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Abstract:- 

Background: Portal hypertension is a major consequence of cirrhosis characterized by life threatening variceal   

bleeding. Estimation of Hepatic venous pressure gradient (HVPG) is the gold standard for diagnosing portal 

hypertension. Advances in endoscopic treatment have improved survival rates. 

Objective: Assessment of HVPG as a predictor of response to endoscopic variceal ligation (EVL) in patients of 

cirrhosis with esophageal varices. 

Material and Methods: HVPG was measured in 40 consecutive cirrhotic patients, 26 had history of variceal 

bleeding, 27 were males and mean age was 51.05±9.99 years. All patients received EVL until variceal 

eradication. 

Results: Ten patients had HVPG ≤ 12 mmHg, 11 patients had 13 -15 mmHg, 10 patients had 16-18 mmHg and 9 

patients had > 18 mmHg. . Mean number of EVL sessions required for variceal eradication in patients with 

HVPG ≤ 12, 13-15, 16-18 and >18 mmHg were 2.10, 2.64, 4.10, 5.33 respectively. A significantly positive 

correlation was found between the levels of HVPG and number of EVL sessions required for variceal 

eradication (correlation coefficient of 0.844, regression coefficient of 0.344). Patients requiring more number of 

EVL sessions had significantly (p<0.001) higher mean HVPG levels ascompared to patients requiring less 

number of EVL sessions. Post hoc analysis on pair wise comparison shows that as HVPG rises, there is 

significant increase (p<0.001) in number of EVL sessions required for variceal eradication. 

Conclusion: HVPG has a significant influence on response to EVL, in terms of number of sessions required for 

variceal eradication.  
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Introduction 

HVPG is an indirect measurement of portal 

hypertension because wedged hepatic venous 

pressure is very close to portal venous pressure 

(PVP) in chronic liver diseases, particularly of 

alcoholic and hepatitis B and hepatitis C 

etiology
(1,2,3)

. The first important step in 

demonstrating usefulness of HVPG is the 

threshold value of 12 mmHg, above which serious 

complications of portal hypertension can arise 

particularly bleeding from gastro- esophageal 

varices 
(4,5,6)

            

HVPG is significantly correlated with the Child-

Turcotte-Pugh (CTP) and Model for End-Stage 

Liver Disease (MELD) scores 
(7, 8, 9).

 An HVPG of 

≥10 mmHg leads to varices and a value ≥12 

mmHg leads to variceal bleeding
(10, 11)

. 

Wadhawan M 
(7)

 in his study concluded that there 

is a good correlation between HVPG and large 

varices, bleeding status, and ascites; higher HVPG 

reflects more severe liver disease and the etiology 

of liver disease did not influence the portal 

pressure. HVPG greater than 16 mmHg is an 

important predictor of poor outcome.
(12)

. In our 

earlier study we found a significant correlation 

between HVPG and variceal size, Child-Pugh 

class, and presence of ascites 
(13)

. HVPG 

measurement is useful in clinical practice while 

selecting cirrhotic patients at higher risk of 

variceal bleeding and guiding to specific therapy 
(14)

.  HVPG measurement also allows the 

identification of responders and non responders to 

beta blockers, which explains why protection from 

gastro- esophageal variceal bleeding is not seen in 

all treated patients 
(15,16)

. Now, it is generally 

accepted that decreasing the HVPG below a 

threshold value of 12 mmHg by any drug or 

combination of drugs almost completely reduces 

the risk of first or recurrent bleeding from varices. 

Unfortunately, with currently available drugs, this 

threshold is not frequently attained, except in 

patients with mild to moderately elevated 

HVPG
.(17,18)

 There are many clinical applications 

of HVPG in predicting liver fibrosis, outcome of 

acute bleeding, effectiveness of beta blocker 

prophylaxis and post-operative outcome in 

hepatocellular carcinoma 
(19)

.           

In the present study, our primary aim was to 

assess the role of HVPG as a predictor of response 

to EVL in patients of cirrhosis (irrespective of 

etiology) with esophageal varices. So far, no study 

has been conducted to assess the effect of HVPG 

on eradication of esophageal varices by EVL.    

 

Materials 

The study was conducted in the department of 

Gastroenterology SKIMS Soura from June 2012-

June 2014. Diagnosis of cirrhosis was made on the 

basis of unequivocal clinical, biochemical and 

imaging (Computed tomography/ultrasonography 

findings and biopsy if indicated). All patients had 

an upper GI endoscopy to assess the presence and 

grade of esophageal varices.  

Inclusion Criteria 

Patients of established cirrhosis of liver 

irrespective of etiology and endoscopically proven 

medium/large esophageal varices with or without 

variceal bleeding. 

Exclusion Criteria 

Patients with encephalopathy, patients with 

spontaneous bacterial peritonitis, active variceal 

bleeding, patients with hepatocellular carcinoma, 

patients with portal vein thrombosis, patients with 

severe co morbid illness, use of vasoactive drugs 

in previous two weeks, patients with small varices 

which could not be banded, presence of isolated 

gastric varices.  

During this period, 69 cirrhotic patients attended 

the department, out of which 29 were excluded 

due to various exclusion criteria, 4 patients had 

encephalopathy, 5 patients had spontaneous 

bacterial peritonitis, 6 patients had active 

bleeding, 4 patients had portal vein thrombosis, 1 

patient had hepatocellular carcinoma, 5 patients 

had small varices,1 patient had isolated gastric 

varices and was subjected to glue therapy , 4 

patients had severe co morbid illness, of these two 

had chronic renal failure,1 patient had hepatorenal 

syndrome, 1 patient had severe cardiopulmonary 
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disease). Finally, 40 cirrhotic patients formed the 

study group.  

At endoscopy, varices were graded as medium 

and large 
(20)

.  Small varices were defined as 

straight veins; collapsible with air insufflations. 

The severity of liver dysfunction was evaluated 

according to “Child-Turcotte-Pugh Scoring” 

(CTP) system 
(21)

. At the time of study, all patients 

were clinically stable. The study protocol was 

approved by the ethical committee of the 

institution.  All the patients gave written informed 

consent to participate after a complete explanation 

of the purpose of the study. No patient was on any 

vasoactive drugs at the time of study. 

Hemodynamic study 

Overnight -fasting patients were subjected to 

hepatic venous catheterization as described by 

Groszmann et al (10) through the right femoral 

vein route under local anesthesia with a 7F Swan 

Ganz Catheter (Arrow Balloon Wedge Pressure 

Catheter) by using Seldinger technique in supine 

position. The catheter was placed into right 

hepatic vein under fluoroscopic guidance. Free 

hepatic venous pressure (FHVP) was recorded 

approximately 1-2 cms away from inferior vena 

cava in the right hepatic vein and balloon was 

advanced and then inflated to wedge the catheter. 

Subsequently, wedged hepatic venous pressure 

(WHVP) was recorded. After recording the 

WHVP, wedging was confirmed by the absence of 

reflux of contrast, 1-2ml injected through the 

catheter. FHVP was recorded on monitor 

(AXIOM- ARTIS Cine Angiography System 

Siemens). Portal pressures were measured as 

HVPG, the difference between WHVP and FHVP. 

All pressures were recorded in triplicate and final 

pressure was taken as mean of these 3 recordings. 

During the procedure, heart rate, blood pressure, 

pulse oximetry and ECG were continuously 

monitored. After pressure recording was 

complete, catheter was removed and local 

pressure applied for 10 minutes. Antiseptic 

dressing and pressure packing was applied which 

was removed after 24 hours. Post procedure, right 

leg was kept immobile for 24 hours. All patients 

were given oral Ofloxacin for 5 days following 

the procedure. All patients received tablet of 

pantaprazole 40mg, once daily and non-selective 

beta blocker (NSBBs) until variceal obliteration 

was achieved. 

 

Complication 

one patient after HVPG measurement developed 

hematoma at local site which resolved within 48 

hours, 2 patients had local pain which responded 

to analgesics.  

 

Endoscopic variceal ligation (EVL) sessions 

and follow up of patients 

Following measurement of baseline HVPG, all 

patients, were subjected to EVL. Same types of 

bands were used for variceal ligation in all 

patients (Vu-Max bands). Four to eight bands 

were applied at each sitting; depending upon 

number and size of varices. Initially, 2 endoscopic 

treatments were given at 10 day intervals to cause 

significant reduction in variceal size, and then 

further treatments were given at 3-week interval 

until variceal eradication. If extensive ulceration 

was found on subsequent endoscopy, treatment 

was postponed for 2 weeks and if minor ulceration 

was found, bands were placed avoiding site of 

ulceration as already described
(22)

. Varices were 

considered eradicated when they had either 

disappeared or were seen as residual straight small 

veins which collapsed on air sufflation. The 

endoscopist was totally unaware of the HVPG of 

the patients at time of doing EVL. 

Study protocol 

In all patients, we assessed success or failure of 

eradication of varices, number of EVL sessions 

required for variceal eradication.  

End point 

Complete variceal eradication 

Variceal eradication 

Complete disappearance of varices or residual 

small straight veins, collapsible with air 

insufflation. 
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Statistical method used 

Numerical data were expressed as mean ± SD and 

categorical variables in terms of frequency and 

percentages. The standard statistical tests like 

Analysis of variance (ANOVA) technique, 

Student’s independent t- test were used for 

continuous variables. Pearson’s correlation 

coefficient and Partial linear regression analysis 

were used to see the association between the 

variables. Post hoc analysis was also done to see 

the significant difference between the groups. 
(23)

  

All the results so obtained were discussed on 5% 

level of significance i.e. p value less than 0.05 was 

considered as significant. Statistical analysis was 

done by using SPSS 20 software package.  

 

Results 

There were 27 male and 13 females with mean 

age of 51.05±9.99 years. HPVG had no significant 

association with etiology of cirrhosis or history of 

bleeding. HPVG was higher in patients with 

Child-Pugh Class B & C compared to Class A, 

and those with ascites, bleeders or with larger 

varices (Table 1). Ten patients had HVPG ≤ 12 

mmHg, 11 patients had HVPG in the range of 13 -

15 mmHg, 10 patients had HVPG of 16-18 mmHg 

and 9 patients had HVPG > 18 mmHg. Lowest 

recorded level of HVPG was 10 mmHg and 

highest was 22 mmHg. Mean number of EVL 

sessions required for variceal eradication was 

significantly more in patients with higher HVPG 

levels as compared to patients with relatively 

lower HVPG levels. Mean number of EVL 

sessions required for variceal eradication was  

2.10, 2.64, 4.10, 5.33 in patients with HVPG ≤ 12, 

13-15, 16-18 and >18 mmHg, respectively. The 

increase in number of EVL sessions with 

increasing level of HVPG was found to be 

significant (p-<0.001) (Table 2). Variceal 

eradication was achieved in all 40 patients. 

Minimum number of EVL sessions required for 

eradication was one, while maximum number was 

six. Patients requiring more number of EVL 

sessions had significantly (p <0.001) higher mean 

HVPG levels as compared to patients requiring 

less number of EVL sessions (Table 3).Patients 

requiring 3 or less number of sessions had 

significantly lower mean HVPG levels of 12.82± 

2.01 compared to patients requiring more than 3 

numbers of sessions of EVL18.64±1.49 (p<0.001) 

(Table 4).  

Post hoc analysis revealed that while comparing 

patients with HVPG <12 mm of Hg with those 

having HVPG of 13-15 mm of Hg, the p value 

comes out to be non significant p=0.358 .While 

comparing patients with HVPG <12 with those 

having HVPG 16-18, and those with >18 the p 

value is highly significant (p<0.001). (Table 5).  A 

significant positive correlation was found between 

HVPG and number of EVL sessions required for 

eradication of varices with correlation coefficient 

of 0.844,regression coefficient of 0.344 and p 

value of ≤ 0.001 (Table 6) 

 

Table 1: Relation of HVPG with etiology, ,variceal score, bleeding status, ascites and degree of liver 

dysfunction.  

Parameter Value No. of Cases HVPG (mmHg) P value 

Etiology Post-viral 21 15.14±3.13  

 

 

       0.94 

Wilson’s Disease 2 15.05 ± 4.94 

Alcohol 3 15.0 ± 5.0 

NAFLD 6 16.67 ± 4.45 

Auto-Immune 3 15.0 ± 2.64 

Cryptogenic 5 14.60 ± 3.78 

Variceal grade Medium Sized 11 11.91 ± 1.64  

 

<0.001 Large Sized 29 16.59 ± 3.01 
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History of variceal 

bleeding 

Present 26 17.19 ± 2.56  

<0.001 
Absent 14 11.79 ± 1.42 

Ascites Present             25 16.68 ± 1.75  

<0.001 
Absent 15 11.80± 1.73 

Child pugh Class A 15 11.93 ± 1.48  

 

<0.001 
B 13 15.62±2.06 

C 12 19.17±1.46 

       NAFLD Nonalcoholic fatty liver disease 

 

Table 2: Mean EVL sessions required for variceal eradication.  

 in relation to HVPG levels. 

HVPG (mmHg) Mean EVL sessions Standard Deviation p- value 

≤12 2.10 0.738 

<0.001 
13-15 2.64 0.505 

16-18 4.10 0.738 

>18 5.33 0.500 

 

Table 3: Mean HVPG in relation to number of EVL sessions required for variceal eradication.  

EVL 

sessions 

number of 

patients ∙ 

Mean HVPG 

(mmHg) 

Standard. 

Deviation 

Minimum Maximum P value 

1 2 10.50 0.707 10 
11  

2 9 11.89 1.453 10 
14  

3 12 13.92 1.881 11 
18 <0.001 

4 5 17.20 0.447 17 
18  

5 9 19.00 1.414 17 
22  

6 3 20.00 1.000 19 
21  

       

 

Table 4:  HVPG correlation with EVL sessions required for variceal eradication.  

EVL SESSIONS HVPG mean ±SD Mean difference P value 

≤ 3 12.82 ± 2.01  

5.82 

 

< 0.001 ≥ 4 18.64 ± 1.49 

 

Table 5: Post Hoc analysis- [dependent variable – EVL sessions required for variceal eradication] 

Pair wise comparison P value 

≤ 12 vs 13 – 15 0.358  

≤ 12 vs 16 – 18 < 0.001* 

≤ 12 vs > 18 < 0.001* 

13 – 15 vs 16 – 18 < 0.001* 

16 – 18  < 0.001* 

                   * = p-value significant 
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Table 6: Correlation of HVPG with number of EVL sessions required for eradication of varices using 

Partial correlation method, controlling the variceal size. 

Dependent 

variable 

Independent 

variable 

Regression 

coefficient 

Significance Correlation 

coefficient 

No. of EVL 

sessions 

HVPG 0.344 < 0.001 0.844 

       Linear regression line 

        Sessions = -2.309 + 0.344 (HVPG) + 0.298 (large-sized varices) 

 

Discussion 

The present study was conducted on 40 

consecutive patients of cirrhosis of liver of various 

etiologies with medium to large varices. In all 

patients baseline HPVG was measured and were 

subjected to variceal ligation until variceal 

eradication. Our primary aim was to study the 

influence of HPVG on variceal eradication. 

Twenty six patients received secondary 

prophylaxis and 14 patients had primary 

prophylaxis. 

We found a relationship of higher variceal size 

with HVPG as reported by other authors 
(6,7,14)

. 

Yet, some other authors have not found similar 

association 
(24,25)

. In our study, we used EVL as 

means of variceal eradication as EVL has been 

shown to be significantly better in controlling 

bleeding compared to sclerotherapy 
(26)

. 

In our study we found that there exists strong 

positive correlation (ɤ = 0.844) between the 

number of EVL sessions and HPVG after 

controlling the independent effects of variceal 

size, that is as HPVG increases, the number of 

EVL sessions also increases. Regression co-

efficient shows that if there is a unit change in 

HPVG, there is significant (< 0.001) 

corresponding change in the number of EVL 

sessions. Post-hoc analysis on pair wise 

comparison shows that as HPVG rises, there is 

significant increase (P < 0.001) in the number of 

EVL sessions required for eradication of varices 

.At present there is no literature available to 

support our findings.  

It has been shown that HPVG is an important 

predictor of bleeding 
(27,28)

. In our study we found 

significant association of HVPG level with history 

of bleeding, other authors have also had similar 

findings 
(6,14)

. Merkel Carlo et al 
(29)

 showed that 

HVPG was an important predictor of bleeding 

with a mean value of 21.7 mmHg in those who 

bled during follow-up and 19.8 mmHg in those 

who did not.  We found no co-relation between 

HPVG and etiology of liver disease as has been 

reported by others 
(7,14)

. We had 5 patients of 

cirrhosis who had small varices and were 

excluded from the study. These patients were put 

on NSBBs and are under follow up of endoscopic 

protocol yearly as defined 
(30)

. 

The current guidelines suggest two treatment 

strategies, NSBBs or EVL for primary 

prophylaxis of medium and large varices 
(20)

. Only 

one RCT showed decrease in actuarial probability 

of first bleed in combination of EVL and 

propranolol group 
(31)

.Since most of our patients 

were from remote far flung areas with no means 

of specialized treatment at periphery level,  

variceal ligation was performed every 2 weeks 

combined with NSBB.  

 

Limitations 

The number of patients studied is small. This kind 

of study needs to be done on a larger scale with 

greater number of patients. Post variceal 

eradication follow up of patients is needed to 

assess HVPG influence on recurrence of varices 

which is common post EVL.  

 

Conclusion 

HVPG is a safe procedure for assessment of portal 

hypertension. There is a good correlation between 

HVPG and large varices, bleeding status, and 

ascites. A higher HVPG reflects more severe liver 

disease. The etiology of liver disease did not 

influence the portal pressure. In correlation with 
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esophageal varices, HVPG has a significant 

influence on response to EVL, in terms of number 

of sessions required for variceal eradication. 

Patients with high HVPG require more number of 

EVL sessions compared to patients with lower 

HVPG. 
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