASDAI 
and BASFI scores in terms of N/L and P/L ratios.
In a study by Resorlu et al., the authors found 
higher carotid artery intimal-medial thickne-
ss (CIMT) and EAT values in patients with AS. 
When they were correlated EAT and CIMT with 
disease duration and increased TG values could 
not detect any correlation between BASDAI, 
BASFI on one hand and EAT, CIMT on the other 
hand (12). In a study, higher EAT values were 
detected in female patients. Besides, in patients 
treated with biological drugs lower EAT values 
were detected when compared with those treated 
with DMARDs (13). In a study by Mazurek et al. 
the authors compared epicardial and subcutaneo-
us adipose tissues and detected that EAT induced 
relatively greater amounts of inflammatory cyto-
kines (14). In our study, N/L, P/L ratios did not 
differ significantly between the control group and 
the patient group having higher EAT thickness. 
In some studies higher N/L ratio in patients with 
familial Mediterranean fever (FMF) compared to 
the control group were found, and the N/L ratio 
was even higher in patients harboring the M694V 
gene mutation that is associated with an incre-
ased risk of amyloidosis compared to patients 
who do not harbor this gene mutation (15,16). 
The studies have shown that the N/L ratio was 
an important marker in determining subclinical 
inflammation and the risk of developing amyloi-
dosis in patients with familial Mediterranean fe-
ver (FMF) (17). The authors maintain that high 
platelet/lymphocyte ratio reflects inflammation, 
atherosclerosis and platelet activation (18).
Subclinical inflammation can continue and va-
rious complications can occur despite achieving 
remission in some rheumatic disorders. Extra-ar-
ticular complications can be observed in patients 
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with AS, and these complications may show pro-
gressive involvement (16,17). The prevention of 
this process requires close follow-up and evalua-
tion. If these ratios prove beneficial in other stu-
dies, these parameters will provide a cheaper and 
easy-to-perform marker in the follow-up of AS 
(16-19). Inal et al. found that there was no signi-
ficant difference between patients having ankylo-
sing spondylitis and control groups in terms of 
N/L and P/L ratios. They found weakly positive 
correlation between BASDAI scores and N/L and 
P/L ratios (10). We could not find a correlation 
between disease activity, patient’s functional si-
tuation, EAT thickness and N/L, P/L ratios.
In the present study, scarce number of patients 
can be considered as a limitation. Studies encom-
passing higher number of patients which will take 

inflammatory cytokines into consideration can be 
realized. Thus, correlations between the severity 
of inflammation and cardiovascular involvement 
can be more clearly established.
In conclusion, in patients with AS, EAT thickne-
ss related to inflammatory response can increase. 
We could not find a relation between EAT and 
N/L, P/L ratios in terms of inflammatory respon-
se evaluation. Further studies with larger patient 
populations can be designed to find out the relati-
onships more openly.
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ABSTRACT

Aim The administration of trans esophageal echocardiography 
(TEE) may cause nausea, shortness of breath, agitation, emotional 
distress and pain in patients due to pharyngo-esophageal intubati-
on, which may be partially relieved by sedoanalgesia. The aim of 
this study was to compare clinical effects of midazolam, midazo-
lam-alfentanil combination and propofol sedation given for seda-
tion and sedoanalgesia to patients with planned diagnostic TEE 
interventions.

Methods This study was prospectively completed with 90 rando-
mized adult patients in ASA risk groups I-II-III. Group M were 
given 2.5 mg midazolam, group MA were given 1 mg midazolam 
and 5 μg/kg alfentanil and group P were given 0.5 mg/kg propofol 
intravenous bolus. If necessary, additional doses were administe-
red. Patients administered with TEE were evaluated in terms of 
additional dose requirements, Ramsey Sedation Scale (RSS), mo-
dified Aldrete Scoring (MAS), recovery time and duration of stay 
in the hospital.

Results In the group P additional dose requirements were greater 
(p<0.05), as well as the duration of stay in the recovery unit and 
hospital were shorter (p<0.05). On insertion of the TEE probe, the 
RSS in the group P was clearly higher than in other groups M and 
MA (p<0.05). 

Conclusion During the TEE intervention, the use of propofol, 
contrary to requirements for additional dose and observation of 
apnea, appears to be advantageous due to providing more rapid 
and effective sedation depth without a need of expensive antago-
nist agents, and allowing early discharge of patients. Additionally, 
it seems that the use of midazolam combined with alfentanil, is 
more advantageous comparing to midazolam alone.

Key words: propofol, midazolam, alfentanil, outpatient
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INTRODUCTION

Transesophageal echocardiography (TEE) is an 
imaging method that aids sensitive and correct 
diagnosis by assessing myocardial contractility, 
heart valve functions, cardiac volume, thoracic 
aorta injury, blunt cardiovascular injuries, suspec-
ted aorta dissection and some congenital defects 
(1,2). Compared to transthoracic echocardio-
graphy (TTE), TEE has some advantages such as 
avoiding structures like the chest wall and lung 
parenchyma from injury, providing increased ima-
ge quality due to the reduced distance between the 
probe and the cardiac formations and ability to 
assess the heart from different angles (3). The fact 
that TEE requires pharyngo-esophageal intubation 
to prevent obstruction of the airway is a situation 
accepted as a disadvantage compared to TTE (4). 
No matter how much pharyngo-esophageal intu-
bation during the TEE procedure is accepted as 
safe, it may cause nausea, shortness of breath, 
agitation, emotional distress and pain in pati-
ents. Fear and anxiety before the procedure may 
be partially resolved by premedication (4,5). For 
patients undergoing TEE surficial sedation with 
topical oropharyngeal anesthesia or other benzo-
diazepines are used (6). Although midazolam is 
commonly used as a sedative, it does not have 
primary analgesic effect. Therefore, this shortfall 
of midazolam still leads to discomfort during the 
administration of TEE in most of the patients. 
Additionally, escape from cumulative hypnotic 
effect of midazolam takes longer time, thus opi-
oid analgezics can provide better sedoanalgesia 
in sedation when they combined with low dose 
of benzodiazepines (7). For sedation alfentanil is 
used together with benzodiazepines, propofol and 
sedative hypnotic medications and additionally 
reduces the dose of the sedative medication it is 
combined with (8). In addition to the use of pro-
pofol may be used for general anesthesia inducti-
on in the operating room, it may also be used for 
sedation aside from the surgery. While low dose 
propofol creates primary sedation and anxiolysis, 
increasing the dose produces hypnosis; however 
there is little to no amnestic effect (9).
The aim of this study was to compare clinical 
effects of midazolam, midazolam-alfentanil com-
bination and propofol sedation, used for sedation 
and sedoanalgesia, on the ease of the procedure, 
hemodynamic response, efficacy, side effects and 

duration of hospital stay when used for patients 
undergoing planned diagnostic TEE intervention.

PATIENTS AND METHODS

This study obtained approval from Istanbul Kar-
tal Koşuyolu Specialization Training and Rese-
arch Hospital Local Ethics Committee (Kosuyo-
lu/2009). After getting informed consents from 
patients with planned TEE in the Cardiology 
Clinic, the prospective and randomized study 
was completed with 90 outpatient, stable, ASA 
(American Society of Anesthesiologists) I-II-III 
risk group (10) adult patients. Each patient who 
agreed to participate ın the study as a volunteer 
signed the written informed consent forms in 
accordance with the Declaration of Helsinki.
The patients with severe cardiopulmonary dise-
ase, obesity, suspected or confirmed pregnancy, 
history of allergic reaction to the medicati-
ons used in the study and those who could not 
communicate were not included in the study. All 
patients were asked not to take oral food and fluid 
for at least 6 hours, and were monitored (Petaş 
KMA 800) including non-invasive blood pre-
ssure, electrocardiogram (ECG) and peripheral 
oxygen saturation (SpO2). All cases had venous 
access provided through a 20 gauge cannula in 
the back of the right hand and 0.9% saline in-
fusion was begun. Patients undergoing TEE were 
randomized in sequence and divided into three 
groups containing 30 patients each: Group M, 
Group MA and Group P. Topical oropharyngeal 
anesthesia was provided by 10% lidocaine spray 
(Xylocaine pump spray, AstraZeneca Ilaç San. 
ve Tic. Ltd. Sti. Istanbul, Turkey). After the pa-
tients were positioned as lying on their left side 
the following anesthetic agents were given for 
sedation and sedoanalgesia according to group.
Group M patients were given 2.5 mg midazolam 
(dormicum, Roche Ilaç Sanayi A.S. Turkey) for 
sedation as an intravenous bolus dose. If nece-
ssary additional 1 mg or a total maximum dose 
of 8 mg at 5 minute intervals was administered 
intravenously. Group MA patients were given 1 
mg midazolam and 5 μg/kg alfentanil (rapifen, 
Johnson & Johnson Sıhhi Malzeme San. ve Tic. 
Ltd. Sti. Turkey) for sedation as an intravenous 
bolus dose. According to the hemodynamics and 
sedation degree of patients, dose titration was 
completed with an additional dose of 0.5 mg mi-
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dazolam as necessary or a total maximum dose 
of 5 mg at 5 minute intervals, and an additional 
dose of 2,5 μg/kg alfentanil as required or a total 
maximum dose of 1000 μg at 5 minute intervals. 
For sedation of Group P patients 0.5 mg/kg pro-
pofol (propofol-lipuro 1%, B. Braun Melsungen 
AG, Germany) intravenous bolus dose was ad-
ministered. According to the hemodynamics and 
sedation degree of the patient, dose titration was 
completed with an additional dose of 0.25 mg/
kg propofol as necessary for the total maximum 
dose of 300 mg administered.
Two minutes after the intravenous medication 
administration the TEE probe was inserted. The 
ease of insertion of the TEE probe (very easy: 
1, easy: 2, slightly difficult: 3, very difficult: 4, 
impossible: 5), the duration of swallowing the 
probe (in seconds) (duration from entering the 
mouth to passing the cricopharyngeus), and the 
duration of the transesophageal echocardiography 
probe remained in the esophagus for the whole 
procedure (in min) were recorded. Mean arterial 
blood pressure (MAP), heart rate (HR), SpO2 and 
complications, along with the ease and quality of 
the procedure, were assessed. The patients were 
also evaluated using the Ramsey Sedation Scale 
(RSS) (11) every 5 minutes during the procedu-
re and at the end of the procedure. According to 
the hemodynamic situation of the patients (incre-
ase of more than 10% to 20% in arterial pressure 
and pulse count per minute) medication titration 
of the stated dose was given for sedation. Extra 
dose requirements were recorded. After the tran-
sesophageal echocardiography (TEE probe remo-
val, 5th minute, 10th minute, 15th minute, 20th 
minute, 25th minute, 30th minute and during dis-
charge) at each 5 minute assessment before lea-
ving the transesophageal echocardiography unit, 
the Modified Aldrete Score (MAS) (11) was used.
All TEE procedures were carried out by experi-
enced cardiologists. The procedure was completed 
with IE33 (Philips Healtcare, Eindhoven, Nether-
lands)  and General Electric Vivid 7 Dimension 
models (General Electric Company, GE Healthca-
re, Horten, Norway). During this time intervention 
was carried out for hypoventilation (<8 respirati-
ons/minute), apnea (no respiration for 30 s) and 
airway obstruction, and oxygen was given through 
a nasal cannula at 6 L/min for SpO2 below 93%. 
If hypoventilation developed the jaw-thrust ma-

neuver was administered. For SpO2 below 90% 
hypoxemia was evaluated and recorded.
When evaluating the data, in addition to descrip-
tive statistical methods (mean, standard deviati-
on), the One Way Anova test was used to com-
pare quantitative data with normal distribution 
between the groups, while the Posthoc Tukey test 
was used for comparisons within the groups. The 
χ2 square test was used to compare categorical 
data. The results were evaluated with the 95% 
confidence interval with significance assessed at 
p<0.05 level.

RESULTS

The study was completed with 90 patients aged 
between 18 to 77 years undergoing TEE with 
male/female ratio of 38/52. There was no signi-
ficant difference between the groups in terms of 
demographic data (p>0.05) (Table 1).

Group M
(n =30)

Group MA
(n =30)

Group P
(n=30) p

Age (years) 42.8±15.2 44.3±16.9 48.8±18.7 0.83
Gender (M/F) 13/17 12/18 13/17 0,97
Weight (kg) 72.1±13.3 68.5±13.6 68.7±13.4 0.38
Height (cm) 164.4±7.3 163.4±7.2 164.2±7.2 0.43
ASA (I/II/III) 14/14/2 16/13/1 15/9/6 0.59

Table 1. Demographic characteristics of patients who under-
went transesophageal echocardiography

ASA, (American Society of Anesthesiologists) Physical Classificati-
on System (10)

There was no statistically significant difference 
found between the groups in terms of MAP, HR 
and SpO2 values among patients participating in 
the study at basal time while the TEE probe was 
inserted, every 5 minutes during the procedure 
and when the TEE probe was removed (p>0.05).
The total medication amount used was 2.98±0.39 
mg midazolam in Group M, 1.60±0.60 mg mi-
dazolam and 493±89 μg alfentanil in Group MA 
and 52±13 mg propofol in Group P. The patient 
numbers requiring additional medication were 
observed to be statistically significant when com-
pared between the groups (p<0.05) (Table 2).
There was no statistically significant difference 
in terms of basal RSS values of the cases when 
compared between the groups (p>0.05). On inser-
tion of the TEE probe, RSS values remained the 
same in Group M, fell in Group MA and increased 
clearly in Group P and this was statistically signi-
ficant (p<0.05). Comparing Group M with Group 
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MA and Group P separately in the 5th minute of 
the procedure, there was a statistical fall in RSS 
observed (p<0.05). In the 10th and 15th minutes of 
the procedure the RSS in Group MA was found to 
be much higher than in Group M (p<0.05). In the 
20th and 25th minutes and when the TEE probe 
was removed the RSS in all 3 groups was not fo-
und to be statistically significant when compared 
among themselves (p>0.05) (Figure 1).

compared to Group P (p<0.05). In the 5th and 
10th minute in the recovery unit, the MAS values 
of Group P were found to be high compared to 
Group M and Group MA (p<0.05). The patients 
in Group P were all discharged before the 10th 
minute. The patients in Group MA were dischar-
ged before the 20th minute while the patients in 
Group M were discharged by the 30th minute on 
average (Figure 2).

Patient’s group (medication) No (%) of patients requi-
ring additional medication

M (2.98±0.39 mg midazolam) 3 (7.9)
MA (1.60±0.60 mg midazolam and 
493±89 μg alfentanil) 9 (23.7)

P (52±13 mg propofol) 26 (68.4)

Table 2. Distribution of patients requiring additional medication

Patient’s group (medication) Recovery dura-
tion (minutes)*

Total hospital stay 
duration (minutes)†

M (2.98±0.39 mg midazolam) 18±7 32±8
MA (1.60±0.60 mg midazolam 
and 493±89 μg alfentanil) 14±7 28±9

P (52±13 mg propofol) 6±2 18±5

Table 3. Recovery duration after the procedure in the three 
groups of patients

*p<0.05 (shorter in the Group P compared to Group M and Group 
MA); †p>0.05 (Group M and Group MA)

Figure 1. Ramsey sedation scale (RSS) insertion transesopha-
geal echocardiography probe time graphic in the three groups 
of patients  
*RSS higher for Group P compared to Group M while probe is 
inserted (p<0.05); †RSS higher for Group P compared to Group 
MA while probe is inserted (p<0.05); ‡RSS higher for Group 
MA compared to Group M in the 5th minute of the procedure 
(p<0.05); §RSS higher for Group P compared to Group M in the 
5th minute of the procedure (p<0.05); ¶RSS higher for Group 
MA compared to Group M in the 10th minute of the procedure 
(p<0.05); #RSS higher for Group MA compared to Group M in 
the 15th minute of the procedure (p<0.05)   

Figure 2. Modified Alderte Score (MAS) insertion trans 
esophageal echocardiography probe time graphic in the three 
groups of patients 
*MAS higher for Group M compared to Group P as probe is re-
moved (p<0.05); †MAS higher for Group P compared to Group 
M in 5th minute in recovery unit (p<0.05); ‡MAS higher for 
Group P compared to Group MA in 5th minute in recovery unit 
(p<0.05); §MAS higher for Group P compared to Group M in 
5th minute in recovery unit (p<0.05); ¶MAS higher for Group P 
compared to Group MA in 10th minute in recovery unit (p<0.05)   

When the duration to swallow the TEE probe of 
the cases is examined, comparison between the 
groups found no significant difference (p>0.05). 
On comparison between the groups of ease of 
TEE probe swallowing, no statistically signifi-
cant difference was observed (p>0.05). Compari-
son of the duration the TEE probe remained in the 
esophagus did not identify any significant stati-
stical differences between the 3 groups (p>0.05). 
Comparing the MAP, HR and SpO2 values me-
asured every 5 minutes after the procedure and 
during discharge for patients participating in the 
study between the groups, there was no statisti-
cally significant difference found between the 3 
groups (p>0.05).
When the TEE probe was removed the MAS in 
Group M was found to be statistically higher 

Comparing the duration of recovery of patients 
after the procedure in the three groups, a sta-
tistically significant difference was observed 
(p<0.05). In Group P the duration of stay in hos-
pital was shorter compared to Group M and Gro-
up MA (p<0.05). Comparing the total hospital 
stay of Group M and Group MA, no statistical 
significance was found (p>0.05) (Table 3).

Of 90 patients undergoing TEE in the study, four 
patients in Group M, one patient in Group MA 
and five patients in Group P required nasal mask 
due to SpO2 dropping below 93%. In all three 
groups one patient had nausea. Two patients in 
Group P developed apnea.

Toman et al. Sedation for transesophageal echocardiography
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DISCUSSION

The results of this study have shown that patients 
sedated with propofol required more additional 
doses than those patients sedated with midazolam 
and low dose midazolam combined with alfenta-
nil. Moreover, the patients given propofol entered 
sedation more quickly than those given midazo-
lam or low-dose midazolam combined with alfen-
tanil, staying in the recovery unit for less period 
of time resulting in shortened hospital stays.
Though TEE entered widespread clinical use at 
the beginning of the 1980s, sedation with the 
TEE procedure only began to be discussed at the 
beginning of the 1990s (12). Within this time in-
terval, though a variety of sedatives were used, 
midazolam was one of the most frequently used 
agents (13,14). Here the most important reason 
for choosing midazolam, we believe, is that se-
dation is administered by cardiologists more than 
anesthetists and in negative situations that may 
occur it can be antagonized with flumazenil. The 
duration of effect of flumazenil is short, so it may 
require repeated doses to prevent the reoccurren-
ce of sedation (15). Additionally, in this duration, 
monitoring of the patient and the cost of the me-
dication appear as negative factors. Our aim was 
to find the ideal sedative agent, providing rapid 
sedation, requiring no expensive antagonists after 
the procedure ends and allowing rapid recovery.
It is observed in many studies that different do-
ses of midazolam, alfentanil and propofol have 
been used for sedation. While 0.02 mg/kg intra-
venous bolus midazolam was used by Pratila et 
al. (16), Renna et al. (7) administered 2.5 mg in-
travenous bolus. McHardy et al. (17) combined 
0.015 mg/kg midazolam with 5 mcg/kg alfenta-
nil while Smith et al. (18) recommended the use 
of bolus intravenous propofol of 0.2-0.7 mg/kg. 
In the present study 2.5 mg of midazolam was 
administered as an intravenous bolus dose for 
sedation in midazolam group of patients, 1 mg 
intravenous dose of midazolam and 5-10 μg/kg 
alfentanil in midazolam-alfentanil group, and 0.5 
mg/kg of propofol in propofol group of patients. 
Additional dose requirements were provided by 
dose titration depending on the hemodynamics 
and degree of sedation of the patients.
The onset of effect of the sedation doses of the 
medications is less than 1 minute for propofol, 

1-2.5 minutes for midazolam and 55 seconds for 
alfentanil (19,20). The onset duration may differ 
depending on many factors such as the dose of 
medication, duration of administration and patient 
age, cardiovascular situation, metabolism speed, 
etc (21). In our study the sedation score for pro-
pofol was high when the TEE probe was inserted 
and 5 minutes after insertion; we believe this may 
be due to the very short onset of effect of propofol. 
The sedation score for the low-dose midazolam 
and alfentanil combination was high 5 minutes 
after the TEE probe was inserted, showing onset 
only after 2 minutes due to the synergistic effects 
of the combination in intravenous administration. 
Though the sedation level with midazolam was at 
the requested level, in the 5th minute after probe 
insertion it was high, which shows that the onset 
of the combination only occurred 2 minutes after 
intravenous administration.
The mean duration of action of the medications is 
3-10 minutes for propofol, 30-60 minutes for mi-
dazolam and 10 minutes for alfentanil (20,22,23). 
A synergistic effect occurs with the combination 
of midazolam and alfentanil, and this synergistic 
effect changes according to the dose and ratio 
of midazolam and alfentanil in the combination 
(24). As a result, very different durations of ac-
tion may be encountered. In our study the mean 
duration of action of the combination of low-do-
se midazolam and alfentanil, while much longer 
than propofol, appeared to be shorter than mida-
zolam alone. As a result the additional medicati-
on requirements were highest for patients given 
propofol and lowest for those patients given mi-
dazolam alone.
The recovery duration is determined by the eli-
mination half-life of used anesthetic medications, 
repeated doses especially lengthen the eliminati-
on half-life and lengthen recovery duration (25). 
For rapid removal of sedation and quick recovery 
sedative agents with high clearance and short 
elimination half-life should be used. Propofol is 
one of the medications with shortest half-life of 
any current intravenous agents, and this duration 
is 30-60 minutes, with plasma clearance of 2000 
ml/min, thus more rapid recovery (26). Midazo-
lam is the agent with shortest elimination half-
life among benzodiazepines at 90-150 minutes 
with plasma clearance of 300-500 mL/min (27). 
Alfentanil has an elimination half-life of 90-111 
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minutes, with plasma clearance of 356 mL/min 
(20). During alfentanil sedation the midazolam 
dose is reduced, recovery time shortens and good 
sedoanalgesia is provided (28). In our study pati-
ents given propofol with shortest mean duration 
of action had quicker recovery, this was followed 
by recovery of patients given midazolam alfen-
tanil combination and it was observed that the 
patients given midazolam alone recovered latest.
Modified Aldrete Score is a scale used during re-
covery to show when the patient has fully awoken 
from sedation, and the stages of hemodynamic 
protective reflexes and motor activity returning 
to normal. The MAS shows parallels to the re-
covery duration. In our study patients sedated 
with propofol had MAS of 9-10 in the first 10 
minutes and were discharged from the hospital. 
Patients sedated with midazolam and alfentanil 
combination had MAS of 9-10 in the 20th minute 
and were completely discharged. All patients se-
dated with midazolam alone were discharged by 
the 30th minute.
During sedation with propofol hypoxemia or ra-
rely apnea may be observed (29), oxygen given 
through a nasal cannula increases the patient’s 
pO2 levels preventing or reducing the creation 
of apnea. In our study two patients sedated with 
propofol were observed to develop apnea and 
required intervention was completed.
According to the results of our study during TEE 
procedure though propofol use required additio-

nal dose and apnea was observed, it appears to 
have advantages such as providing more rapid 
and effective sedation depth without the need for 
expensive antagonist agents and allowing earlier 
discharge of patients from hospital. Additionally, 
it seems that the use of midazolam together with 
alfentanil is more advantageous than the use of 
midazolam alone.
In conclusion, during sedation and sedoanalge-
sia for TEE administration, hemodynamic and 
respiratory stability was provided, and choosing 
agents with shorter duration of action provides 
significant advantages by shortening patient re-
covery and duration of hospital stay. We have 
found that the use of propofol was much more 
advantageous for recovery time and the length 
of hospital stay, which is consistent with other 
studies; however midazolam-alfentanil combina-
tion could also be used used as an alternative to 
propofol. Additionally, as patients with planned 
TEE generally have cardiac risks, similar studies 
of patients with advanced age or higher ASA sco-
re measuring cardiac stress markers will provide 
more information related to the effects of alterna-
tive medications. 
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ABSTRACT

Aim To evaluate efficacy and safety of iris-supported phakic 
lenses (Verisyse) for treating moderately high myopia.

Methods This prospective clinical study included 40 eyes from 29 
patients, who underwent implantation of Verisyse for correction of 
myopia from -6.00 to -14.50 diopters (D) in the Eye Clinic ‘’Svje-
tlost’’, Sarajevo, from January 2011 to January 2014. Uncorrected 
distance visual acuity (UDVA), manifest residual spherical equi-
valent (MRSE), postoperative astigmatism, intraocular pressure 
(IOP), endothelial cell (EC) density were evaluated at one, three, 
six and twelve months. Corrected visual acuity (CDVA), index of 
safety and efficacy were evaluated after 12 months. 

Results Out of 29 patients 15 were males and 14 females, with 
mean age of 27.9 ± 5.0. After 12 months 77.5% eyes had UDVA 
≥ 0.5 and 32.5% had UDVA ≥ 0.8. Mean MRSE was 0.55D ± 
0.57D and mean postoperative astigmatism -0.86D ± 0.47D. Effi-
cacy index was 1.09 ± 0.19 and safety index 1.18 ± 0.21. One eye 
(2.5%) lost two Snellen lines and three eyes (7.5%) one line, 11 
eyes (27.5%) gained one line, and five eyes (15.5%) gained two 
lines. EC loss after 12 months was 7.59 ± 3.05%. There was no 
significant change of IOP after one year follow up.

Conclusion Implantation of iris-supported phakic lenses (Verisy-
se) for treating moderately high myopia is an efficient and safe 
procedure.

Keywords:  refractive surgery, diopter, refractive intraocular lens
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INTRODUCTION

The Verisyse phakic intraocular lens (pIOL) was 
approved in 2004 by the US Food and Drug Ad-
ministration (FDA) for correction of moderate-
to-high myopia (1). The Verisyse, manufactu-
red by Abbott Medical Optics (Santa Ana, CA, 
USA), is reported to provide excellent refractive 
outcomes, predictability, and stability, with few 
complications (2). However, several severe com-
plication have been reported including corneal 
decompensation (3), intraocular pressure (IOP) 
elevation (4), dislocation of pIOL, cataract for-
mation (5) and retinal detachment (6).
The Verisyse lens is made of rigid ultraviolet absor-
bing polymethylmethacrylate (PMMA) material 
and has an optic diameter of five or six mm. The lens 
is placed into the anterior chamber and  attached to 
the anterior surface of the iris with haptic clips by 
enclavation. The rigid nature of the lens requires 
a 5.5- to 6.5-mm incision, depending on the optic 
size of the lens. The 5.0 mm lens is available in a 
diopter range of -3 to -23.50 D and the six mm lens 
available in diopter range -3 to -15.50 D in 0.5 D 
steps with <2.50 D of astigmatism (7).
Myopia is a rising problem of a modern society. 
Phakic intraocular lenses (IOLs) may be a safe 
and effective alternative for patients with myopia 
who may not be suitable candidates for excimer 
laser procedures (8).
The aim of this study was to evaluate efficacy 
and safety of iris-supported phakic lenses (Veri-
syse) for treating moderately high myopia for the 
patients who cannot tolerate wearing contact len-
ses and glasses because of their high diopter and 
want a surgical solution for their problem. 

PATIENTS AND METHODS

Patients and study design 

This investigation was approved by the Ethics 
Committee at Eye Clinic ‘’Svjetlost’’, Saraje-
vo. The Tenets of the Helsinki Agreement were 
followed throughout. All patients signed infor-
med consent for the study.
This prospective clinical study included 40 eyes 
from 29 patients who underwent implantation of 
Verisyse for correction of myopia from -6.00 D 
to -14.50 D in Eye Clinic ‘’Svjetlost’’ Sarajevo 
from January 2011 to January 2014.

Each patient included in this study had stable 
myopia for two years and a contraindication 
for corneal refractive surgery. Anterior cham-
ber depth (ACD) was ≥ three mm, endothelial 
cell (EC) count was  ≥ 2300 cells/mm2, mesopic 
pupil ≤ 6.5 mm, astigmatism ≤ 2.5D.
Exclusion criteria were: patients younger than 
21, active pathology of the eye, cataract, glauco-
ma, chronic or recurrent uveitis, prior operative 
procedure, macular and retinal pathology, auto-
immune systemic diseases, diabetes, pregnancy.

Methods

Preoperative examination included: uncorrected 
distance visual acuity (UDVA), corrected dis-
tance visual acuity (CDVA) (which are shown in 
decimal Snellen values), manifest and cyclople-
gic refraction using autorefractometer (Rexxam 
Co., Ltd., Kagava, Japan), IOP (Ato Non-Contact 
Tonometar, Reichert Inc., Buffalo, NY, USA), bi-
omicroscopic examination  (Construction Stru-
menti Oftalmicy - CSO, Florence, Italy), fundus 
examination, corneal topography (Wavelight, 
Allegreto Oculyser, Erlangen, Germany), EC 
count (Specular CSO, Florence, Italy), and pupil 
size (Pupilographer, Florence, Italy).
Calculation of the pIOL power was performed 
using software provided by manufacturer (AMO), 
with target of emmetropia. When the emmetropic 
lens was not available (because of 0.50 D steps in 
lenses), slight myopia was preferred. All operati-
ve procedures were done by one surgeon.
Six mm optic of Verisyse was used, so the cor-
neal incision of 6.2 mm was centered at 12h. 
Two vertical paracentesis were performed at two 
and ten o’clock. After the intracameral injection 
of myotic and viscoelastic material the lens was 
implanted in anterior chamber. Phacic IOL was 
fixed with enclavation needle on three and nine 
o’clock position on iris. After peripheral iridec-
tomy and removal of viscoelastic material 10-0 
nylon sutures were performed along corneal in-
cision. Beginning at week 6 postoperatively over 
a period of three months sutures were removed, 
depending on postoperative astigmatism.
One and seven days after the surgery, UDVA, IOP 
and biomicroscopic examination were recorded. 
At other testing intervals (one, three, six and 12 
months), a complete examination was performed, 
which included refraction, manifest residual sphe-
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rical equivalent (MRSE), corneal topography and 
EC count also. Corrected distance visual acuity 
(CDVA), index of safety and efficacy were evalu-
ated after 12 months. Efficacy index is defined as 
UDVA postoperatively on 12 month/CDVA preo-
peratively.Safety index is defined as CDVA posto-
peratively on 12 months /CDVA preoperatively.

Statistical analysis

The comparisons between the preoperative and 
postoperative periods were performed with the 
Wilcoxon signed rank test.Value of p<0.05 was 
considered statistically significant.

RESULTS

In this study visual and refractive outcomes of 40 
eyes from 29 patients, who underwent implantati-
on of Verisyse, were described. Of these patients 
51.7% (15/29) were males and 48.3% (14/29) fe-
males. Out of 29 patients 18 underwent monocular 
and 11 binocular Verisyse implantation.
Mean age was 27.5 ± 5.0 (21-40) years. Preop-
erative mean UDVA was 0.026 ± 0.02, and mean 
CDVA 0.6 ± 0.2. Mean preoperative sphere was 
-10.87D ± 2.56D (from -14.50D to -6.00D). Mean 
astigmatism was -1.25 D ± 0,6D (from -2.25D to 
-0.25D). Mean SE preoperatively was -11.48 D ± 
2.58D. Mean Verisyse lens power was -11.63 ± 
2.67D. Mean ACD was 3.63 ± 0.27 mm. Preopra-
tive mean EC was 2627.32 ± 179.84. Intraocular 
pressure preoperatively was 16.27 ± 2.29 mmHg.
One year after the surgery the percent of the eyes 
with UDVA ≥ 0.5 was 77.5% and UDVA of ≥ 
0.8 was 32.5%. Statistically significant progre-
ssion of UDVA between measurement intervals 
in the first six months was found (p<0.005), af-
ter which there was no statistically significant 
change(p=0.152) (Figure 1).

The MRSE values drop significantly one month af-
ter the treatment to -1.13 D (ranging -1.38 to -0.38D) 
compared to -12.06D preoperatively (p<0.005), and 
stay stable without statistically significant change 
over the follow up period (Figure 2).

Figure 2. Manifest residual sphere equivalent (MRSE) values 
in a 12-month period

Figure 3. Postoperative astigmatism in a 12-month period

Figure 1. Uncorrected visual acuity (UDVA) values in a 
12-month period

There was statistically significant change in 
postoperative astigmatism in the first 6 months 
and after thatperiod the values remained sta-
ble with no statistically significant change 
(p>0.005) (Figure 3).

After 12 months 70% of the operated eyes (28/40) 
were within +-1D. Efficacy index was 1.09±0.79 
and index of safety 1.18±0.21. One eye (2.5%) 
lost two Snellen lines and three eyes (7.5%) one 
line, 11 eyes (27.5%) gained one line, and five 
eyes (15.5%) gained two lines.
The EC loss after 12 months was 7.59±3.05%. 
The loss of endothelial cells was the biggest in 
first postoperative month (5.23±2.61%)(p<0.005) 
(Figure 4).



Medicinski Glasnik, Volume 13, Number 1, February 2016

28

On the first day after the surgery there was a sta-
tistically significant elevation of IOP (p=0.003). 
There was no statistically significant change of 
IOP during the follow-up period of 12 months 
(Table 1). There were no intraoperative com-
plications during the procedure, postoperative 
complications were IOP elevation in five eyes 
(12.5%), subclinical inflammation in two eyes 
(5%), cataract formation in one eye (2.5%), pi-
gment dispersion in three eyes (7.5%) and pupil 
ovalization in three eyes (7.5%).

reflects in lowering of MRSE through first six 
months (9). Maloney et al. also reported a decre-
ase in postoperative astigmatism of 0.3De  in first 
six months of the study (10). Coullet et al. (11) 
stated that MRSE values were stable after sutures 
removal, on 12 months follow up and the valu-
es were -1.01± 0.69D. Budoet al. (12) reported 
76.8% of eyes had UDVA ≥ 0.5 and Gierek-Cia-
ciura (13) 80% of the eyes, which is similar to 
our results (77.5%).
The results of this study have shown that one 
eye (2.5%) lost two Snellen lines and three eyes 
(7.5%) one line, 11 eyes (27.5%) gained one line, 
and five eyes (15.5%) gained two lines. Simi-
larily to our results Coulet reported 9.7 % eyes 
lost two Snellen lines, 22.6 % gained one line 
and 25.8 % gained two or more lines (11). Eyes 
which gained Snellen lines were high amblyopes 
in our investigation, and the gain of lines can be 
explained with magnification of image on retina 
after pIOL implantation compared to image on 
retina with glasses correction especially in high 
myopes. Also, it is possible that the aberrations 
from correction glasses can contribute to lower 
visual acuity, and these are avoided after pIOL 
implantation. In our study loss of Snellen lines 
was a result of postoperative astigmatism (three 
eyes) and CNV formation (one eye).
In our study efficacy index was 1.09. Budo re-
ported 1.03 (12), Menezo 0.95 (5), Senthil 0.93 
(14).  Safety was 1.18. Malecase (15) reported 
safety index of 1.12, Coulett 1.13 (11). Our re-
sults do not differ from other studies.
Disadvantages of this procedure include risks 
that follow other intraoperative procedures, but 
also risks related to the lens itself such as, for 
example, cataract formation, endothelial cell 
loss, subclinical inflammation, rise of intraocular 
pressure (IOP), pupil ovalization, pigment dis-
persion, postoperative astigmatism (16).
Two eyes (5%) in this study had subclinical in-
flammation postoperatively, which was controlled 
using topical steroid therapy within one month. 
In FDA clinical study it was 5.2%, which is very 
similar to our study (17). One eye (2.5%) had opa-
cification of anterior cortex and as a consequen-
ce loss of one Snellen line after 12 months. This 
complication can occur due to surgical trauma. 
Sanders, Stulting and Menzo reported that 3% of 
the cases had cataract formation (4,5,18). Pigment 

Intraocular pressure (mmHg)
Period after surgery Mean S.D. Min. Max. Median p
0 16.28 2.30 12.00 20.00 16.00
1 day 17.98 4.22 6.00 27.00 18.00 0.012*

7 days 18.38 2.33 9.00 24.00 18.50 0.442†

1 month 16.90 2.33 12.00 22.00 17.00 0.0001‡

3 months 15.75 3.04 1.00 20.00 16.00 0.022¶

6 months 16.18 1.84 12.00 20.00 16.50 0.376#

12 months 15.65 1.67 12.00 19.00 15.50 0.053§

Table 1. Intraocular pressure (IOP) in 40 eyesin a 12-month 
period

*0-1day; †1-7days; ‡7days-1 months; ¶1-3 months; #3-6 months; §6-12 
months

Figure 4. Endothelial cells (EC) loss in a 12-month period

DISCUSSION

The results of this study have shown significant 
differences in the values of UDVA, MRSE and 
postoperative astigmatism in period of the first 
six months. After this period the values remain 
constant. This is the result of sutures removal 
from six weeks to three months postoperatively. 
Sutures removal has direct effect on lowering 
postoperative astigmatism, which consequently 
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dispersion can be found on the surface of pIOL 
and is usually combined with IOP elevation. In our 
study three eyes (7.5%) had pigment dispersion, 
but with no consequences on visual acuity, three 
eyes (7.5%) had pupil ovalization and only one 
case (2.5%) had optical phenomena in night visi-
on. Maloney study(10) reported that 14.0% of ca-
ses had pupillary irregularities. The EC loss in our 
study after 12 months was 7.59 ± 3.0%, and the 
biggest loss was in the first postoperative month 
5.23 ± 2.6%. The reasons for this can be surgical 
trauma and postoperative subclinical inflammati-
on (7). Coulet (11) reported EC loss of 9.4% after 
12 months, and Gierek (13) 6.8%. Usually EC loss 
and consecutive decompensation of endothelium 
that leads to bullous keratopathy can be caused by 
illness of the cornea, trauma but also by anoperati-
ve procedure (19).
Postoperative elevation of IOP was observed in 
12.5 % of eyes (one patient binocular, three pa-
tients monocular). In all cases IOP could be re-
gulated with topical antiglaucoma drops, the the-
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SAŽETAK

Cilj Evaluirati efikasnost i sigurnost iris-fiksirajućih fakičnih leća (Verisyse) za tretman srednje visoke 
miopije.

Metode Prospektivna klinička studija obuhvatila je 40 očiju od 29 pacijenata koji su bili podvrgnuti 
implantaciji Verisyse lećâ, zbog korekcije miopije u iznosu od -6.00 D do -14.00 D, u Poliklinici “Sv-
jetlost” Sarajevo, od januara 2011. do januara 2014. godine. Nekorigovana vidna oštrina za daljinu 
(UDVA), manifestni rezidualni sferni ekvivalent (MRSE), postoperativni astigmatizam, intraokularni 
pritisak (IOP) te gustoća endotelnih ćelija (EC) evaluirani su na jedan, tri, šest i 12 mjeseci. Korigovana 
vidna oštrina (CDVA), indeks sigurnosti i efikasnosti evaluirani su nakon 12 mjeseci.

Rezultati Od 29 pacijenata 15 su bili muškarci, a 14 žene, sa srednjom vrijednosti godina 27,9 (±5,0). 
Nakon 12 mjeseci 77,5% očiju imali su UDVA  ≥ 0.5, a 32,5% je imalo UDVA ≥ 0.8. Srednja vrijednost 
MRSE bila je 0,55 D ± 0,57 D, a srednja vrijednost postoperativnog astigmatizma bila je -0,86 D ± 0,47 
D. Indeks efikasnosti je iznosio 1,09 ± 0,19 a indeks sigurnosti 1,18 ± 0,21. Jedno oko (2,5%) je izgubilo 
dvije Snellenove linije, a tri oka (7,5%) jednu liniju; 11 očiju (27,5%) je dobilo jednu liniju, a pet očiju 
(15,5%) dobilo je dvije linije. Gubitak endotelnih ćelija, nakon 12 mjeseci, iznosio je 7,59 ± 3,05%. Nije 
bilo statistički značajne promjene u visini očnog pritiska u toku perioda praćenja.

Zaključak Implantacija iris-fiksirajućih fakičnih leća (Verisyse) je efikasna i sigurna metoda za tretman 
srednje visoke miopije.

Ključne riječi: refraktivna hirurgija, dioptrija, refraktivne intraokularne leće
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ABSTRACT

Aim To point out the similarity of Meniere disease and sponta-
neous intracranial hypotension and difference  of their treatment.

Methods A case of a 54-year-old male patient with previously 
diagnosed Meniere’s disease and newly diagnosed spontaneous 
intracranial hypotension syndrome is presented. Additional neuro-
radiological examination, Brain contrast-enhanced MRI and MR 
myelography were used for diagnosis.

Results Due to deterioration of vertigo, hearing loss and tinnitus in 
the right ear the patient was referred to the additional neuroradio-
logical examination which confirmed the diagnosis of spontaneous 
intracranial hypotension syndrome. Brain contrast-enhanced MRI 
showed increased pachymeningeal contrast enhancement, and MR 
myelography identified the location of CSF leak. The patient was 
successfully treated conservatively.

Conclusion According to our knowledge this is the fifth case re-
port of Meniere’s disease and spontaneous intracranial hypoten-
sion coexistence. Both diseases have similar clinical presentation 
and initial treatment. We suggest procedures of additional exami-
nation when the treatment fails and initial diagnosis becomes que-
stionable.

Key words: otogenic vertigo, intracranial hypotension, cerebros-
pinal fluid leakage
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INTRODUCTION

Morbus Meniere is idiopathic inner ear disorder 
with characteristic clinical manifestation which 
includes relapse of vertigo, hearing loss, fullness 
in ear and tinnitus. Between attacks, hearing co-
uld normalize. Vertigo attacks usually last from 
30 minutes up to several hours (1). 
The cause of the symptoms is endolymphatic 
hydrops, an excess of fluid in the inner ear. Endo-
lymph in membranous labyrinth bursts from its 
normal channels and goes to other areas (1). That 
causes swelling of the endolymphatic sac, which 
is responsible for the body’s sense of balance (2). 
The cause of the excess of fluid is still unknown. 
It can be related to scar tissue which causes ob-
struction in drainage (3) or to a virus infection, 
mainly herpes (4). The symptoms may be further 
exacerbated by excessive consumption of salt (3).
The diagnosis is based on patients’ complaints, 
medical history, othorhinolaryngological (ENT) 
examination and audiometry. A dehydration test 
using glycerol is part of the differential diagnosis 
that distinguishes Meniere’s from other inner ear 
disorders. If hearing improvement occurs (at least 
10-15 dB in 3 frequencies) after applying glyce-
rol, results can indicate hydrops of labyrinth (2). 
In 1995 The American Academy of Otolaryn-
gology-Head and Neck Surgery Committee on 
Hearing and Equilibrium (AAO HNS CHE) set 
criteria for degrees of Mb Ménière (5). In acute 
attack, therapy of Meniere disease include bed 
resting, antiemetics and antihistamin therapy (6). 
It is believed that since high salt diet causes water 
retention, it can lead to an increase of fluid within 
the inner ear (7). Avoidance of alcohol, cigarette and 
caffeine is advisable. Patients who still suffer from 
frequent vertigo attacks after initial therapy should 
be treated with local application of dexamethason 
or gentamicin in the middle ear (8). Surgical proce-
dures as vestibular neurectomy, endolymphatic sac 
surgery and labyrinthectomy are necessary in 15% 
of patients with Meniere’s disease (9).Since there 
is no specific diagnostic test for Meniere’s disease, 
diagnosis is made per exclusionem.
One of the diseases with similar symptoms is 
spontaneous intracranial hypotension (SIH), ori-
ginally described by Schaltenbrand in 1938 (10). 
The SIH  is a syndrome of low cerebrospinal flu-
id (CSF) pressure characterized by postural he-

adaches in patients without any history of dural 
puncture or penetrating trauma (11). First symp-
toms are usually neurological, such as nausea, 
double vision, tremor, but, rarely, there are also 
hearing problems such as tinnitus or deafness 
(12). The exact mechanism of SIH is unknown.  
Three main theories about SIH include: cerebros-
pinal fluid (CSF) leakage via small tears, reduced 
CSF production and CSF hyper absorption (13).
Main symptom of SIH is new onset headache 
with prompt relief when the patient lies down 
and prompt recurrence of pain while sitting or 
standing, very similar to headache after lumbar 
puncture (12). The reduction in CSF volume and 
pressure or altered distribution lead to increase of 
blood volume and finally, dilatation and engorge-
ment of intracranial veins (14). 
Audio-vestibular symptoms are hearing loss, 
hyperacusis, tinnitus, dizziness and vertigo (15), 
all can be the result of venous engorgement in 
the internal acoustic canal (16). Another most 
common cause of these symptoms can be due to 
the loss of CSF, which decreases CSF pressure. If 
cochlear aqueduct is functional, lower CSF pre-
ssure will decrease pressure to perilymph, which 
leads to endolymphatic hypertension and expan-
sion of endolymphatic compartment.  This condi-
tion can mimic endolymphatic hydrops (17). 
The most common site of the CSF leak in pati-
ents with SIH is the thoracic region (18). Several 
imaging techniques may be used to identify the 
exact area of leakage. Because the majority of 
CSF leaks produce only a small volume of fluid 
and are only intermittently active, radionuclide 
cisternography can be very useful in detecting 
and localizing them (19). A radioactive tracer, 
Indium-111, is introduced into the subarachno-
id space via lumbar puncture, and its course is 
followed for 24-48 hours. Findings that are con-
sistent with SIH include absence of tracer in the 
cerebral convexities and early presence of tracer 
in the kidneys and bladder (18). Rarely, a dural 
tear at the skull base may cause SIH; this should 
be suspected in individuals with symptoms of in-
tracranial hypotension and CSF rhinorrhea (17). 
CT myelography and/or gadolinium-enhanced 
MRI scan may be of benefit if the site of CSF 
leakage is not identified by cisternography (18).  
Initial treatment of SIH is similar to that of a post-
lumbar puncture headache, combination of strict 
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bed rest and ample hydration. If the patient does 
not improve over the course of several days, then 
an epidural blood patch (EBP) on identified site of 
CSF leakage is the treatment of choice (20). For 
patients who remain symptomatic after EBP, sur-
gical repair of the CSF leak should be considered. 
The aim of this study is to investigate similarity 
of clinical presentation of Meniere disease and 
spontaneous intracranial hypotension, where 
symptoms overlap and at what point should we 
introduce new examination to exclude differen-
tial diagnosis.

PATIENTS AND METHODS

A 54 – year old male patient was admitted to our 
hospital for diagnostic work-up and treatment of 
Meniere’s disease. Eighteen years before he had 
suffered from tinnitus in the right ear, vertigo and 
hearing loss in both ears with predominance of 
low frequency impairment in the right ear. After 
glycerol test and fluctuation of hearing by 20 dB, 
morbus Meniere was diagnosed. Radiographs of 
mastoid were also within normal limits. Other ra-
diological work-up was not performed. He was 
treated conservatively with betahistinum, cinne-
razine and diuretics.
During the next few years, the patient suffered 
from headache, mostly in occipital and frontal 
region, combined with vertigo, nausea and vo-
miting. Intensity of these symptoms gradually 
increased. The patient started salt free diet and 
vertigo lessened. Other symptoms decreased 
when the patient lay down. When severe headac-
he occurred, the patient noticed that it decreased 
if he performed “handstand” manoeuvre, but  he 
stopped doing it when diplopia occurred. 
In 2008 the patient reported severe hearing loss 
and lack of understanding speech. Audiogram re-
vealed sensorineural hearing loss in the right ear 
at 60 – 70 dB, similar as in 1996, and aggravati-
on of hearing loss in the left ear, between 40–85 
dB. Speech perception was damaged, ability to 
understand speech in the left ear was 72% and in 
the right ear it was 36%. Behind-the-ear hearing 
aid was prescribed. Due to unsatisfying hearing 
condition, the patient changed the hearing aid. 
Speech perception test showed 25 % improve-
ment with the new hearing aid.
In 2011the patient started complaining of diplo-
pia. At first it was double edged picture but soon 

it turned to persistent everyday double picture 
displaced horizontally. Headache was still pre-
sent. Ophthalmic examination showed vertical 
gaze nystagmus.Cranial computed tomography 
results were unremarkable.
Magnetic resonance imaging of brain (MRI) 
showed increased pachymeningeal contrast en-
hancement. Nuclear magnetic resonance (NMR) 
myelography detected collected liquid between 
Th 6-9, which was 7 cm long. In front of 7th and 
8th thoracic vertebra, a small “pocket” of  liquor 
(4.3x7.1x4 mm) was noticed (Figure 1).

Figure 1.Nuclear magnetic resonance myelography of thoracic 
spine of the patient showing small pocket of liquor in front 
of the 7th and 8th thoracic vertebra (University Hospital Clinic 
Dubrava, Zagreb, Croatia, 2011)

Neurosurgeon suggested radiological check-up 
in 3 months. The CT scan myelography showed 
the same area filled with contrast fluid as the 
previous time, but the “pocket” which was filled 
with liquor had disappeared. With this finding, it 
was concluded that spontaneous closing of the 
gap had occurred and neurosurgeon suggested 
not to perform a surgery.

DISCUSSION 

According to our knowledge this is the fifth des-
cribed case of Meniere’s disease and spontaneo-
us intracranial hypotension coexistence (21-24). 
Meniere’s disease is diagnosed when a com-
bination of typical audiovestibular  symptoms 
occurs (5). Due to an unknown cause, unknown 
pathogenesis, large number of symptom combi-
nations, in 1995 the AAO HNS CHE set criteria 
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for degrees of Mb Ménière (5): certain - definite 
disease with histopathological confirmation, de-
finite - requires two or more definitive episodes 
of vertigo with hearing loss plus tinnitus and/
or aural fullness, probable - only one definitive 
episode of vertigo and the other symptoms and 
signs, possible - definitive vertigo with no asso-
ciated hearing loss.
There is no certain diagnostic test that can de-
terminate Meniere’s disease and exclude other 
similar diseases (2).
Neurological symptoms are usually more severe 
than the audio vestibular so it is more likely that 
a patient will first undergo thorough neurological 
examination than ENT diagnostic workup (18). 
During neurological examination, CT scans will be 
performed in the beginning of the work up and the-
refore neurological disease that mimic Meniere’s 
disease, such as vestibular schwannoma and supe-
rior canal dehiscience will be detected (3).
Initial treatments of Meniere’s disease and spon-
taneous intracranial hypotension aresimilar - bed 
rest, antiemetics and antihistamin therapy. In most 
patients, symptoms disappear after the initial tre-
atment (6). But, if that conservative treatment 
fails, the next step will involve a more radical 
approach. Radical treatment for Meniere’s disea-
se includes local application of dexamethason or 

gentamicin in the middle ear (8). If that fails, the 
next step in treatment is a surgical procedure - 
vestibular neurectomy, enolymphatic sac surgery 
and labyrintectomy (9). Destructive surgeries are 
irreversible and involve removing entire functio-
nality of most, if not all, of the affected ear.
If initial treatment of SIH fails, surgical procedu-
re is recommended - epidural blood patch (EBP) 
on an identified site of CSF leakage (13).
According to the results described in this paper 
we suggest that extended neuoradiological exa-
mination of brain is recommended in patients 
with Meniere’s disease to exclude underlying 
spontaneous intracranial hypotension syndrome. 
A  multidisciplinary approach is necessary in the 
treatment of such patients.
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Tanka linija između Menierove bolesti I spontane intrakranijalne 
hipotenzije
Iva Botica1, Anđelko Vrca2, Martina Špero3, Marin Šubarić4, Tomislav Carić4, Marija Vrca Botica5, Jelena 
Kovačić4, Kristijan Makaruha6, Aleksandra Roglić7
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laringologiju, KB Dubrava, 5Katedra za obiteljsku medicinu, Škola narodnog zdravlja “Andrija Štampar, 6Zavod za otorinolaringologiju, KB 
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SAŽETAK

Cilj Istaknuti sličnosti kliničkog tijeka i dijagnostike, te različitosti liječenja Menierove bolesti i spon-
tane intrakranijske hipotenzije.

Metode Prikazan je slučaj pacijenta s dijagnosticiranom Menierovom bolesti kod kojeg je nakon dodat-
ne neurološke i radiološke obrade postavljena i dijagnoza spontane intrakranijalne hipotenzije. 

Rezultati Magnetskom rezonancom mozga s kontrastom prikazano je pojačano nakupljanje kontrasta 
u području dure i arahnoidalne ovojnice. Mijelografijom je prikazano istjecanje likvora. Bolesnik je 
uspješno izliječen konzervativnom metodom.

Zaključak Pregledom literature pronađena su četiri do sada opisana slučaja prisutnosti Menierove bo-
lesti i spontane intrakranijalne hipotenzije kod istog bolesnika. Obje bolesti imaju slične simptome i 
slično početno liječenje. Predloženi su postupci dodatne obrade u slučaju neuspješnog liječenja i upitne 
inicijalne dijagnoze.

Ključneriječi: otološki vertigo, intrakranijska hipotenzija, otjecanje cerebrospinalne tekućine
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ABSTRACT 

Aim To investigate differences in vestibular evoked myogenic 
potentials (VEMP) results with patients suffering from vestibu-
lar migraine and healthy people, taking into consideration  values 
of threshold and latency of occurrence of the characteristic wave 
complex, size of  amplitude, and interaural amplitude ratio. Accor-
ding to the results, determine the importance and usefulness of  
VEMP in vestibular migraine diagnostics.

Methods A total number of 62 subjects were included in the study,  
32 of them belonging to a group of patients suffering from vesti-
bular migraine (VM), while other 30 were in a control group of 
healthy subjects. Information was collected during the diagnostic 
evaluation. General and otoneurological  history of patients and 
bedside tests, audiological results, videonystagmography and cer-
vical vestibular evoked myogenic potentials (cVEMP) were made.

Results There was a difference in an interaural ratio of amplitudes 
in the experimental and control groups, but it was not found to 
be clinically significant. By ToneBurst 500 Hz method, the inte-
raural amplitude ratio higher than 35% was measured in 46.97%  
subjects, while the response was totally unilaterally missing in 
28.8% patients.

Conclusion Even the sophisticated method as cVEMP does not 
give the ultimate result  confirming the vestibular migraine dia-
gnosis, and neither do other diagnostic methods. cVEMP result 
can contribute to the completion of full mosaic of vestibular mi-
graine diagnostics.

Key words: vertigo, migraine, diagnosis
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INTRODUCTION 

Cervical vestibular evoked myogenic potentials 
(cVEMP) are based on a unilateral acoustic impul-
se (loud clicks or sound booms, with the strength of 
95-120 dB, in intervals of 200 ms and length of 7 
ms) to the static stain of sacculus and irregular ner-
ves that go from the base of hair cells type I, placed 
in the striola (1), which bring action potentials cre-
ated in that way to the vestibular cores through the 
medial vestibulospinal way causing contractions of 
the neck muscles in the tested side. Changes in acti-
on potentials are measured by electrodes set on the 
sternocleidomastoid muscle. The graphical repre-
sentation is biphasic and consists of two deflecti-
ons which normally occur after a stimulus. The first 
deflection is positive after 13 ms, and the other one 
is negative after 23ms, named p13 and n23 wave, 
respectively. Sometimes, in case of inappropriate 
setting of electrodes, there can be a switch of po-
larity of the deflection, and in interpreting the re-
sults as the most significant parameters we take into 
consideration the size of the deflection (amplitude) 
and time passed until the occurrence of deflection 
(latency) regardless of the polarity of the wave. It 
must be pointed out that conductive hearing dama-
ge makes VEMP testing impossible, while sensori-
neural hearing damage does not affect it. The point 
of making cVEMP test is to determine whether oto-
lotic sense of sacculus and vestibular nerve with its 
central connections is untouched and if there is any 
damage manifested by their dysfunction.
Parameters used in the interpretation of VEMP 
results include the threshold of wave complex, p1 
(p13) and n1 (n23) latency, p1 (p13) and n1 (n23) 
amplitude size and interneural ratio of the am-
plitudes expressed in percentages, and calculated 
according to this formula:
Interaural amplitude ratio (AR) = 100x (higher 
amplitude - lower amplitude) / (higher amplitude 
+ lower amplitude). 
If the AR is higher or equal to 35%, it is taken as 
clinically significant and interpreted as a unilate-
ral damage of the lower part of the labyrinth (2-
4). As a clinically significant parameter, we take 
the absolute value of the amplitude which is do-
uble in size of the other one. When the values of 
the amplitude are lower or the same as 30µV, the 
amplitude is absent, and when it is higher or the 
same as 450µV, the amplitude is irregularly high.

Vestibular migraine (VM) is controversial and 
heterogeneous vestibular disorder is nicely 
explained in the article titled „Chameleon among 
episodic vertiginous syndromes“ (5).
Different names were used to describe this en-
tity. Today, most authors accept the term vesti-
bular migraine (6), which is also accepted by us, 
although the term migraine vertigo (7) seems 
better, as in the background it is a vertigo with 
the migraine, and not the other way around. It 
is the most common cause of spontaneous ver-
tigo, and according to some authors the second 
most common cause of vertigo in general (8,9). 
The link between migraine and the vestibular 
sense was noted in the middle of the 19th cen-
tury, when Prosper Meniere described vertigo 
in patients with migraine (10). Later, far greater 
occurence of vertigo in patients with headaches 
was noted (11). Almost without exception, pair 
research studies, have showen the link between 
migraine, vertigo and dizziness (12), showing a 
significantly greater number of patients with mi-
graine who have vertigo (13), compared to those 
who suffer from other types of headache or with 
healthy controls (14).
The progress in the development of molecular 
techniques resulted in a series of channelopathy 
theories about the occurrence of migraine and 
VM. In patients with migraine, there is channe-
lopathy made by mutations on CACNA1A and 
KCNA1 genes, with  disturbance of transmem-
branic calcium and potassium ion transport, 
which provokes the occurrence of familial epi-
sodic ataxia type 2 (15,16). This theory is stated 
to be questionable due to the lack of mutation on 
CACNA1A in a number of patients with familial 
episodic migraine with vertigo (17).
Positron emission tomography  (PET) scans have 
made it possible to record higher activities of spe-
cific parts of the brain, such as locus coeruleus 
and dorsal raphe nucleus during VM attacks (18). 
According to their connection with vestibular nuclei 
in the form of noradrenergic inputs from locus coe-
ruleus (19) and serotenergics from the dorsal raphe 
nucleus (20), there is a conclusion about their mu-
tual actions during the VM attacks (21).
The aim of this prospective clinical study was to 
find out if there were significant differences in 
cVEMP results with patients suffering from VM 
and healthy people, taking into consideration the 
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values of threshold and the latency of occurren-
ce of the characteristic wave complex, peak-to-
peak amplitudes, and interaural amplitude ratio. 
According to the results, the aim was to determi-
ne the significance and possibilities of  cVEMP 
in vestibular migraine diagnostics.

PATIENTS AND METHODS

Study design and examinees 

This prospective clinical study was made at the 
Vukovar General County Hospital,the Depar-
tment of Otorhinolaryngology, in the period 
between February, 1 and July, 31 2014. A total 
number of 62 subjects were included in the study, 
with the mean age of 43.43 (from 19 to 68 years), 
of which 32 made a group of patients suffering 
from VM according to the unique consensus cri-
teria (22), while the other 30 made a control gro-
up of healthy subjects recruited among the blo-
od donors from the Town Society of Red Cross 
Vukovar. Patients were divided into three groups 
depending on the age, and data were analyzed.  
Information was collected during the diagnostic 
evaluation of the patients. General and otoneu-
rological anamnesis and bedside tests, audiolo-
gic examination, VNG and cVEMP were made. 
Exclusion criteria were any kind of hearing da-
mage, unilateral weakness (≥25%) and directio-
nal preponderance (≥35%) in caloric test. 

Methods

Testing of the patients was done after the diagno-
sis had been set and 3 months after the diagnosis 
by the same examiner.
The cVEMP was determined using Eclip-
se Platform (Interacoustics®, Denmark),  and 
electromyographic (EMG) (System Otoacces,  
Montreal, Canada). Acoustic stimulus was made 
monaurally by Insert Earphones ABR 3A (In-
teracoustics, Assens, Denmark), with earplugs 
(3M Auditory Systems, Indianapolis, USA). Two 
different types of air conducting stimuli were 
used, 5,1 ms, 95 dB nhL clicks of negative pola-
rity and 500Hz, 95 dB nhL tone bursts of nega-
tive polarity with a linear envelope (2ms rise/fall 
time, 1 ms plateau). Two hundred sweeps were 
averaged for each test.
Values that were compared were: latencies of p 
and n wave, peak-to-peak amplitudes and AR in 

both groups of subjects, and the relation of all 
measured parameters between the groups.

Statistical evaluation

For the description of distribution of the frequen-
cies of researched variables, descriptive statistical 
methods were used. All the variables were tested on 
the normality of distribution with Kolorgov-smir-
nov test, and according to the results, parametric 
or nonparametric methods were applied. Median 
values of the continuous variables were presented 
with the arithmetical median and by standard de-
viation for normally distributed variable and the 
median for variables that are not distributed evenly. 
Nominal points were presented with the distributi-
on of occurrence by groups and percentage.
For determining the differences between two 
independent samples, Student T-test was used, 
while for the determining of differences between 
two measurements, Student T-test for dependable 
samples were used (Wilcoxon test for nonpara-
metric distribution). For determining the diffe-
rences of dependent samples for the time of the 
measurement (3 and more) the analysis of varian-
ce for the repeated measurements (nonparametric 
Friedman test) was used.
ROC analysis was applied for determining the 
optimal borderline values, surfaces under the 
ROC curve, specificity, sensitivity of the tested 
parameters in cases of relapse. The influence of 
more predictors on the positive test and reoccu-
rrence was evaluated by logical regression. The 
grade of connection was given by Pearson or 
Spearman coefficient of correlation, which de-
pended on the normality of distribution. For de-
termining the differences between proportions χ2 
test and Fisher exact test were used.
For the grade of significance of the results provided, 
the level of significance a=0.05 was determined.

RESULTS 

A total number of 62 subjects participated in this 
study, with a higher number females, 42 (69%), 
and 20 (31%) males. In the patients group there 
were  24 (75%) females, and eight (25%) males, 
while in the control group there were 18 (63%) 
females and 12 (37%)  males.
Median age of the subjects was 45.5 (in females 45 
years, and 46 in males). All three age groups were 
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equally represented: less than 40 years (35.5%), 40-
50 years (33.9%) and more than 50 years (30.6%). 
During the VEMP click stimulus, there were diffe-
rences in latencies p13 right, where the control 
group had higher results in relation to the pati-
ents group: in average the latency p13 occurred at 
11.65 ms in the control group, while it occurred at 
9.54 ms in the patients group. Similarly, latencies 
n23 right, where the latency in the control group 
occurred in average at 21.40 ms, while in the pa-
tients group it occurred at 17.58 ms. The latencies 
in the patients group were shortened in relation to 
the control group, for an average of 3.92 ms. There 
was no difference shown between the latencies of 
VEMP click p13 and n23 left (Figure 1).

Figure 1. Latency p13 of the left and right side of the con-
trol and experimental groups during the A) acoustic stimulus 
VEMP click 95dB and B) Tone Burst (median, interquartile range, 
minimum and maximum)

Figure 2. Latency n23 right and left side of the control and 
experimental group during the A)  acoustic stimulus cVEMP 
click and B) Tone Burst

Figure 3. Amplitude of the wave of the right and left sides of 
control and experimental groups during the A) acoustic stimu-
lus cVEMP click and B) Tone Burst

During the sound boom stimulus test, with the 
strength of 500 Hz, there were differences in 
the latencies of p13 and n23, as in amplitudes 
cVEMP wave complex, in both sides. Latency 
of p13 right occurred at 15.52 ms in the control 
group, and in the patients group at 12.62 ms. La-
tency p13 left occurred at 15.88 ms in the control 
group, and at 13.55 ms in the patients group. La-
tency of n23 wave right was recorded in the con-
trol group at the average level of 25.17 ms, and in 
the patients group at the level of 21.98 ms, while 
the latency n23 left wave in the control group 
averaged at 22.50 ms, and in the patients group 
at 21.98 ms (Figure 2A).

Also, there was a difference in the absolute values 
of amplitudes shown in µV between control and 
patients group, where the control group constantly 
showed higher values than the patients group. In 
variables amplitude right, control group has shown 
the average result of M=61.53 (SD=34.912), and 
the experimental group M=37.46 (SD=27.407), 
t(60)=3.029 (p=0.004). In variables amplitu-
de left, control group has shown the average of  
M=60.52, (SD=34.395), and the experimental 
group M = 41.91 (SD=28.452), t (60) = 2.328, 
(p=0.023). (Figure 3).
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There was a difference in interaural ratio of am-
plitudes in experimental and control group: no 
clinically significant asymmetry of interaural am-
plitude ratio (AR) was found in the control group 
(by click stimulation averages were at 10%, and 
the ToneBurst method of 500 Hz averages were 
at 12%). In the patients group, using the method 
of cVEMP click a clinically significant AR dis-
crepancy higher than 35% was found in 48,69% 
patients, where in 11 (34.38%) patients the wave 
complex was totally missing from one side; by 
ToneBurst 500 Hz method the discrepancy higher 
than 35% in 46.97% patients, while the response 
was totally unilaterally missing in nine (28.8%) 
patients (Figure 4).

results (VEMP), which provide additional infor-
mation to those acquired by the standard battery 
of diagnostic tests such as videonistagmography 
(VNG), electronistagmography (ENG) (28). 
The results of this study have shown no intera-
ural discrepancy of the amplitude ratio in the 
control group, while in the patient group during 
the cVEMP method click and tone burst 500 HZ 
a discrepancy higher than 35% was found in al-
most half of the patients. Also, in almost a third 
of the patients, the wave complex was totally mi-
ssing on one side, while in the control group there 
were no such cases. Discrepancies in the nysta-
gmography results occur mostly in patients with 
migraine and they point to the lesions of central 
and peripheral parts of the vestibular system, but 
unfortunately, they are unspecific and insuffici-
ent to set the diagnosis of VM based solely on 
these results (29). Despite the  known connection 
between migraine and vertigo for many years, 
and despite the lack of trusted biomarkers, the na-
ture of this correlation is still not explained tho-
roughly. Many studies have tried to find possible 
specific characteristic discrepancies in laboratory 
test results in VM patients. Some studies have 
monitored the effect of saccular inhibition with 
the acoustic stimulus on ipsilateral contraction of 
SCM (30-33).  In conclusion, from the literature 
used so far, it is suggested that VM is a hetero-
geneous vestibular disorder, where different pat-
hophysiological mechanisms are included in its 
occurrence and progression (34). Today, the most 
different, more or less accepted hypotheses about 
the beginning of VM exists (35), and they all 
stem from epidemiological and empirical facts 
about the common etiopatogenesis of migraine 
and VM and the discrepancy of vestibulological 
research made during and in between attacks of 
VM (36).
A German study has shown that the prevalence of 
migraine in general population is about 14%, whi-
le vertigo prevalence is about 7% (37). This is pro-
bably due to accidental congruence and coexisten-
ce of migraine and vertigo in 1% of the general 
population, although the stated prevalence of con-
currence of vertigo and migraine in the general po-
pulation is 3.2% (38), suggesting the existence of 
linkable pathophysiological mechanism.
Although we consider migraine and VM as a 
consequence of brain dysfunction (39), and do-

Figure 4. Representation of asymmetry ratio (AR) during the 
A) acoustic stimulus cVEMP click and B) Tone Burst measure-
ment in the patients and controls

DISCUSSION

The results of this study have shown a higher VM 
representation in females than males in the sam-
ple as a whole, as well as in both patient and con-
trol group. Other authors have recorded similar 
results (23-25).
During the cVEMP click, in the patients group a 
significantly shortened p13 and n23 latency of the 
wave complexion right side was found in this re-
search, while on the left side there was no statisti-
cally significant discrepancy when compared to 
the control group. In the patients group the wave 
amplitude was in average bilaterally significantly 
lesser in comparison with  the control group, as 
other authors found in their studies (26).
Vestibular diagnostic and therapy is a reflection of 
technological, scientific and socioeconomic tren-
ds (27).  An improvement in vestibular diagno-
stics is characterized by the application of new 
tests like vestibular evoked myogenic potentials 
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minant vascular theory of  migraine occurrence 
is more and more dismissed. Ear artery is con-
sidered to be a good explanation of vestibular 
symptoms during the VM attacks (40), as retinal 
vasospasm explains retinal migraine (41).
The results of this research will contribute to ea-
sier discernment of vertigo caused by peripheral 
lesions of vestibular apparatus and vestibular mi-
graine. Even the sophisticated method as cVEMP 
does not give the ultimate result for setting the 
VM diagnosis, and neither do other diagnostic 
methods. Still, nowadays when we have the con-
cise consensus on diagnostic criteria for VM, 
irregular cVEMP result in the form of lowered 
values of the p and n wave latencies and the am-
plitude values, and significant interaural amplitu-
de discrepancies, we can consider them a small 
tile which, with other clinical and laboratory tests 
results, contributes to the making of a full mosaic 
in vestibular migraine diagnostics.
Despite the huge achievement in the diagnosis of 
vestibular disorders, we still do not have a diagno-
stic indicator which can definitely approve the VM 
diagnosis. The final diagnosis can be set only in ca-
ses of migraine and vertigo occurring at the same 
time, or migraine with aura (42). With great under-
standing of the diagnostic criteria for vestibular mi-
graine formulated by the Committee for Classifica-
tion of Vestibular Disorders of the Barany Society 
and the Migraine Classification Subcomittee of the 
International Headache Society, for VM diagno-
sis it is important to take full and precise history 
data (43,44). Clinical records of patients with VM 
are not characteristic and fit the records of healthy 
people. Sometimes, during the acute phase of the 
illness, we can find signs of central and peripheral 
damage, a spontaneous or positional, horizontal, 
rotatory and vertical type of nystagmus, and dama-
ge of one of the labyrinths (45).
Thanks to the similar pathophysiology and some 
common traits, Meniere’s disease is sometimes 
highly similar to VM, so one must pay close atten-

tion and take an effort to diagnostically differen-
tiate the two entities (46). Also, one should always 
think about the possibility of benign paroxysmal 
positional vertigo (BPPV), vestibular neuronitis, 
perilymphatic fistula and TIA in the field of verte-
robasilar circulation. Dix-Hallpike test is positive 
in about 25% of the cases of VM (47), but mostly 
subjectively, with a lack of the characteristic posi-
tional nystagmus. In recent years, a special form of 
positional nystagmus and vertigo has been descri-
bed- migrainous positional vertigo, which occurs 
only in postmenopause of migrainous patients and 
involves only the lateral canal so it is of differenti-
al diagnostic significance in relation to lateral ca-
nal BPPV (48). Also, benign positional vertigo of 
children and adolescents is undoubtedly connec-
ted to migraine and VM in later years, according 
to numerous authors (49-51).
Although there is no unique pathognomonic test 
to confirm the presence of VM, all clinical and 
laboratory vestibular diagnostic tests aim to re-
move other vestibular entities as their main goal. 
Besides laboratory tests, there is at least double 
amount in discrepancy from the normal results in 
patients in remission period between VM attacks, 
and in patients who suffer exclusively from mi-
grainous headaches (52).
The clinical usage of VEMP is still  in deve-
lopment, but it sheds a new light on the part of the 
vestibular system, unavailable to the vestibular 
diagnostic until recently, and significant results 
are to be expected. For now, it can be said that 
it is useful in diagnostics of numerous vestibular 
disorders, and in some entities there is a charac-
teristic pattern of changes in the VEMP record.
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Može li nalaz cervikalnih vestibularnih evociranih mišićnih potencijala 
doprinijeti dijagnostici vestibularne migrene?
Tihana Vešligaj, Siniša Maslovara
Opća županijska bolnica Vukovar, Hrvatska

SAŽETAK

Cilj Utvrditi obilježja cervikalnih vestibularnih evociranih mišićnih potencijala (cVEMP) kod oboljelih 
od vestibularne migrene (VM) i postoje li njihova značajna odstupanja u odnosu na zdravu populaciju.

Metode Istraživanjem je obuhvaćeno 62 ispitanika, od kojih 32 u skupini oboljelih od VM-a i 30 u 
kontrolnoj skupini zdravih osoba. Svim ispitanicima je učinjen VEMP zvučnim podražajem jačine 95 
dB, u vidu „klika“ i zvučnog praska frekvencije 500 Hz.

Rezultati VEMP nalaz pokazuje značajno niže vrijednosti latencija i amplituda obostrano, kao i ne-
sumjerenost interauralnog omjera amplituda (AR) p13n23 valnog kompleksa, kod skupine pacijenata 
u odnosu na kontrolnu skupinu zdravih osoba. Pri izvođenju testa metodom Tone burst kod 46,97% 
ispitanika, uz jednostrani izostanak karakterističnog valnog kompleksa kod njih 28,8%. 

Zaključak Kao ni ostale dijagnostičke metode VEMP nije ultimativna za postavljanje dijagnoze VM-a. 
Ipak, cVEMP nalaz može dodatno upotpuniti šaroliki i osebujan dijagnostički mozaik VM-a.

Ključne riječi: vrtoglavica, migrena, dijagnoza
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ABSTRACT

Aim To examine the presence of depressive symptoms in patients 
with multiple sclerosis relapse and its relation to disability and 
relapse severity. 

Methods This study included 120 patients who were assessed 
during the acute relapse of  multiple sclerosis according to Mc 
Donald criteria. Depression was assessed using Beck Depressi-
on Inventory II (BDI-II) calculating both affective and somatic 
symptom scores. The Expanded Disability Status Scale (EDSS) 
measured disability. Relapse severity was graded according to the 
difference between the EDSS score during relapse and  EDSS sco-
re before the onset of the attack as mild, moderate or severe. 

Results There was statistically significant difference between pati-
ents with different level of depression considering age (p<0.001), 
disability (p<0.001), relapse severity (p=0.005) and disease du-
ration (p=0.032). Significant moderate positive correlation of de-
pression with age (rho=0.43) and disability (rho=0.46) was con-
firmed. There was moderate correlation between disability and 
somatic symptoms of depression (rho=0.54, p<0.001) with only 
weak correlation between disability and affective symptoms of de-
pression (rho=0.31, p<0.01). Multiple regression analysis showed 
that patient’s age and relapse severity (p<0.05) were independently 
related to depression in these patients while disability did not.

Conclusion Correlation between disability and depression was 
mostly due to somatic symptoms of depression. Although highly 
correlated, depression during multiple sclerosis relapse was not 
independently predicted by disability. Depression should be reco-
gnized and treated independently from disability treatment, espe-
cially in the group of older patients with more severe relapse.

Key words: multiple sclerosis, disability, somatic symptoms, 
affective symptoms
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INTRODUCTION

Multiple sclerosis (MS) is an inflammatory, 
demyelinating disease of the central nervous 
system and is regularly accompanied by psychia-
tric symptoms such as depression (1). Clinically 
significant depression can affect up to 50% of pa-
tients with MS over the course of their lifetime 
and it is associated with an increased morbidity 
and mortality (2). Lifetime prevalence of major 
depression in multiple sclerosis ranges from 19 
to 54%, depending on the population sample and 
diagnostic criteria used (3,4). Annual prevalence 
is estimated at 16% (5), and point prevalence of 
clinically significant depressive symptoms is as 
high as 50% (6). Evidently, prevalence is consi-
derably higher than in the general population or 
among patients with general medical conditions 
other than MS (4,7). Higher levels of depressi-
ve symptoms are also linked to poorer treatment 
compliance (8), and thus can affect long-term he-
alth outcomes. If left untreated, depressive symp-
toms in MS may worsen over time (9). 
The factors responsible for mood disturbances 
in MS are still controversial. A psychological 
reaction to a progressively disabling and unpre-
dictable disease may be a relevant contributor 
while reactive mechanisms alone are probably 
not sufficient to explain the high prevalence and 
wide spectrum of depression. (10). The etiologi-
cal factors of depression in multiple sclerosis are 
considered to be both biological and psychoso-
cial (11). Unfortunately, mental comorbidity and 
depression in particular are frequently underdia-
gnosed and undertreated, with reported rates of 
missed diagnosis around 23–30% (12) and rates 
of inadequate treatment around 20%–36% of tho-
se reporting depression (13).
In the McDonald criteria for the diagnosis of MS, 
a relapse is defined as an episode of neurological 
disturbance of the kind seen in MS, when the cli-
nicopathological studies have established that the 
causative lesions are inflammatory and demyelina-
ting in nature (14). It is not known whether emotio-
nal states, including depression, can actually affect 
the neurobiological course of MS, but it is reported 
that emotionally stressful experiences commonly 
happen prior to clinical exacerbations in MS (4). 
A series of prospective studies has reported a rela-
tionship between stressful life events and increased 
exacerbation rates in MS populations (4). Confir-

med exacerbations are associated with concurrent 
anxiety and depressive symptoms. Pathogenic 
factors underlying exacerbation may aggravate un-
derlying pathogenic factors related to depression. 
For example, there may be a lower threshold for 
MS inflammatory processes to amplify preexisting 
depressive symptoms relative to new depressive 
symptoms (15). Added to this is the risk associated 
with MS that the somatic symptoms may lead to 
inflated estimates of depression (7).
The aim of this study is to examine the presence 
of depressive symptoms in a sample of patients 
with multiple sclerosis relapse and its relation to 
relapse severity and disability. Considering po-
ssible influence of increased somatic symptoms 
during MS relapse on depression, we also inve-
stigated correlations of disability with both so-
matic and affective symptoms of depression.

PATIENTS AND METHODS 

Patients and study design

This observational, cross-sectional study inclu-
ded 120 patients who were assessed conse-
cutively between 1st January 2011 and 31st 
December 2013 during the acute relapse of re-
lapsing-remitting multiple sclerosis according 
to Mc Donald criteria (14). They were treated at 
the Department of Neurology, University Clini-
cal Center Sarajevo. The study included patients 
aged between 18-60 years. Patients were exclu-
ded if having progressive type of the disease. The 
Ethics Committee of the University Clinical Cen-
ter Sarajevo gave an ethical consent to perform 
the study. All patients signed a written informed 
consent for the use of the results obtained for pu-
blication before the enrollment. Instruments 

Methods

The questionnaire for the collection of socio-de-
mographic and clinical data was designed for the 
purposes of this study, and included information 
on age, gender, disease duration, level of disabi-
lity, relapse severity and depression scores. All 
patients were examined at the time of recrui-
tment, and underwent complete neurological exa-
mination. Physical disability was assessed using 
the Expanded Disability Status Scale (EDSS) 
(16). The EDSS is the standard measure of dise-
ase progression and the degree of neurological 
impairment in clinical practice and clinical trials 
scoring. It is divided in eight functional systems 
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(FS). Scores for the total scale can range from 0 
(no neurological abnormality) to 10 (death from 
multiple sclerosis). Patients with a score of ≤3.5 
are fully ambulatory, while patients with higher 
scores have ambulatory limitations. 

The relapse severity was graded according to the 
difference between the EDSS score during the re-
lapse and the EDSS score before the onset of the 
attack, as: mild (EDSS increase by 0.5 point, or 
1 point change in up to three FS scores), mode-
rate (EDSS increase by 1 or 2 points, or 2 points 
change in one or two FS scores, or 1 point change 
in four or more FS scores), or severe (exceeding 
prior criteria) (17).
Depression was assessed by using the Beck De-
pression Inventory II (BDI-II) (18). The BDI is 
an objective self-report assessment tool compri-
sing 21 items, and one of the most commonly 
used for patients with multiple sclerosis. When 
the test is scored a value of 0 to 3 is assigned 
to each answer and the total score is compared 
to a key to determine the severity of depression 
symptoms. The standard cut-offs are: 0-13 indi-
cates no depression symptoms; 14–19: mild de-
pression, 20–28: moderate depression, 29–63: 
severe depression. Evidence-based guidelines 
published in 2014 by the American Academy of 
Neurology (AAN) cautiously endorsed the BDI-
II as the psychometric scale of choice for asse-
ssing people with MS (19). 
Based on reviews of existing factor models and 
item content, scores on BDI-II items 1–14 (sadne-
ss, pessimism, past failure, loss of pleasure, guilt 
feelings, punishment feelings, self-dislike, self-cri-
ticalness, suicidal ideation, crying, agitation, loss 
of interest, indecisiveness, worthlessness) were 
summed to calculate cognitive/ affective symptom 
scores. Items 15–21 (loss of energy, sleep pro-
blems, irritability, appetite problems, concentra-
tion, fatigue, sexual disinterest) were summed to 
calculate somatic symptom scores (20).

Statistical analysis

Data are presented as mean ± standard deviation 
or as median with interquartile range (IQR, 25th 

to75th percentiles) dependent on normality of varia-
bles distribution. The Kolmogorov–Smirnov sta-
tistic with a Lilliefors significance level was used 
for testing normality of distribution. In the case of 
categorical variables, counts and percentages were 
reported. Differences between two groups were 

tested by non-parametric Mann Whitney U test. A 
Kruskal-Wallis H test was conducted to determine 
if there were differences in BDI-II scores between 
three or more groups. Subsequently, pairwise com-
parisons were performed using Mann Whitney U 
Test with a Bonferroni correction for multiple com-
parisons. Chi-square test was applied for compari-
son of the categorical variables. Correlation of BDI 
score with age, disease duration and EDSS scores 
was determined using Pearson’s and Spearman 
Rank Correlation Test. Spearman’s Rank Correla-
tion test was performed to test correlation of EDSS 
scores with somatic and affective symptoms of de-
pression. A multiple regression was run to predict 
BDI score from age, gender, disease duration, re-
lapse severity and EDSS score. The assumptions 
of linearity, independence of errors, homoscedasti-
city, unusual points and normality of residuals were 
met. All statistical tests were two-sided, and P-va-
lue less than 0.05 was considered as significant.

RESULTS

A total of 82 (68.3%) of the patients included 
in the study were females. The mean age of the 
patients at enrollment was 40+/-11 years; range 
was 20-60 years. The median of the disease du-
ration was 6 years (IQR= 4 to 11). Forty (33.3%) 
patients were classified as non-depressed, 47 
(39.2%) patients as mildly depressed and 33 
(27.5%) patients were classified as moderately or 
severely depressed. There was statistically signi-
ficant difference between patients with different 
levels of depression considering age (p<0.001), 
disability (p<0.001), relapse severity (p=0.005), 
and disease duration (p=0.032) (Table 1). After 
performing the Spearman’s Rank Correlation 
test, significant moderate positive correlation of 

Characteristics
Level of depression

p 
*1 (n=40) †2 (n=47) ‡3 (n=33)

Patient age (years) 34.6 ± 9.9 39.8 ± 11.4 46.7 ± 8.1 < .001
Male 27.5% 34.0% 33.3% 0 .784
Relapse severity
    Mild 37.5% 50.0% 12.5%

0 .005    Moderate 39.5% 38.3% 22.2%
    Severe 8.7% 34.8% 56.5%
Disease duration 
(years)

5.0
(3.1 to 9.8)

5.0
(4.0 to 14.0)

11.0
(4.5 to 13.0) 0 .032

EDSS score 2.8
(2.5 to 3.5)

4.0
(2.5 to 6.0)

5.5
(3.8 to 6.3) <0.001

Table 1. Level of depression measured by Beck Depression 
Inventory-II (BDI-II) scale by different demographic and clini-
cal characteristics

*1 – non depression, †2 – mild depression; ‡3 – moderate or severe 
depression; EDSS, Expanded Disability Status Scale
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depression with age (rs=0.43; p<0.001) and disa-
bility (rs=0.46; p<0.001) was confirmed. 
Patients with higher disability (EDSS≥4) had 
higher median BDI score (Me=17; IQR=14-
21) than patients with lower disability (Me=9, 
IQR=6.5-13) (p<0.001). 
There was moderate correlation between disability 
and somatic symptoms of depression  (rs=0.54, 
p<0.001) (Figure 1), while the correlation betwe-
en disability and affective symptoms of depression 
was only weak (rs=0.31, p<0.01) (Figure 2).

DISCUSSION

In this study the patient’s age significantly corre-
lated with depression, which is similar to the re-
sults from the study that investigated depression 
in MS patients (21). Still, other studies showed 
different results with no correlation between age 
and level of depression in MS patients (22-24). 
The correlation between age and depression le-
vel in this study may be explained by different 
psychological response of older patients during 
relapse than during stable course of the disease. 
Relapse severity proved the positive correlation 
with depression severity in this study which is con-
sistent with the fact that most individuals with MS 
who experience relapses suffer from multiple symp-
toms, which adversely impact daily activities (25). 
The reported symptoms had a substantial impact on 
daily function both with respect to employment and 
household tasks, implying far-reaching impact on 
the patient (25). Relapses are associated with incre-
ased emotional distress and depression (26,27).
Various studies have looked at physical disability 
in relation to depression among people with MS 
and these have produced mixed results (1). Althou-
gh higher levels of disability have been associated 
with more severe depressive symptoms in several 
chronic illnesses, the relationship between depre-
ssion and functional disability in multiple sclerosis 
remains controversial (6). Over four fifths (82.9%) 
of people with low physical disability scores were 
not experiencing depression, and just 0.4% repor-
ted severe depression. For those with a high physi-
cal disability score, just 28.3% fell into the normal 
category and 9.4% reported severe depression 
(28). A similar chart displaying the relationship 
between the physical and psychological impacts 
of multiple sclerosis was shown in other study 
(29). In addition to differences in the frequencies 
of people suffering from depression by physical 
disability level, differences were also found in the 
depression scores (21). Depression scores were 
highest in respondents in the high disability ca-
tegory with marked difference in the proportions 
experiencing depression in relation to their physi-
cal disability (28). This study also found positive 
correlation between disability level and depression 
scores, which is consistent with findings of incre-
ased prevalence of depression during times of MS 
exacerbations and increased physical impairment 
(30). Depression in multiple sclerosis is proved to 

Figure 1. Correlation between disability and affective symp-
toms score; EDSS, Expanded disability status scale

Figure 2. Correlation between disability and somatic symptoms 
score; EDSS, Expanded disability status scale

Median BDI scores were statistically significantly 
different between the different relapse severity 
status (p<0.01). Post hoc analysis revealed statisti-
cally significant differences in median BDI scores 
between the mild (Me=14.5, IQR=7.3-17.5) and 
severe relapse (Me=20.0; IQR=15-23) (p=0.004), 
and moderate (Me=12.0; IQR=7-16.5) and seve-
re relapse (20.0, IQR=15-23) (p< 0.001), but not 
between mild and moderate relapse. 
Multiple regression analysis showed that only 
patient’s age (p<0.05) and relapse severity 
(p<0.05)  were independently related to depressi-
on severity in these patients. 
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be highly correlated to both physical and mental 
composite scores of Multiple Sclerosis Quality of 
life-54 (MSQOL-54) questionnaire (31) 
Pathogenic factors underlying exacerbation may 
aggravate underlying pathogenic factors related 
to depression. This makes a threshold for MS in-
flammatory processes lower, which may amplify 
preexisting depressive symptoms relative to new 
depressive symptoms (15). 
Depression and anxiety are common in persons 
with somatic diseases in general and have signifi-
cant association with physical health. This connec-
tion has considerable implications for somatic di-
seases management and clinical guidelines (32). 
The diagnosis of depression includes a number 
of somatic and vegetative symptoms that overlap 
with typical symptoms of MS (e.g., fatigue, sleep 
disturbance, impaired concentration), which can 
make difficulties in this patient’s population (33). 
This raises the possibility that increased reporting 
of somatic symptoms potentially unrelated to de-
pression may influence diagnosis of depression 
during MS relapse. The results of the present stu-
dy showed that correlation between disability and 

depression is mostly due to somatic symptoms of 
depression, while the correlation between disabi-
lity and affective symptoms of depression is rather 
weak. Although highly correlated, depression du-
ring multiple sclerosis relapse was not indepen-
dently predicted by disability. 
In conclusion, recognizing and treating depre-
ssion during multiple sclerosis relapse is very 
important. Depression should be treated indepen-
dently from disability treatment, especially in the 
group of older patients with more severe relapse. 
Other mechanisms related to the MS underlying 
inflammatory process could also be responsible 
for the development of depression during multiple 
sclerosis relapse. Future studies should investiga-
te an influence of relapse treatment based on the 
application of anti-inflammatory and immunomo-
dulatory drugs on depression during MS relapse. 
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Depresija u toku relapsa multiple skleroze: povezanost sa 
fizičkim onesposobljenjem i težinom relapsa  
Selma Šabanagić-Hajrić1, Enra Suljić1, Gorana Sulejmanpašić-Arslanagić2

1Neurološka klinika, 2Psihijatrijska klinika; Univerzitetski klinički centar, Sarajevo, Bosna i Hercegovina

SAŽETAK
Cilj Evaluirati prisustvo depresivnih simptoma u toku relapsa multiple skleroze i njihovu povezanost s 
onesposobljenjem i težinom relapsa. 
Metode U istraživanje je uključeno 120 pacijenata koji su ispitivani u toku relapsa multiple skleroze, 
dijagnosticiranog prema Mc Donaldovim kriterijima. Depresija je evaluirana primjenom Beckovog in-
ventara depresivnosti II (BDI-II), a onesposobljenost je mjerena primjenom Proširene skale onesposo-
bljenosti (EDSS). Težina relapsa je procijenjena na osnovu razlike EDSS-skora u toku i prije relapsa, te 
ocijenjena kao „blaga“, „umjerena“ ili „teška“. 
Rezultati Uočena je statistički signifikantna razlika između pacijenata s različitim stupnjem depresije u 
odnosu na dob (p<0,001), onesposobljenost (p<0,001), težinu relapsa (p=0,005) i dužinu trajanja bolesti 
(p=0.032). Značajna umjerena pozitivna korelacija između depresije i dobi (rs=0,43) te onesposobljenja 
(rs=0,46) je potvrđena. Uočena je umjerena korelacija između onesposobljenja i somatskih simptoma 
depresije (rs =0.54, p<0,001), uz samo slabu korelaciju između onesposobljenja i afektivnih simptoma 
depresije (rs=0,31, p<0,01). Multipla regresiona analiza pokazala je da su dob pacijenta i težina relapsa 
(p<0,05) neovisno povezane s težinom depresije, ali ne i onesposobljenje. 
Zaključak Korelacija onesposobljenja i depresije najvećim dijelom zasnovana je na povezanosti sa 
somatskim simptomima depresije. Iako su onesposobljenje i depresija značajno povezani, onesposo-
bljenje nema ulogu neovisnog prediktivnog faktora depresije. Depresiju bi trebalo prepoznati i liječiti 
neovisno od tretmana onesposobljenja, posebno u grupi starijih pacijenata i pacijenata s težim relapsom. 
Ključne riječi: multipla skleroza, onesposobljenost, somatski simptomi, afektivni simptomi
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ABSTRACT

Aim To investigate a difference in odor and taste identification 
among pregnant women with hyperemesis gravidarum, those with 
healthy pregnancy and non-pregnant women.

Methods This prospective, controlled study included 33 pregnant 
women with hyperemesis gravidarum, 33 healthy pregnant and 26 
non-pregnant women. For all participants, rhinological examinati-
ons were performed. Odor and taste identification were performed 
by holding Sniffin Sticks test battery (Burghart, Wedel, Germany) 
in all participants. 

Results There was a statistically significant difference in results of 
odor identification tests among the groups (p=0.031). Rose odor 
was selected as the most pleasant odor by the hyperemesis gravi-
darum group, 32 (96.9%). Orange odor was selected as the most 
pleasant odor by the healthy pregnant women, 33 (100%) whereas 
the banana odor was selected as the most pleasant odor by the 
healthy non-pregnant women, 10 (38.4%). In taste identification 
tests, there was a significant difference in total taste scores among 
the groups (p=0.003).

Conclusion It is obvious that there is a need to evaluate odor thre-
sholds and other parameters by detailed studies on odor perception 
in the context of hyperemesis gravidarum. 

Key words: pregnancy, smell, sense of smell 
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INTRODUCTION

Nausea and vomiting during pregnancy can lead 
to marked labor loss and impairment in quality of 
life. It has been reported that nausea and vomiting 
affect 50-80% of pregnant women (1, 2). Hype-
remesis gravidarum is characterized by excessive 
nausea and vomiting, affecting 0.62-2% of all 
pregnant women (3). It can severely affect he-
alth of a fetus and pregnant women in particular. 
Weight loss of 5%, ketonuria, liver injury, renal 
injury and post-traumatic stress disorder after 
pregnancy can be observed in hyperemesis gra-
vidarum (4). Growth retardation and low birth 
weight, preterm delivery and related perinatal 
morbidity can be observed in the fetuses of pre-
gnant women with hyperemesis gravidarum (5). 

Several factors, including Helicobacter pylori, 
conditions accompanied by high levels of serum 
ß-hCG, such as abnormal liver functions, molar 
pregnancy and multiple pregnancy, and biologi-
cal, genetic, social and psychological factors are 
implied in the etiology of hyperemesis gravida-
rum (6-9). In addition, the risk for hyperemesis 
gravidarum is markedly increased in patients 
with hyperthyroidism (10). Hyperemesis gravi-
darum and ketonuria are more frequently obser-
ved in pregnancies involving female fetuses (11).
Olfactory mechanisms have a primary role in the 
recognition of toxins and can be linked to nausea 
and vomiting as it is related to the sense of taste 
(12-14). The sense of smell prevents ingestion of 
rotten food before and in relation to the sense of 
taste. Occasionally, hyperemesis can be related to 
sensitivity to odors and there may be worsening 
in hyperemesis in case of odors with sensitivity 
(5,15). 
The purpose of the present study was to investi-
gate a difference in odor and taste identification 
among pregnant women with hyperemesis gra-
vidarum, those with healthy pregnancy and non-
pregnant women.

PATIENTS AND METHODS

Patients and study design

The study included 33 pregnant women with 
hyperemesis gravidarum (group 1), 33 healthy 
pregnant, women (group 2) and 26 healthy non-
pregnant women (group 3) who presented to the 
Obstetrics and Gynecology Clinic of Gevher 

Nesibe Hospital of Erciyes University, Medici-
ne School. In group 1 and 2, only pregnant wo-
men in the first trimester were included. For the 
hyperemesis gravidarum group, inclusion criteria 
were the presence of excessive nausea and vo-
miting, weight loss of 5% compared to baseline 
and positive ketones in urine. Urinary ketone was 
graded as +, ++, +++ and the parity of the partici-
pants was recorded.
All participants underwent rhinological examina-
tion at the Ear, Nose and Throat (ENT) and Head 
& Neck Surgery Clinic of Kayseri Training and 
Research Hospital. Overall, six subjects were 
excluded due to the following reasons: allergic 
rhinitis (n=1), upper respiratory tract infection 
(n=2), severe septum deviation (n=2) and diabe-
tes mellitus (n=1). The remaining 86 participants 
without nasal abnormality or diabetes mellitus 
were included in the study. This study was appro-
ved by the Ethics Committee of Erciyes Univer-
sity. All patients gave informed consents before 
participation. 

Methods

Odor identification tests were performed in a 
well-ventilated room by holding Sniffin Sticks 
test battery (Burghart, Wedel, Germany).This test 
involves the presentation of odorants in felt-tip 
pens. The pens have similar shape and color. The 
pen’s tip is placed in approximately 2 cm distan-
ce in front of both nostrils for 3 seconds, with 
an interval of 30 seconds between the different 
pens. The Sniffin Sticks test battery includes 12 
odors: leather, peppermint, banana, coffee, cinna-
mon, licorice, rose, fish, cloves, lemon, orange 
and pineapple. After sniffing each odor, the pa-
tients were asked to find the right answer from 
a questionnaire including 4 options. All answers 
were recorded to obtain a score for both nostrils. 
All patients were asked which odor was most 
pleasant or unpleasant. The patients were classi-
fied as normosmia (10-12 scores), hyposmia (7-9 
scores) and anosmia (0-6 scores) according to the 
right answers. In addition, patients rated their ol-
faction subjectively into one of three categories 
(good, fair or poor). 
The identification of taste was tested for 4 main 
tastes, including quinine hydrochloride (bitter), 
citric acid (sour), sodium chloride (salty) and 
sucrose (sweet) by using taste sprays (Burghart, 
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Wedel, Germany). Taste Sprays were applied on 
the tongue to measure the identification of taste. 
The patient was asked to wash her mouth with 
water to prevent blending of tastes. We waited for 
30 seconds before proceeding to the next taste. 
All answers were recorded and right answer sco-
res were compared among the groups.

Statistical analysis

Comparison among the groups with odor and 
taste identification scores was evaluated using 
one-way analysis of variance (ANOVA) with the 
Bonferroni post-hoc test. The chi-square test was 
used to detect differences between nominal data. 
p<0.05 was considered as statistically significant.

RESULTS

The mean age was 27.7±5.4 years in the hype-
remesis gravidarum group, 27.5±6.1 years in the 
healthy pregnant group and 29.0 ± 5.2 years in 
the healthy non-pregnant women (p=0.581). 
In the odor identification test, a significantly 
different odor identification scores between 
hyperemesis gravidarum, healthy pregnant 
and non-pregnant women groups were found 
9.1±1.6, 9.3±1.4, 10.12 ± 1.33 (p=0.031) (Figu-
re1). Rose odor was selected as the most plea-
sant odor, 29 (87.8%), whereas fish odor was se-
lected as the most unpleasant odor, 24 (72.7%) 
in the hyperemesis gravidarum group. Orange 
odor was selected as the most pleasant odor, 30 
(90.9%), whereas fish odor was selected as the 

most unpleasant odor, 29 (87.8%) in the healthy 
pregnant group. Banana odor was selected as 
the most pleasant odor, 26 (100%), whereas fish 
odor was selected as the most unpleasant odor, 
24 (92.3%) in the healthy non-pregnant group. 
There were significant differences found among 
groups regarding perception of most pleasant 
odors (p=0.012) and no difference was found 
among the groups regarding perception of most 
unpleasant odors (p=0.281). All participants 
experienced difficulty in identification of pi-
neapple and licorice odors.
Prevalence of hyposmia in hyperemesis and 
healthy pregnant group was 56.7% (33/19) and 
30.0% (33/10), normosmia 3.3% (33/1) and 6.7% 
(33/3), and anosmia 40.0% (33/13) and 63.3% 
(33/20), respectively. Prevalence of hyposmia 
was 19.2 % (26/5), normosmia 80.8% (26/21) in 
healthy non-pregnant women group. There were 
statistically significant differences among the 
groups regarding hyposmia, anosmia and nor-
mosmia (p<0.001). A total of 10 (30%) patients 
considered their olfactory function as fair, 20 
(60%) as good, and 3 (10%) as poor in hypereme-
sis gravidarum group. A total of 15 (46.7%) pa-
tients considered their olfactory function as fair, 
16 (50%) as good, 1 (3.3%) as poor in the he-
althy pregnant group. A  total of 15 (57.7%) pa-
tients considered their olfactory function as fair, 
2 (7.7%) as good, and 9 (34.6%) as poor in the 
healthy non-pregnant women group. There was a 
significant difference detected subjectively rating 
their olfaction as good, fair and poor among gro-
ups (p<0.001) (Table 1).

No (%) of women

Odors Hyperemesis 
gravidarum

Healthy 
pregnant

Healthy non-
pregnant

p 

Orange 28 (84.8%) 30 (90.9%) 25 (96.1%) 0.369
Leather 5 (15.1%) 7 (21.2%) 7 (26.9%) 0.640
Cinnamon 24 (72.7%) 27 (81.8%) 24 (92.3%) 0.331
Mint 28 (84.8%) 28 (84.8%) 25 (96.1%) 0.887
Banana 29 (87.8%) 27 (81.8%) 26 (100%) 0.190
Lemon 19 (57.5%) 22 (66.6%) 21 (80.7%) 0.343
Licorice 21 (63.6%) 13 (39.3%) 17 (65.3%) 0.084
Coffee 28 (84.8%) 28 (84.8%) 26 (100%) 0.403
Cloves 24 (72.7%) 27 (81.8%) 25 (96.1%) 0.161
Pineapple 17 (51.5%) 14 (42.4%) 21 (80.7%) 0.081
Rose 27 (81.8%) 29 (87.8%) 24 (92.3%) 0.590
Fish 24 (72.7%) 29 (87.8%) 24 (92.3%) 0.093
Odor identifica-
tion scores 9.1±1.6 9.3±1.4 10.12 ±1.33 0.031

Table 1. Right answers in the odor identification test accord-
ing to the groups

Figure 1. Comparisons of odor identification scores among the 
groups
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No correlation was detected between the degree 
of ketone positivity and odor identification scores 
in the hyperemesis gravidarum group (p=0.906). 
When gravidity was assessed, no significant 
difference was detected between the groups. 
In the taste identification test, there was a signi-
ficant difference in total taste scores among the 
hyperemesis, healthy pregnant and non-pregnant 
group (3.4±0.9/3.9±0.1/3.92 ± 0.27, respectively) 
(p=0.003). There were also significant differen-
ces in the identification of salty (p=0.001), sour 
(p=0.017) and bitter (p=0.040) among the groups. 
However, there was no difference in the identificati-
on of sweet (p=0.745) among the groups (Table 2). 

that smell thresholds were significantly higher in 
pregnant women in the first trimester compared 
to the control group and no significant difference 
was shown in the discrimination of odor inten-
sity (19). Köble et al. reached two conclusions in 
their study. Firstly, the authors found that, con-
trary to the expectation, there was no change in 
the perception of odor during the first trimester. 
Secondly, they found that there were alterations 
in hedonic smell rates (20). This finding is a phe-
nomenon related to potential toxins of cigarette, 
alcohol and coffee rather than being related to 
odors. In their study, Köble et al. found that pre-
gnant women avoided smells of gum, cigarettes 
and coffee (20). There are studies reporting that 
odor perception in pregnancy is a mechanism 
aiming to avoid toxins rather than pleasure, as 
with cigarettes, alcohol and coffee. This can be 
a mechanism related to protection of the fetus 
(20). In our study, we found that pregnant wo-
men suffered from fish and leather odors, and that 
these odors triggered nausea in seven pregnant 
women with hyperemesis gravidarum.
In the study of Köble et al., it was reported that 
odor perception did not differ in pregnancy (20). 
In our study, we concluded that there was no si-
gnificant difference in odor perception between 
pregnant women with hyperemesis gravidarum 
and healthy pregnant women. 
Swallov et al. concluded that odor perception did 
not differ in pregnant women when compared to 
non-pregnant healthy women (15). The authors 
found that there was minimal difference in odor 
perception in pregnant women when compared to 
men. In that study, the only significant difference 
between pregnant women and healthy controls 
was found in the perception of melon odor. In the 
same study, it was shown that there was a trig-
ger for nausea in 68% of women and that there 
was no correlation between the severity of nau-
sea and vomiting and the intensity of odors. The 
authors reported that odors of oil and fried meat 
were undesired stimuli (15). In contrast, Humel 
et al. reported that nausea and vomiting were not 
related to odor in pregnant women (21). In the 
present study, it was concluded that pregnant wo-
men with hyperemesis gravidarum did not differ 
from those with a healthy pregnancy regarding 
olfactory sensitivity. We also found that fish odor 
was unpleasant odor triggering nausea and that 

No (%) of women

Taste Hyperemesis 
gravidarum

Healthy 
pregnant

Healthy
non-pregnant

p 

Salty 23 (69.6%) 30 (90.9%) 25 (96.1%) 0.001
Sour 26 (78.7%) 30 (90.9%) 25 (96.1%) 0.017
Sweet 28 (84.8%) 29 (87.8%) 23 (88.4%) 0.745
Bitter 27 (81.8%) 30 (90.9%) 25 (96.1%) 0.040
Taste identification 
scores 3.4±0.9 3.9±0.1 3.9±0.1 0.003

Table 2. Right answers in the taste identification test accord-
ing to the groups

DISCUSSION

It has been established that a change of odor 
perception in pregnant women is a social issue 
and may involve a wide spectrum, extending up 
to normosmia, hyposmia or anosmia in several 
studies. In previous surveys, it has been observed 
that there is an alteration in odor perception in 
68% of pregnant women (16,17).
Cameron et al. evaluated odor perception in 
pregnancy in 2 groups: pleasant and unpleasant 
odors. The authors roughly classified the unple-
asant odor group into 3 major categories: social 
group, harmful material and food. In addition, 
pleasant odors in pregnancy were also classified 
into 3 categories: food-related, personal product 
and outdoor. The authors reported that fruit odors 
were the most pleasant odors, while meat and 
fish odors were the most unpleasant odors (18). 
In our study, fish odor was found to be the most 
unpleasant odor in all groups. The most pleasant 
odor was orange, banana and rose in the healthy 
pregnant group, healthy non-pregnant group and 
hyperemesis gravidarum group, respectively. 
In a study by Laska et al., smell threshold was 
evaluated by using n-butanol and it was shown 
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there was no difference in the perception of fish 
odor among the groups.
Laska et al. found that leather, lemon and natural 
gas odors were more intense in the first trimester 
when compared to the control group. In addition, 
orange and grape odors were found to be less ple-
asant (19). It was found that there was a decrease 
in identification of soot, pine and leather odors in 
pregnant women at first trimester in a recent stu-
dy, in which pregnant women were classified into 
3 groups based on gestational week. No differen-
ce was found in pregnant women at second and 
third trimester and those with healthy pregnancy 
(22). In our study, smell identification was addi-
tionally assessed in pregnant women with hype-
remesis gravidarum and the most pleasant odor 
was orange in the healthy pregnant group, while 
it was rose in the hyperemesis gravidarum group.
Köble et al. measured taste in pregnant women 
and found that taste sensitivity was decreased in 
the first trimester when compared to non-pregnant 
women. The authors reported that bitter taste was 
decreased in particular. It was also reported that 
pregnant women experienced difficulty in iden-
tifying sweet, even at very low concentrations, 
whereas they were more sensitive to salty (20). 
Similarly, our results demonstrated that there was 
a significant difference for salty (p=0.001), sour 
(p=0.017) and bitter (p = 0.040), while there was 
no significant difference for sweet (p=0.745).
It might be more appropriate to add odors of 
toxins or substances with harmful effects while 
conducting smell studies in such special groups. 
In our study, the only substance that could be 
harmful for pregnancy was coffee. In addition, 
threshold differences between groups might also 
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ABSTRACT

Aim To determine clinical prognostic factors and their impact on 
the risk of recurrence of newly discovered non-muscle-invasive 
bladder cancer.

Methods The study included 120 patients of both sexes aged 45-
80 years with newly discovered non-muscle-invasive bladder can-
cer. All the patients were treated surgically by transurethral electro 
resection (TUER).  The outcome of patients with and without re-
currence was followed at intervals of three months after surgery, 
the total of two years. For monitoring the probability of early recu-
rrence the criteria of the European Organization for Research and 
Treatment of Cancer (EORTC) were used.

Results The average age of the patients was 65.9 years, 79 (79.2%) 
males and 21 (20.8%) females. The total of 67 (55.8%) patients 
had a recurrence during the period of monitoring. The average 
time to the first and fourth recurrence was 15.4 and 23.9 months, 
respectively. Numbers of tumors and a degree of invasion had a si-
gnificant prognostic impact on the risk of recurrence. The EORTC 
score was a highly significant predictor of recurrence (OR=1.237; 
p<0.001).

Conclusion Based on available clinical and pathological progno-
stic factors and by stratification of patients into three disease risk 
groups it is possible to predict the possibility of disease. Individual 
approach and recommendations for the treatment using EORTC 
risk tables should improve the quality of treatment.

Key words: immunotherapy, probability, treatment
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INTRODUCTION  

Urothelial bladder cancer is the 7th most common 
cancer in men and the 17th most common in wo-
men worldwide. The incidence varies between 
regions and countries; in Europe, the highest age 
standardized incidence rate has been reported in 
Spain (41.5 in men and 4.8 in women) and the 
lowest in Finland (18.1 in men and 4.3 in women) 
(1). The incidence of bladder cancer has decrea-
sed in some registries possibly reflecting decrea-
sed impact of causative agents mainly smoking 
and occupational exposure (2). The mortality of 
bladder cancer has also decreased possibly re-
flecting increased standard of care (3).
Approximately 75% of newly diagnosed urothe-
lial bladder cancer are noninvasive and have a 
high rate of recurrence and progression despite 
local therapy (4). Genetic predisposition has a si-
gnificant influence on bladder cancer especially 
via its impact on susceptibility to other risk fac-
tors. Tobacco smoking is the most important risk 
factor for bladder cancer accounting for approxi-
mately 50% of cases (5).Medical conditions may 
predispose individuals to bladder tumor genesis 
through direct causation or as a side effect of 
treatment. Examples of direct causative include 
chronic urinary retention and upper tract dilati-
on increasing urothelial exposure to carcinogens 
and carcinogenesis associated with chronic in-
flammation or schistosomiasis (6).
Non-muscle-invasive bladder cancer has a high 
prevalence due to low progression rates and 
long-term survival in many cases; patients with 
muscle-invasive bladder cancer are at higher risk 
of cancer-specific mortality (5). Patients with Ta, 
T1 tumors can be divided into risk groups based 
on prognostic factors (7). To predict separately 
the short and long-term risk of both recurrence 
and progression in individual patients a scoring 
system was developed by the EORTC (7).
Depending on the characteristics of the patients, af-
ter transurethral electro resection (TUER) the po-
ssibility of recurrence within one year ranges from 
15-70% and the possibility of progression over five 
years ranges between 7-40% (6). Prognostic fac-
tors in patients with non-muscle-invasive bladder 
cancer have a major impact on the future course of 
the disease and appropriate adjuvant treatment af-
ter TUER (chemotherapy or immunotherapy) (8).

The guidelines panel recommends stratification 
of patients into three risk groups that will facilita-
te treatment recommendations.  The recommen-
dation is similar to that provided by the Internati-
onal Bladder Cancer Group (9).
The treatment of patients with non-muscle-in-
vasive bladder cancer requires high costs. The 
reasons are: the disease is common, many pati-
ents survive and require lifelong monitoring, and 
more than half of the cancers recur and require 
repeated surgical treatment. The aim is to reduce 
the number of recurrences thereby reducing the 
cost of treatment (10). In Bosnia and Herzego-
vina in major clinical centers records of registra-
tion of malignant diseasesare kept, but there is 
no official data on the incidence, prevalence and 
mortality from bladder cancer. 
The aim of the study was to determine the clinical 
prognostic factors and their impact on the risk of 
recurrence in the patients with newly discovered 
non-muscle-invasive bladder cancer attending 
Department of Urology, Clinic of Surgery of the 
University Clinical Center Tuzla. The purpose of 
the study was to compare the number and frequ-
ency of recurrences in our patients who do not 
receive any form of adjuvant intravesical therapy 
compared to other centers that provide protocol 
intravesical chemotherapy or immunotherapy.
The results will be used to revise our treatment 
protocols and lead to expanding the indications 
for the use of adjuvant therapy in order to reduce 
the number of recurrences, better treatment and 
reducing treatment costs.

PATIENTS AND METHODS

Study design and patients

Retrospective-prospective clinical study was 
conducted in the period 2004-2008 at   the Depar-
tment of Urology, Clinic of Surgery of the Uni-
versity Clinical Center Tuzla.The retrospective 
part of the study was performed in the period 
from 2004-2006 and included 70 patients, and 
prospective part of the study was done from 2006 
to 2008 and included 50 patients.
The study included 120 patients of both sexes aged 
45-80 years with newly discovered non-muscle-in-
vasive bladder cancer. All patients were treated sur-
gically by transurethral electro resection (TUER). 
All pathohistological analyses were performed by 
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standard methods at the Clinic of Pathology, Uni-
versity Clinical Center Tuzla. The Ethical Com-
mittee of Public Health Institution University Cli-
nical Center Tuzla approved this investigation.

Methods 

The outcome of the patients with and without re-
currence (frequency and number) was followed. 
Patients were categorized according to pathohi-
stologicalfindings of the type of cancer and a de-
gree of malignancy: Ta, T1 bladder cancer accor-
ding to the depth of invasion, and G1, G2, and G3 
degree of malignancy (11, 12). The patients were 
divided into 3 groups with low, low intermediate 
and high intermediate risk of recurrence and pro-
gression (no patients with carcinoma in situ, CIS) 
and the research was carried out in relation to 
newly discovered non-muscle-invasive cancers. 
For monitoring of the probability of early recu-
rrence, the criteria (risk tables) of the European 
Organization for Research and Treatment of Can-
cer (EORTC) were used (7). 
We performed univariate and  multivariate Cox’s 
regression analysis of impact of the number of tu-
mors (tumor may occur as solitary or can be pre-
sented in the form of multiple tumors of the uri-
nary bladder),the size, degrade and the degree of 
invasion on the risk of recurrence. Each prognostic 
factor is scored so that for example a recurrence 
with more than one tumor is awarded more points 
and carries a higher risk of recurrence. 
In the EORTC research the ranking data were 
obtained from 2596 patients with non-muscle- 
invasive bladder cancer, and the patients with 
only CIS were not included ; 78% of patients 
received intravesical therapy mostly chemothe-
rapy, while the secondary TUER was not done 
nor was the BCG therapy administered according 
to the schedule. 

Statistical methods

The basic tests of descriptive statistics were made 
and quantitative variables were compared by t-
test with correction for unequal variances where 
they are distributed by the same normal distribu-
tion.For quantitative variables, which have not 
been distributed by the normal distribution, the 
Mann-Whitney U test was used. Categorical va-
riables were analyzed by X2 test or Fisher’s exact 

test for cell values   below 5.Univariate binomial 
logistic regression was used to test the level of 
predictive influence of each individual parame-
ter for the presence of cancer.The performance 
of predictive scores and comparison of individu-
al performance was analyzed by receiver opera-
ting characteristic (ROC) analysis.The value of p 
<0.05 was considered significant for all analyses.

RESULTS

During the observation period 120 patients with 
newly discovered non-muscle-invasive bladder 
cancer were found.  Mean age of patients was 
65.9 years (45-80); males were represented more 
frequently than female patients, 79 (79.2%) and 
21 (20.8%), respectively (p<0.05).
A total of 53 (out of 120, 44.2%) patients were 
without recurrence, and 67 (55.8%) patients had 
a recurrence of newly discovered non-muscle-
invasive bladder cancer. The average number of 
tumors was 1 (p<0.05). The most common mali-
gnant grade was G1, and the rarest one was G3 
(p<0.05). The T1 stage of the disease was preva-
lent over the stage Ta (p<0.05) (Table 1).

Variable Value
Age (year) 65.9±10.6
Sex (m/f, %) 79.2 / 20.8
Median of tumor number %95 1CI 1.07-1.37
Grade (G1/G2/G3; %) 41/35; 24
T stadium (Ta/T1; %) 27 / 73

Table 1. Distribution and risk factors of patients with recur-
rence of newly discovered non-muscle-invasive bladder cancer

Risk factor Univariate 
analysis

Multivariate 
analysis

Number of tumors
OR

(%95 CI)
1.21

(1.07-1.37)
1.19

(1.05-1.34)
p-value 0.002 0.006

Size of tumor
OR

(%95 CI)
1.16

(0.86-1.58)
p-value 0.33

Grade
OR

(%95 CI)
1.45

(0.79-2.68)
p-value 0.23

Degree of invasion
OR

(%95 CI)
2.05

(1.10-3.84)
1.87

(1.00-3.53)
p-value 0.025 0.05

Table 2. Risk factors for recurrence of the disease

Univariate Cox’s regression analysis of impact of 
the number, size, degrade and the degree of inva-
sion on the risk of recurrence has shown that the 
number and the degree of invasion of the tumor 
had significant prognostic impact (Table 2). 



59

The total of 67 (55.8%) patients had a recurren-
ce during the observation period: one recurrence 
was noted in 28 (23.3%) patients, with an avera-
ge time without recurrence of 15.49 months (%95 
CI=13.96 to 17.02). The two recurrences were 
observed in 27 (22.5%) of patients, with average 
time to the appearance of second recurrence of 
21.58 months (%95 CI=20.70 to 22.46). Six (5%) 
patients had three and four recurrences each with 
the average time to the appearance of recurrence of 
23.74 months (%95 CI=23.49 to 23.99) and 23.93 
months (%95 CI=23.83 to 24.02), respectively. 
The analysis of EORTC score has shown highly 
significant recurrence prediction of (OR=1.237; 
%95 CI=1.115-1.374) (p<0.001): for every extra 
point of EORTC score for the recurrence, the risk 
of the recurrence has risen by an average of 1.237 
times (Figure 1).

DISCUSSION

This research has shown that the degree of invasi-
on and number of tumors are the most important 
prognostic factors for recurrence of non-muscle-
invasive bladder cancer. Sylvester et al. (2006) 
have shown that the number of tumors,tumor size, 
and the previous recurrence are the most important 
prognostic factors for disease recurrence (7).
More than half of the patients had a recurren-
ce during the monitoring period of two years. 
The average time to the first recurrence was 15 
months and 23 months to the fourth one. Using 
the EORTC risk tables and assessing individual 
risk of recurrence, planning frequency of control 
cystoscopies,the disease is diagnosed at an early 
stage of development which facilitates surgical 
treatment and reduces treatment costs. Statistical 
analysis showed a significant association of dise-
ase recurrence with risk groups: patients with a 
low risk of recurrence had the smallest percenta-
ge of recurrence and those with the highest risk 
had the highest percentage of recurrence. 
In his study, which dealt with the treatment and 
monitoring of recurrence and disease progression 
in patients after TUER urinary bladder tumor and 
adjuvant intravesical immunotherapy, Seo (2010)
has shown that the recurrence occurred to a lesser 
extent than in the EORTC study, explaining this 
as a consequence of a larger number of the pati-
ents receiving adjuvant intravesical immunothe-
rapy (in the EORTC study only 5.9% of patients 
received adjuvant BCG therapy, while others 
have received intravesical chemotherapy after 
TUER) (13). Comparing with other studies in 
which recurrence rate of 41% was noticed (9,13),  
recurrence in the present study occurred in 56% 
of cases, and average time to recurrence was si-
milar in both studies, 13.6 (13) and 15.4 months, 
respectively. During of median follow-up of 74 
months 44% patients had a recurrence in patients 
from Spain, Netherlands and Denmark (14).
In a multi-centric study, Malmstrom et al. (2009) 
have shown that the risk of recurrence is reduced 
by 32% in patients with intermediate risk who were 
treated with adjuvant intravesical immunotherapy 
in comparison with those that were treated with 
adjuvant intravesical chemotherapy (15).
Bobinski and Lipinski (2009) in their study found 
that recurrence occurred in 46.87% patients, and 

Figure 1. The European Organization for Research and Treat-
ment of Cancer (EORTC) recurrence risk

By stratification of patients into risk groups the 
smallest number of recurrences was in the gro-
up with a low risk of recurrence, five (7.5%), 
following the group with low intermediate risk, 
27 (40.3%), and the largest number of recurren-
ces was recorded in the high intermediate risk 
group, 35 (52.2%).
The statistical analysis in our study did not inclu-
de patients with CIS because of the small number 
of patients diagnosed with CIS (two patients).

Đug et al. The practical use of EORTC risk tables
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a significant association of the risk of recurrence 
with risk groups after one year has been found 
(stratification of patients into risk groups for risk 
of recurrence based on the total number of sco-
res obtained by scoring clinical and pathologi-
cal characteristics of the tumor). Their research 
is most similar to our study because the patients 
werealso treated only surgically by TUER and 
did not receive adjuvant intravesical chemothe-
rapy or immunotherapy (16) suggesting that the 
risk of recurrence is being increased in patients 
from the group with a higher risk of recurrence 
and that the EORTC scoring system and risk ta-
bles allow prediction of disease progression after 
the treatment, and stratify patients according to 
the risk of recurrence. Fernandez-Gomez et al. 
(2011) demonstrated a lower risk of recurrence 
in all risk groups in relation to the EORTC study 
and showed that the EORTC risk tables overesti-
mated the risk of recurrence in patients treated 
with adjuvant intravesical immunotherapy su-
ggesting the need for its recalibration (17).
The results of our study haveshown that EORCT 
score was a significant predictor of the disease re-
currence. Comparing the results with the EORCT 
research, slightly higher percentage of recurren-
ces was observed in our study probably because 
the patients were not receiving intravesical che-
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SAŽETAK

Cilj Utvrditi kliničke prognostičke faktore i odrediti njihov utjecaj na rizik od recidiva novootkrivenih 
mišičnih neinvazivnih karcinoma mokraćnog mjehura.

Metode Studijom je obuhvaćeno 120 pacijenata oba spola, starosti od 45 do 80 godina s novootkrive-
nim mišićnim neinvazivnim karcinomom mokraćnog mjehura. Svi ispitanici su tretirani operativnim 
zahvatom transuretralne elektroresekcije (TUER). Tokom istraživanja praćen je ishod sa i bez recidiva. 
Za praćenje vjerovatnoće ranog recidiva korištene su tablice rizika Europske organizacije za istraživa-
nje i tretman karcinoma (EORTC).

Rezultati Prosječna dob ispitanika iznosila je 65,9 godina. U uzorku je detektirano 79 (79,2%) muških 
i 21 (20,8%) ženski ispitanik. Ukupno 67 (55,8%) ispitanika imalo je recidiv tokom perioda praćenja. 
Prosječno vrijeme do pojave prvog recidiva iznosilo je 15,4 mjeseci, a do četvrtog 23,9 mjeseca. Broj 
tumorâ i stepen invazije imali su signifikantan prognostički utjecaj na rizik od recidiva. Ustanovljen je 
EORTC-ov skor kao visokosignifikantan prediktor recidiva (OR=1,237; p<0,001).

Zaključak Na osnovu dostupnih kliničkih i patoloških faktora, te stratifikacijom pacijenata na tri grupe 
rizika od oboljenja, moguće je predvidjeti izglede recidiva oboljenja. Individualni pristup  i preporuke u 
liječenju, koristeći EORTC-ove tablice rizika, trebalo bi da poboljšaju kvalitet liječenja.

Ključne riječi: imunoterapija, vjerovatnoća, tretman

Đug et al. The practical use of EORTC risk tables
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ABSTRACT

Aim To evaluate retrospectively demographic, clinical and histo-
pathological variables effective on mortality in patients who had 
undergone emergency surgery due to complicated colorectal can-
cer. 

Methods A total of 39 patients underwent urgent surgical inter-
ventions due to complicated colorectal cancer at the Department 
of General Surgery, Dursun Odabaş Medical Center, between Ja-
nuary 2010 and January 2015. Thirty three of these were included 
in the study. Six patients were excluded because complete medical 
records had been missing. Medical records of the 33 cases were 
retrospectively reviewed.

Results There were 14 (42.5%) male and 19 (57.5%) female pati-
ents. Mean age was 60 years (range: 32- 83 years); 14 (42.5%) pa-
tients were less than 60 years old , while 19 (57.5%) were 60 years 
old or older. Operations were performed due to perforation (39.3%) 
and obstruction (60.6%) in 13 and 20 patients, respectively. Tumor 
localization was in the right and transverse colon in nine (21.2%) 
and in the left colon in 24 cases (72.7%). Eleven (33.3%) patients 
underwent resection and anastomosis, 13 (39.3%) resection and 
ostomy, and nine (27.2%) patients underwent ostomy alone wit-
hout any resection. Postoperative mortality occurred in nine cases 
(27.2%). 

Conclusions High mortality should be expected in females older 
than 60 years with a left sided colon tumor or with another sync-
hronous tumor and in perforated tumors. Unnecessary major re-
sections should be avoided and primary pathology should be in the 
focus of treatment in order to decrease the mortality and morbidity 
rates. 

Key words: colorectal cancer, perforation, obstruction, mortality
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INTRODUCTION

Colorectal carcinomas (CRC) are the third most 
frequently diagnosed cancers worldwide (1). 
Weakness, fatigue, weight loss, iron deficiency 
anemia and abdominal pain are seen frequently 
in patients with colon cancer diagnosed in ad-
vanced stages. Symptoms depend on the stage of 
the tumor, early or advanced and its localization 
(2). Right colon tumors are demonstrated with 
anemia, while left colon tumors cause abdominal 
pain, rectal bleeding and obstruction (3). 
Colonoscopy is the gold standard modality in 
screening for colon cancer. Its advantages inclu-
de high sensitivity, its capability of performing 
biopsy from the suspected areas and possibility of 
polypectomy, when a polyp is seen. Other scree-
ning tests include fecal occult blood test, flexible 
sigmoidoscopy and computed tomographic colo-
nography (virtual colonoscopy) (4).
Most of the resections for CRC are performed 
electively, however 15-30% of those necessitate 
emergency surgical intervention (1). Obstruction, 
perforation and bleeding are the most frequently 
encountered conditions requiring surgery (1,5,6). 
Metabolic, cardiovascular, infectious or respira-
tory comorbidities may develop in patients with 
complicated colorectal cancer. These conditions 
substantially increase mortality (7).
The aim of this study was to investigate factors 
affecting mortality in patients who had undergo-
ne emergency surgical interventions due to com-
plicated colorectal cancer. In this study, we aimed 
to argue the possible outcomes of complicated 
colorectal cancer with data from our region and 
as a result we intended to present factors affec-
ting mortality.

PATIENTS AND METHODS

Patient selection

A total number of 39 patients underwent urgent 
surgical interventions due to complicated colo-
rectal cancer at the School of Medicine, Univer-
sity of Van Yuzuncuyil, Department of General 
Surgery between January 2010 and January 2015. 
Thirty three of these cases were included in this 
study (six cases were excluded because complete 
medical records were missing). Medical records 
of the 33 cases were retrospectively reviewed.  

Effects of age (years), gender, time passed from 
the presentation to operation (hours), white blood 
cell count (WBC, x109/L), and serum creatinine 
level at presentation (mg/dL), type of presentati-
on (perforation or obstruction), localization (right 
colon and transverse colon, left colon, tumor 
with two synchronized foci) and stage of the pri-
mary tumor (TNM Staging of the American Jo-
int Committee on Cancer: AJCC) (8), type of the 
operation performed (resection and anastomosis, 
resection andostomy, ostomy alone ), histological 
type (adenocarcinoma, diffuse B cell lymphoma) 
and differentiation (well differentiated, interme-
diate differentiation, poor differentiation) of the 
primary tumor, lymphovascular invasion (LVI) 
(Yes, No) ,perineural invasion (PNI) (Yes, No), 
and distant organ metastasis (Yes, No) on morta-
lity were analyzed.
Postoperative mortality was assumed as the first 
30 days after the operation.
Perforation and obstruction are the reasons for 
the urgent surgery in colorectal cancer despite 
that non-complicated primary colorectal cancer 
surgery is elective  in our clinic. The cases pre-
sented in this study were complicated colorectal 
cancer cases presented to our emergency service 
with obstruction and perforation. To improve the 
cases with poor general condition and cases pre-
senting electrolyte imbalance, or to present the 
etiology, or after insertion of nasogastric tube for 
ileus cases, the patients waited for a while, and 
accordingly the effect of the time between ad-
mittance and operation on mortality was studied. 
Obstruction and perforation caused by the primary 
tumor is defined as complicated colorectal cancer.
A total of 21 (of the 33) cases had colon tumor, 
and 12 rectal tumor. An approval for the study 
was obtained from the Ethics Board of Univer-
sity of Yuzuncuyil, School of Medicine.

Statistical analysis

For the statistical analysis, descriptive analysis 
expressed in mean, standard deviation, minimum 
and maximum were used for continuous varia-
bles, while categorical variables were expressed in 
numbers and percentages. Non-parametric group 
means were compared using Mann-Whitney U 
test. Chi-Square test was used to define the asso-
ciation between mortality and categorical varia-
bles. The level of significance was accepted as 5%.

Kiziltan et al. Factors affecting mortality of colorectal cancer
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RESULTS

There were 14 (42.5%) male  and 19 (57.5%) fe-
male patients. Mean age was 60 years (range: 32- 
83 years); 14 (42.5%) patients  were less than 60 
years old, while 19(57.5%) were 60 years old or 
older. Operations were performed due to perfora-
tion (39.3%) and obstruction (60.6%) in 13 and 
20 patients, respectively. Tumor localization was 
the right and transverse colon in nine (21.2%) 
and left colon in 24  (72.7%) patients (Table 1). 

Eleven (33.3%) patients underwent resection and 
anastomosis, 13(39.3%) resection and ostomy  
and nine patients (27.2%) underwent ostomy alo-
ne without any resection.
Histology of 32 (96.9%) cases showed adenocar-
cinoma and in one (3.0%) case  diffuse B cell 
lymphoma. In fifteen (45.4%) cases tumor was 
well differentiated, in 12 (36.3%) it was interme-
diately differentiated and in five (15.1%) cases 
it was  poorly differentiated. Lymphovascular 

Characteristics/ values Mortality p
No (%) of patients Mortality rate %  (No of patients) No mortality

Gender
Females 19 (57.5) 31.5 (6) 13

0.51Males 14 (42.5) 21.4 (3) 11

Age
<60 14 (42.5) 14.2 (2) 12

0.09≥60 19 (57.5) 36.8 (7) 12
Total 33 (100) 27.2 (9) 24

Type of tumor presentation 
Perforation 12 (36.3) 50(6) 8

0.02Obstruction  21 (3.6) 14.2 (3) 16

Tumor localization

Right 
+
transverse 
colon

Cecum 4 (12.1) 25 (1) 3

0.68

Ascending colon 0 0 0
Hepatic flexure 1 (3.0) 0 1
Transverse colon 2 (6.0) 0 2
Splenic flexure 0 0 0

Left colon 
Descending  colon 1 (3.0) 1 (100) 0
Sigmoid colon 10 (30.3) 3 (30) 7
Rectum 12 (36.3) 3 (25) 9

Tumor with two synchronized foci* 1 (33.3) 2
Mortality No mortality

Mean duration passed from presentation to operation (hours) 62 86 0.93
Preoperative white blood cell count (Mean WBC count x10^9/L) 14.4 11.4 0.07
Mean preoperative creatinine  (mg/dL) 1.6 1.0 0.13

Table 1. Factors affecting mortality according to gender, age, type of tumor presentation, localization, duration passed from 
presentation to operation, white blood cell count, and preoperative creatinine concentration

* sigmoid+descending colon; cecum+hepatic flexure; cecum +ascending colon

Characteristics No of patients
Mortality

p
Mortality rate % (No of patients) No mortality

Type of operation
Resection + anastomosis 11 27.2 (3) 8

0.36Resection + ostomy 13 38.4 (5) 8
Ostomy alone 9 11.1 (1) 8

Histologic type and
differentiation

Adenocarcinoma 32 8 (25) 24
0.09Diffuse B cell lymphoma 1 100 (1) 0

Well differentiated 15 46.6 (7) 8

0.02Intermediate differentiation 12 0 12
Poor differentiation 5 20 (1) 4

Lymphovascular invasion
Present 13 46.1 (6) 7 0.01
None 17 5.8 (1) 16

Perineural
invasion

Present 8 37.5 (3) 5
0.26None 22 18.1 (4) 18

Stage of the tumor

Stage 0/1 0 0 0

0.11

Stage 2 15 20 (3) 12
Stage 3 11 27.2 (3) 8
Stage 4 5 20 (1) 4
Cannot be staged 2 100 (2) 0

Distant organ metastasis
Present 5 20 (1) 4

0.52None 28 28.5 (8) 21

Table 2. Factors affecting mortality according to tumor operation type, histological type and differentiation, lymphovascular and 
perineural invasion, stage of the tumor, and distant organ metastasis
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invasion (LVI) was present in 13 (39.3%) cases, 
while 17 (51.5%) cases had no LVI; LVI could 
not be evaluated in three (9.0%) cases. Perineural 
invasion (PNI) was present in eight (24.2%), it 
was absent in 22 (66.6%) cases and could not be 
determined in three (9.0%) cases. Tumor staging 
was not possible to determine for two (6.0%) ca-
ses because one case was diffuse B cell lympho-
ma and in one case ostomy was opened before 
resection.
In 15 (45.4%) cases stage 2 was  found, 11 
(33.3%) cases were determined as stage 3, and 
five (15.1%) cases were stage 4. Distant meta-
stasis was presented in only five (15.1%) cases. 
Postoperative mortality was encountered in nine 
(27.2%) patients (Table 2).

DISCUSSION

The present study verifies the high rate of mor-
tality in complicated colorectal cancer surgery 
similarly to other reports (9,10).
Operative mortality following operations per-
formed due to obstruction or perforation of co-
lorectal cancer has been reported to be 16-38% 
(11,12). In this present study, overall operative 
mortality of 27.2% was found. Mado et al. repor-
ted  mortality rate due to colorectal perforation of 
14.9% (13). In our study, mortality in colorectal 
cancer perforations and obstruction was 38.4% 
and 20%, respectively. This difference might be 
attributed to the fecal contamination, diffuse pe-
ritonitis, sepsis and multiple organ dysfunction 
syndrome (MODS) that are all associated with 
perforation (14). 
Variable results have been reported in different 
studies related to patient’s gender. McArdle and 
Hole reported that mortality was higher in males 
in elective surgery, while disease course was fa-
tal in high frequency in females following emer-
gency surgery (14). In the present study, mor-
tality was higher in females (31.5%) compared 
to the males (21.4%). Although not statistically 
significant, it should be considered that compli-
cated colorectal cancers may show a fatal course 
in female gender.  
Similarly to other studies (7), the effect of age on 
mortality in the present study was analyzed using 
the cut-off age set as 60 years. Mean age was 60 
years among our cases, the mean age of the cases 

with and without mortality was 66 years and 58 
years, respectively; three fourths of patients with 
a fatal course were at the age of 60 years or ol-
der. We found increasing mortality rate with age, 
although without statistical significance. Comor-
bidity diseases such as metabolic, cardiovascu-
lar, infectious or respiratory conditions have been 
reported as the cause of high mortality in cases 
with an age of 60 or older (7).
Mortality rate in this study increased with incre-
ased WBC (without statistical significance), as 
well as no statistically significant effect of pre-
operative creatinine level on postoperative mor-
tality was found. We believe that the probability 
of mortality should not be determined based on 
laboratory results. It is our understanding that pa-
tients’ situation should be evaluated as a whole.  
In the present study a mean duration from presen-
tation to emergency service and time of operation 
was 80 hours, 62 hours and 86 hours in the ove-
rall series, in cases with mortality and in cases 
without mortality, respectively; time to operation 
was not found to be effective on mortality. Des-
pite these results, we think that patients should 
be admitted for surgical intervention as soon as 
possible. 
When the association of the type of operation and 
mortality was evaluated, mortality was found to 
be lowest in cases with ostomy alone (11.1%) 
and the highest mortality occurred in cases with 
resection and ostomy (38.4%). According to the 
results of our study, only ostomy is preferable for 
patients with poor general conditions.
Cases that undergo emergency surgery due to 
complicated colorectal cancer are advanced sta-
ge cancers as reported in the literature (Ameri-
can Joint Committee on Cancer (AJCC) stages 
III and IV) (8). In those cases, T3-T4 tumors 
and N1-N2 lymph node involvement are seen 
more frequently compared to elective operations 
(15,16). A great majority of the patients with de-
velopment of mortality were stage 2 and stage 3 
in the present study. This was considered to be 
due to regional differences in colorectal cancer 
and tumor biology (4). 
Tumor grade (high grade disease) and presence 
of extramural vascular invasion and perineural 
invasion among the pathological specifications 
have been reported to be poor prognostic factors 
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(17,18). In this present study, mortality occurred 
in cases with well-differentiated tumors but not in 
the intermediately or poorly differentiated cases. 
Mortality rate was higher in the presence of LVI 
compared to the cases without LVI. No effect of 
PNI was found on postoperative mortality. 
A British pilot study has demonstrated a dramatic 
decrease in the emergency presentations in colo-
rectal cancers with the screening with fecal occult 
blood test. However, a subsequently published 
local Canadian study and a study from the United 
Kingdom reported that emergency presentations 
due to colorectal cancers stayed high in spite of 
colorectal screening programs and health care 
services (19-21).
The region in which we provide health services is 
socioeconomically disadvantaged and cigarette 
consumption in the region is high. If referred to 
the literature, it can be seen that rates of cigarette 
smoking and alcohol use are high among the ca-
ses with complicated colorectal cancers presen-
ting to the emergency services (22,23). In additi-
on, low socioeconomic level, low level of health 
care literacy and inadequate health care services 
are associated with complicated colorectal can-
cers (25). Individuals with a low socioeconomic 
level may disregard some symptoms and do not 
present to health care facilities for the symptoms 

they find to be simple. Those individuals are re-
luctant to request medical assistance until their 
symptoms become so severe that they could not 
be ignored. Therefore, the primary localization 
of presentation of those patients with more ag-
gressive and advanced disease happens to be the 
emergency services (22-25).
In conclusion, one of the major problems of the 
health care systems is the lack of diagnosis of co-
lorectal cancer in early stages. Colorectal cancers 
diagnosed in advanced stages are complicated 
and result in high mortality rates. High mortality 
should be expected in female cases older than 60 
years with a left sided colon tumor and in cases 
with another synchronous tumor or a perforated 
tumor. Surgeons should act more attentively to 
decide for the most appropriate strategy. Unne-
cessary major resections should be avoided and 
primary pathology should be in the focus of 
treatment in order to decrease the mortality and 
morbidity rates.
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