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INTRODUCTION

Development of  esophageal varices and variceal bleeding 
are amongst the major Portal Hypertension related 
complications in patients with cirrhosis.1 Standard of  

care in these patients pertain to use of  Beta-Adrenergic 
Receptor Blockers (BB) and Endoscopic Variceal Ligation 
(EVL).1-3 While EVL is the preferred modality for 
secondary prevention after first variceal bleed, both EVL 
and BB are equally effective in primary prevention, with 
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in 29 (67.4%) patients with additional 8 (18.6%) patients responding to dose optimization. 
Fourteen (32.55%) patients failed to show any response. Low pre-drug Cardiac Output (CO), 
High pre-drug mean arterial pressure (MAP), more than 2.5mmHg drop in HVPG acutely, 
higher dose toleration of more than 18.5mg and lower change in HR predicted response.  
Conclusion: Patients with CTP Class A Cirrhosis with Portal Hypertension and Esophageal 
Varices tolerate Carvedilol well and nearly two-thirds show hemodynamic response when dose 
is optimized over a period of time, including patients who initially show no acute response. 
Nearly one-third of patients show no response even after dose optimization.
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the former preferred in patients with moderate to large 
varices, intolerance to Beta-Blockers or those who bleed 
while taking these medicines.2-5

BB additionally have survival benefits by reducing risk of  
Spontaneous Bacterial Peritonitis, HRS, ascites and are even 
suggested to decrease risk of  Hepatocellular Carcinoma.3,5 

Whereas BB usage has been questioned especially in CTP C 
with refractory ascites, SBP and ACLF and data suggesting 
its benefit only in “therapeutic window” is still propagated, 
there is upcoming robust data against it.1,6,7 It is contested 
that BB owing to their survival benefits should not be 
contraindicated but stopped only temporarily or dosage 
tapered in such scenarios.5

On the basis of  hemodynamic studies, a direct correlation is 
found between Hepatic Venous Pressure Gradient (HVPG) 
and complications of  Portal Hypertension; with a high 
likelihood of  variceal bleeding associated with a HVPG 
of  above 12  mmHg.8,9 Reduction of  HVPG by means 
of  Beta-Blockers is a frontline strategy in prevention of  
variceal bleeds. Carvedilol with its combined Alpha and 
Beta blocking properties offers advantages even in patients 
not responding to NSBBs. Its antagonism of  α1-receptors 
causes reduction in hepatic vascular resistance while by 
virtue of  β-antagonism it modulates Cardiac output and 
Portal flow along with splanchnic vasoconstriction.9,10 

These combined actions produce a net effective reduction 
of  Portal Pressures and hence the bleeding complications 
with efficacy better than that of  Propranolol.9-13 In addition, 
Carvedilol has shown survival benefit compared to EVL 
alone independent of  reducing bleeding complications, 
likely by decreasing gut-congestion and reducing microbial 
translocation thereby decreasing the chances of  SBP and 
infections.14-16

One of  the main issues with Beta Blockers is their tendency 
to cause hypotension that remains a concern while 
optimizing therapy. Add on therapies are being studied 
that avoid hemodynamic side effects of  beta-blockers 
while improving liver function through other mechanisms. 
Simvastatin owing to its anti-fibrotic effects along with 
its selectively increases bioavailability of  NO in liver has 
encouraging results in Carvedilol non-responders.17,18 This 
selectivity is unlike Organic Nitrates that additionally cause 
systemic Vasodilation and hence lead to hemodynamic 
perturbations and intolerance. Many other drugs, older as 
well as newer agents like Emricasan and Taurine are being 
studied in Portal Hypertension.18

Several hemodynamic studies to evaluate response 
to Carvedilol have been done in the past on patients 
having alcohol related cirrhosis9,11,20,21 or viral8,22 or 
both.26 However, majority of  them have not studied the 

response taking the stage of  the disease (CTP Class) into 
consideration.23 This is important as pathophysiology, 
hemodynamics and tolerance to drugs varies during the 
course of  liver disease. Moreover, the factors responsible 
for lack of  response have also not been studied in past, 
which could help us to determine a subset of  patients who 
may need other modalities of  treatment from the outset. In 
light of  this we contemplated the present study to assess 
response selectively in CTP Class A and assess the factors 
associated with Non-Response.

MATERIAL AND METHODS

Our study was a hospital based prospective study conducted 
in the Department of  Gastroenterology at a Tertiary Care 
Centre in North India. The study protocol was cleared by 
the Institutional Ethics Committee and written informed 
consent was taken from all participants. All consecutive 
patients of  cirrhosis with CTP class A who consented for 
hemodynamic assessment from 2010 to 2013 were included 
in the study.

Inclusion criteria
Adults with
•	 Cirrhosis with CTP class A
•	 Esophageal Varices on Endoscopic gastroduodenoscopy 

(EGD)
•	 No past history of  Malena or Hematemesis
•	 Baseline HVPG of  more than 12mmHg

Exclusion criteria
•	 Age <18 years
•	 Non cirrhotic portal hypertension
•	 Cirrhosis with CTP class B and C
•	 Known malignancies/HCC
•	 Acute or Chronic kidney disease with creatinine more 

than >1.5mg/dl
•	 Active IV drug or Alcohol Abuser
•	 Liver Failure (INR more than 2.5 and bilirubin more 

than 5mg/dl)
•	 Severe systemic illness or sepsis
•	 Chronic pulmonary disease
•	 Psychiatric illness or lack of  capacity to give informed 

consent
•	 Pregnant or lactating females
•	 Contraindications/allergies to Carvedilol use
•	 Patients already on any of  portal hypertension lowering 

drugs, carvedilol or other BB or nitrate etc.

Cirrhosis was diagnosed on clinical, biochemical, 
radiological parameters and liver biopsy if  so required. 
Ascites was defined on the basis of  International ascites 
club 2003 as Grade I if  picked up only on USG, grade II if  
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moderately symmetrical distension or grade III if  grossly 
distended abdomen with ascites. Esophageal varices were 
defined by Bavino consensus as large or small if  more or 
less than 5mm respectively.

HVPG measurement
•	 Under the fluoroscopic guidance hepatic vein 

catheterization was performed according to the 
standards outlined by Bosch et al. 10

•	 Wedged hepatic venous pressure (WHP) was measured 
with help of  7F balloon tipped catheter advanced into 
right main hepatic vein.

•	 HVPG was determined by the difference of  wedged 
and free hepatic pressures (WHVP – FHVP)

•	 Cardiopulmonary pressures, such as pulmonary artery 
pressure (PAP), wedged pulmonary pressure (WPP), 
and right atrial pressure (RAP) were measured with a 
Swan-Ganz catheter, advanced to the pulmonary artery.

•	 An automatic sphygmomanometer was used for 
noninvasive MAP measurement.

•	 Continuous ECG monitoring was used to calculate 
heart rate (HR).

•	 Systemic vascular resistance (SVR) was calculated from 
formula

	 SVR = MAP – RAP/CO ×80.

Patients as per inclusion and exclusion criteria were enrolled. 
Baseline HVPG after 8 hours fast was measured. Baseline 
bilirubin, albumin, prothrombin time and International 
normalized ratio were checked. Carvedilol 12.5mg orally was 
given followed by repeat HVPG measurement at 90 minutes 
of  intake. Acute response was defined as HVPG of  less than 
12mmHg and or 20% drop from baseline. After 24 hours 
carvedilol 6.25mg/day was started. Dose was increased @ 
6.25mg/week till heart rate below 55 bpm and systolic blood 
pressure below 90 mmHg was achieved in compliant patients, 
which was checked at each visit. Patients were put on regular 
weekly follow up visits after optimization of  dose. BP and 
HR were checked and side effects monitored and recorded 
at each follow up visit. HVPG and Baseline parameters were 
again measured after 3months of  regular treatment. Chronic 
response which was defined as HVPG of  less than 12mmHg 
and or 20% drop from baseline HVPG after treating with 
optimal dose of  Carvedilol for 3 months

Statistical analysis
 Statistical analysis was performed using a statistical software 
program SPSS version 20 (IBM). Continuous variables were 
expressed as mean and standard deviation (Mean (SD) and 
Range. Quantitative data between two groups was compared 
with the use of  Student t-test for parametric data and 
Mann-Whitney U test for non-parametric data and Kruskal 
Wallis Test. Pearson chi-square test and Fisher’s exact test 

were used for categorical data to see the association of  
variables. Odds ratio were used at appropriate places to see 
the strength of  associations. All P values were two-tailed; 
P  value of  <0.05 was considered statistically significant. 
Chronic response was determined by analyzing univariate 
and multivariate logistic regression.

RESULTS

In this study 43 patients of  Cirrhosis of  different etiologies 
with CTP Class A were enrolled. Demographic features and 
baseline parameters are summarized in Table1 and etiologic 
distribution in Figure 1. The hemodynamic parameters are 
summarized in Table 2.

The acute response after stat dose of  12.5mg of  
carvedilol was achieved in 21  patients (48.8%). Mean 
baseline HVPG was 16.53 ± 2.06 mmHg which dropped 
to12.74 ± 2.46 mmHg after 90 min of  carvedilol intake. 
Mean drop in HVPG in responders was 5.66 ± 1.46 mmHg 
compared to in 2.00 ± 0.53mmHg non-responders.

The factors which were found to be significantly related 
to acute response on univariate were low baseline CO, 
less change in HR and high MAP while on multivariate 
analysis low baseline CO was only independent predictor 
of  acute response.

Table 1: Demographic features and Baseline 
parameters 
Parameters Description
Age in years Mean (SD) 57.26 (5.491)
Males/ Females 28 (65.1%) /15 (34.9%)
Esophageal varices
(small: large) 23 (53.5%):20(46.5%)
Ascites Grade 1 in one Patient
Serum Albumin(mg/dl) 3.69±0.29
Total Bilirubin(mg/dl) 1.150±.18
Prothrombin 12.721±.36
INR 1.160±0.08
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Figure 1: Etiological Distribution of Chronic liver disease
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Chronic response assessed after 3 months of  optimized 
therapy was seen in 29(67.4%) patients thereby implying 
that 8(18.6%) of  patients responded to increased dose as 
shown in Figure 2.

Mean Reduction in HVPG was 5. 517 ± 1.40 mmHg and 
2.00 ± 0.55mmHg after three months in responders and 

non-responders respectively. None of  our patients had 
any significant adverse event to merit discontinuation of  
therapy though two patients had minor side effects which 
resolved within few days.

Low baseline CO and more than 2.5 mmHg fall in HVPG 
during acute response predicted chronic response on 
Univariate analysis. On Multivariate analysis, more than 
2.5 mmHg fall in HVPG during acute response were found 
as independent predictors of  chronic response (P < 0.05).

Percentage of  female responders was higher than that of  
males and with respect to etiology, response was slightly 
better in AIH and HBV but again both not statistically 
significant (Figure 3). Escalating the dose above 18.5mg 
and lesser decline in HR was found to be the predictors 
of  chronic response with no acute response.

Dose was not statistically different for chronic response across 
different etiologies. Although it was not statistically significant, 
Mean dose of  carvedilol was more among non-responders 
(23.85 ± 2.53 mg) as compared to responders 21.72 ± 3.85mg).

DISCUSSION

Patients of  Chronic Liver Disease and Portal Hypertension 
are a heterogenous group with varied etiologies and 
progression of  disease in various stages (CTP Classes). 
Pharmacotherapy is advantageous over invasive methods 
of  managing portal hypertensive complications like EVL, 
sclerotherapy or Glue injections because of  its overall 
systemic effects to correct hemodynamic derangements.5

Though hemodynamic studies are not technically and 
logistically feasible in every patient, they are the only 
direct way to assess response to pharmacotherapy. 
Notwithstanding this limitation, a number of  hemodynamic 
studies have been conducted on response assessment and 
tolerability including two by our own group.16,23-25

In the present study forty-three patients with CTP Class A 
were enrolled and, on the basis of  response to Carvedilol, 
different groups were identified –
1.	 No Response i.e., neither acute nor chronic (NR)
2.	 Chronic Response (CR)

The Chronic Responders further included two subtypes:
a)	 Acute Response and maintained it in Chronic Phase 

(ARCR)
b)	 No Acute Response but Chronic Response (CRNAR) 

after dose optimization.

Twenty-one (48.8%) demonstrated AR to oral loading 
of  Carvedilol with nearly half  of  the patients having 

Table 2: Hemodynamic parameters at Baseline, 
90 minutes after Acute Administration 
of Carvedilol and at 3 months after dose 
optimization.
Parameter Pre 

treatment 
Mean (SD)

Acute 
Post 

treatment 
Mean (SD)

Chronic 
Post 

treatmentb 
Mean (SD)

P 
value

CO 
(liter/min)

7.507 
(0.1882)

6.493 
(0.1710)

6.37 (0.15) <0.001

HR 
(beats/min)

79.00 
(2.628)

62.33 
(2.212)

57.74  
(2 .82)

<0.001

MAP (units) 89.30 
(3.211)

78.49 
(1.932)

75.79 
(2.00)

<0.001

FHVP 
(mmHg)

8.37 
(1.800)

9.58 
(1.867)

9.63  
(1.83)

<0.001

WHPG 
(mmHg)

24.86 
(2.305)

22.30 
(2.713)

21.70 
(2.63)

<0.001

HVPG 
(mmHg)

16.53 
(2.063)

12.74 
(2.460)

12.16 
(2.28)

<0.001

CO: Cardiac Output; HR: Heart Rate; MAP: Mean Arterial Pressure; FHVP: Free 
Hepatic Venous Pressure; WHPG: Wedged Hepatic Venous Pressure; HVPG: Hepatic 
Venous Pressure Gradient 

Figure 3: Etiology wise response rates to Carvedilol

Figure 2: Hemodynamic response to Carvedilol
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no response during initial hemodynamic assessment. 
Many studies have been done to investigate acute 
effects of  carvedilol individually and comparing it with 
propranolol or combination therapies and previous 
studies have demonstrated response rates between 40 
to 70%. 9, 12, 22 The variations in response may be due to 
different selection criteria in the studies, definition of  
response, heterogeneity of  the study population, etiology 
of  the disease or different doses of  Carvedilol used. In 
one of  the earliest hemodynamic study Forrest et al. 11 used 
25mg of  Carvedilol, that is twice as we used in our study 
and defined response as more than 10% decrease in portal 
pressure as compared to 20% by our group, therefore for 
apparent reason response was noted in 81%, much more 
as compared to one-half  in ours. There after more studies 
with similar dose9,12,21,22 or lower doses, 10-12.5mg20, 26 were 
conducted and all showed significant reduction in portal 
pressures more or less comparable to our results if  other 
confounding factors are taken in to account.

On univariate analysis low Cardiac Output (CO), high Mean 
Arterial Pressure (MAP) and Minimal change in Heart 
Rate (HR) proved to be statistically significant predicting 
factor for achieving acute response. On multivariate 
analyses lower CO was found to be independent predictor 
of  acute response (P < 0.05). MAP has been found to be 
independent predictor of  survival in studies in past.19 The 
low baseline Cardiac Output as predictor of  response 
is interesting as it might suggest improved Cardiac 
Performance with Carvedilol over a period of  time leading 
to improved Cardiac Output and low systemic venous 
congestion that translates to lower portal pressures. Also, 
relation of  responsiveness to less change in heart rate 
could be due to better tolerance of  drug leading to dose 
escalation. These are however only hypothesis that needs 
further elucidation and investigation.

To assess Chronic Response, hemodynamic parameters 
were repeated after 3  months of  optimization of  
Carvedilol therapy. Twenty nine out of  43 (67.4%) patients 
demonstrated chronic response, compared to only 48.8% 
who had acute response thereby proving that there is a 
subset of  patients who will respond to optimized chronic 
therapy even though not responding to initial loading. 
Chronic Effects of  Carvedilol on Portal Pressures have 
been assessed in many studies12,20,22,27 The overall Chronic 
Response rate of  67.4% in our study corresponds well 
to previously reported data in literature22,27,28 Rabergius 
et al. found 56% hemodynamic response with Carvedilol 
even in Propranolol non-responders, with significant 
decline in HVPG than propranolol.27 Their results 
demonstrated that with carvedilol use not only a greater 
number of  patients achieve a hemodynamic response, but 
is associated with lesser decompensation and improved 

survival. Banares R et  al. showed that 54% of  patients 
achieved significant chronic response with more decrease 
in HVPG and MAP but may have more adverse effects due 
to hypotension caused by Carvedilol.28 Similar results were 
reported by Binay K De et al. who also found that acute 
HVPG reduction correlated with response after chronic 
ingestion.22 Factors that envisaged Chronic Response on 
Univariate analysis were low baseline CO and more than 
2.5 mmHg fall in HVPG during acute response. The latter 
was found to be an independent predictor of  Chronic 
Response on Multivariate analysis (P < 0.05).

There were 8(18.6) patients who initially had no Acute 
Response, but showed Chronic Response (CRNAR) after 
dose optimization at 3 months. Our strategy of  starting 
with a lower dose and up-titrating as per clinical variables 
is physiologically appropriate given that the cardiovascular 
tolerance of  Carvedilol develops gradually. Previous 
studies which started with high initial doses had more 
dropout cases and dose reductions due to unfavorable 
side effects of  the drug. 12 In our study only two patients 
reported minor side effects and none of  our patients 
needed discontinuation of  treatment due to side effects. 
Mean titrated dose for Responders and Non-responders 
at 3  months was 21.72  ±  3.84 and 23.85  ±  2.53  mg 
respectively. Mean dose being slightly lesser for Responders 
than Non-responders may point to the fact that dose 
response correlation plateaus above a certain limit. Higher 
tolerated dose of  Carvedilol 18.5  mg or more and low 
HR change were found to be significantly associated with 
chronic response on no acute response (P < 0.05). This 
again proves that factors predicting better tolerance would 
predict better response.

Despite dose titration and no adverse effects, 14 (32.6%) 
patients neither responded acutely nor after regular three 
months of  treatment (NR). In our study we didn’t find 
any clinical, etiologic, demographic or laboratory factor 
that were statistically different between responders and 
non-responders. It is not uncommon clinical scenario 
to see patients put on blanket beta-blocker treatment, 
persisting to have high grade varices or presenting with 
bleed on follow up. For non-responders we may need 
to use add on or different therapies, preferably drugs 
not having hypotensive effects such as statins that act by 
their anti-inflammatory and antifibrotic mechanisms. The 
sequential treatment approach with addition of  statins in 
non-responders improved response rates from around 60% 
to 80% shown by our group in past.17 Simvastatin increases 
the intrahepatic bioavailability of  NO thereby decreasing 
both hepatic resistance and splanchnic congestion 
consequently improving central blood volume.17,18 Other 
statins like rosuvastatin and pravastatin also have been 
found effective and safe in liver disease. There are many 
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more drugs in pipeline which are being studied and can be 
used as add on therapy.17, 18

Advantage of  our methodology is that we enrolled 
patients of  only CTP Class A, making study group more 
homogenous. We started with smaller tolerable dose and 
gradually optimized it to improve tolerance and avoid 
adverse hemodynamic effects. We assessed both acute and 
chronic responses and also determined maximum tolerable 
dose. Though one of  our aims was to identify clinical 
variables that could help in predicting non-responders, 
there was none statistically significant. The latter could 
have been due to smaller sample size of  our study and for 
a definite answer a bigger study is needed to better clarify 
the same.

CONCLUSION

This study highlights that patients with CTP Class A tolerate 
Carvedilol well without much side effects, giving us more 
liberty to escalate to higher doses, which is limited in CTP 
Classes B and C. Starting with a lower dose and titrating 
up improves response rates with improved tolerance 
and minimizes dropouts. Acute responders maintain the 
response over period of  time and in fact initial response is 
important predictor of  chronic response. Nearly one-fifth 
of  patients who do not show Acute Response will show 
Chronic Response after dose optimization, improving 
the rate of  Chronic Responders compared of  Acute 
Responders. One third of  patients don’t respond even after 
dose optimization, and predicting the lack of  response 
would help to switch over these patients to other form of  
treatment or combination therapy.

Recommendation
Further studies are required to study the factors associated 
with Non-Response along with assessing the efficacy 
and feasibility of  Carvedilol in all Child Class categories 
separately. Additionally, studies are required to elucidate 
early identification and optimal management in Non-
Responders who may benefit from upfront interventional 
therapy or alternative pharmacological management.
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