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ABSTRACT

Aim To evaluate possibilities of computed tomography (CT) per-
fusion in differentiation of solitary focal liver lesions based on 
their characteristic vascularization through perfusion parameters 
analysis.

Methods Prospective study was conducted on 50 patients in the 
period 2009-2012. Patients were divided in two groups: benign 
and malignant lesions. The following CT perfusion parameters 
were analyzed: blood flow (BF), blood volume (BV), mean transit 
time (MTT), capillary permeability surface area product (PS), he-
patic arterial fraction (HAF), and impulse residual function (IRF). 
During the study another perfusion parameter was analyzed: he-
patic perfusion index (HPI). All patients were examined on Mul-
tidetector 64-slice CT machine (GE) with application of perfusion 
protocol for liver with i.v. administration of contrast agent.

Results In both groups an increase of vascularization and arteri-
al blood flow was noticed, but there was no significant statistical 
difference between any of 6 analyzed parameters. Hepatic perfusi-
on index values were increased in all lesions in comparison with 
normal liver parenchyma.

Conclusion Computed tomography perfusion in our study did not 
allow differentiation of benign and malignant liver lesions based 
on analysis of functional perfusion parameters. Hepatic perfusion 
index should be investigated in further studies as a parameter for 
detection of possible presence of micro-metastases in visually ho-
mogeneous liver in cases with no lesions found during standard 
CT protocol
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INTRODUCTION

The liver is the most common site of metastases 
from gastrointestinal tumors (1,2). High blood 
flow (about 25% of cardiac output), favorable 
microscopic anatomy (liver sinusoids and gaps 
in subendothelial basement membrane), and rich 
biochemical environment favor the rapid growth 
of metastatic deposits in the liver (1,2).  In ma-
lignant diseases diagnosis of the extent of the 
primary tumor  and staging of a potential spre-
ad of the disease have fundamental importance. 
Without this information, an appropriate therapy 
is not possible (1,2). A significant problem for 
all diagnostic imaging methods  in the staging 
of  malignant disease is a relatively high inciden-
ce of benign lesions (1,3). For this reason high 
diagnostic specificity is a major requirement in 
order to distinguish various benign lesions that 
may affect the therapeutic decisions in case of 
misinterpretation (1,3). 
In general, detection of metastases with diagno-
stic methods is based on micro and macrostructu-
re changes that distinguish tumor tissue from 
normal liver tissue (1,2).
Because many pathological conditions of the li-
ver leading to changes in regional or whole blood 
flow, perfusion imaging of the liver proved to be 
a method with high sensitivity and specificity in 
differentiating of liver lesions (3,4).
Kinkel at al. analyzed in meta-analysis a sensi-
tivity of different diagnostic methods in diagno-
sing metastasis and showed that in liver tumors 
over 1 cm (sensitivity 55-90%), or for lesions 
less than 1 cm sensitivity is much lower (below 
50%), and microscopic lesions remain occult (3).  

Smith et al. pointed that CT perfusion is one of 
the last achievements in the field of physiological 
imaging, which can provide new opportunities 
for the use of imaging as a biomarker (5).
Since it was first described by Miles et al. (6), CT 
perfusion has been successfully applied in a va-
riety of clinical conditions including assessment 
of liver cirrhosis (7), characterization of liver tu-
mors (8,9), and evaluation of therapy response in 
liver diseases (9-11)
The aim of this study was to analyze CT perfusi-
on parameters (blood flow, blood volume, hepa-
tic arterial fraction, mean transit time, capillary 
permeability surface area product, impulse resi-

dual function) and  to determine whether one or 
more of the six parameters significantly stand out 
in differentiating pathological lesions to benign 
and malignant. The purpose of  the study was to 
evaluate the possibility of the application of CT 
perfusion imaging in the differentiation of focal 
hepatic lesions based on the perfusion analysis.

PATIENTS AND METHODS 

The prospective study included 50 patients in 
the period 2009-2012 at the Radiology Clinic of 
Clinical Center of Sarajevo University. All pa-
tients were examined on Multidetector 64-slice 
CT machine (Light Speed   VCT) (GE Medical 
Systems, Milwaukee, WI, USA) with application 
of CT perfusion protocol for liver with i.v. admi-
nistration of contrast agent. 
Solitary liver characteristics changes and their di-
vision into benign and malignant were confirmed 
by at least two radiological methods (ultrasound, 
computerized tomography or magnetic resonance) 
with follow up of focal lesion over a certain peri-
od of time, and based on clinical parameters. All 
patients had previously performed an ultrasound 
examination of the abdomen with a special focus 
on the liver to verify solitary focal lesion in liver. 
Based on the differences in perfusion parameter 
results, further categorization of tumors or secon-
dary deposits (based on histological diagnosis) 
into subgroups of solitary liver lesions was made.
Tube voltage 120 kV, power tubes 60mA, expo-
sure time 50 sec, thickness 0.5 cm, and the beam 
width 4 cm were used  as an examination proto-
col. The amount of contrast agent that is admini-
stered was 0.5 mL/kg body weight of the patient 
at a flow rate 4 mL/sec. 
Before administration of contrast material all pa-
tients signed a consent for the application, and 
were informed about adverse reactions.
The study was approved by the Ethics Committee 
of the Clinical Center of University of Sarajevo 
and all patients signed informed consents for 
inclusion in study.
Six perfusion parameters were analyzed (12).
Blood flow (BF) (mL/min/100 g tissue), which 
was carried out both in arterial and in the portal 
phase, is the volume of blood flow through blood 
vessels including large collecting blood vessels, 
arteries, arterioles, venules, veins and sinuses.  
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Mean transit time (MTT) is measured in seconds. 
Blood moves through the blood vessels at diffe-
rent speed so that there is no universally defined 
time flow of blood from the arterial network in 
the vein. Distribution of flow time and MMT 
represent median time of that  distribution.  
Capillary permeability surface area pro-
duct (PS) (mL/min/100 g tissue) is the flow 
of the contrast medium through the ca-
pillary endothelium in interstitial space.  
Hepatic arterial fraction (HAF) (%) is the per-
centage of blood that supplies hepatic arte-
ries in relation to the portal vein in the liver.  
Impulse residual function (IRF) (mL/min/100 g) 
is the ratio of arterial and interstitial concentrati-
on of the contrast medium.
Functional perfusion parameters were analyzed  
by Deconvolution (13,14)  method  and compar-
tmental model (15,16). 
The balance between the arterial and portal in-
puts was expressed by the hepatic perfusion index 
(HPI), which represents the ratio of arterial blood 
flow (Fa) and total hepatic flow Ft (Fa + Fp).
Statistical analysis was done  by using chi-squ-
are test, Student’s t-th test, analysis of variance 
(ANOVA), and to determine the degree of mu-
tual dependence (correlation) of certain parame-
ters Spearman’s rank correlation coefficient was 
used. Testing the sensitivity of some parameters 
was carried out by analyzing the area under the 
ROC curve (receiver operator curve). For stati-
stical analysis of hepatic perfusion index, control 
group was introduced  referring to the values of 
normal liver parenchyma, and it was compared 
with the values obtained in pathologic lesions (it 
only applies on HPI parameter)

RESULTS

A total of 30 women and 20 men was included 
in the study.
Analysis by gender revealed that women were 
more frequently represented in the group of beni-
gn lesions, 18 (69.2%), than men, eight (30.8%), 
while in the group with other lesions   the same 
number of men and women was recorded, 25 in 
each (50%) (p>0.05).
The patients with benign lesions were (on avera-
ge) slightly older (60.7 ± 9.6 years; range 44-80 
yr.) than the patients with other lesions (57.8 ± 
13.5 years; range 27-83 years) (p> 0.05).

Of the 24 malignancies 10 had histological diagno-
sis, be it a primary tumor or a secondary deposit.
Analysis of blood flow showed that patients 
with malignant lesions had a little higher value, 
but without significant statistical difference (p> 
0.05), with emphasis that the significant diffe-
rence was not shown among the subgroups, e.g., 
metastases vs. metastases with patohistological 
diagnosis (phd).
There was no statistically significant difference 
found in blood volume or arterial or in the portal 
series (p>0.05).
Values for the MTT, HAF, SF and IRF (including 
both arterial and portal phase), showed no stati-
stically significant differences.
Analysis of the parameters of aortic blood flow 
showed that the highest sensitivity in differentia-
ting between benign and malignant lesions has 
shown surface permeability (53.8%), and the 
lowest one hepatic arterial fraction (42.9%) with 
no statistical differences (Figure 1). 

Figure 1.  Specificity and sensitivity of aortic blood flow in both 
groups of patients (benign and malignant lesions) 

Analysis of the parameters of the portal system 
showed that the highest sensitivity in differentia-
ting between benign and malignant lesions has 
shown permeability surface (56.8%), and the 
lowest one volume hepatic blood volume (42.3%) 
without statistically significant difference betwe-
en individually observed parameters (Figure 2).
A statistically significant correlation between the 
groups, e.g., benign and malignant lesions, and 
six perfusion parameters tested in both arterial 
and portal phase was not observed in any case. 
The highest correlation between perfusion pa-
rameters in differentiating benign from mali-
gnant lesions showed blood flow in the aortic 
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blood stream (Ro = 0.137) followed by hepatic 
arterial fraction aortic (Ro = 0.133) and blo-
od volume – portal (Ro = 0.133), then the per-
meability surface - portal (Ro = -0.118), and 
hepatic arterial fraction – portal (Ro = 0.108) 
followed by other parameters with less than 10% 
effect on the differentiation of groups (Table 1).  
The patients with benign lesions had an avera-
ge HPI slightly higher (55.7 ± 5.1; range 50 to 
65.5%) than the patients with other lesions (54.6 
± 3.95; range 50 to 66.9 %) with no statistically 
significant differences (p> 0.05).

patients with elevated values belonged to the gro-
up with benign or malignant lesions.

DISCUSSION 

Quantitative measurement of perfusion CT pro-
vides information about the processes that affect 
the structure and function of the tissue. The con-
cept is based on monitoring the first pass bolus of 
iodinated contrast agents through blood vessels 
of a certain tissue. This method allows non-inva-
sive monitoring of changes in malignant process, 
as well as the results of treatment, and conside-
ring that CT perfusion provides data on angio-
genesis activity may be useful in monitoring the 
treatment of angiogenesis inhibitors (17).
In patients with known metastatic disease, an ele-
vated  arterial perfusion was noticed with values 
of about 40-50 mL/min/100 mL m versus 17-19 
mL/min/100 mL in the healthy control group 
(values of normal liver parenchyma). Therefore, 
HPI was significantly higher in patients with me-
tastatic disease, which was proven by Miles et al. 
(18-20) and Blomley et al. (21).
In our study, the value of HPI  in solitary lesions 
ranged between 50 and 60%, with no significant 
differences by type of  lesion. Also, benign and 
malignant lesions had the same value of HPI,  
considering that the benign lesions in this study 
represent only hemangiomas, which are basically 
hypervascular lesions. The results of this study 
indicated that CT perfusion is not the method 
of choice in the diagnosis of hemangioma, be-

Figure 2. Sensitivity and specificity of portal blood flow in both 
groups of patients (benign and malignant lesions)

Correlation coefficient
Benign Malignant

Blood flow (mL/min/100g) - aortal 0.137 0.342
Blood volume (mL/100g) - aortal 0.011 0.939
Mean transit time (sec) - aortal 0.009 0.951
Hepatic arterial fraction - aortal 0.133 0.357
Permeability surface (mL/min/100g) - aortal -0.073 0.613
Impulse residual function - aortal 0.082 0.573
Blood flow (mL/min/100g) - portal 0.069 0.632
Blood volume (mL/100g) - portal 0.133 0.357
Mean  transit time (sec) - portal 0.019 0.894
Hepatic arterial fraction - portal 0.108 0.455
Permeability surface (mL/min/100g) - portal -0.118 0.415
Impulse residual function - portal 0.05 0.73

Table 1. Correlations between groups (benign and malignant 
lesions) and between each of six perfusion parameters

The analysis of HPI showed that sensitivity in 
differentiating benign lesions from other lesions 
on the basis of this parameter was 8.4% (Figure 3).
A comparison of  HPI values in focal liver lesions 
(benign and malignant) with values of  normal 
liver parenchyma  has shown statistically signifi-
cant difference (p <0.05).
The Spearman’s correlation coefficient indicated 
that with  82.6% certainty the patients with nor-
mal values of  hepatic perfusion  index in liver 
parenchyma  belonged to the control group and 

Figure 3. Sensitivity and specificity of hepatic perfusion index 
in hypervascular benign lesions
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cause they can be diagnosed with  the standard 
protocol that is used during the CT examination. 
Certainly, HPI parameter can be used to prove 
the presence of micrometastases in visually ho-
mogeneous liver, where a standard way of CT 
protocols showing no enhancement after contrast 
administration (4,18). Any increase in the value 
of HPI favors of the changes with  intense vascu-
larization, which comes from the hepatic artery, 
but without the possibility of characterization 
of these lesions, so that this parameter remains 
highly sensitive, but not specific enough (4,18). 
In rats, Cuenod et al. used deconvolution tech-
nique and found colon cancer  metastasis in the 
liver with increased HPI and reduction in hepatic 
perfusion due to the reduction of portal perfusi-
on. They also observed decrease in distribution 
volume and increase in MTT (18).
Further sub-analyses of  the two groups  (benign 
and malignant lesions) in the present study reve-
aled that patients with histologically verified ma-
lignant lesions had no significant differences  in 
perfusion parameters values compared to patients 
with malignant change without histopathologic 
verification.
Modification of hepatic perfusion can be found not 
only in patients with visible liver metastases, but 
also in patients with occult metastases that develop 
liver metastases at follow-up examinations (21). 
Leggett et al. described changes in hepatic perfusi-
on in patients with visible metastases, reduction of 
portal perfusion and increased HPI in patients with 
occult metastases in whom the disease is detected 
at follow-up (4). Routine CT and MRI are insen-
sitive to discover occult and early stage hepatic 
micrometastasis of tumors (22). Hemangioma is 
one of the common benign liver tumors; however, 
it is sometimes misdiagnosed as a malignant tumor 
(23). Although there is no apparent abnormality 
in morphology, computed tomography perfusion 
can display changes in hemodynamics through its 
functional imaging (24). An increase in both HAP 
and HPI can declare the possibility of liver micro-
metastasis (15). Cuenod et al. (13-17) used the de-
convolution method to study liver hemodynamic 
changes caused by occult hepatic micrometastasis 
in rats and found micrometastases in normal liver 
leading to 34% decrease in portal blood flow and 
25% increase in MTT, suggesting that resistance is 
increased in sinusoidal capillaries. 

Limitation of CT perfusion arises from the large 
number of parameters that require dual model 
of hepatic microcirculation. The liver perfusi-
on models, measurements are taken during the 
first passing of the contrast (25). In cases of the 
existence of liver nodules or in chronic liver di-
sease, where there is a modification of a sinu-
soidal permeability and interstitial volume, it is  
required to have more complex models (26,27). 
Little attention is devoted to biomarkers re-
sulting from radiological examinations. CT 
perfusion is one of the recent developments in 
the field of physiological imaging, which can 
provide new opportunities for the use of ima-
ging as a biomarker (28). Preliminary evidence  
suggests that measurement of liver perfusion 
can be connected with the survival of the  pa-
tients with visible metastasis and patients with 
micrometastasis, where conventional CT proto-
col did not detect changes in liver parenchyma.  
Many cancer patients undergo CT examinations 
of the liver, and consequently, recurrent tumors 
are identified after a primary treatment. For co-
lorectal carcinomas, intensified follow-up in this 
way is associated with decreased mortality (29) 
and the American Association of Clinical Onco-
logists now recommends annual CT examinati-
ons of the lungs and abdomen in the first three 
years after the primary therapy in patients with 
high risk of recurrent disease (30). CT perfusi-
on could be incorporated into such programs. 
CT perfusion is especially suitable for the asse-
ssment of the response to biological therapy, 
which affects the tumor blood vessels, giving 
quantitative information, and more importantly, 
studies have shown that obtained perfusion pa-
rameters correlate with histological measure-
ments of angiogenesis (31-34). The possibility 
of identifying high risk of liver metastases in 
common diseases such as colorectal cancer can 
help with decisions on adjuvant chemotherapy, 
but also can avoid unnecessary treatment of pa-
tients who are at low risk of developing liver 
metastases (9,34).  
Computed tomography is the most common 
modality for evaluating cancer patients. In our 
study CT perfusion did not allow differentiation  
between benign and malignant focal liver lesions. 
However, it is possible that larger patient popu-
lation should be studied. CT perfusion can be ea-
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sily included as a part of standard CT protocol in 
order to provide functional information about the 
solitary change. It is an available method, easy 
to perform, allows repeated examinations and 
applicable to all organic systems.
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SAŽETAK 

Cilj Utvrditi mogućnosti perfuzije kompjuteriziranom tomografijom u diferencijaciji solitarnih fokalnih 
lezija jetre na osnovu njihove karakteristične vaskularizacije, a putem analize parametara perfuzije.

Metode Prospektivna studija je obuhvatila 50 pacijenata koji su pregledani u periodu od 2009. do 2012. 
godine. Pacijenti su podijeljeni u dvije grupe, odnosno u grupu s benignim i malignim lezijama jetre. 
Analizirano je šest parametara CT perfuzije: protok krvi (BF), volumen krvi (BV), produkt kapilarne 
površne permeabilnosti (PS), jetrena arterijska frakcija (HAF) i impulsna rezidualna frakcija (IRF). 
Tokom studije analiziran je dodatni parametar perfuzije, jetreni perfuzioni indeks (HPI). Svi pacijenti 
pregledani su na multidetektorskom 64-slojnom CT aparatu (GE) uz primjenu protokola za perfuziju 
jetre i uz i.v. aplikaciju kontrastnog sredstva.

Rezultati Kod obje grupe pacijenata dokazana je povećana vaskularizacija i povišen arterijski protok, 
ali nije utvrđena signifikantna razlika između analiziranih šest parametara perfuzije. Vrijednosti HPI-a 
bile su povišene kod svih lezija u komparaciji s normalnim jetrenim parenhimom.

Zaključak Perfuzija kompjuteriziranom tomografijom u našoj studiji nije omogućila diferencijaciju 
benignih i malignih lezija na osnovu analize funkcionalnih parametara perfuzije. Jetreni perfuzioni 
indeks trebao bi se u budućim studijama ispitati kao parametar za otkrivanje potencijalnog prisustva 
mikrometastaza u vizuelno homogenoj jetri u slučajevima kada se lezije nisu otkrile tokom pregleda 
standardnim CT-protokolom.

Ključne riječi: CT-protokol, kontrastno sredstvo, jetreni perfuzioni indeks


