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Abstract
Background and Aim: A nonselective B-blocker (NSBB) is recommended for pri-
mary prophylaxis of variceal bleeding. The impact of treatment with NSBB on modu-
lating transient elastography (TE) has not been reported. The aim of the study is to
investigate the effect of NSBB treatment on TE in early cirrhotic patients.
Methods: In this prospective study, we enrolled all early cirrhotic patients who under-
went esophagogastroduodenoscopy (EGD) and showed small esophageal varices
(EV) at our institute for a period of 1 year. The TE and heart rate (HR) of all partici-
pants were measured before and 3 months after receiving NSBB.
Results: Thirty-nine patients receiving propanolol for 3 months were analyzed. There
were 16 patients in the HR responder group (41%) and 23 patients in the HR nonre-
sponder group (59%). The reduction of TE was preferably found in the HR responder
group compared with the HR nonresponder group, in which mean changes in TE were
−5.6 and −0.7 kPa, respectively (P = 0.23). In addition, we categorized the patients
using their TE responses. Twenty-five patients (64.1%) showed reduced TE during
the follow-up period, in which the mean TE value change was −2.94 kPa. Using cor-
relation analysis, TE and HR responses were insignificantly correlated
(r = 0.23, P = 0.15).
Conclusion: The NSBB administered for 3 months mainly improved TE value in
early cirrhotic patients even though the changes of HR and TE did not correlate. Fur-
ther study is needed to confirm whether the monitoring of TE change may be a better
predictor for pharmacological response than the HR response.
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Introduction
Portal hypertension (PHT) is a pathological increase in portal
venous pressure. This increase causes several complications, par-
ticularly upper gastrointestinal bleeding resulting from ruptured
gastroesophageal varices. In cirrhotic patients with esophageal
varices (EV), the incidence of first variceal bleeding is about
12–15% per year.1–3 In the past decade, several studies demon-
strated promising medications that decrease portal pressure, and
one of them was a nonselective B-blocker (NSBB). 4–13 The
most commonly used guidelines for the management of PHT
(AASLD 2007, Baveno VI) recommended the use of NSBB for
primary and secondary prophylaxis of variceal bleeding.14,15

However, the effectiveness of NSBB treatment depends on it
achieving a reduction in the portal pressure of individuals.

The hepatic venous pressure gradient (HVPG) is a stan-
dard surrogate marker of portal pressure measurement to diag-
nose and assess the severity of PHT as well as monitor the
hemodynamic response in patients after receiving NSBB.16–19

However, HVPG is an invasive procedure and is inapplicable
due to its high cost. Recently, a noninvasive method, transient
elastography (TE), has become one acceptable tool to assess liver
fibrosis.20 Recent studies have also demonstrated a significant
correlation of TE and HVPG, especially in patients with early
cirrhosis,20–22 such as Reiberger’s study, which suggested that
early cirrhotic patients had a linear correlation of HVPG and TE
and became stronger under treatment with NSBB (r = 0.93,
P < 0.0001).23 The results of TE measurements are influenced
by several factors, including level of aminotransferases, cause of
chronic liver disease, body mass index (BMI), fasting state, and
patient position.24 Nevertheless, TE has been used across the
world in clinical practice due to its convenient follow up and cost
effectiveness. As there is no report on the dynamic changes of
TE under the effect of NSBB, we aimed to evaluate the impact
of treatment with NSBB on TE changes and the correlation of
TE and heart rate (HR) responses.

Materials and methods

Patients. Data were collected prospectively from April 2015
to February 2016. A total of 42 early cirrhotic patients underwent
endoscopy for variceal surveillance at King Chulalongkorn

Memorial Hospital (KCMH), Thailand, and informed consent
was obtained. All patients who had small EV and who were
receiving NSBB with propranolol for primary prophylaxis of var-
iceal bleeding were included. Patients who received an NSBB
prior to the study date and those who had stopped medication for
more than 3 months before enrollment were also included.
Patients of both genders with contraindications or those with seri-
ous adverse effects of NSBB, BMI >30 kg/m2, history of alcohol
consumption more than 70 g/wk in women and 140 g/wk in men
within 6 months; cirrhotic patients with Child-Turcotte-Pugh C
(CTP score > 10); and imaging evidence of liver mass were
excluded from this study.

A complete medical history, including etiology of liver
disease and HR measurement, was taken prior to TE for all
patients. Laboratory evaluations including liver biochemistries
(alanine aminotransferase [ALT] and aspartate aminotransferase
[AST] level, albumin, and total bilirubin), creatinine, complete
blood count, and metabolic profile (fasting glucose, total and
HDL cholesterol, and triglycerides) were recorded. Demographic
and anthropometric data, including age, gender, body weight,
height, BMI, and CTP scores, were calculated. The study was
approved by the institutional review board.

HR measurement. The HRs of all patients were measured
thrice with at least 5 min in the sitting position prior to each mea-
surement. Average resting HRs were then calculated and recorded.

TE measurement. TE was performed using Fibroscan
(Echosens, Paris, France) by a scientist (KS) who was experi-
enced in TE measurement (>500 cases/year) after a 2-h period of
fasting. The tip of an ultrasound probe was placed in an intercos-
tal space on the right lobe of the liver with the patient lying in
dorsal decubitus position and the right arm in maximal abduc-
tion. Vibrations of a mild amplitude and low frequency were
transmitted to the liver tissue. The velocity of the induced shear
wave is directly related to liver stiffness. The measurement of
liver stiffness was considered adequate if a total of 10 validated
measurements were obtained with a 60% success rate. The
results of the median value and interquartile range were recorded
in kilopascal (kPa) as a standard recommendation.25,26
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Protocol for medical prophylaxis of variceal
bleeding. After the measurement of TE at baseline, an NSBB
(propranolol) was initiated and was increased stepwise (monthly)
until systolic blood pressure (SBP) was maintained at
>90 mmHg, and the HR was at least 50/min. The maximum tar-
get dose for propranolol was 80 mg/day (40 mg bid). The TE
and HR responses to NSBB were assessed again at 3 months
after taking propranolol. An HR responder was defined as
patients who had HR reduction of at least 25% compared to
baseline.14

Methods. TE and HR measurement were performed in all
patients at baseline and 3 months after taking propranolol.
Patients were followed up on a monthly basis, and doses of pro-
pranolol were adjusted according to the protocol and monitored
for adverse events. Absolute TE change (kPa) and %TE change
[(TE2-TE1)/TE1 × 100] were calculated.

Study definitions. HR responder is defined as a person
who had an HR of 50–55 beats/min or an HR reduced >25%
from baseline, and SBP was more than 90 mmHg.

HR nonresponder is defined as a person whose HR was
not reduced as above after adjusting the maximal or tolerated
doses of NSBB.

TE responder is defined as a person whose TE is reduced
during the 3-month follow-up period.

TE nonresponder is defined as a person whose TE is
increased or has not changed during the 3-month follow-up
period.

Sample size. The sample size necessary for correlation was
calculated to determine a relationship between the HR and TE
responses. The sample size calculation, which was based on cor-
relation coefficient (r = 0.5), was 39 patients.

Statistical analysis. All statistical analyses were performed
using SPSS software (version 22; SPSS Inc., Chicago, IL, USA).
Clinical and laboratory characteristics of patients were expressed
as the mean � standard deviation (SD). Non-normally distrib-
uted variables, such as median and range, were assessed using
Student’s t-test and nonparametric test, respectively. The
Chi-square test was used to evaluate the association between cat-
egorical variables and liver fibrosis. Differences between groups
were analyzed by a two-tail independent t-test. A P-value less
than 0.05 was considered statistically significant. The correlations
of TE change and HR response were analyzed using point biser-
ial correlation.

Results
A total of 42 patients with small EV were included and under-
went TE measurements. During the study period, three patients
were excluded because one patient developed hepatocellular car-
cinoma (HCC), and two patients were lost to follow up. Thus,
39 patients were finally included (Figure 1).

The mean age of cirrhotic patients was 58.1 � 10.6 years,
and 59% (n = 23) of them were male. Twenty patients (51.3%)
demonstrated impaired fasting blood glucose or diabetes mellitus
(DM). The major causes of cirrhosis were hepatitis C and

hepatitis B infections. The median time interval between the first
and second TE was 90 � 7 days. All patients were treated with
propranolol. We divided the 39 patients into two groups; the HR
responder group (n = 16, 41%) and the HR nonresponder group
(n = 23, 59%). The etiologies of cirrhosis, baseline characteris-
tics, and level of aminotransferases were not different between
the two groups.

Baseline TE of the HR responder and HR nonresponder
groups were 24.7 (�14) and 20.9 (�8) kPa (P = 0.32), respec-
tively, whereas the second TE, which was performed 3 months
after taking NSSB, were 19.7 (�12) and 16 (�9) kPa
(P = 0.93), respectively. The mean changes in TE were
−5.6 kPa in the HR responder and −0.7 kPa in the HR
nonresponder group (P = 0.23). The percent changes of TE
[(TE2 − TE1)/TE1 × 100] were −0.19% and −0.06%
(P = 0.15), respectively (Table 1).

In addition, we categorized cirrhotic patients into two
groups by TE response, as shown in Table 2. There were
25 (64.1%) patients who showed reduced TE during the 3-month
follow-up period. The mean TE value change was −2.94 kPa,
and the HR response was 48% (n = 12) in this group.

Between the two HR groups, the percentage of TE change
was not significantly different (Table 2). Using point biserial

42 patients with 

small varices underwent

TE measurement 

40 patients with 

A 2ndTE measurement

Under NSBB

39 patients with 

available results on 

TE and HR

2 patients without 

a 2ndTE measurement

Loss to F/U 

1 patient developed 

HCC during study period

Figure 1 Patient enrollment flowchart: 42 patients underwent tran-
sient elastography (TE) measurements.
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correlation analysis, the TE and HR were not correlated (r = 0.23,
P = 0.15) (Figure 2).

During the 3-month follow-up period, no serious adverse
events occurred from taking NSBB. All 39 patients, whose pill
count was monitored, had good adherence and compliance.

Discussion
The main therapeutic effect of NSBBs on liver cirrhotic patients
is mediated through the hemodynamic alterations, such as

lowering the portal pressure and reducing the risk of variceal
bleeding. To date, there is no study on the dynamic changes of
TE in cirrhotic patients taking NSBB compared to HR response,

Table 2 Comparison according to transient elastography measure-
ment value change

Characteristics

Reduced

TE (N = 25)

No change or

Increased TE

(N = 14) P-value

TE at baseline
(IQR), kPa

22.8 (12) 20.3 (9) 0.52

Heart rate, /min 81 (2) 77 (3) 0.22
HR response,

n (%)
12 (48) 4 (28.6) 0.23

TE change
(TE2-TE1), kPa

−2.94 +5.25 0.02

HR, heart rate; TE, transient elastography.

Figure 2 A correlation of transient elastography (TE) change and heart
rate response that was analyzed using point biserial correlation and
showed poor correlation (coefficient r = 0.23, P = 0.15).

Table 1 Baseline characteristic data of 39 cirrhotic patients

Characteristics
Total

(N = 39)
HR responder
(N = 16, 41%)

HR nonresponder
(N = 23, 59%) P-value

Age, years 58.1 (10.6) 57.4 (12.8) 58.6 (9.0) 0.52+

Male gender, n (%) 23 (59) 8 (50.0) 15(65.2) 0.34‡

BMI, kg/m2 24.3 (3.3) 23.9 (3.2) 24.4 (3.5) 0.73+

BMI ≥ 25 kg/m2, n (%) 14 (35.9) 5 (31.3) 9 (39.1) 0.61‡

IFG/DM, n (%) 20 (51) 7 (43.8) 13 (56.5) 0.43‡

ALT, IU/L 32 (23.8) 31.5 (27.8) 34.5 (21.1) 0.94§

AST/ALT ratio 1.4 (0.5) 1.4 (0.3) 1.5 (0.6) 0.07+

ALP, IU/L 98 (59.2) 107.0 (82.6) 96.5 (36.7) 0.90§

Albumin, g/L 3.7 (0.5) 3.6 (0.6) 3.7 (0.5) 0.12+

Platelet ×109, L 120 (45) 102 (45) 138 (45) 0.17§

INR 1.15 (0.2) 1.17 (0.29) 1.17 (0.11) 0.27+

Creatinine, mg/dL 0.84 (0.23) 0.84 (0.18) 0.84 (0.27) 0.34+

Etiology, n (%)
Hepatitis C 10 (26) 5 (31.3) 5 (21.7) Note§: cryptogenic

AIHHepatitis B 10 (26) 5 (31.3) 5 (21.7)
Alcoholic liver 11 (28) 4 (25) 7 (30.4)
Nonalcoholic steatohepatitis 2 (5) 0 (0) 2 (8.7)
Others§ 6 (15) 2 (12.5) 4 (17.4)

CTP-A 27 (69) 10 (62.5) 17 (73.9)
CTP-B 12 (31) 6 (37.5) 6 (26.1)
Average BW change (BW2-BW1), kg 0.1 (1.2) −0.1 (0.8) 0.2 (1.4) 0.59§

TE at baseline (IQR), kPa 21.3 (11) 24.7 (14) 20.9 (8) 0.32§

Heart rate at baseline, /min 80 (11) 75 (9) 80 (11) 0.08§

TE at 3 months of follow up (IQR),
kPa

17.1 (11) 19.7 (12) 16 (9) 0.93§

TE change(TE2-TE1), kPa −1.0 −5.6 −0.7 0.23§

%TE change −0.07 −0.19 −0.06 0.15§

BMI, body mass index; BW, body weight; CTP, child-turcotte-pugh; DM, diabetes mellitus; HR, heart rate; IQR, interquartile range.
+Student t test. ‡χ2 test. §Mann–Whitney test.
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which is commonly used in clinical practice. In the present study,
we evaluated the change of TE in early cirrhotic patients after
receiving propanolol (NSBB) therapy for 3 months, and we dem-
onstrated a trend of reduction of the TE in early cirrhotic patients
after the treatment. The improvement of TE was preferably found
in HR responder patients. However, many HR nonresponders
showed TE improvement, suggesting the benefit of NSBB in HR
nonresponders.

There was no correlation of TE change with HR in early
cirrhotic patients after receiving NSBB. This finding was consis-
tent with the earlier report by Garcia-Tsao et al.,4 who investi-
gated the effect of propranolol on portal pressure determined by
the HVPG in alcoholic cirrhotic patients. Of the patients who
were defined as “responder,” 60% were found to have reduced
HVPG > 10% after administration of propranolol. In the compar-
ison between responder and nonresponder groups, these investi-
gators showed that a reduction in HR did not correlate with the
reduction in HVPG.4 Neither the HR response to propranolol nor
the propranolol plasma concentration could be used to assess the
portal pressure response. In the current guidelines for manage-
ment of portal hypertension (American Association for the Study
of Liver Diseases [AASLD] 2007, Baveno VI), NSBB is recom-
mended for primary and secondary prophylaxis of variceal bleed-
ing.14,15 Due to the invasiveness of HVPG measurement, the
recommended dose of B-blockers should be titrated to the goal
of reduction of the HR by 25% from baseline or adjusted to max-
imal tolerated doses.14,15

In the present study, we also noticed a decline in TE after
NSBB in about 64% of patients. It was similar to the HVPG
responders in the earlier study, which showed declined HVPG
in 60% of alcoholic cirrhotic patients after propranolol adminis-
tration. As HVPG is not available in this study, it is not clear
whether the decline in TE value can be used as a hemodynamic
response, such as HVPG. However, Reiberger et al.23 demon-
strated a strong correlation between TE and HVPG. By analogy,
the reduction of TE may implicate the reduction of HVPG.

Regarding the TE change in TE responders, we found a
reduction of TE of 2.94 kPa within 3 months after NSBB treat-
ment that was demonstrated in 64% of our patients. TE value
was measured using two components: structural (parenchymal)
and functional (vascular) components. Several factors, including
level of aminotransferases, cause of chronic liver disease, BMI,
fasting state, and patient position, influence the results of TE
measurements.24 From our study criteria, we enrolled patients
who were in the early stages of chronic liver disease, which
included 52% with inactive hepatitis C and hepatitis B infections
and inactive alcoholic drinking (at least 6 months without alco-
hol), NASH patients with average body weight change at 0.1 kg,
and patients who did not have ascites or were obese. Thus, we
presumed that the TE value change of approximately 3 kPa in
3 months demonstrated in our patients may be a consequence of
the improvement of the dynamic components, which reflects vas-
cular changes under the propanolol effect. In addition to lower
the HR, the hemodynamic effect of propanolol involved several
other activities, including a decrease in cardiac output via B1
receptors, reduction of portal inflow by causing vasoconstriction
of splanchnic area, and reduction of variceal flow.27 However,
further studies are required to investigate the potential hemody-
namic benefit effect of NSBB in our early cirrhotic patients.

There are several limitations that warrant careful interpre-
tation of this study. First, the follow-up time is 3 months, even if
there was a report from Villanueva et al., who demonstrated that
acute hemodynamic response to beta-blockers could be used to
predict the long-term risk of first bleeding,28 and a long-term
follow up is recommended. Second, we could not perform the
HVPG, the gold-standard measurement of portal pressure, due to
its high procedural cost. We are aware of the interpretation of
our study. Nevertheless, HVPG is not the end result of NSBB
prophylaxis. The presence of EVs or clinical PHT is a major out-
come goal during follow up. Third, we categorized patients as
HR responders or HR nonresponders, which is measured in real-
life practice and is not the effect of real portal hemodynamic
response, but the HR response was generally used in clinical
practice. Fourth, our sample size was precisely calculated to
determine the correlation between TE and HR change, but the
number was not enough to determine the relationship between
HR responder and TE responder. Fifth, the maximum target dose
of NSBB in our study was only 80 mg/day. In theory, the maxi-
mum target dose of NSBB was 160 mg/day, but in clinical prac-
tice, most of enrolled patients can only tolerate a maximum
amount of 80 mg/day.

In conclusion, our study showed the improvement of TE
in early cirrhotic patients under 3 months of NSBB therapy. If
adequately validated, this information may be useful for making
a decision of using NSBB therapy in these early cirrhotic
patients. Further study is needed to confirm that the monitoring
of TE change may be a better predictor for pharmacological
response than the HR response.
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