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Abstract

Nonselective beta-blockers are used as prophylaxis for variceal bleeding in
patients with advanced chronic liver disease (ACLD). The acute hemodynamic
response to intravenous propranolol (i.e., 210% reduction in hepatic venous
pressure gradient [HVPGQ]) is linked to a decreased risk of variceal bleed-
ing. In this study, we aimed to investigate the overall prognostic value of an
acute response in compensated and decompensated ACLD. We analyzed
the long-term outcome of prospectively recruited patients with ACLD follow-
ing a baseline HVPG measurement with an intraprocedural assessment of the
acute hemodynamic response to propranolol. Overall, we included 98 patients
with ACLD (mean+SD age, 56.4+11.5years; 72.4% decompensated; 88.8%
varices; mean+SD HVPG, 19.9+4.4mm Hg) who were followed for a median
of 9.6 (interquartile range, 6.5-18.2) months. Fifty-seven patients (58.2%)
demonstrated an acute hemodynamic response to propranolol that was asso-
ciated with a decreased risk of variceal bleeding (at 12months, 3.6% vs. 15% in
nonresponder; log-rank, p = 0.038) and hepatic decompensation (at 12 months,
23% vs. 33% in nonresponder; log-rank, p = 0.096). On multivariate analy-
sis, the acute response was an independent predictor of first/further hepatic
decompensation (adjusted hazards ratio, 0.31; 95% confidence interval [CI],
0.13-0.70; p = 0.005). Importantly, there was a tendency toward a prolonged
transplant-free survival in acute responders compared to nonresponders (34.2;
95% ClI, 29.2-39.2 vs. 25.2; 95% CI, 19.8—30.6 months; log-rank, p = 0.191).
Conclusions: Patients with ACLD who achieve an acute hemodynamic re-
sponse to intravenous propranolol experience a lower risk of variceal bleeding
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ACUTE HEMODYNAMIC RESPONSE TO PROPRANOLOL

and nonbleeding hepatic decompensation events compared to nonresponders.
An assessment of the acute hemodynamic response to intravenous proprano-
lol provides important prognostic information in ACLD.

INTRODUCTION

The natural history of cirrhosis is characterized by
the progression from a compensated to a decompen-
sated stage.m The occurrence of hepatic decompensa-
tion, such as ascites development, variceal bleeding,
or hepatic encephalopathy (HE), marks a watershed
moment in the clinical course of advanced chronic
liver disease (ACLD) and is associated with a steep
increase in mortality.m The main pathophysiological
driver of disease progression and subsequent decom-
pensation in patients with ACLD is the development of
portal hypertension.m Particularly the development of
clinically significant portal hypertension (CSPH), de-
fined by a hepatic venous pressure gradient (HVPG)
=10mm Hg, is paralleled by an increased risk of portal
hypertension-related complications.[2'3]

Nonselective beta-blockers (NSBBs) are a corner-
stone of the treatment of patients with portal hyper-
tension.”! In terms of monitoring the hemodynamic
response to NSBB therapy and assessing the sever-
ity of portal hypertension, an invasive HVPG mea-
surement is currently seen as the gold standard."51 A
reduction in HVPG values to below 12mm Hg or a de-
crease in HVPG of 10% in primary prophylaxis!®’! and
20% in secondary prophylaxis[&g] indicate a chronic he-
modynamic response to NSBB treatment. Achieving a
hemodynamic response to NSBBs has been linked to
a decreased incidence of variceal bleeding and other
forms of hepatic decompensation as well as increased
survival."" However, the assessment of the HVPG
response to NSBB treatment requires a second inva-
sive procedure and in some cases, patients may ex-
perience variceal bleeding prior to the second HVPG
measurement.l'? This is of particular importance for
patients on secondary prophylaxis for whom the short-
term rebleeding risk is high.m]

Alternatively, evaluating the acute hemodynamic
response to intravenous propranolol (210% decrease
of HVPG) may help circumvent these limitations and
potentially predict the chronic response to oral NSBB
intake, thus allowing for early risk stratification within a
single hemodynamic study.[7’14] This could substantially
reduce the need for repeated HVPG measurements.”4
The prognostic role of an acute hemodynamic response
to intravenous propranolol in primary[”‘” and second-
ary prophylaxis”‘” has been assessed by two previous
studies. Both studies yielded promising results and
linked the acute response to a reduced incidence of
variceal bleeding and rebleeding, as well as prolonged

survival.”'" Furthermore, the acute hemodynamic
response has also been linked to decreased rates of
ascites formation, worsening of ascites,'®”! refractory
ascites, spontaneous bacterial peritonitis, and hepa-
torenal syndrome.[ﬁ] However, the value of the acute
response in predicting hepatic decompensation in gen-
eral, and further decompensation in particular, has not
yet been established.

We aimed to investigate the prognostic value of a sin-
gle hemodynamic assessment of the acute response to
intravenous propranolol in order to allow for a simplified
assessment of NSBB benefits during a single invasive
procedure and advance personalized NSBB therapy in
patients with CSPH.

MATERIALS AND METHODS
Patient cohort and study design

In this study, we analyzed prospectively recruited pa-
tients with ACLD who underwent a baseline hemo-
dynamic HVPG measurement combined with an
assessment of the acute hemodynamic response to
intravenous propranolol at the Hepatic Hemodynamic
Laboratory of the Medical University of Vienna be-
tween January 2017 and March 2020.

ACLD was diagnosed based on HVPG and either
unequivocal radiologic/clinical data, histologic find-
ings, or vibration-controlled transient elastography. All
patients signed an informed consent form and were
subsequently included in the Vienna Cirrhosis Study
(VICIS; NCT03267615).

Inclusion criteria for this study were the presence
of CSPH, the initiation of NSBB treatment (carvedilol
or propranolol) following the baseline hemodynamic
evaluation, and an adequate adherence to therapy,
defined as an intake of NSBBs for more than 50% of
the duration of the observation period (per-protocol
analysis). Patients with hepatocellular carcinoma,
splanchnic venous thrombosis (including portal vein
thrombosis), porto-sinusoidal vascular disease, pre-
vious transjugular intrahepatic portosystemic shunt
insertion, previous liver transplantation, active NSBB
therapy at baseline, or a contraindication to NSBB
therapy were excluded.

The study was approved by the local ethics commit-
tee at the Medical University of Vienna (EK1262/2017)
and was conducted in accordance with the 1964
Declaration of Helsinki and its later amendments as
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well as the guidelines for good scientific practice of the
Medical University of Vienna.

Hemodynamic measurements

The HVPG measurement was performed by follow-
ing a standardized protocol through the insertion of
an angled-tip balloon catheter™ into the right internal
jugular vein.’! The catheter was advanced through the
right atrium into the inferior vena cava under fluoro-
scopic guidance. Once the catheter had been placed
into the lumen of a large hepatic vein, the vessel was
occluded by inflating the attached balloon and the
wedged hepatic venous pressure (WHVP) was meas-
ured. Both the correct catheter location and the wedge
position were confirmed by x-ray following the injection
of a contrast medium. After measuring the WHVP, the
balloon was deflated and the free hepatic venous pres-
sure (FHVP) was measured. To maximize accuracy,
all measurements were performed in ftriplicates. The
HVPG was calculated by subtracting the FHVP from
the WHVP. The mean of three calculations rounded to
the nearest integer was used for all further analyses.
After the measurement of WHVP and FHVP, the pres-
sure within the inferior vena cava (IVCP) and the cen-
tral venous pressure (CVP; measured from within the
right atrium) were assessed. Permanent tracings were
recorded for all parameters.

Following the baseline hemodynamic assessment,
propranolol (0.15mg/kg of body weight; aqueous
propranolol-hydrochloride solution [1 mg/ml] stabilized
with citric acid) was administered intravenously by con-
tinuous infusion. All hemodynamic measurements were
repeated 15minutes after the administration of pro-
pranolol. In accordance with previous studies, we de-
fined the acute hemodynamic response to propranolol
as an HVPG decrease of 210%.%* The baseline HVPG
measurement was performed without active oral NSBB
intake at the time of measurement, and any previous
ongoing NSBB therapy was paused for at least 5days
before the HVPG evaluation.

A second hemodynamic measurement under oral
NSBB therapy (carvedilol or propranolol) for the as-
sessment of the chronic response was conducted in a
subgroup of patients. Patients did not receive nitrates
in addition to NSBB therapy. A decrease in HVPG by
210% or to <12mm Hg was used to define a chronic
treatment response.

Follow-up

After the baseline HVPG measurement, including the
intravenous propranolol response assessment, NSBB
treatment with either propranolol or carvedilol was initi-
ated. The choice of NSBB type was made by the treating

physician and primarily based on clinical parameters,
regardless of the presence of an acute hemodynamic
response. In patients who did not demonstrate signs of
circulatory dysfunction or refractory ascites, carvedilol
was preferred as it has been shown to be more potent
in decreasing portal pressure.m] Carvedilol was started
at a dose of 6.25mg/day and, if tolerated, subsequently
increased to a target dose of 12.5mg/day.l'"”! Higher
doses of carvedilol were only used in cases of concom-
itant arterial hypertension. In propranolol users, the
dose was progressively increased until the heart rate
decreased to approximately 55 beats per minute.['6:18]
In patients with significant ascites, a maximum dose of
80mg/day of propranolol was administered.!'®!

Follow-up examinations took place in the outpatient
clinic, and all inpatient stays during the observation pe-
riod were recorded and analyzed. Information regard-
ing the death of patients was either available within the
electronic health records or acquired from a nationwide
database. Whenever possible, the cause of death was
also recorded. Patients were censored at the time of
death or liver transplantation.

The primary endpoints of this study were bleeding
events from esophageal varices and other events that
constitute hepatic decompensation as well as death
from any cause. First hepatic decompensation in com-
pensated ACLD (cACLD) or further hepatic decom-
pensation in decompensated ACLD (dACLD) during
the observation period were defined as (i) variceal
bleeding or rebleeding, (ii) new onset or worsening
of ascites, (iii) development of spontaneous bacterial
peritonitis, defined by an ascitic polymorphonuclear
leucocyte count >250 cells/ul, (iv) new onset or wors-
ening of HE, or (v) liver-related death. In this study, the
definition of a new onset or aggravation of ascites was
based on the necessity for paracentesis. Paracentesis
is routinely performed in patients with a first onset of
ascites as a diagnostic measure, and large-volume
paracentesis denotes a worsening of ascites in patients
in whom ascites could previously be controlled with di-
uretic treatment alone. With regard to HE, the definitive
clinical diagnosis of covert HE is difficult; we thus used
the occurrence of a West Haven grade IlI/IV HE event
to define a new onset, or in case of previous medica-
tion for HE, aggravation of HE. Liver-related death was
included as a decompensating event in order to accu-
rately incorporate data from the nationwide mortality
database because disease progression and decom-
pensation before death but not the specific decompen-
sating event are recorded in this database.

Statistical analysis

Statistical analyses were conducted using IBM SPSS
26 (SPSS Inc., Armonk, NY, USA) and R 4.1.2 (R
Core Team, R Foundation for Statistical Computing,
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Vienna, Austria). Figures were drawn using GraphPad
Prism 9 (GraphPad Software, La Jolla, CA, USA).
Continuous variables were reported as mean+SD
or as median and interquartile range (IQR) accord-
ing to parametric distribution tested by the Shapiro-
Wilk test. Categorical variables were reported as the
number and proportion of patients with a particular
characteristic. Group comparisons for normally dis-
tributed data were performed using the Student ¢ test,
and not normally distributed data were compared
using the Mann-Whitney U test. Pearson's chi-square
test or Fisher's exact test were conducted to perform
group comparisons of categorical data. For the com-
parison of paired metric variables, a paired ¢ test or a
Wilcoxon signed-rank test was performed. To assess
the correlation between metric variables, Spearman
correlation coefficients were calculated. Factors as-
sociated with an acute hemodynamic response were
assessed using a binary logistic regression model.
Group comparisons regarding time-dependent events
were performed by the Kaplan-Meier method and log-
rank test. To identify potential predictors of the occur-
rence of variceal bleeding, hepatic decompensation,
or death during the observation period, univariate and
multivariate Cox regressions were performed. All var-
iables were initially assessed in a univariate analysis.
Subsequently, variables associated with the event of
interest (univariate p<0.1), the presence of an acute
hemodynamic response to intravenous propranolol,
and typical parameters of clinical relevance were in-
cluded in the multivariate model and analyzed using
a stepwise backward approach. Additionally, all find-
ings were further analyzed in univariate and multivari-
ate Fine and Gray competing risk regression models.
Competing events included (i) liver transplantation (all
models), (ii) all-cause mortality (analysis of variceal
bleeding), and (iii) non-liver-related mortality (analy-
sis of hepatic decompensation and of liver-related
mortality). Two-sided p <0.05 was considered statis-
tically significant.

RESULTS
Acute hemodynamic response

During the study period, a baseline HVPG measure-
ment was performed in 347 patients. Of those, 136
(39.2%) underwent an intraprocedural assessment of
the acute hemodynamic response to intravenous pro-
pranolol. Nineteen patients presented with 21 exclusion
criterion at baseline and therefore had to be excluded.
During the follow-up period, 19 patients failed to adhere
to the NSBB treatment and subsequently had to be ex-
cluded from the study. Thus, a total of 98 patients were
included. A detailed flow chart of the patient selection
process is provided in Figure S1.

The mean age of the study cohort was 56.4 (SD:
+11.5) years, and 72.4% presented in a decompen-
sated state at baseline. The mean HVPG at baseline
was 19.9 (SD: +4.4) mm Hg. A comprehensive over-
view of the clinical and hemodynamic characteristics of
the study cohort at baseline is presented in Table 1. In
order to adjust for differences in baseline characteris-
tics, we additionally performed propensity score match-
ing, the results of which are provided in the Supporting
Materials.

Overall, 57 patients (58.2%) demonstrated an acute
response to intravenous propranolol, defined by a de-
crease in HVPG of 210%, and were consequently clas-
sified as acute responders (ivP-Rs). Besides a lower
proportion of male patients, a lower height, lower cre-
atinine levels, and a higher CVP among hemodynamic
responders, there were no significant differences in
baseline characteristics between ivP-Rs and nonre-
sponders (ivP-NRs).

Using a binary logistic regression model, a univari-
ate analysis was performed to detect variables linked
to an acute response. Sex (male vs. female; odds ratio
[OR], 0.39; 95% confidence interval [CI], 0.15-0.99;
p = 0.047), weight (per kg; OR, 0.98; 95% CI, 0.95-
1.00; p = 0.039), CVP (per mm Hg; OR, 1.18; 95% ClI,
1.03-1.35; p = 0.015), and baseline creatinine levels
(per mg/dl; OR, 0.27; 95% CI, 0.08-0.91; p = 0.035)
were significantly associated with an increased proba-
bility of achieving a hemodynamic response. In the mul-
tivariate analysis, only CVP (per mm Hg; adjusted OR
[aOR], 1.24; 95% CI, 1.07-1.45; p = 0.006) and creati-
nine levels (per mg/dl; aOR, 0.25; 95% CI, 0.07-0.97;
p = 0.046) remained significant predictors of an acute
response (Table S1).

Following the acute administration of intravenous
propranolol, FHVP increased while heart rate and sys-
tolic arterial pressure (SAP) decreased significantly in
both ivP-Rs and ivP-NRs. However, only ivP-Rs demon-
strated a significant reduction in WHVP, diastolic arte-
rial pressure (DAP), and mean arterial pressure (MAP),
combined with a significant increase in CVP and IVCP
compared to the baseline measurement (Table S2). A
decrease in HVPG did not correlate with a decrease
in heart rate (Spearman's p = 0.154; p = 0.174) or with
a decrease in MAP (Spearman's p = 0.156; p = 0.179).

Chronic hemodynamic
response and concordance with acute
hemodynamic response

After the initial hemodynamic assessment, carvedilol
was administered in 63.2% of ivP-Rs and 61% of ivP-
NRs. In order to assess the chronic hemodynamic re-
sponse to NSBB therapy, a second hemodynamic
study was performed in 54 patients (58.2%; n = 31 ivP-
Rs [54.4%)] and n = 23 ivP-NRs [56.1%)]). The second
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TABLE 1 Patient characteristics

Baseline characteristics
Sex, male
Age, years
Etiology

ALD

Viral

Mix (ALD/viral)

Other
Weight, kg
Height, cm
BMI, kg/m?
Varices
Decompensated disease
Previous variceal bleeding
Severe/refractory ascites
Previous HE episode
CPS
CP stage (A/B/C)
UNOS MELD
Liver stiffness, kPa
Hemodynamic evaluation
FHVP, mm Hg

Acute change, %
WHVP, mm Hg

Acute change, %
HVPG, mm Hg

Acute change, %
HVPG 220 mm Hg
IVCP, mm Hg

Acute change, %
CVP, mm Hg

Acute change, %
Heart rate, bpm

Acute change, %
SAP, mm Hg

Acute change, %
DAP, mm Hg

Acute change, %
MAP, mm Hg

Acute change, %
NSBB prescribed

Carvedilol

Propranolol
Baseline laboratory parameters

Hemoglobin, mg/d|

All patients
N =98

68 (69.4%)
56.39+11.49

51 (52%)

12 (12.2%)

12 (12.2%)

23 (23.5%)

79 (68.75-90)"
172.51+9.39'
26.6 (22.7-29.8)
87 (88.8%)

71 (72.4%)

14 (14.3%)

18 (18.4%)

10 (10.2%)

7 (6-8)
35.7%/52%/12.2%
12 (10-16)

48 (28.2-72.75)"®

6.75 (3—10)
+28.6+134.8%
26.57 +5.05
-2.7+12.3%
19.90+4.35
-10.1+9.0%

53 (54.1%)

6 (3-9)°
+24.3+132.9%?2
5 (2.75-7)'®
+7.3+22.1%°
77 (68-90.5)"
-11.4+17.6%
136.18+20.2"
-5.7+8.0%
80.03+11.61"
-1.7+9.5%
101.14+14.09*
-4.4+8.5%

61 (62.2%)
37 (37.8%)

11.47+2.03

Acute responders
n =57

35 (61.4%)
54.47+11.54

25 (43.9%)

9 (15.8%)

9 (15.8%)

14 (24.6%)

78 (65—86.75)"
170.89+9.62"
24.7 (22.5-29.3)
51 (89.5%)

43 (75.4%)

8 (14%)

10 (17.5%)

4 (7%)

7 (6-8.5)
31.6%/52.6%/15.8%
12 (10-16)

48 (28.3-72.5)®

6.5 (3.5-10)
+21.0434.3%?
27.23+5.19
~7.2+5.6%
20.49+4 .34
-16.1£5.2%
33 (57.9%)

6 (3-9)°
+14.2432.3%*
6 (3-9)"?
+11.5+28.0%°
79 (67.5-93.5)
-12.1£19.4%
133.35+20.79
-5.8+7.5%
78.68+12.55
-2.6+9.2%
99.25+14.06'
-5.3+7.9%

36 (63.2%)
21 (36.8%)

11.23+2.07

Acute nonresponders

n=4

33 (80.5%)
59.05+11.01

26 (63.4%)

3 (7.3%)

3 (7.3%)

9 (22.0%)
84.47+18.36
174.71+8.7
275+4.6

36 (87.8%)

28 (68.3%)

6 (14.6%)

8 (19.5%)

6 (14.6%)

7 (5.5-8)
41.5%/51.2%/7.3%
12 (9.5-15)
457 (27.7-75)"°

7 (3-9)
+38.2+200.5%"
25.66+4.78
+3.0+15.8%
19.07+4.28
-1.6+5.5%

20 (48.8%)

6 (2-8)°
+37.0+197.5%2
4 (1-5.5)*
+2.3+9.7%°

76 (68.5—88.5)"
-10.6+15.3%
140.2+18.86'
-5.5+8.6%
81.95+9.96
-0.5+9.9%
103.92+13.85°
-3.1+9.3%

25 (61.0%)
16 (39.0%)

11.81+£1.95

p value

0.043"
0.051
0.202

0.054
0.047"
0.108
1.000
0.435
0.933
0.804
0.312
0.408
0.357
0.905
0.870

0.726
0.184
0.130
<0.001"
0.112
<0.001"
0.372
0.422
0.112
0.013’
0.122
0.758
0.538
0.100
0.859
0.174
0.325
0.123
0.272
0.826

0.164

(Continues)
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TABLE 1 (Continued)
All patients Acute responders Acute nonresponders
N =98 n =57 n=41 p value
Platelets, G/L 98.5 (69-127) 94 (62-123.5) 111.46+49.07 0.230
White blood cells, G/L 4.5 (3.57-6.02) 4.25 (3.17-5.39) 4.83 (3.96-6.31) 0.076
Sodium, mmol/L 138 (136-141) 138 (135.5-140.5) 138 (136-141) 0.573
Creatinine, mg/dl 0.71 (0.58—1) 0.63 (0.54—0.82) 0.85 (0.62-1.06) 0.004"
Bilirubin, mg/dl 1.09 (0.82-2.1) 1.06 (0.81-2.16) 1.2 (0.85-2.13) 0.837
Albumin, g/L 34.5+515 34.02+5.38 36.2 (32.05-38.7) 0.183
Prothrombin time, % 51.88+13.77% 51.5+14.96" 52.46+11.98" 0.784
CRP, mg/d| 0.37 (0.16-0.83)" 0.28 (0.14-0.76)' 0.43 (0.19-0.97) 0.443

Notes: Data are listed as number n (%), mean+SD, or median (IQR). Missing data are noted as a superscript number. Three acute responders were not

followed at our center after the baseline hemodynamic assessment.

Abbreviations: ALD, alcohol-related liver disease; BMI, body mass index; bpm, beats per minute; CPS, Child-Pugh score; CRP, C-reactive protein; CVP,
central venous pressure; DAP, diastolic arterial pressure; FHVP, free hepatic venous pressure; HE, hepatic encephalopathy; HVPG, hepatic venous pressure
gradient; IVCP, inferior vena cava pressure; MAP, mean arterial pressure; MELD, Model for End-Stage Liver Disease; NSBB, nonselective beta-blocker; SAP,
systolic arterial pressure; UNOS, United Network for Organ Sharing; WHVP; wedged hepatic venous pressure.

@Patients with 0mm Hg at baseline assessment had to be excluded in order to analyze percentage change.

*Statistically significant at p <0.05.

measurement was performed after a median time of 9.4
(IQR: 5.0-18.1) weeks. There were no significant differ-
ences in the baseline characteristics of the patients who
underwent a second hemodynamic assessment and
those who did not. Overall, 30 patients (55.6% of those
with a second measurement) demonstrated a decrease
in HVPG by 210% or to <12mm Hg and were thus clas-
sified as chronic responders. Of note, a decrease in
HVPG to <12mm Hg was achieved in two patients, both
of whom also showed a decrease of 210%. While DAP
and heart rate decreased significantly under NSBB ther-
apy in chronic responders and nonresponders, a signifi-
cant reduction in WHVP, SAP, and MAP only occurred in
chronic responders (Table S3). At baseline, there were
no significant differences between chronic respond-
ers and nonresponders, except for lower levels of DAP
(meanxSD: 78.1+8.3 vs. 83.6+9.9mm Hg; p = 0.031)
and sodium (136.33+£5.92 vs. 139.08+3.26 mmol/L;
p =0.035) in chronic responders (Table S4). Endoscopic
band ligation for high-risk varices was performed in
45.8% of chronic nonresponders.

Of all ivP-Rs that underwent a second hemodynamic
assessment, 20 patients (64.5%) also demonstrated
a chronic response to NSBB treatment. However, an
acute response did not predict a chronic response
in univariate analysis using binary logistic regres-
sion (OR, 2.36; 95% CI, 0.78-7.14; p = 0.127). While
acute responders also tended to demonstrate a more
pronounced HVPG decrease at the chronic response
measurement, this finding did not reach statistical sig-
nificance. Importantly, ivP-NR treated with carvedilol
achieved a chronic response in 50% of cases, while
a chronic response only occurred in 28.6% of acute
nonresponders who were subsequently treated with
propranolol. Additional data pertaining to the chronic
hemodynamic response assessment is provided in the
Supporting Materials.

100._|.|_||_|.|.|_|.|.|.|.|.l_l_ll

90

80
=+ Acute responders

70 Acute nonresponders

% of patients without
bleeding event

60
log-rank P =0.038*

50
0 6 12 18 24 months
Patients 48 37 27 16 13 Responders
at risk 36 29 14 9 6  Nonresponders
FIGURE 1 Variceal (re-)bleeding stratified by acute

hemodynamic response. *, significant.

Variceal bleeding according to acute
hemodynamic response

Following the baseline evaluation, patients were fol-
lowed up for a median of 9.6 (IQR: 6.5-18.2) months.
Eighty-seven patients (88.8%) presented with esopha-
geal varices at baseline and were included in the analy-
sis of bleeding events. Six patients (6.9%) suffered a
variceal bleeding event during the follow-up period, all
in the setting of primary prophylaxis. Of these events,
five occurred in acute nonresponders and one in an
acute responder. Accordingly, ivP-Rs demonstrated
a significantly lower cumulative probability of variceal
bleeding, as evidenced by a 24-month bleeding risk of
3.6% in ivP-Rs compared to 14.9% in ivP-NRs (log-
rank p = 0.038; Figure 1). Additional risk factors associ-
ated with an increased risk of variceal bleeding were
assessed in a univariate Cox regression analysis. This
model revealed a significant link between increased
risk of variceal bleeding and high baseline levels of
HVPG (hazard ratio [HR], 1.207; 95% CI, 1.019-1.430;
p = 0.029) and C-reactive protein (CRP; HR, 1.588;
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95% CI, 1.028-2.454; p = 0.037). Both variables were
subsequently included in a multivariate model, together
with the acute hemodynamic response and additional
hemodynamic and clinical parameters of prognostic im-
portance. In this multivariate analysis, only the baseline
HVPG (adjusted HR [aHR], 1.385; 95% Cl, 1.108—1.731;
p = 0.004) and the presence of an acute response
(@HR, 0.042; 95% CI, 0.004-0.487; p = 0.011) were
independently predictive of a variceal bleeding event
(Table 2). Importantly, we observed a similar trend in
our univariate (subdistribution HR [SHR], 0.141; 95%
Cl, 0.018-1.130; p = 0.065) and multivariate (adjusted
SHR [aSHR], 0.047; 95% CI, 0.002-1.350; p = 0.074;
adjusted for baseline HVPG) competing risk regression
models.

During the follow-up period, variceal ligation was
performed in 12 patients without an acute hemody-
namic response to propranolol and with varices at
baseline (33.3%; nine under primary prophylaxis and
three under secondary prophylaxis). Of note, of the five
variceal bleeding events that occurred in nonrespond-
ers during the study period, four occurred in patients
without variceal ligation during follow-up and one in a
patient with variceal ligation. In a univariate analysis
within this subgroup, variceal ligation did not reach sta-
tistical significance with regard to a potential decrease
in the risk of variceal bleeding (HR, 0.430; 95% CI,
0.048-3.864; p = 0.451).

Hepatic decompensation according to
acute hemodynamic response

At baseline, 72.4% of all patients presented with
dACLD, with ascites being the most common cause of
previous decompensation. During follow-up, 14 ivP-Rs
(24.6%) and 16 ivP-NRs (39%) suffered an episode of
first or further hepatic decompensation. In the overall

TABLE 2 Predictors of variceal bleeding

Univariable analysis

study population, the leading cause of hepatic decom-
pensation was the development or worsening of he-
patic encephalopathy (30%). Patients who experienced
decompensation during the observation period showed
a significantly higher Child-Pugh score (CPS), HVPG,
CRP, creatinine, and interleukin-6 (IL-6) and a lower
hemoglobin level at baseline (Table S5). Compared
to ivP-NR, the likelihood of developing any form of
hepatic decompensation tended to be lower in ivP-R,
with a 22.8% versus 33.1% cumulative decompensa-
tion rate at 1year and 22.8% versus 48.8% at 2years,
respectively (log-rank p = 0.096; Figure 2A). In a mul-
tivariate analysis, in addition to the baseline HVPG,
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2k Acute nonresponders
€ ©
3 50
Y
St
o3
=3
2
= log-rank P = 0.096
0
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Patients 54 38 27 16 12 Responders
at risk 41 27 16 8 6  Nonresponders
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22 Acut d
ag Cute nonresponaers
2§ 50
3t
52
=3
log-rank P = 0.026*
0
0
0 6 12 18 24 months
Patients 40 29 23 13 9 Responders
at risk 28 16 12 6 6  Nonresponders

FIGURE 2 Hepatic decompensation stratified by acute
hemodynamic response. (A) Overall cohort. (B) Patients with
previous decompensation. *, significant.

Multivariate analysis

HR 95% CI
Age (per year) 0.960 0.893-1.032
Large varices (vs. small) 1.591 0.291-8.710
CPS (per point) 1.216 0.818-1.810
Baseline HVPG (per mm Hg) 1.207 1.019-1.430
Baseline MAP (per mm Hg) 0.989 0.931-1.052
Acute hemodynamic response  0.141 0.017-1.213
Sodium (per mmol/L) 0.892 0.770-1.032
Creatinine (per mg/dl) 1.190 0.161-8.795
CRP (per mg/dl) 1.588 1.028-2.454

p value aHR 95% CI

0.266
0.592
0.333
0.029"
0.730
0.074
0.125
0.865
0.037"

p value

1.385 1.108-1.731 0.004"

0.042 0.004-0.487 0.011"

Note: The final step of the multivariate logistic regression analysis is shown.

Abbreviations: aHR, adjusted hazard ratio; Cl, confidence interval; CPS, Child-Pugh score; CRP, C-reactive protein; HR, hazard ratio; HVPG, hepatic venous

pressure gradient; MAP, mean arterial pressure.
*Statistically significant at p <0.05.
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TABLE 3 Predictors of hepatic decompensation

Univariable analysis

Multivariate analysis

HR 95% CI

Age (per year) 1.007 0.975-1.040
CPS (per point) 1.251 1.044-1.498
Baseline HVPG (per mm Hg) 1.103 1.016-1.197

Baseline MAP (per mm Hg) 0.969 0.939-0.999
Acute hemodynamic response 0.541 0.260-1.127
Sodium (per mmol/L) 0.963 0.895-1.036
Creatinine (per mg/dl) 1.577 0.671-3.706
CRP (per mg/dl) 1.258 0.967-1.638

p value aHR 95% CI p value
0.689

0.015" 1.244 0.996-1.553 0.054
0.019° 1.102 1.005-1.209 0.040°
0.043 0.967 0.932-1.002 0.065
0.101 0.306 0.133-0.701 0.005"
0.314

0.294

0.088

Note: The final step of the multivariate logistic regression analysis is shown.

Abbreviations: aHR, adjusted hazard ratio; Cl, confidence interval; CPS, Child-Pugh score; CRP, C-reactive protein; HR, hazard ratio; HVPG, hepatic venous

pressure gradient; MAP, mean arterial pressure.
*Statistically significant at p <0.05.

the presence of an acute hemodynamic response was
independently predictive of hepatic decompensation
(@HR, 0.306; 95% Cl, 0.133-0.701; p = 0.005; Table 3).
This finding also remained true in the multivariate com-
peting risk regression analysis (aSHR, 0.340; 95% ClI,
0.151-0.765; p = 0.009; Table S6).

When considering patients with dACLD separately,
the prognostic value of an acute response became even
more apparent. The probability of further decompensation
during follow-up was significantly lower in ivP-Rs com-
pared to ivP-NRs, with 20.9% versus 43.4% decompen-
sating further at 1year and 20.9% versus 55% at 2years,
respectively (log-rank p = 0.026; Figure 2B). Furthermore,
the acute response remained an independent predictor of
further decompensation in the multivariate model (aHR,
0.229; 95% Cl, 0.088-0.594; p = 0.002; Table S7).

Transplant-free survival according to
acute hemodynamic response

During the observation period, 20 patients (20.5%) died;
nine were ivP-Rs (15.8%) and 11 ivP-NRs (26.8%). The
cause of death was liver-related in 70% of all cases
(77.8% in ivP-Rs; 63.6% in ivP-NRs). The majority of
non-liver-related deaths were related to cardiovascular
events, namely cardiac arrest in two patients, stroke in
one patient, and postsurgical complications in two pa-
tients. In one patient, the cause of death was unknown.

All-cause mortality tended to be reduced in ivP-Rs,
with a mean survival time of 34.2 (95% CI, 29.2-39.2)
months compared to 25.2 (95% CI, 19.8-30.6) months
for ivP-NRs (log-rank p = 0.191) (Figure 3A). The sur-
vival benefit associated with an acute response seemed
more pronounced in patients with dACLD at baseline,
as shown by an 83.9% survival rate in ivP-Rs versus
54.5% in ivP-NR after 2years (log-rank p = 0.061)
(Figure 3B). In the overall cohort, a higher CPS (aHR,

(A) 1007wy

- Acute responders
Acute nonresponders

% survival

50

log-rank P =0.191

0 6 12 18 24 months
Patients 54 42 29 18 13 Responders
at risk 41 35 17 10 6  Nonresponders

(B) 100LL—|1

- Acute responders
Acute nonresponders
50

% survival in
decompensated patients

log-rank P = 0.061

0

0
0 6 12 18 24 months

Patients 40 33 25 14 10 Responders

at risk 28 24 13 8 6  Nonresponders

FIGURE 3 Survival stratified by acute hemodynamic
response. (A) Overall cohort. (B) Patients with previous
decompensation.

1.520; 95% CI, 1.157-1.998; p = 0.003), a lower
baseline MAP (aHR, 0.943; 95% CI, 0.900-0.989;
p =0.016), and the presence of an acute hemodynamic
response (aHR, 0.297; 95% ClI, 0.109-0.811; p = 0.018)
were independent predictors of transplant-free survival
(Table S8). Importantly, an acute response remained a
significant predictor of all-cause mortality in a multivar-
iate competing risk model adjusted for CPS and MAP
(aSHR, 0.294; 95% CI, 0.097-0.885; p = 0.029).

With regard to the analysis of liver-related mortal-
ity, we observed a significantly reduced risk in ivP-Rs
in a multivariate Cox regression model adjusted for
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CPS and MAP (aHR, 0.291; 95% CI, 0.088-0.995;
p = 0.042). Similarly, in a multivariate competing risk
model adjusted for CPS and MAP, an acute hemody-
namic response was associated with a reduced risk of
liver-related mortality (aSHR, 0.336; 95% CI, 0.095—
1.189; p = 0.091).

DISCUSSION

Our study demonstrates that the acute hemodynamic
response to intravenous propranolol in patients with
ACLD and CSPH is associated with a significantly
reduced risk of variceal bleeding and hepatic decom-
pensation, which also translates into a trend toward an
increased probability of survival.

The value of an acute hemodynamic response for
the prediction of variceal bleeding in the setting of pri-
marym‘” and secondary prophylaxis”‘” has been exam-
ined by two previous studies. These demonstrated that
achieving an acute response is linked to a decreased
risk of variceal bleeding. In the study performed by La
Mura et al.,""! which, similarly to our study, included pa-
tients on primary and secondary prophylaxis, the inci-
dence of variceal bleeding or rebleeding at 1year was
7% in acute responders and 21% in nonresponders.
Accordingly, we also found a decreased risk of variceal
bleeding in ivP-Rs, specifically a 1-year cumulative
bleeding probability of 4% in ivP-Rs compared to 15%
in ivP-NRs. Importantly, achieving an acute hemody-
namic response remained independently predictive of
variceal bleeding on multivariate analysis. In accor-
dance with previous studies, our results indicate that an
acute hemodynamic response is protective with regard
to variceal bleeding and thus provides prognostic infor-
mation which might allow physicians to detect patients
at an increased risk of treatment failure.

Another significant finding of our study is that the risk
of hepatic decompensation was reduced by more than
50% in ivP-Rs. The decreased rate of (further) decom-
pensation was most apparent in the cohort of patients
with previously decompensated disease. In light of the
considerable 5-year mortality following further decom-
pensation, estimated at up to 88%," this finding is of
particular importance. Interestingly, the leading cause
of hepatic decompensation in our overall collective was
a new onset or worsening of HE. A possible explana-
tion for this observation is that a majority of patients
included in our study presented with ascites at inclusion
and the need for diuretic treatment may have promoted
the development of HE.2% Furthermore, because only
the first decompensating event was recorded, it is pos-
sible that a subsequent development or worsening of
ascites may have occurred.

Our results are in line with previous research, as
Villanueva et al.l"l observed a lower probability of devel-
oping ascites (i.e., a form of hepatic decompensation)

in ivP-Rs as well. However, the impact on other forms
of hepatic decompensation was not discussed in this
study, and the authors did not specify the diagnostic cri-
teria for ascites. Thus it is unclear whether a worsening
of preexisting ascites was included in their definition. A
more comprehensive assessment of the risk of develop-
ing ascites in patients with compensated cirrhosis was
provided by Hernandez-Gea and colleagues.[e] They not
only observed a significantly reduced risk of de novo as-
cites formation in ivP-Rs but also demonstrated a de-
crease in the incidence of ascites-related complications,
including refractory ascites and hepatorenal syndrome.[G]
In addition to the aforementioned studies, the value of an
HVPG-guided therapy with regard to the risk of further
hepatic decompensation was evaluated in another study
that used the acute hemodynamic response to guide the
choice of treatment in patients after a variceal bleeding
event.?!! There, Villanueva et al.?"! demonstrated a sig-
nificant reduction in the risk of hepatic decompensation
in acute hemodynamic responders, which was also re-
flected by a higher probability of survival. However, the
treatment regimen varied greatly between the groups.
While acute responders were initially treated with nadolol
alone, nonresponders and the control group received a
combination therapy consisting of nadolol, nitrates, and
variceal Iigation.[zﬂ In light of the abovementioned limita-
tions of these previous publications, our study provides
new insights into the prognostic role of an acute hemody-
namic response with regard to all causes of first/further
hepatic decompensation and particularly highlights its
relevance in patients with decompensated disease.

Importantly, the Prevent Decompensation of
Cirrhosis in Patients With Clinically Significant Portal
Hypertension (PREDESCI) study also used an acute he-
modynamic response-guided approach and compared
NSBB treatment—specifically propranolol for ivP-Rs
and carvedilol for ivP-NRs—to placebo. Interestingly,
they not only found a reduced incidence of decompen-
sation or death in the active treatment arm but also
showed a more pronounced decrease in HVPG and
a slightly more beneficial outcome in patients treated
with carvedilol (i.e., acute ivP-NRs).*? In contrast, we
primarily administered carvedilol following the baseline
hemodynamic measurement regardless of whether a
patient demonstrated an acute response to intravenous
propranolol or not as long as the patient did not show
clinical signs of circulatory dysfunction or refractory as-
cites. This may have decreased the bias of the outcome
comparison between responders and nonresponders
because the choice of NSBB treatment regimen during
follow-up remained largely unaffected by the acute re-
sponse. When compared to traditional NSBBs, such as
nadolol and propranolol, which have been used in the
majority of previous studies evaluating the value of an
acute response,[6'7'14'2” carvedilol has been shown to be
more efficient at decreasing portal pressure, due to its
additional anti-a1-adrenergic effect.l'®!
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In addition to a significantly decreased risk of var-
iceal bleeding and hepatic decompensation, we ob-
served a trend toward a prolonged transplant-free
survival in ivP-Rs. These results are in accordance with
previous studies, which suggest a survival benefit for
acute responders.!"421

Establishing the acute response assessment as a
tool for early risk stratification and estimation of treat-
ment efficacy during a single hemodynamic study is
more cost- and time-effective, as well as less invasive
than two consecutive HVPG measurements with and
without NSBB therapy. Furthermore, chronic response
evaluations are susceptible to the dynamics of the
underlying liver disease (e.g., alcohol abstinence!?’!
or sustained virological response[24‘26]). Although
the evolution of the underlying liver disease may also
confer prognostic information and may theoretically
strengthen the prognostic value of the chronic hemo-
dynamic response status,?”1 it hinders the assessment
of a potential benefit of NSBB therapy in the individual
patient. This is particularly relevant in the setting of he-
modynamic response-guided treatment approaches,
as applied in the PREDESCI study.!??

In order to evaluate the chronic response to NSBB
treatment, a second hemodynamic measurement was
performed in a subset of patients. Even though acute
responders demonstrated a tendency toward a more
pronounced decrease in HVPG at the second measure-
ment, this finding did not reach statistical significance.
Even in previous studies, which used conventional
NSBBs for both assessments, the correlation between
the acute and chronic response was not always consis-
tent. While Villanueva et al. observed a significant cor-
relation and demonstrated that 85% of acute responders
were also chronic responders,m La Mura et al.'" found
that the acute response persisted in only 35% of all
acute responders. Thus, a possible correlation between
an acute and chronic response, as well as potential in-
fluences on the change of response status, warrant
further research. Importantly, even though we did not
detect a significant correlation between the acute and
chronic decrease in HVPG, we observed that ivP-NRs
treated with carvedilol achieved a chronic hemodynamic
response in 50% of all cases. This finding is in line with
our previous study[28] demonstrating that carvedilol can
be used to achieve a hemodynamic response in 56%
of oral propranolol nonresponders. Interestingly, NSBB
therapy may also ameliorate intestinal permeability[zgl
and systemic inflammation,*” at least in part indepen-
dent from their hemodynamic effects.

The main limitations of our study are linked to the
heterogeneous study cohort because we included
patients with compensated and decompensated dis-
ease and patients with and without a history of vari-
ceal bleeding. Therefore, our findings might not apply
to all patients with ACLD, and further studies in specific
subgroups are required. Importantly, all patients were

included in the prospective VICIS study®®" and thus fol-

lowed up closely at our center. Nevertheless, as the
VICIS study is an observational study, there was no
fixed study protocol defining when to perform an acute
hemodynamic response measurement, or what sub-
sequent NSBB treatment regimen to use. Finally, the
duration of follow-up was short, and the limited number
of events may have precluded statistical significance in
some analyses that only found nonsignificant trends.
In conclusion, our study demonstrates the important
prognostic value of an acute hemodynamic response to
intravenous propranolol, which can be evaluated during
a single hemodynamic study. Acute responders experi-
enced a considerably lower incidence of variceal bleed-
ing, further hepatic decompensation, and even showed
a tendency toward a prolonged transplant-free survival.
Thus, our results suggest that the assessment of the
acute hemodynamic response allows for early risk strat-
ification and may facilitate personalized therapy.
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