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ABSTRACT
AIM: The current study aimed to evaluate sonographic and Doppler 
portal hypertensive parameters in patients with hepatic periportal 
fibrosis; either with mild or advanced disease, and to assess if there 
are any correlations between these parameters. 
METHODS: This case/control study included 50 patients; 44 
males and 6 females and 40 subjects as a control group. Diagnosis 
of bilharziasis was established by history, examination and 
investigations. Patients were classified into patients with fine and 
thick periportal fibrosis (PPF) by abdominal US. All included 
subjects underwent hepatosplenic Color Doppler Ultrasonographic 
examination.
RESULTS: 50 patients with their mean age 34±9 years were 
included. No statistically significant differences in portal vein 
diameter (PVD), portal vein velocity (PVV) and portal vein flow 
volume (PVFV) between patients and control. Patients with thick 
PPF showed statistically significant higher values in PVD (P 
value=0.001) and PVFV (P value=0.05) than those with fine PPF. 
Congesion index of the portal vein (CI) was significantly higher in 
patients than control (P value=0.001), also in patients with thick than 
those with fine PPF (P value=0.000). Statistically significant higher 
values of splenic vein diameter (SVD) (P value=0.026), splenic 
Index (SI), splenoportal index (SPI) (P value=0.000) were detected in 

patients than control, also in patients with thick than those with fine 
PPF (P value=0.000).
CONCLUSION: Color Doppler portal hypertensive parameters 
are significantly higher in patients with more advanced bilharzial 
periportal fibrosis.
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INTRODUCTION
Schistosomiasis (Bilharzias) is the third-leading endemic parasitic 
disease in the world, following malaria and amebiasis[1]. The 
estimated number of individuals infected is about 200 million[2]. 
There are three major species that cause tremendous human 
morbidity, Schistosoma haematobium and Schistosoma mansoni 
predominantly in Africa, and Schistosoma japonicum in the Far 
East. Schistosomiasis can cause a wide range of symptoms and 
consequences depending on the species, the worm burden and the 
length of time infected[3].
    Chronic Schistosomiasis is characterized by a series of chronic 
inflammatory lesions produced in and around blood vessels by the 
eggs or their product[4]. The chronic manifestations in S. japonicum 
and S. mansoni infestations are characterized by hepatosplenomegaly, 
although development of polyps or mucosal proliferation of the 
intestine may also be observed in most cases. Egg granulomas are 
replaced by fibrotic tissues, which are prominent in the periportal 
areas and lead to the development of pipestem fibrosis[5].
    Hepatosplenic Schistosomiasis is the major complication 
of chronic infestation with S. mansoni and S. japonicum. 
Hepatosplenic schistosomiasis is usually, but not invariably, 
associated with enlargement of the liver and spleen, and reversible 
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hepatosplenomegaly may occur in early infestations not complicated 
by the development of portal hypertension[6].
    The portal hypertension of schistosomiasis is intra-hepatic and 
presumably related to the portal zone reaction[7]. In advanced 
schistosomiasis, hepatic arterial hypertension contributes to increased 
sinusoidal pressure[8].
    The diagnosis may be confirmed by the finding of eggs in stool 
(Kato-Katz method)[9] or biopsy specimens, by the presence of 
circulating antischistosomal antibodies, and by a positive intradermal 
reaction[10]. But most of these methods are time-consuming, lack 
sensitivity or specificity, and, therefore, are not suitable for large field 
studies[11]. Abdominal ultrasonography is among the most valuable 
diagnostic tool for schistosomiasis-related organ lesions in endemic 
regions[12]. It has been used as a reliable and reproducible technique 
for identifying and grading morphological changes associated with 
Symmers’ pipestem periportal fibrosis and for assessing the efficacy 
of antiparasitic chemotherapy[13].
    Non-invasive method of assessing portal hemodynamics, namely 
duplex-Doppler ultrasonography (USG), has produced a large 
amount of data on blood velocity and flow in portal vein[14]. It allows 
the identification of a number of parameters related to the presence of 
portal hypertension, these are increase in portal vein diameter, lack of 
respiratory change in portal, splenic and mesenteric veins diameter, 
presence of portal-collateral circulation, decreased or reversed portal 
vein velocity, increased congestion index of the portal vein and 
presence of ascites and splenomegaly[15].

METHODS
A case control study was conducted on patients with bilharzial 
periportal fibrosis who were admitted to Internal Medicine and 
Tropical Medicine and Gastroenterology departments at Qena 
University Hospital from March 2012 to January 2013. Ninety 
subjects (80 males and 10 females) were recruited; fifty were 
bilharzial patients and forty as control. Patients were classified 
according to the degree of periportal fibrosis by abdominal 
ultrasonography into patients with fine and thick periportal fibrosis.
    I- Inclusion criteria: All included patients were bilharzial 
and they should have the following criteria: Previous history of 
antibilharzial therapy, positive antibilharzial antibodies, positive 
rectal snip and bilharzial PPF by abdominal ultrasonography.
    II- Exclusion criteria: Patients excluded if they have any of the 
following: patient with non bilharzial liver diseases, patients with 
massive ascites, hepatic malignancy and portal vein thrombosis, 
patient with advanced age, comorbidity, previous history of 
alcoholism, positive serology for hepatitis B or C viruses, previous 
history of proven autoimmune disease, splenectomized patients, 
irregular use of beta-blocker drugs (propranolol), the use of 
hepatotoxic drugs and refusal to participate in the study. 
    III- All selected subjects underwent: (A) Clinical history 
and examination; (B) Laboratory investigations; including: Urine 
analysis, stool analysis, liver function tests: ALT, AST, serum 
albumin, total bilirubin, prothrombin time and prothrombin 
concentration; (C) Abdominal ultrasonography was done for all 
subjects for detecting the following data: (1) Liver size: measured as 
the span of the right lobe in mid-clavicular line on oblique view and 
classified as shrunken (<11 cm), average (11-15 cm), or enlarged (> 
15 cm)[16]. (2) Presence of hepatic PPF; whether it is fine or thick[17]: 
We graded PPF as grades 0-III. Grade 0 corresponds to normal liver 
with no thickening of the peripheral portal branch (PPB) wall and 
PPB diameters (outer to outer) about 2-3 mm. Grade I corresponds 
to a pattern of small stretches of fibrosis around secondary portal 
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branches (this patchy fibrosis usually has a “fishes in the pond” 
appearance) and PPB diameters about 4 mm (fine, mild). Grade II 
still shows the patchy fibrosis observed in early mild fibrosis, but a 
continuous fibrosis affects most second-order branches, and PPBs 
appear as long segments of fibrosis. PPB diameter is about 5-6 mm. 
In 30% of cases, the thickness of the gallbladder wall is increased 
(2-4 mm). Grade III shows a thickening of the walls of most PPBs, 
some branches are occluded, and the long segment of the fibrosis 
reaches the surface of the liver (thick, advanced). (3) Portal vein 
diameter and patency: The normal PV is up to 13mm in diameter. 
It was measured from the inner to the inner wall during suspended 
respiration[18]. (4) Splenic size: Measured in a coronal plane. The 
size of the spleen was classified according to its longest axis which 
was measured from upper to lower pole. Normally, it is up to 12-
13 cm. If enlarged, it is classified as mild (13-16 cm), moderate (16-
20 cm), or huge (>20 cm) splenomegaly[17]. (5) Status of ascites: 
if present, it was reported as either minimal ascites (in hepatorenal 
pouch, peri-hepatic area or supravesical area) or moderate to 
severe ascites. (6) Criteria suggestive of portal hypertension by 
ultrasonography are an increased diameter of the portal and splenic 
veins, the presence of portosystemic collaterals, splenomegaly 
and ascites[19]. (D) Hepatic Doppler US was done for all subjects 
as follow: All patients were examined after an overnight fasting, 
using a color Doppler unit (Toshiba TA311 Japan real-time scanner 
instrument with a 3.5 MHz convex probe). The reported values of 
the Doppler parameters were obtained by taking the average value of 
3 consecutive measurements[20]. The following data were reported: 
1-Portal vein: Confirmation of the portal vein patency and measuring 
portal vein diameter, portal vein cross sectional area (CSA), mean 
portal vein flow velocity (mean PVV) (cm/s)=maximal PV flow 
velocity ×0.57[21], which was calculated automatically by the device, 
portal vein flow volume (mL/min)=portal vein mean flow velocity 
multiplied by the cross sectional area of the portal vein[22]. 2- Portal 
vein congestive index (CI) (cm/s)=the ratio of PV cross-sectional 
area (cm2) to mean PV flow velocity (cm/s)[23]. 3- Hepatic artery 
including hepatic artery pulstility index (HAPI) and hepatic artery 
resistance index (HARI). 4- Liver vascular index (cm/s): The ratio 
of the portal vein velocity (PVV) and hepatic artery pulsatility index 
(PI). The best cutoff value of LVI was 12 cm/sec[24]. 5- Splenic vein 
diameter: The normal splenic vein diameter is usually less than 10 
mm[25]. 6- Splenic Index (SI): The splenic index (SI) was calculated 
in square centimeters with the following formula: SI = a • b, where a 
is the transverse diameter in centimeters and b is the vertical diameter 
in centimeters of the maximal cross-sectional images of the spleen[26]. 
7- Splenoportal Index (SPI): The SPI, obtained in centimeters times 
seconds with the following formula: SPI = SI/PVVmean[27]. 

Statistical analysis
Data entry and analysis were done using statistical package of social 
science (SPSS) version 16. The data are presented as means±SD. 
Statistical methods included independent-t-tests; used for comparison 
between the two groups in case of continuous variables and the 
Chi-square test for comparison between categorical variables. 
Correlations between variables were done using Pearson Correlation.

RESULTS
The demographic data for the studied groups were illustrated in table 
1 and they were matched for age and sex. Patients were classified 
according to the degree of PPF by abdominal ultrasonography 
into subgroup (a) patients with fine PPF 40 (80%) and subgroup 
(b) patients with thick PPF 10 (20%). Past history of bilharziases 
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as, history of swimming in canals in 40 patients (80%), history of 
terminal hematuria in 4 patients (8%), and history of dysentery in 
8 patients (16%), antibilharzial therapy was found in 26 patients 
(52%). Clinically, there were hepatomegally in 30 patients (60%) and 
splenomegally in 40 patients (80%). 
    No statistically significant differences were found in liver function 
tests between patients and control, while there were a significant 
lower values in prothrombin concentration and significant higher 
values in prothrombin time and total bilirubin in patients with thick 
PPF than those with fine PPF with no significant differences in liver 
enzymes and albumin in both patients’ subgroups, this is illustrated in 
table 2.
    Abdominal ultrasonography showed statistically significant higher 
values in liver size at midclavicular line and in splenic size in patients 
than control (P value=0.000) and also in patients with thick PPF than 
those with fine PPF (P value=0.003 and 0.000; respectively), this is 
illustrated in table 3.
   Doppler hemodynamic parameters showed no statistically 
significant differences in portal vein diameter, portal vein velocity 

and portal vein flow volume between patients and control while there 
were significant higher values in portal vein diameter (P value=0.001) 
and portal vein flow volume (P value=0.05) in patients with thick 
PPF than those with fine PPF with no significant differences in portal 
vein velocity. Congesion index showed statistically significant higher 
values in patients than control (P value=0.001) and also in patients 
with thick PPF than those with fine PPF (P value=0.000). On the 
other hand Liver vascular index showed no statistically significant 
differences between patients and control or between both patients’ 
subgroups, this is illustrated in table 4.
     Hepatic artery pulsatility index and hepatic artery resistance index 
showed no statistically significant differences between patients and 
control or between both patients’ subgroups, this is illustrated in table 
4.
    Splenic doppler parameters showed significant higher values 
of splenic vein diameter (P value=0.026), SI, SPI in patients than 
control (P value=0.000) and also in patients with thick PPF than 
those with fine PPF (P value=0.000), this is illustrated in table 5.
    Positive correlations were detected in patient group between 
congesion index of portal vein (CI) and splenic size (r=+0.669, P 
value=0.000), SI (r= +0.786, P value= 0.000) and SPI (r=+0.903, P 
value=0.000), (Figure 1, 2, 3).

DISCUSSION
Qena governorate, in Upper Egypt, has two main canals (Asfon and 
El- Esmailia) and many tributaries from them. Canals are the source 
of transmission of bilharziasis due to swimming in it. The prevelance 

Variable
Age (ys)
Sex
  Male, n (%)
  Female, n (%)

Table 1  Demographic data for of both groups (patient and control).
Patients (n=50)
34.24±9.68

44 (88% )
6 (12%)

control (n=40)
33.9±9.23

36 (90%)
4 (10%)

P value
NS

NS
NS

Data are expressed as mean±SD or as number, (%). Chi2 test was used in 
analysis NS: Non significant.

Variable
ALT (U/L)
AST (U/L)
T. bilirubin (mg/dL)
Albumin (g/dL)
Prothrombin time (s)
Prothrombin conc. (%)

Table 2  Demographic data for of both groups (patient and control).
Patients (n=50)
17.14±10.4
21.6±8.4
0.562±0.136
4.22±0.33
12.22±1.3
90.07±8.59

Data are expressed as mean ± SD. Independent sample t test was used in analysis. NS= Non significant. 	P value<0.05 = significant.

Control (n=40)
17.6±11.6
22.37±9.2
0.55±0.130
4.19±0.32
12.02±1.27
92.27±6.57

P value
NS
NS
NS
NS
NS
NS

Fine (n=40)
15.5±5.4
20.6±5.2
0.539±0.001
4.20±0.29
11.80±0.68
92.92±4.59

Thick (n=10)
16.01±5.2
25.4±9.15
0.65±0.214
4.30±0.47
13.9±1.8
78.68±11.42

P value
NS
NS
0.014
NS
0.000
0.000

Variable
liver span in MCL (cm)
size of spleen (cm)

Table 3 Liver and spleen size by abdominal ultrasonography in patients and control and in patients' subgroups.
Patients (n=50)
11.878±1.72
14.596±3.45

Control (n=40)
10.6±0.86
8.28±1.64

P value
0.000
0.000

Fine (n=40)
11.52±1.12
13.34±2.14

Thick (n=10)
13.30±2.81
16.60±4.20

P value
0.003
0.000

Data are expressed as mean ± SD or as number, (%). Independent sample t test was used in analysis. P value<0.05= significant. NS= Non significant. MCL: 
Midclavicular line.

Variable
PVD (mm)
PVV (cm/s)
PVFV (mL/min)
CI (cm/s-1)
HAPI
HARI
LVI

Table 4 Doppler parameters of the portal vein and hepatic artery for patients and control and for patients' subgroups.
Patients (n=50)
10.958±2.49
14.23±3.67
794.17±278
0.074±0.051
1.155±0.383
0.687±0.127
13.44±4.9

Control (n=40)
10±1.27
16.31±3.19
725.68±167
0.048±0.0127
1.1019±0.119
0.685±0.07
15.002±3.5

P value
NS
0.005
NS
0.001
NS
NS
NS

Fine (n=40)
10.39±1.49
14.53±3.59
755.67±242
0.062±0.019
1.187±0.368
0.692±0.09
13.358±13.3

Thick (n=10)
13.2±4.15
13±3.91
948.15±367
0.125±0.098
1.026±0.433
0.668±0.212
13.772±3.6

P value
0.001
NS
0.05
0.000
NS
NS
NS

Data are expressed as mean ± SD or as number, (%); Independent sample t test was used in analysis; NS=Non significant. P value<0.05= significant. PVD: 
Portal vein diameter; PVV:  portal vein velocity; PVFV:  portal vein flow volume. CI:  congesion index; HAPI: hepatic artery pulsatility index; HARI: hepatic 
artery resistance index; LVI: Liver vascular index.

Variable
SVD(mm)
SI
SPI

Table 5 Doppler parameters of the splenic vein, splenic Index and splenoportal Index for patients and control and for patients' subgroups.
Patients (n=50)
8.104±2.75
61.67±37.55
4.88±4.34

Control (n=40)
7.058±1.56
29.03±11.09
1.79±0.623

P value
0.026
0.000
0.000

Fine (n=40)
7.19±1.84
47.03±12.61
3.38±1.158

Thick (n=10)
11.74±2.84
120.23±47.15
10.89±6.84

P value
0.000
0.000
0.000

Data are expressed as mean±SD or as number, (%). Independent sample t test was used in analysis. P value<0.05= significant, SVD: Splenic vein diameter; 
SI: Splenic index; SPI: Spleno-portal index.
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between patients and control. In patients’ subgroups, patients 
with thick PPF showed statistically significant lower values in 
prothrombin concentration and statistically significant higher values 
in prothrombin and total bilirubin than those with fine PPF with no 
statistically significant differences in liver enzymes and albumin. 
Shakir et al[30] (2010) reported that liver function is generally well 
preserved in schistosomiases even after development of PPF and 
portal hypertension.
    In the current study we found statistically significant higher values 
in liver size at midclavicular line and in splenic size in patients 
than control and also in patients with thick PPF than those with 
fine PPF. The same results were observed by De Cock[31] (1986) 
as hepatosplenic schistosomiasis is usually, but not invariably, 
associated with enlargement of the liver and spleen, and reversible 
hepatosplenomegaly may occur in early infestations not complicated 
by the development of portal hypertension. Ibrahim et al[32] (2009) 
reported that splenomegaly is a prominent feature of schistosomal 
portal hypertension. On the other hand Fernandes et al[33] (2010) 
reported that the disease can develop even in the absence of 
manifest liver involvement. Mies[34] (1992) reported that, there was 
extensive splenomegaly with dilated spleen vessels, suggesting 
that the splanchnic hyperflow is largely due to splenic hyperflux in 
schistosomal portal hypertension.
    No statistically significant differences could be detected in portal 
vein diameter (PVD) and portal vein flow volume (PVFV) between 
patients and control but we found statistically significant lower values 
in portal vein velocity (PVV) between them. Patients with thick PPF 
showed statistically significant higher values in PVD and PVFV 
than those with fine PPF but no statistically significant differences 
could be detected in PVV. Chou et al[35] (2003) reported that portal 
blood flow (PBF) remain unaffected in patients with schistosomiases. 
On the contrary Kardorff[36] (1999) reported that portal blood flow 
is decreased in patients with schistosomiasis as a consequence of 
increased portal vascular resistance. Martins et al[37] (2000) reported 
that the reduced PBF in hepatosplenic schistosomiasis has been 
attributed both to an early stage of portal hypertension and to the 
presence of collaterals and of a reversed blood flow in the left gastric 
vein. On the other hand Vezozzo et al[38] (2006) study has indicated 
that both hepatosplenic and hepatointestinal schistosomiasis have 
an increased PBF as assessed by doppler ultrasound, which was not 
observed in healthy individuals. Qurashi et al[39] (1999) observed 
significant association between grades of PPF and PVD; as moderate 
and advanced fibrosis is associated with increased PVD.
    The study of portal hemodynamics is very important for the 
understanding of the pathophysiology of portal hypertension in 
hepatosplenic mansonic schistosomiasis. Hemodynamic studies 
in schistosomal disease reveal a unique hyperdynamic circulatory 
syndrome characterized by marked increased cardiac index and 
decreased peripheral vascular resistance, splenic hyperflow, and 
reduced mesenteric blood flow, with mild increase in portal flow 
compared with the total hepatic blood flow[40].
    Also we detected that the congesion index had statistically 
significant higher values in patients than control also in patients with 
thick PPF than those with fine PPF. The use of congestion index 
was introduced by Moriyasu et al[41] (1986). As the congesion index 
is affected by PV cross sectional area and the PV mean velocity, 
therefore, the increase in PV cross sectional area and the decrease 
in PV mean velocity result in increase of CI in portal hypertension. 
Sallam et al[42] (1996) found that the congestion index of the portal 
vein was correlated with liver function, presence and size of varices 
and presence and degree of red signs.

Mahmoud HS et al . Doppler in Bilharzial Periportal Fibrosis

Figure 1 Correlation between splenic size and congesion index of portal 
vein (CI) in bilharzial patients (r = +0.669, P value=0.000).

0.3

0.2

0.1

0.0

C
I o

f p
or

ta
l v

ei
n

0                                 100                                200                              300
Splenic size

Figure 2 Correlation between splenic index (SI) and congesion index of 
portal vein (CI) in bilharzial patients (r = +0.786, P value=0.000).
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Figure 3 Correlation between splenoportal index (SPI) and congesion 
index of portal vein (CI) in bilharzial patients (r = +0.903, P value= 0.000).

C
I o

f p
or

ta
l v

ei
n

0                                   10                                 20                                 30
Spleno-portal index

0.3

0.2

0.1

0.0

of schistosomiases in Qena was 12% in 1988 and it decreased to be 
1.4% in 2011 according to the recent report of (The Ministery of 
Health and Population in Qena, 2011). The prevalence of infection 
was slightly more in ezbas than in their mother villages. Prevalence 
and intensity of infection was higher at all ages in males than in 
females[28].
    Schistosomiasis can cause many complications including portal 
hypertension, pulmonary hypertension and oesophageal varices. 
Hepatosplenic schistosomiasis refers to the major complication of 
chronic infestation with S. mansoni and S. japonicum. Schistosomal 
portal hypertension is unique, with a distinct pathophysiology, 
different from cirrhotic and prehepatic causes[29].
    In the current study no statistically significant differences were 
found in liver function tests (total bilirubin, serum albumin, liver 
enzymes (ALT and AST), prothrombin time and concentration) 
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    In the current study, the doppler parameters of the spleen showed 
statistically significant higher values of splenic vein diameter (SVD), 
splenic Index (SI) and splenoportal Index (SPI) in patients than 
control and in patients with thick than those with fine PPF. Qurashi 
et al[39] (1999) reported that moderate and advanced fibrosis is 
associated with increased SVD and with splenomegaly. Bolognesi et 
al[27] (2002) reported that SPI is accurate in diagnosing the presence 
or absence of esophageal varices when the cutoff value is set at 
3.0. By using the cutoff level, 92% of the patients could have been 
given correct diagnoses with this noninvasive index, without having 
to undergo invasive screening endoscopy. These results could be 
explained as portal hypertension increases splenic size and decreases 
the flow velocity of portal vein resulting in elevation in both SI and 
SPI.

CONCLUSION 

Bilharzial periportal fibrosis still to be a health problem in Upper 
Egypt. Screening programs for detecting early stages is mandatory 
for treatment and avoiding such complications. Color Doppler portal 
hypertensive parameters are significantly higher in patients with more 
advanced bilharzial periportal fibrosis especially those of the splenic 
vein diameter, splenic index and splenoprtal index. Those patients 
should be screened for esophageal and gastric varices for proper 
management. 
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