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Background: Portal hypertension is a common consequence of hepatic cirrhosis, which causes esophageal varices. Bleeding from varices 
has a high mortality rate. The present gold standard for diagnosing varices is endoscopy. Considering endoscopy side effects and patients' 
low acceptance, there have been always efforts for finding alternative diagnostic methods including Doppler ultrasonography (US).
Objectives: The aim of the present study was to evaluate changes of Doppler indices in cirrhotic patients with and without esophageal 
varices.
Patients and Methods: Sixty six patients with known cirrhosis entered this cross-sectional study. Gastroscopy was performed for patients, 
and the first questionnaire was filled based on the Japanese Portal Hypertension Society guidelines. Then patients were referred for 
Doppler US of splenoportal system, and information was documented in the second questionnaire.
Results: Forty-four patients were male and 22 female. Forty six patients had esophageal varices, and 20 did not. There were no significant 
associations between splenoportal indices found by Doppler US, and presence of esophageal varices in patients. However, we found a 
negative association between platelet ratio to spleen diameter, and to splenic vein diameter.
Conclusions: Neither of studied variables was perfect to differentiate cirrhotic patients with and without EVs. Endoscopy is still the gold 
standard diagnostic method for diagnosing esophageal varices in patients with cirrhosis. It seems that some of the splenoportal Doppler 
indices are promising, but more research and evaluation is necessary.
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Implication for health policy/practice/research/medical education:
The aim of the present study was to evaluate changes of Doppler indices in cirrhotic patients with and without esophageal varices.
Copyright © 2014, BRCGL.; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Cirrhosis represents the end stage of progressive fibro-

sis which destroys normal liver tissue and produce regen-
erative nodules.

Variceal bleeding (which is a consequence of portal hy-
pertension) is one of the most dreaded complications 
of cirrhosis. The risk of variceal bleeding is 25-40% in pa-
tients with cirrhosis (1, 2). When HPVG (hepatic venous 
pressure gradient) reaches 10 mmHg, the varices start to 
form, and when it reaches 12 mmHg the chance of bleed-
ing increases dramatically (3). 

In this situation, to divert blood from portal system, 
collateral veins form in different places, which two im-
portant sites are distal esophagus and gastric; these sites 
contain most of bleeding from portal hypertension. The 
incidence of esophageal varices in patients without asci-

tes is 40%, and 60% in those with ascites. The incidence 
of esophageal varices (EVs) increases almost 5% per year 
(4). Almost one third of patients with varices have eventu-
ally bleeding which is the main cause of mortality (5); the 
mortality rate of EVs bleeding reaches 15-20% (6-9). 

Survival of patients who had first variceal bleeding de-
creases dramatically, and only 30-40% of those who did 
not receive treatment survive two years after the initia-
tion of bleeding (10).

Diagnosing gastric-esophageal varices and taking nec-
essary precautions are important factors in reducing por-
tal hypertension risks and increasing patients' survival. 
Endoscopy is the gold standard for diagnosing upper GI 
varices. Besides its diagnostic value, physicians can per-
form preventive or emergency treatment through endos-
copy like sclerotherapy and band ligation (EVL). Based on 



Akhavan Rezayat K et al.

Hepat Mon. 2014;14(1):e112372

the American Association for the Study of Liver Diseases 
(AASLD), all of patients with cirrhosis must undergo 
screening endoscopy to diagnose gastric-esophageal 
varices (11). Patients who do not have any sign of varices 
must be evaluated with endoscopy during the next three 
years. Patients who were diagnosed with varices at first 
endoscopy must undergo another endoscopy in the next 
two years (12). 

However, endoscopy even in its pure diagnostic form 
has high cost in most of the countries and has encoun-
tered by patients low acceptance. Therefore, many efforts 
have been performed to find a proper alternative meth-
od.

 Radiologic diagnostic methods even with double con-
trast do not have acceptable accuracy to diagnose varices 
in the early stages, and to determine hypertensive gas-
tropathy changes appropriately. Therefore, they are not 
considered as good screening methods for varices, but 
in some studies, they showed high accuracy for diagnos-
ing high-grade varices. One of the methods of interest 
for gastroenterologists and radiologists is Doppler US 
indices of splenoportal system, which shows extensive 
changes through cirrhosis and portal hypertension (13).

2. Objectives
The aim of the present study was to evaluate Doppler US 

indices of splenoportal system as a noninvasive, in hand, 
low cost and repeatable method for diagnosing esopha-
geal varices in patients with cirrhosis.

3. Patients and Methods
This was a cross-sectional study with convenient sam-

pling method, and the study population was all the pa-
tients with cirrhosis regardless of its etiology referred to 
us during 2011. Study was performed in Guilan Liver and 
GI Disease Research Center affiliated to Guilan University 
of Medical Sciences. Cirrhosis was diagnosed based on 
the clinical signs confirmed by laboratory and radiologic 
evaluations, and in rare cases was diagnosed with biopsy. 
Patients' age was not considered as an inclusion/exclu-
sion criteria, but regarding sources of patient referral 
(patients who referred to GI Adult Clinic of Razi Hospital, 
Rasht), most of the patients were adults. The exclusion 
criteria were history of endoscopic treatment like sclero-
therapy and band ligation, and history of medical treat-
ment for reducing portal pressure. Patients with history 
of bleeding from varices (with or without endoscopic or 
medical intervention), patients with passive congestion 
of liver without cirrhosis, cirrhotic patients with known 
thrombosis in port or splenic vein (detected by Doppler), 
and patients with history of splenectomy were also ex-
cluded from the study. 

Sample size was calculated based on extracting the vari-
ance of portal vain indices measurement from the litera-
ture (14), measuring the effective clinical significance (d) 

by expert elicitation method, and considering the signifi-
cant level (error of α) equal to 0.05.

Platelet count (the lowest documented amount) and up-
per GI endoscopy were performed for the patients. Endo-
scopic characteristics of portal system were documented 
based on the Japanese Portal Hypertension Society guide-
lines in four parts on the first questionnaire including; 
varices development in esophagus (upper, middle or 
lower third), color of varices (blue or white), presence or 
absence of red signs (including hematocystic spot-red, 
wale-cherry red, spot-diffuse redness), and grade (F1, F2, 
and F3). Then the patients were referred for Doppler US 
of splenoportal system, and findings (including portal, 
splenic and left gastric vein diameter, portal vein veloc-
ity, ultrasonic detectable gastroesophageal collaterals, 
flow direction in portal vein, respiratory variation of por-
tal vein diameter, presence of ascites, splenic diameter, 
and splenoportal index) were documented in the second 
questionnaire. PENTAX EG 2940 with EPM 3500 proces-
sor made in Japan was used for endoscopy. For Doppler 
US, the Ultrasonix SP made in Canada with probe 3.5 was 
used. Endoscopy and Doppler US were all performed by a 
single experienced physician. 

The endoscopist and radiologist were unaware of the 
radiologic and endoscopic features, respectively. Since 
patients were in non-emergency condition, endoscopic 
and Doppler studies were all performed in the morning 
before the lunch time, which automatically eliminates 
the effects of probable differences in portal pressure in 
different times of day.

Using appropriate and advanced tools from known 
companies, performing endoscopy and Doppler US by 
experienced physicians, and preparing questionnaires 
based on accredited societies guidelines and indices 
from radiology and endoscopy reference sources, provid-
ed a proper validity to our gathered information.

SPSS version 16 was used to analyze the data, and t-test, 
Chi square and Spearmen correlation were employed to 
compare data. P value less than 0.05 was considered sig-
nificant. 

4. Results
Sixty six patients entered the current study, including 

44 male (66.7%). The mean age of patients was 55.39 ± 19.27 
years. Forty six patients (69.7%) had esophageal varices, 
and 6 (9.1%) had gastric varices. Gender and the mean age 
of patients did not show significant difference between 
those patients with and without EVs (P = 0.449 and P > 
0.05, respectively). T-test did not determine any signifi-
cant difference between those patients with and without 
esophageal varices for portal vein diameter, splenic vein 
diameter, left gastric vein diameter, the mean platelet 
count, and the blood velocity in portal vein (P > 0.05 for 
all). By using Chi Square, we also could not find any sig-
nificant difference between those patients 
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Table 1.  Patients Demographic Data and Diagnostic Findings

Variable With Esophageal Varices Without Esophageal Varices Total 

Gender Number, %

Male 32 (69.6) 12 (60) 44 (66.7)

Female 14 (30.4) 8 (40) 22 (33.3)

Age, Patient, y, Number (mean) 45 (53.91) 20 (59) P = 0.333

Portal vein diameter, mm, Number (mean) 46 (12.7) 19 (12.79) P = 0.912

Splenic vein diameter, mm, Number (mean) 44 (10.8) 19 (9.4) P = 0.191

Left coronary vein diameter,  mm, Number (mean) 41 (4.71) 19 (4.05) P = 0.356

Platelet, /µL, Number (mean) 46 (99826) 20 (102450) P = 0.885

Respiratory Changes of Portal Vein, No. (%)

> 50 1 (2.3) 0 (0) 1 (1.6)

< 50 42 (97.7) 19 (100) 61 (98.4)

Blood flow speed in port vein, cm/sec, Number (mean) 43 (16.86) 19 (18.28) P = 0.424

Gastro-Esophageal Collateral, No. (%)

Present 13 (28.3) 5 (25) 18 (27.3)

Not present 33 (71.7) 15 (75) 48 (72.7)

SPI, Number (mean) 42 (5.82) 19 (4.61) P = 0.165

Mean platelet /spleen Diameter, Number (mean) 45 (676.65) 20 (773.11) P = 0.495

Spleen diameter, mm, Number (mean) 45 (160.11)  20 (147.1) P = 0.175

Gastric Varices, No (%)

Present 6 (13) 0 (0)  6 (9.1)

Not present 40 (87) 20 (100) 60 (90.9)

Ascites, No. (%)

Present 32 (69.6) 11 (55) 43 (65.2)

Not present 14 (30.4) 9 (45) 23 (34.8)

with and without EVs for portal vein diameter changes 
during respiration, blood flow direction in portal vein, 
ultrasonic detectable gastro-esophageal collaterals, pres-
ence of gastric varices, presence of ascites and portal vein 
velocity (P = 0.503, P = 0.503, P = 0.785, P = 0.09, P = 0.254, 
P = 0.424, respectively). Splenoportal index (SPI), spleen 
diameter, and platelet spleen diameter ratio did not have 
significant difference between the two groups with and 
without EVs (P = 0.165, P = 0.175, P = 0.495, respectively). 
Spearman Rho test was used to find correlation between 
platelet count and varices grading, and between platelet 
count and spleen diameter ratio and varices grading (P 
= 0.938, P = 0.710, respectively). Also we found a negative 

correlation between platelet counts spleen diameter 
ratio, also splenic vein diameter. However, no signifi-
cant difference was observed between patients with and 
without esophageal varices by each of these parameters 
separately. Some of the patients` demographic data and 
diagnostic findings are shown in Table 1. 

5. Discussion
Esophageal varices bleeding is accompanied with poor 

prognosis and decreases patient survival. Increase of 

portal vein diameter more than 13 mm represents portal 
hypertension with a specificity of 95-100% and a sensitiv-
ity of 42% (15, 16). In our study, the mean of portal vein di-
ameter in patients without EVs was 12.79, and 12.7 in those 
with varices, which did not have significant difference, 
and both were lower than the cutoff point (13 mm). This 
finding acknowledged the fact that with progression of 
portal hypertension, new collaterals appear, and diam-
eter of present collaterals increase, so the portal blood 
flow diverts and portal vein diameter decreases (14). 

In a half of patients with portal hypertension, the splen-
ic vein diameter increases to more than 10 mm (15). The 
mean diameter of splenic vein in our patients without 
EVs was 9.4 and 10.8 in those with EVs, but the difference 
was not significant. The reasons could be first the splenic 
vein diameter changes only in 50% of patients, and the 
second one of the main parameters for splenic vein hy-
pertension is gastric varices, especially in fundus; in our 
study only six patients had gastric varices. It seems that 
in our patients most of collaterals had formed in other 
sites, so we did not observe statistically significant differ-
ence between the two groups. 

The mean diameter of the left gastric vein in our pa-
tients without EVs was 4.05 mm and was 4.71 in those 
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with EVs , but the difference was not significant. In one 
study increasing left coronary vein diameter of more 
than 5 mm (17), and in another more than 6 mm (18) were 
considered as a sign of portal hypertension with 80% 
sensitivity. This dissimilarity between our results and re-
ported results may be due to the fact that evaluation of 
left gastric vein is not very easy in Doppler US, because of 
its small diameter and place, as we could not find it in 7 of 
our patients, and the fact that the left coronary vein is in 
direct relation with port, and when collaterals are suffi-
cient to reduced portal dimension like our patients, the 
pressure decreases in the left coronary vein as well.

In healthy persons, the diameter of splenic and portal 
veins increase 50-100% during respiration, in patients 
with portal hypertension these reduce to less than 50% 
(15, 16). In our study most of the patients had respiratory 
changes less than 50%, and the difference between pa-
tients with and without EVs was not significant. It seems 
that these changes happened in early stages of portal hy-
pertension even before gastric-esophageal varices devel-
opment, therefore cannot differentiate between the two 
groups of patients (with and without EVs).

Splenic index is spleen length multiply by its width 
(cm), by dividing splenic index on blood velocity in port 
vein the splenoportal index (SPI) is calculated. In the pres-
ent study, SPI was 4.61 in patients without EVs, and 5.28 
in those with it. Using the Roc method, the cutoff point 
of SPI was 4.15 with sensitivity and specificity of 33.3% and 
31.5%, respectfully. The low sensitivity and specificity of 
this index make it invaluable for diagnosing esophageal 
varices. 

With progressing of hepatic fibrosis and portal hyper-
tension, the splenic vein diameter increases and conse-
quently platelet number decreases, therefore platelet 
count/spleen diameter ratio is an index for evaluating 
varices. Giannini from Italy considered cutoff point of 
909 as a reliable index for diagnosing esophageal varices 
(20). Other studies also reported a cutoff point between 
160-1014 (20-22), however, Saewar in his recent study did 
not find any significant association between platelet 
count/ spleen diameter ratio and EVs (23).

In the present study, the mentioned ratio was 773.11 in 
patients without EVs, and 676.65 in those with EVs, but 
the difference was not significant (P = 0.495). Based on 
the Roc cure diagram the cutoff point of 759.01 had the 
highest sensitivity and specificity of 68.8% and 25%, re-
spectively, the low sensitivity and specificity of this in-
dex, make it unsuitable to differentiate patients with and 
without EVs. 

In this study we also evaluated some other indices in-
cluding spleen diameter, frequency of gastric varices, 
presence of ascites, and two variable indices including 
splenic vein diameter and blood velocity, portal vein 
diameter and blood velocity, left gastric vein and blood 
velocity, blood velocity to spleen diameter, and blood ve-
locity to SPI. 

Although, we did not find any statistically significant 

difference between patients with and without EVs for 
these variables, however the blood velocity in portal vein 
to splenic vein diameter (P = 0.056) and blood velocity in 
portal vein to spleen diameter (P = 0.07) worth further 
evaluation in other studies with larger sample size. 

Liu et al. conducted a study on 383 cirrhotic patients 
with Child score A for diagnosing EVs with Doppler US. 
His results indicated that cutoff value of 3 for SPI have a 
sensitivity of 92%, specificity of 93%, positive predictive 
value (PPV) of 91%, and Negative predictive value (NPV) of 
94% for diagnosing EVs. He concluded that this cut off had 
capability of diagnosing EVs in 92% of patients who did 
not have endoscopy, and therefore is a reliable index (19). 

Dib et al. from France stated that although using nonin-
vasive method for diagnosing EVs is logical and rational, 
but still endoscopy is the preferable and the most reli-
able method compared with other diagnostic methods, 
however we have to expect more studies on capsule en-
doscopy (24). 

5.1. Limitations 
The limitations of this study were low number of cases 

and controls, variability of the velocity, and differences in 
diameter and pressure of the veins in different times of 
day. 

In the present study, neither of studied variables was 
perfect to differentiate between cirrhotic patients with 
and without EVs. Further studies with larger sample size 
may indicate value of two variable indices; blood veloc-
ity to splenic vein diameter, and blood velocity to spleen 
diameter. Endoscopy is still the gold standard and accu-
rate diagnostic method to diagnose gastric-esophageal 
varices.

Acknowledgements
We would like to thank all the Gastrointestinal and Liver 

Diseases Research Center (GLDRC) personals and Radiol-
ogy department of Poursina hospital staff that assisted us 
in this study.

Authors’ Contribution
Conception and design: Kambiz Akhavan Rezayat. 

Analysis and interpretation of data: Ahmad Alizadeh. 
Drafting the manuscript: Fariborz Mansour Ghanaei. 
Critical revision and final approval of the article for 
important intellectual content: Fariborz Mansour 
Ghanaei. Final approval of the article: Kambiz Akhavan 
Rezayat. Provision of study materials or patients: Fariborz 
Mansour Ghanaei. Statistical expertise: Afshin Shafaghi. 
Administrative, technical or logistic support: Kambiz 
Akhavan Rezayat. Collection and assembly of data: Ali 
Babaei Jandaghi.

Financial Disclosure
The authors have no financial interests related to the 

materials in the manuscript.



Akhavan Rezayat K et al.

5Hepat Mon. 2014;14(1):e11237

Funding/Support
The Gastrointestinal and Liver Diseases Research 

Center of Guilan University of Medical Sciences provided 
financial support for this project.

References
1.       Nevens F, Broeckaert L, Rutgeerts P, Van Steenbergen W, Fevery 

J. The long-term morbidity and mortality rate in a cohort of pa-
tients with liver cirrhosis and oesophageal varices. Hepatogastro-
enterology. 1995;42(6):979–84.

2.       Cales P, Masliah C, Bernard B, Garnier PP, Silvain C, Szostak-Tal-
bodec N, et al. Early administration of vapreotide for variceal 
bleeding in patients with cirrhosis. N Engl J Med. 2001;344(1):23–8.

3.       Feldman M, Friedman LS, Brandt LJ, Sleisenger S, Fordtran S. 
Portal hypertention and gastrointestinal bleeding. In: Vijay HS, 
Patric SK editors. Gastrointestinal and liver disease. 8th edition ed. 
Philadelphia: Elsevier; 2006.

4.       de Franchis R, Primignani M. Natural history of portal hyperten-
sion in patients with cirrhosis. Clin Liver Dis. 2001;5(3):645–63.

5.       North Italian Endoscopic Club for the Study, Treatment of 
Esophageal Varices. Prediction of the first variceal hemorrhage 
in patients with cirrhosis of the liver and esophageal varices. A 
prospective multicenter study. N Engl J Med. 1988;319(15):983–9.

6.       Smith JL, Graham DY. Variceal hemorrhage: a critical evaluation 
of survival analysis. Gastroenterology. 1982;82(5 Pt 1):968–73.

7.       D'Amico G, Garcia-Pagan JC, Luca A, Bosch J. Hepatic vein pressure 
gradient reduction and prevention of variceal bleeding in cir-
rhosis: a systematic review. Gastroenterology. 2006;131(5):1611–24.

8.       Chalasani N, Kahi C, Francois F, Pinto A, Marathe A, Bini EJ, et al. 
Improved patient survival after acute variceal bleeding: a multi-
center, cohort study. Am J Gastroenterol. 2003;98(3):653–9.

9.       El-Serag HB, Everhart JE. Improved survival after variceal hem-
orrhage over an 11-year period in the Department of Veterans Af-
fairs. Am J Gastroenterol. 2000;95(12):3566–73.

10.       Graham DY, Smith JL. The course of patients after variceal hemor-
rhage. Gastroenterology. 1981;80(4):800–9.

11.       Garcia-Tsao G, Sanyal AJ, Grace ND, Carey W, Practice Guidelines 
Committee of the American Association for the Study of Liver 
Diseases , Practice Parameters Committee of the American Col-
lege of Gastroenterology . Prevention and management of gas-
troesophageal varices and variceal hemorrhage in cirrhosis. 
Hepatology. 2007;46(3):922–38.

12.       Feldman M, Friedman LS, Brandt LJ, Sleisenger S, Fordtran S. 

Portal hypertention and gastrointestinal bleeding. In: Vijay HS, 
Patric SK editors. Gastrointestinal and liver disease. 8th edition ed. 
Philadelphia: Elsevier; 2006. p. 1907.

13.       Suhas G, Parulekar L, Robert L, Bree M, Barry B G. Diagnostic ultra-
sound. Second edition ed: Informa Healthcare; 2008.

14.       Lafortune M, Marleau D, Breton G, Viallet A, Lavoie P, Huet PM. 
Portal venous system measurements in portal hypertension. Ra-
diology. 1984;151(1):27–30.

15.       Bolondi L, Gandolfi L, Arienti V, Caletti GC, Corcioni E, Gasbarrini 
G, et al. Ultrasonography in the diagnosis of portal hyperten-
sion: diminished response of portal vessels to respiration. Radi-
ology. 1982;142(1):167–72.

16.       Cottone M, D'Amico G, Maringhini A, Amuso M, Sciarrino E, Traina 
M, et al. Predictive value of ultrasonography in the screening of 
non-ascitic cirrhotic patients with large varices. J Ultrasound Med. 
1986;5(4):189–92.

17.       Subramanyam BR, Balthazar EJ, Madamba MR, Raghavendra BN, 
Horii SC, Lefleur RS. Sonography of portosystemic venous collat-
erals in portal hypertension. Radiology. 1983;146(1):161–6.

18.       Wachsberg RH, Simmons MZ. Coronary vein diameter and flow 
direction in patients with portal hypertension: evaluation with 
duplex sonography and correlation with variceal bleeding. AJR 
Am J Roentgenol. 1994;162(3):637–41.

19.       Liu CH, Hsu SJ, Liang CC, Tsai FC, Lin JW, Liu CJ, et al. Esophageal 
varices: noninvasive diagnosis with duplex Doppler US in pa-
tients with compensated cirrhosis. Radiology. 2008;248(1):132–9.

20.       Giannini E, Botta F, Borro P, Risso D, Romagnoli P, Fasoli A, et al. 
Platelet count/spleen diameter ratio: proposal and validation of 
a non-invasive parameter to predict the presence of oesophageal 
varices in patients with liver cirrhosis. Gut. 2003;52(8):1200–5.

21.       Barikbin R, Hekmatnia A, Omidifar N, Farghadani M, Adibi P. 
Prediction severity of esophageal varices: a new cutoff point for 
Platelet count/ spleen diameter ratio. Minerva Gastroenterol Di-
etol. 2010;56(1):1–6.

22.       Legasto GM, Sevilla J, Balay A, Tan JA, Cham LV, Vitgug A, et al. 
Platelet count/spleen diameter ratio:A noninvasive parameter to 
predict the presence of esophageal varices. Phil J Gastroenterol . 
2006;2:33–8.

23.       Sarwar S, Alam A, Khan A, BUTT AK, Shafqat F, Shah WH. . Platelet 
count / Spleen diameter ratio: can it predict the presence of Vari-
ces in patients with Cirrhosis of liver? Shaikh Zayed Postgrad Med 
Inst . 2004. p. 21–6.

24.       Dib N, Konate A, Oberti F, Cales P. [Non-invasive diagnosis of por-
tal hypertension in cirrhosis. Application to the primary preven-
tion of varices]. Gastroenterol Clin Biol. 2005;29(10):975–87.


