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ORIGINAL ARTICLE
| OPEN J
Nonselective beta-blockers may lead to stage 2 acute
kidney injury and waitlist mortality in child class C cirrhosis

o)

Mason Lai | Cynthia Fenton | Jin Ge | Jessica Rubin |
Jennifer C. Lai | Giuseppe Cullaro

Department of Medicine, University of
California-San Francisco, San Francisco, Abstract

California, USA Background and Aims: Nonselective beta-blockers (NSBB) protect patients
Correspondence with compensated cirrhosis; however, it is unclear if NSBB is associated with
Sg‘;‘:pggxcgjg:g”’ss;n3FF;:;ZTSSCS;SC’X’ 22‘13’3‘ acute kidney injury (AKI) in patients with decompensated cirrhosis. We aimed to
USA. determine if the use of NSBB was associated with an increased risk of stage I
Email: Giuseppe.cullaro@ucsf.edu

AKI or greater and waitlist mortality (WLM) among patients with decom-
pensated cirrhosis awaiting liver transplant stratified by cirrhosis severity.
Methods: Included were 1816 outpatients listed for liver transplantation at
UCSF from June 2012 to April 2022. Our primary outcome was stage 2 AKI
(>200% increase in serum creatinine). Our secondary outcome was WLM (all-
cause mortality). Our primary exposure was the use of any NSBB derived using
natural language processing of clinical notes. Multivariable Cox proportional
hazards models with time-dependent variables were used to determine the HR
of NSBB use on stage 2 AKI and WLM, stratified by Child-Pugh Score.
Results: The average age of the cohort was 58 years old, with 35% identifying
as female. In multivariable time-dependent models, NSBB use was associated
with 1.53 x (95 CI 1.19-1.97) the hazard of stage 2 AKI in the cohort overall and
1.80 x (95 Cl 1.26-2.57) among those with Child C cirrhosis, respectively.
Similarly, NSBB use was associated with 1.30 x (95 CI 1.07—1.59) and 1.45 x
(95 CI 1.03-2.03) the hazard of WLM, overall and in Child C, respectively.
NSBB use was not significantly associated with AKI nor WLM among those with
Child A.
Conclusion: NSBB use is associated with Stage 2 AKI and WLM in patients
awaiting liver transplantation and Child C cirrhosis. These data suggest cautious
use of NSBBs in patients in this population.

Abbreviations: ALD, alcohol-associated liver disease; AKI, acute kidney injury; BPM, beats per minute; CPS, Child-Pugh Score; FrAILT, functional assessment in
liver transplantation; MAP, mean arterial pressure; MELDNa, Model for End-Stage Liver Disease with Serum Sodium; NSBB, nonselective beta-blockers; WLM,
waitlist mortality.
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INTRODUCTION

NSBB is a therapeutic cornerstone for portal hypertension
in compensated cirrhosis but may increase the risk of AKI
in decompensated cirrhosis. Cirrhosis is a progressive
syndrome characterized by portal hypertension with
multisystem consequences. Compensated cirrhosis may
evolve into decompensated cirrhosis, marked by ascites,
variceal bleeding, or HE. Decompensation in cirrhosis is
marked by increased hepatic resistance, decreased
effective arterial circulation, RAAS dysregulation, and
increased portal inflow. These components comprise a
vicious cycle with devastating effects.[! The result of this
cycle is hemodynamic instability, placing patients with
cirrhosis at elevated risk of decompensated cirrhosis-
related morbidity and mortality.

While NSBBs have been firmly established in the
treatment of patients with compensated cirrhosis,['-7)
whether NSBBs confer similar benefits among decom-
pensated cirrhosis patients is less clear. The concern is
that once patients decompensate, the “therapeutic
window” may close, predisposing patients to unwanted
hemodynamic changes.®! These hemodynamic changes
may include a decrease in mean arterial pressure (MAP)
or a blunting of cardiac function—hemodynamic changes
which, in effect, may disrupt tenuous physiologic homeo-
stasis and predispose patients with cirrhosis to disrup-
tions in kidney perfusion, worsening of volume overload,
or even death. Furthermore, patients with cirrhosis are
dynamic and may experience bleeding episodes, infec-
tion, or AKI, which can affect their NSBB use. However,
prior studies examining the risks of NSBB use have
generally done so at a single point in time, which may not
accurately reflect real-world NSBB use. Given the
potential negative downstream consequences of
NSBBs, we hypothesized that the utilization of NSBBs
in patients with decompensated cirrhosis is associated
with an increased risk of AKI and waitlist mortality. To test
this hypothesis and address the gap in the literature, we
used a large, fully characterized, well-established cohort
of patients with cirrhosis awaiting liver transplantation
to evaluate the association between NSBB and (1)
Stage 2 AKI and (2) mortality, stratified by Child-Pugh
Score (CPS).

METHODS
Cohort derivation

Patients listed for liver transplantation at the University of
California, San Francisco, and enrolled in the Functional
Assessment in Liver Transplantation (FrAILT) study were
included in this analysis. The details of this cohort have
been published.®1% Briefly, the FrAILT study included
patients 18 years or older with a diagnosis of cirrhosis, an
active listing for liver transplantation, and seen in the

ambulatory setting. Informed consent was obtained from
all participants. Individuals were excluded if (1) the
patient did not speak English, Spanish, or Chinese (due
to the availability of consent forms), or (2) if severe HE
was present (defined by a Numbers Connection Test
> 120 s) at the time of recruitment due to concerns about
the inability to provide informed consent. Individuals were
excluded if renal replacement therapy was in use at the
time of enroliment.

Covariates

For this study, we expanded the available data in the
FrAILT cohort to include all demographic and labo-
ratory data available in 2 electronic health records—
University of California, San Francisco Medical
Center's EPIC-based (Verona, WI) electronic health
records retrieved through Clarity and a dedicated
transplant surgery database with machine automated
transfer and manual entry of clinical data, including
laboratory data from non-University of California, San
Francisco sources. Sociodemographic data were
obtained at the time of enrollment in the FrAILT
cohort. Time-varying clinical variables, such as labo-
ratory values, were continuously updated in our
dataset. Because these patients were listed for a liver
transplant, they had scheduled laboratory values as
follows: Model for End-Stage Liver Disease with serum
Sodium (MELDNa) < 20 every 90 days, if MELDNa >
20 every 30 days, and if MELDNa > 25 every 7 days.
If participants had more than 1 serum creatinine in a 7-
day period, we included only the highest serum
creatinine value. We limited the MELDNa score to
ranges from 6 to 40 for all analyses, as done in clinical
practice and in previous studies (Based on OPTN
policy as of March 1, 2023).

We used natural language processing (NLP), specif-
ically string matching, of ambulatory hepatology and
liver transplant visits to determine the following
variables: ascites, HE, and NSBB use (Supplemental
Table S1, http://links.lww.com/HC9/A525). Ambulatory
visits were chosen to measure NSBB exposure as the
patient medication lists are reconciled by medical
assistants at each clinic visit. For ascites, “mild to
moderate” was defined as present on physical exami-
nation but not requiring recurrent large-volume para-
centeses, and “severe” was defined as requiring
recurrent large-volume paracenteses. We determined
the presence of HE by the presence of either lactulose
or rifaximin on medication review. For NSBB use, we
first identified the documentation of “propranolol”,
“nadolol”, or “carvedilol’. We then searched the 100
characters before and after the NSBB (ie, propranolol,
nadolol, and carvedilol). NLP string matching was
performed in R (4.2.1) using the following additional
packages: ‘“stringR™'""l and “tidyverse’.'?  Our
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conceptual model of variable relationships is shown in
Supplemental Figure S1, http://links.lww.com/HC9/
A525.

Exposure

We validated our exposure variable through the follow-
ing steps: (1) We completed a McNemar test to
estimate that based on a correlation between chart
review and our NLP algorithm of 90%, we would have
90% power to detect a 14% difference in the sensitivity
and specificity with a chart review of 150 patients at the
p < 0.05 level. (2) We report the sensitivity, specificity,
negative predictive value, and positive predictive value
of our NLP algorithm in 150 randomly selected patient
encounters, with corresponding Cls generated by
bootstrapping. Our manual validation of NSBB use in
a random subsample of 150 patients showed a
sensitivity of 87% (95% Cl 86-96%), specificity of
96% (95% Cl 89-100%), negative predictive value of
75% (95% CI 62-86%), and a positive predictive value
of 98% (95% CI 92—-100%).

NSBB use was the primary exposure. NSBB use
was treated as a time-dependent variable in all
survival models. Given that current practice in NSBB
prescription is to titrate to heart rate rather than use a
fixed dose, we opted to utilize beta-blocker use as a
binary variable rather than use beta-blocker dose as a
continuous variable.

Stratification

To better explore the hypothesized “therapeutic
window” and differences in adverse outcomes by
cirrhosis severity, we stratified all our analysis by CPS
Classes: A (CPS < 6); B (CPS 7 -9); C (CPS > 10).

Outcome

Stage 2 AKI or greater, as defined by the International
Club of Ascites, was the primary outcome. This was
defined as either a > 200% increase in serum
creatinine or the initiation of renal replacement therapy
within a 7-day period during follow-up.['®! We focused
on more severe AKI (ie, Stage 2 AKI or greater), as
these events are more clinically impactful. Our
secondary outcome was all-cause mortality while on

the liver transplantation waitlist.

Statistical analysis

Descriptive analyses used Wilcoxon rank sum tests and
chi-square tests, as appropriate. In the cohort overall

and in each CPS class, we used time-dependent Cox
proportional hazards regression models to determine
the associations between NSBB use and our 2 out-
comes (Stage 2 AKI or greater and waitlist mortality);
For each model outcome, we first conducted univariable
analyses, followed by a multivariable model with an
adjustment set generated using a causal approach
(Supplemental Figure S1, http://links.lww.com/HC9/
A525).

Analyses were completed in R (“Funny Looking Kid,”
version 4.2.1) and R Studio.

This study was approved by the IRB at the University
of California, San Francisco.

RESULTS
Patient characteristics

Among 1816 outpatients enrolled in our cohort from
June 2012 to April 2022 and followed for a median of
1.5 years (IQR 0.7-3.0), 380 patients (21%) were
Child A, 723 patients were Child B (40%), and 713
(39%) patients were Child C at the time of enroliment.
We demonstrate the baseline demographic data by
Child class and NSBB use in Table 1. Among those
who had platelet count > 100,000/uL at study
enrollment, the median time to platelet count
<100,000/uL was 346 days (IQR 132—-1156 days).

NSBB use and NSBB user characteristics

Among enrolled participants, 813 (45%) received NSBB
at 1 or more time points during follow-up. Among NSBB
users, 619 (76%) received propranolol, 127 (16%)
received nadolol, and 67 (8%) received carvedilol.
NSBB use stratified by CPS is shown in Table 1.

NSBB use by indication is shown in Supplemental
Table S2, http://links.lww.com/HC9/A525. Among
participants who ever used NSBB during follow-up,
the median fraction of follow-up time on NSBB was
0.78 years (IQR 0.42-0.94).

Among the NSBB users, 12 (12%) with Child A
cirrhosis, 81 (25%) with Child B cirrhosis, and 78
(24%) with Child C cirrhosis had prior esophageal
variceal bleeding. When stratified by the Child class,
those on NSBB for secondary prophylaxis had no
difference in the proportion of Stage 2 AKI or greater
or waitlist mortality, compared to those on NSBB for
primary prophylaxis.

Within each Child class, compared with those not
receiving NSBB, those who received NSBB had
significantly lower HRs (Child A: 67 vs. 72 BPM;
Child B: 68 vs. 73 BPM; and Child C: 69 vs. 78 BPM;
p < 0.005 for each comparison). Among those with
Child A and Child B cirrhosis, there were no
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TABLE 1

Characteristic
Sex, n (%)
Female
Male
Age (y)
Race, n (%)
Non-White
White
Etiology, n (%)
ALD
HCV
NAFL
Other
HCC, n (%)
Body mass index (kg/m2)
Mean Arterial Pressure (mmHg)
Heart rate (BPM)
Ascites Status, n (%)
None
Mild/Moderate
Severe
HE, n (%)
None
Present
MELDNa
Albumin (g/dL)

Clinical characteristics at baseline by child class and NSBB status

Child A Child B Child C
No NSBB, Any NSBB, No NSBB, Any NSBB, No NSBB, Any NSBB,
N = 280° N =100" p° N = 403" N =320° p° N =392° N=321° p°
— — 0.3 — — 0.11 — — 0.2
60 (21) 26 (26) — 146 (37) 100 (31) — 172 (44) 125 (39) —
220 (79) 74 (74) — 247 (63) 219 (69) — 220 (56) 196 (61) —
64 (60, 67) 62 (59, 66) 0.12 60 (54, 64) 60 (54, 64) 05 57 (49, 62) 57 (50, 62) 0.4
— — 0.018 — — 0.4 — — 0.2
88 (31) 19 (19) — 68 (17) 47 (15) — 48 (12) 29 (9.0) —
192 (69) 81 (81) — 325 (83) 272 (85) — 344 (88) 292 (91) —
— — 0.011 — — 0.2 — — 50
21 (7.5) 10 (10) — 74 (19) 63 (20) — 128 (33) 92 (29) —
165 (59) 60 (60) — 150 (38) 142 (45) — 94 (24) 107 (33) —
14 (5.0) 13 (13) — 77 (20) 51 (16) — 84 (21) 57 (18) —
80 (29) 17 (17) — 92 (23) 63 (20) — 86 (22) 65 (20) —
249 (89) 76 (76) 0.002 153 (39) 127 (40) 0.8 51 (13) 61 (19) 0.029
26.6 (24.2,31.3)  27.2 (24.7, 30.7) 0.4 281 (24.3,322)  28.6 (25.6, 33.0) 0.027 28.0 (24.5,32.0) 29.3 (25.5, 33.8) 0.015
96 (87, 104) 93 (87, 100) 0.13 86 (80, 96) 86 (78, 93) 0076 82 (76, 92) 82 (74, 90) 0.3
72 (62, 79) 67 (61, 74) 0.005 73 (66, 83) 68 (61, 76) <0.001 78 (70, 88) 69 (62, 79) <0.001
— — <0.001 — — 0.003 — — 0.058
260 (93) 78 (78) — 122 (31) 69 (22) — 27 (6.9) 10 (3.1) —
20 (7.1) 22 (22) — 199 (51) 202 (63) — 191 (49) 172 (54) —
0 (0) 0 (0) — 72 (18) 48 (15) — 174 (44) 139 (43) —
— — 0.13 — — 0.001 — — 0.7
260 (93) 88 (88) — 157 (40) 91 (29) — 31 (7.9) 23 (7.2) —
20 (7.1) 12 (12) — 234 (60) 228 (71) — 361 (92) 298 (93) —
8.5 (7.5, 9.7) 9.4 (8.5, 11.1) <0.001 153 (109, 185) 15.3 (11.5, 17.6) 0.6 215(18.0,25.1) 19.6 (16.8,22.7)  <0.001
3.9 (3.6, 4.2) 3.8 (3.5, 4.0) 0002  3.2(2.9, 3.5) 3.2 (2.9, 3.5) 05 2.7 (2.3, 3.0) 2.7 (2.4, 3.1) 0.3

2n (%); Median (IQR).

PPearson’s chi-squared test; Wilcoxon rank sum test; Fisher's exact test.
°Pearson’s chi-squared test; Wilcoxon rank sum test.
Abbreviations: ALD, alcohol-associated liver disease; BPM, beats per minute; MELDNa, Model for End-Stage Liver Disease with serum sodium; NSBB, nonselective beta-blocker.
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differences in MELDNa scores between those who did
and did not receive NSBB (p > 0.05 for both).
However, among those with Child C cirrhosis, those
who received NSBB had significantly lower MELDNa
scores (20 vs. 22, p < 0.001) than those not
receiving NSBB.

NSBB use and Stage 2 AKI or greater

Among 1816 patients with decompensated cirrhosis, 291
experienced stage 2 AKI or greater. In time-dependent
Cox regression models, we found a significant associa-
tion between NSBB use and Stage 2 AKI (HR 1.57, 95 CI
1.24-1.99). In models additionally adjusting for con-
founders, this association between NSBB use and Stage
2 AKI remained significant (HR 1.53, 1.19-1.97).

To better characterize the association between NSBB
use and Stage 2 AKI, we performed analyses stratified by
CPS. Among 380 patients with Child A cirrhosis, 26 (7%)
experienced Stage 2 AKI or greater. In patients with Child
A cirrhosis, we found that in time-dependent Cox
regression models, NSBB use and Stage 2 AKI were
not significantly associated in univariate analyses, as
well as models adjusting for confounders (Figure 1).

Among 723 patients with Child B cirrhosis, 120 (17%)
experienced Stage 2 AKI or greater. In patients with
Child B cirrhosis, we did not find a significant
association in univariate models between NSBB use
and stage 2 AKI, nor in multivariate models evaluating
for confounders (Figure 1).

Among 713 patients with Child C cirrhosis, 152 (21%)
experienced Stage 2 AKI. In patients with Child C
cirrhosis, we did find a significant association in univariate
models between NSBB use and stage 2 AKI (HR 1.62, 95

(A)
Univariate Stage 2 AKI
Any NSBB — W Overall
Platelets <150 _ W Child A
Ascites - B M Child B
) - M Child C
Hepatic Encephalopathy =
Albumin per 1 g/dL =
Sodium per 1 mmol/L -
sCr per 1 mg/dL —— % _
INR per 1 point = -
Female Sex ——
HCV —a
ARLD = T =——
NAFL —
BMI per 1 kg/m2 +
Bilirubin per 1 mg/dL s —
01 05 a1 1 2 J J s
HR (95% Confidence Intervals)
(B)
Multivariate Stage 2 AKI
Any NSBB S — B Overall
Platelets <150 —_—— B Child A
Ascites — o Chid B
) N ChildC
Hepatic Encephalopathy = —
Albumin per 1 g/dL ——=
Sodium per 1 mmol/L B
sCr per 1 mg/dL —a—— _

INR per 1 point

Female Sex & =
HCV B e —
ARLD - ==

NAFL @ =
BMI per 1 kg/m2 +

Bilirubin per 1 mg/dL

FIGURE 1

T T T 1

HR (95% Confidence Intervals)

Forest plot of univariable and multivariable factors associated with stage 2 aki among patients with decompensated cirrhosis,

stratified by Child-Pugh Score. Cox Proportional Hazards models were used. Abbreviations: ALD, alcohol-associated liver disease; MELDNa,
Model for End-Stage Liver Disease with serum sodium; NSBB, nonselective beta-blocker.
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Cl 1.16-2.24). Similarly, in adjusted models evaluating for
confounders, we found that NSBB use was associated
with 1.80 x the hazard of developing Stage 2 AKI during
follow-up (aHR 1.80, 95 Cl 1.26-2.57) (Figure 1).

NSBB use and waitlist mortality

In our cohort of patients with decompensated cirrhosis,
465 (26%) died or were removed from the waitlist due to
sickness during follow-up. In time-dependent Cox regres-
sion models, NSBB use and waitlist mortality were
associated (HR 1.40, 95 CI 1.17-1.67). Similarly, in
multivariate models adjusting for confounders, NSBB and
waitlist mortality remained (aHR 1.30, 95 CI 1.07-1.59).

Among those with Child A cirrhosis, 89 (23%) died or
were removed from the waitlist due to sickness during
follow-up. In time-dependent Cox regression models
among those with Child A cirrhosis, we did not find a
significant association in univariable models between
NSBB use and waitlist mortality (Figure 2). Similarly, in
multivariable models, NSBB use was not associated
with waitlist mortality.

Among those with Child B cirrhosis, 212 (30%) died
or were removed from the waitlist due to sickness
during follow-up. In time-dependent Cox regression
models, NSBB use and waitlist mortality were signifi-
cantly associated (HR 1.56, 95 Cl 1.20-2.04). Similarly,
in adjusted models evaluating for confounders and the
propensity to be on NSBB, we found that NSBB use
was associated with a 1.38 x the hazard of waitlist
mortality during follow-up (aHR 1.38, 95 Cl 1.04-1.85)
(Figure 2).

Among those with Child C cirrhosis, 164 (23%) died
or were removed from the waitlist for sickness during
follow-up. In time-dependent Cox regression models,
NSBB use and waitlist mortality were directionally
associated, although this association did not reach
statistical significance (HR 1.34, 95 Cl 0.98-1.81). In
adjusted models evaluating for confounders, we found
that NSBB use was associated with 1.45 x the hazard
of waitlist mortality during follow-up (aHR 1.45, 95 CI
1.03-2.03, Figure 2).

Sensitivity analyses: Interaction

To determine if the effect modification of NSBB use on
AKI by Child-Pugh Class was present, we tested for
interaction between NSBB use and Child-Pugh Class,
which was not significant. Similarly, interaction testing
between NSBB use on mortality by Child-Pugh Class
was not significant. However, we were underpowered to
test interaction for each of these outcomes. We addi-
tionally repeated our analyses when stratified by ascites
severity, shown in Supplemental Figures S2 and S3,
http://links.lww.com/HC9/A525.

DISCUSSION

In the large, well-characterized FrAILT cohort of 1816
patients with decompensated cirrhosis listed for liver
transplantation, we showed the use of NSBB was
associated with stage 2 AKI or greater and waitlist
mortality among those with decompensated cirrhosis.
Our findings persisted even after adjusting for an
expansive set of confounders. These data demonstrate
that while NSBB use may be warranted among patients
with compensated cirrhosis, their use is not without
harm among those with decompensated cirrhosis. In
particular, much of the effect in this cohort of patients
with decompensated cirrhosis appeared to be driven by
those with Child Class C cirrhosis. This study provides
further support for the “therapeutic window” in cirrhosis,
specifically that NSBB use is relatively safe in decom-
pensated patients with Child A cirrhosis but should be
used with caution in patients with more severe cirrhosis.

Identification of medication utilization in cohort
studies is difficult. To our knowledge, this is one of the
first studies to apply NLP to unstructured clinical notes
to determine whether a patient with cirrhosis was on
NSBB. Most studies either require the manual entry of
medication utilization—a time-consuming process that
makes it difficult to continuously update—or requires the
incorporation of claims databases (eg, Optum), which
can be prohibitively expensive and not always available
for all subjects.[' For these reasons, in this study, we
utilized natural language processing of clinic notes to
identify the utilization of NSBBs in a diverse cohort of
patients with decompensated cirrhosis. Our method-
ology was accurate, with a sensitivity of 87%, a
specificity of 96%, a negative predictive value of 75%,
and a positive predictive value of 98%. Although our
methodology does not confirm medication adherence,
our data demonstrate that for each Child class, those on
NSBBs had significantly lower HRs—a finding that
supports the validity of our methodology. We believe the
utilization of these novel techniques will enable the real-
world validation of current interventions outside of
clinical trials.

When and in whom to use NSBBs is a topic of active
discussion, with the boundaries of the “therapeutic
window” remaining unclear.'>-"71 One hypothesized
complication of NSBB use outside of the “therapeutic
window” is AKL.[8.18] Physiologically, this is hypothesized
as the consequence of NSBBs disrupting compensatory
hemodynamic mechanisms.!'”! Previous studies exam-
ining NSBBs and AKI include patients with compen-
sated cirrhosis or are limited by small sample
sizes.l'719-22] Therefore, we leveraged a large cohort
of patients with decompensated cirrhosis to assess this
association between NSBB use and AKI in decom-
pensated cirrhosis overall and stratified by CPS. In fact,
we highlight that NSBB use was associated with 1.5 x
the risk of Stage 2 AKI overall and 1.8 x the risk of
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(A)
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Hepatic Encephalopathy = -
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FIGURE 2

0.5

075 1 2
HR (95% Confidence Intervals)

Forest Plot of Univariable and Multivariable Factors Associated with Waitlist Mortality Among Patients with Decompensated

Cirrhosis, Stratified by Child-Pugh Score. Cox Proportional Hazards models were used. Abbreviations: ALD, alcohol-associated liver disease;
MELDNa, Model for End-Stage Liver Disease with serum sodium; NSBB, nonselective beta-blocker.

Stage 2 AKI, among those with Child C cirrhosis. These
are meaningful associations, as stage 2 AKI or greater
is a serious outcome among decompensated cirrhosis
patients with important clinical implications. Finally,
although we hypothesized that NSBBs would disrupt
compensatory hemodynamic mechanisms, we did not
find any significant interactions between NSBB use and
either HR or MAP—a finding that goes against this
hypothesis but may be a consequence of HR and MAP
measurements being limited to in-person, outpatient
visits and therefore may be too infrequent to fully
quantify this interaction.

Stage 2 AKI represents just 1 complication of
decompensated cirrhosis that could lead to
mortalityl®l; therefore, we also investigated the asso-
ciation between NSBB use and waitlist mortality. Prior
literature on NSBBs and mortality shows considerable
heterogeneity in both patients and study quality!23-24; it

remains unclear how NSBB might affect waitlist
mortality in decompensated cirrhosis. In the present
study, we found that NSBB use was associated with
increased mortality in decompensated cirrhosis (aHR
1.3), and specifically only among those with Child B
and Child C cirrhosis was NSBB use associated with
increased mortality (aHR 1.4, 1.5, respectively) even
after adjusting for covariates. Furthermore, when
stratified by the Child class, those who were on NSBB
appeared to be equally as decompensated (by
MELDNa) as those, not on NSBB. In fact, those with
Child C cirrhosis on NSBB had significantly lower
MELDNa scores as compared with those not on
NSBB. We believe that should there be residual
confounding, this confounding should bias our results
to the null, as NSBBs would be less utilized in the
sicker (ie, more at-risk) population. Collectively, we
believe these data highlight that NSBB use in patients
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with Child B and Child C cirrhosis is associated with
higher waitlist mortality.

This study has several limitations. First, the cohort
was observational in nature and is thus subject to
residual confounding—future clinical trials of NSBB
utilization should focus on defining the benefits (eg,
preventing rebleeding) and potential harms (eg, AKI,
mortality) among patients with decompensated cirrho-
sis for either primary or secondary prophylaxis.
Second, although the use of natural language proc-
essing to derive our exposure had excellent sensitivity
and specificity, the results of the study are subject to a
small degree of exposure measurement bias. None-
theless, given the highly specific results of our
methodology, we suspect this measurement bias
would bias our results towards the null—patients on
NSBB would be measured as not being on NSBB and
therefore lead to an increase in the outcomes in the
control groups. Third, our cohort had a high proportion
of individuals using propranolol, and the findings of
this study may not generalize to other NSBB agents
such as carvedilol. Fourth, we did not have data on
variceal bleeding during follow-up. We used platelet
count as a proxy of portal hypertension and varices but
acknowledge that this is not an ideal marker and may
be subject to residual confounding. Finally, although
we did not find differences in our outcomes by
indication (ie, primary vs. secondary prophylaxis), we
may not have been powered to detect an effect by
indication.

Despite these limitations, our findings that the use of
NSBB is independently associated with stage 2 AKI or
greater and waitlist mortality among patients with
decompensated cirrhosis listed for liver transplant is
significant. Our data suggests that clinicians should
exercise caution when considering the use of NSBBs in
patients with decompensated cirrhosis awaiting a liver
transplant, particularly those with Child C cirrhosis.
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