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A B S T R A C T

Background: Liver cirrhosis is not included in surgical risk prediction models despite being a significant risk factor
associated with high periprocedural morbidity and mortality in patients undergoing cardiac surgery. Limited
contemporary data exists assessing the outcomes of transcatheter aortic valve replacement (TAVR) and surgical
aortic valve replacement (SAVR) in patients with cirrhosis.
Methods: Patients with cirrhosis who underwent TAVR or SAVR were identified from the Nationwide Read-
missions Database. Propensity-score matched analysis was performed to compare the clinical characteristics, in-
hospital, and 30-day outcomes between the two groups.
Results: Between 2016 and 2019, 4047 patients with cirrhosis underwent TAVR (n ¼ 3298) or SAVR (n ¼ 749).
TAVR adoption sharply rose, doubling the number of cases performed during the study period. Following pro-
pensity matching among 718 patients, the TAVR group consistently exhibited significantly lower rates of in-
hospital mortality (2.2 vs. 7.5%; p ¼ 0.002), bleeding (14.5 vs. 52.9%; p < 0.001), vascular complications (1.4
vs. 5%; p ¼ 0.011), hepatorenal syndrome (3.3 vs. 8.9%; p ¼ 0.003), cardiogenic shock (2.8 vs. 7%; p ¼ 0.015),
mechanical circulatory support utilization (0.6 vs. 4.7%; p ¼ 0.001), 30-day all-cause readmission rates (10.3 vs.
18.1%; p ¼ 0.005), and 30-day unplanned readmission rates (10 vs. 16.6%; p ¼ 0.015) compared to the SAVR
group. The TAVR group had significantly shorter median hospital stays, lower non-home disposition rates, and
reduced hospital costs.
Conclusions: TAVR is associated with significantly lower rates of in-hospital mortality, bleeding, vascular com-
plications, hepatorenal syndrome, cardiogenic shock, mechanical circulatory support utilization, and 30-day
readmission rates compared to SAVR and represents a safe therapeutic option for aortic valve replacement in
patients with cirrhosis.
A B B R E V I A T I O N S AS, aortic stenosis; AVR, aortic valve replacement; HF, heart failure; ICD, International Classification of Diseases;
MCS, mechanical circulatory support; NRD, Nationwide Readmissions Database; RRT, renal replacement therapy;
SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.
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Introduction

Liver cirrhosis is a significant medical condition that can heighten the
susceptibility of patients to surgical complications.1 The pathophysio-
logical alterations secondary to liver cirrhosis result in coagulation ab-
normalities and multi-organ dysfunction causing an increased risk of
bleeding, infection, organ failure, and mortality during and after sur-
gery.2 Such patients may experience an increased incidence of
anesthesia-related complications, such as respiratory or cardiovascular
morbidity. Although liver cirrhosis is widely regarded as a high-risk
condition for open-heart surgery, including surgical aortic valve
replacement (SAVR), it is not currently incorporated as a prognostic
factor in the most commonly used surgical risk scoring systems, and the
current preoperative risk stratification remains imprecise.3–5

Transcatheter aortic valve replacement (TAVR) has emerged as the
standard of care for the treatment of symptomatic aortic stenosis (AS) in
patients who are deemed high-risk for surgery. The advent and wide-
spread utilization of TAVR have enabled a broader population of patients
with severe AS to access definitive treatment. The comparison of TAVR
and SAVR in patients with cirrhosis is inadequately studied due to their
exclusion from prominent clinical trials and registries.6–12 Although
administrative and national databases have been employed to assess the
associated risks of cirrhosis, these studies have been limited by small
sample sizes, precluding definitive conclusions.13–15 Here, we utilized
the Nationwide Readmissions Database (NRD) to compare mortality,
in-hospital outcomes, hospitalization costs, and 30-day readmission rates
in patients with cirrhosis undergoing TAVR and isolated SAVR. Addi-
tionally, we aimed to compare these outcomes with propensity score
pair-matched control groups between TAVR and SAVR.

Methods

Data Source

We examined the NRD for all hospital discharges in the United States
between January 2016 and November 2019. The NRD data elements
include hospital characteristics, patient demographics, chronic comor-
bidities, procedures, primary and secondary discharge diagnoses, length
of stay, and payment source. The NRD is part of the Healthcare Cost and
Utilization Project created by the Agency for Healthcare Research and
Quality.16 The 2016 to 2019 NRD includes hospital discharge data from
30 states and accounts for 56.6% to 60.4% of all hospitalizations in the
United States. Each patient record contains de-identified data on di-
agnoses and procedures performed during the hospitalization, which are
based on the International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM) and Procedure Coding System
(ICD-10-PCS) using validated codes as outlined in the summary statistics
of the NRD. This study was exempt from the institutional review board
and informed consent was not required for the current study as the NRD
is a publicly available database with de-identified patient information.

Study Design and Population

Hospitalizations between January 2016 and November 2019 of pa-
tients with a discharge diagnosis of AS (ICD-10-CM code: “I35.0”) and
liver cirrhosis (diagnosis of cirrhosis or complications of cirrhosis) (ICD-
10-CM codes: "K70.30," "K70.31," "K74.xx,” "I85.01," "I85.00," "I85.10,"
"I85.11," "K65.2," "K70.30," "K76.7," "K72.90," "K72.91") were identified.
Patients who underwent TAVR (ICD-10-PCS codes: “02RF37H,"
"02RF37Z," "02RF38H," "02RF38Z," "02RF3JH," "02RF3JZ," "02RF3KH,"
"02RF3KZ”) or SAVR (ICD-10-PCS codes: "02RF07Z," "02RF08Z,"
"02RF0JZ," "02RF0KZ") during the index hospitalization were included
for comparative analysis. Other relevant ICD-10 codes used in the study
are summarized in Supplementary Table 1. Baseline patient comorbid-
ities and procedural characteristics were described. To identify the cases
of isolated aortic valve replacement (AVR), we excluded hospitalizations
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with concomitant repair or replacement of other valves, coronary artery
bypass grafting, infundibulectomy, creation of septal defect, endocardial
cushion defect repair, ventricular or atrial repair, congenital heart defect
repair, transmyocardial revascularization, ventricular restoration pro-
cedures, heart transplantation, previous valve surgeries, previous sur-
geries to heart and great vessels, and previous heart transplantation. We
also excluded hospitalizations with a diagnosis of aortic regurgitation
without a diagnosis of AS. To ensure a consistent follow-up period, we
included only patients who had at least 30 days of postdischarge moni-
toring. Using verified patient linkages, we then tracked all readmissions
within 30 days of hospital discharge for any reason.

Study Outcomes

The primary study outcomes were in-hospital mortality and 30-day
all-cause readmission rates. The secondary outcomes included vascular
complications, pacemaker implantation, bleeding rates, renal replace-
ment therapy (RRT), hepatorenal syndrome, acute ischemic stroke, 30-
day readmission-related mortality rates, 30-day unplanned read-
missions, 30-day readmissions for heart failure, 30-day readmissions for
bleeding, median length of stay, and hospital charges.

Statistical Analysis

All statistical analyses were performed using R software version 4.3.2
(www.R-project.org, assessed on October 31, 2023). All analyses used a
survey methodology, specifically an R package “survey,” for the design of
stratified, cluster sampling of NRD. Discharge weights and strata pro-
vided by NRD were used for all analyses; thus, all reported numbers are
weighted U.S. national estimates. We compared baseline patient and
hospital-level characteristics for patients who underwent TAVR vs. SAVR
for management of AS in patients with liver cirrhosis. Quantitative var-
iables are presented as mean � standard error or median and inter-
quartile range using survey-specific linear regression test or Mann-
Whitney-Wilcoxon test. Categorical variables are provided as absolute
numbers and corresponding percentages. Chi-square test or Fisher’s
exact, as appropriate, were used for categorical variables. We conducted
a propensity score-matched analysis comparing patients who underwent
TAVR with those who underwent SAVR. The propensity score was esti-
mated using a logistic regression model. The dependent variable was the
treatment group (TAVR or SAVR), and independent variables were
covariates including demographic, clinical, and hospital characteristics
considered to be clinically relevant. The final covariables used for pro-
pensity matching were: age group, sex, congestive heart failure, smoking,
hypertension, diabetes, dyslipidemia, family history of coronary artery
disease, coronary artery disease, peripheral vascular disease, chronic
pulmonary disease, chronic kidney disease, anemia, atrial fibrillation,
mitral stenosis, coagulopathy, obesity, hypothyroidism, dementia,
depression, cancer, household incomes, medical insurance, weekend
admission, teaching/nonteaching status, urban/rural, hospital bed size,
fiscal year, and discharge weight. A propensity score-matched cohort was
obtained with a 1:1 ratio of TAVR and SAVR patients using a nearest
neighbor match without replacement and a caliper width of 0.2 of the
standard deviation of the logistic score. The balance of the matching was
evaluated using graphical density plots of the logistic score and love plot.
Comparison of continuous and categorical variables were performed
with the same methods as the unmatched cohort with no weighting. In
addition to the propensity score matching analysis, we also performed
multivariable generalized linear regression analyses for primary and
secondary outcomes in the unmatched cohort to adjust for potential
confounders and to estimate the adjusted odds ratio and 95% CIs for the
evaluation of primary and secondary outcomes. Covariates with p < 0.1
in univariable analyses were initially chosen for multivariable analyses.
Final parsimonious models were created by backward removal of each
covariate based on the Akaike information criterion while ensuring each
removal did not result in >10% change in the measure of association for
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the primary predictor variable. The estimated costs for each hospitali-
zation were calculated by using the cost-to-charge ratio validated by
Healthcare Cost and Utilization Project. Cumulative costs or charges
were defined as the cost or charge of index hospitalization plus cost or
charge of readmission in 30 days. A two-sided p value <0.05 was
considered statistically significant.

Results

Baseline Characteristics of Unmatched and Propensity-Matched Cohort

During the study period, a total of 332,465 eligible hospitalizations
among patients aged 18 years or older undergoing TAVR or SAVR for AS
were considered. Among these, 4874 unique hospitalizations were
identified for patients with liver cirrhosis. After excluding hospitaliza-
tions involving both TAVR and SAVR, cases related to aortic insuffi-
ciency, and other cardiac surgeries, the final analysis included a total of
4047 hospitalizations: 3298 in the TAVR group and 749 in the SAVR
group (Supplementary Figure 1). The mean age of the study population
was 70.8 years (standard error 0.2), with 60.3% being men. Table 1
summarizes the baseline patient-level characteristics of the study popu-
lation. While gender distribution was similar, patients who underwent
TAVR were significantly older and had a higher number of comorbid
conditions compared to those who underwent SAVR. A substantial pro-
portion of both TAVR and SAVR procedures were performed at teaching
institutions (91.6% for TAVR and 81.4% for SAVR), which were more
commonly located in urban locations (65.6% for TAVR and 55.9% for
SAVR). The propensity score-matched analysis yielded a total of 718
patients (359 in each group) with well-matched baseline demographic
and clinical characteristics, as indicated by standardized mean differ-
ences of less than 10%. Table 1 provides an overview of the patient-level
characteristics used for propensity score matching in the TAVR and SAVR
groups.

From 2016 to 2019, there was a temporal trend of a steady increase in
the utilization of TAVR in this patient population (p for trends <0.001)
(Figure 1). Specifically, the proportion of patients with cirrhosis under-
going TAVR consistently rose each year, from approximately 70% in
2016 to over 90% in 2019.

In-Hospital and 30-Day Postdischarge Outcomes

Figure 2 and Supplementary Table 2 summarize the in-hospital out-
comes for both the baseline unmatched and propensity-score matched
populations. After propensity matching, the TAVR group exhibited a
significantly lower in-hospital mortality rate compared to the SAVR
group (2.2 vs. 7.5%, p ¼ 0.002). Additionally, the TAVR group demon-
strated significantly lower rates of bleeding (14.6 vs. 52.9%; p < 0.001),
vascular complications (1.4 vs. 5%; p ¼ 0.011), and hepatorenal syn-
drome (3.3 vs. 8.9%; p ¼ 0.003) in comparison to the SAVR group.
Remarkably, the TAVR group was associated with significantly lower
rates of cardiogenic shock (2.8 vs. 7.0%; p ¼ 0.015), need for mechanical
ventilation (4.5 vs. 14.5%; p< 0.001), and utilization rates of mechanical
circulatory support (MCS) (0.6 vs. 4.7%; p ¼ 0.001) when compared to
the SAVR group. No statistically significant differences were observed in
the rates of permanent pacemaker implantation (7.0 vs. 4.5%; p¼ 0.198),
acute kidney injury requiring RRT (4.5 vs. 7.5%; p ¼ 0.116), cardiac
arrest (0.6 vs. 1.4%; p ¼ 0.451), and acute ischemic stroke (1.4 vs. 2.5%;
p ¼ 0.418) between the two interventions. Furthermore, patients un-
dergoing TAVR had a higher likelihood of being discharged home (66.1
vs. 30.1%; p < 0.001), experienced a shorter hospital stay (3 vs. 9 days; p
< 0.001), and incurred lower overall hospital charges and hospital costs
compared to those undergoing SAVR.

The 30-day postdischarge outcomes for both the baseline unmatched
and propensity score-matched populations are summarized in Figure 3
and Supplementary Table 3. Notably, following propensity matching,
patients who underwent TAVR demonstrated significantly lower all-
3

cause readmission rates compared to those undergoing SAVR (10.3 vs.
18.1%; p ¼ 0.005). Correspondingly, TAVR patients also showed lower
rates of 30-day unplanned readmissions (10 vs. 16.6%; p ¼ 0.015). No
statistically significant differences were observed between the two
groups concerning 30-day readmission mortality rates (0.9 vs. 1.5%; p ¼
0.494), readmissions for heart failure (0.6 vs. 0.9%; p ¼ 0.678), and
readmissions for bleeding (0 vs. 0.3%; p ¼ 0.486).

In the baseline unmatched cohort, a multivariable regression analysis
was also conducted to assess primary and secondary outcomes (Supple-
mentary Table 4). Following multivariable adjustment, the SAVR group
continued to exhibit elevated adjusted rates of in-hospital mortality,
bleeding, vascular complications, hepatorenal syndrome, MCS utiliza-
tion, and cardiogenic shock in comparison to the TAVR group within the
overall population. No significant associations were observed with other
variables examined in the study.

Discussion

In this large national database observational analysis including more
than 4000 contemporaneous hospitalizations in patients with AS and a
concomitant diagnosis of liver cirrhosis, we compared the in-hospital and
30-day outcomes of TAVR with SAVR. Our study conducted the most
extensive propensity score-matched analysis to date, comparing out-
comes in a population of more than 700 hospitalizations. In the pro-
pensity score-matched cohorts, we found significantly lower rates of in-
hospital mortality, vascular complications, bleeding rates, rates of hep-
atorenal syndrome, and median length of hospital stay in patients
receiving TAVR compared to patients undergoing SAVR. The results as-
sume heightened significance due to the younger age of the propensity-
matched cirrhotic patients, noted to be a decade younger from the con-
ventional noncirrhotic cohort undergoing AVR within the entire data-
base, while demonstrating comparable in-hospital outcome rates
observed in noncirrhotic patients. Given the periprocedural risk differ-
ence between TAVR and SAVR that may narrow beyond the in-hospital
period,17 outcomes beyond this period help provide insights into the
trends in the relative safety of the complementary approaches. This study
also revealed a significant reduction in 30-day all-cause readmission
rates and unplanned readmission rates among patients undergoing TAVR
compared to those who underwent SAVR (Figure 4). We found no sig-
nificant difference in the rates of in-hospital acute kidney injury
requiring RRT, pacemaker implantation rates, and acute ischemic stroke
between the two interventions. We also did not find any significant dif-
ference in 30-day rates of readmission mortality and readmissions for
heart failure and bleeding suggesting a good long-term prognosis if pa-
tients survive the initial postprocedural hospital stay. The propensity
score matching approach effectively addressed confounding variables,
enhancing the reliability of the study results and enabling a robust
comparison of subgroups with comparable comorbidities and
demographics.

Our study also demonstrated a consistent rise in the total number of
AVR procedures performed in patients with underlying cirrhosis
throughout the duration of the study, despite the heightened risks asso-
ciated with this comorbidity. Furthermore, we observed a progressive
upward trend in the utilization of TAVR among patients with cirrhosis.
Notably, within this high-risk patient subgroup, the population of
cirrhosis patients undergoing TAVR experienced more than twofold in-
crease in absolute numbers from 2016 to 2019, despite the fact that these
patients had advanced age and more significant comorbidities at baseline
compared to patients undergoing SAVR. Studies highlighting temporal
trends have consistently shown significant expansion in utilization of
TAVR across all age groups,18,19 especially since the rapid expansion of
the indications for TAVR to patients with intermediate-risk and low-risk
populations by the Food and Drug Administration.8,20 The temporal
scope of our study encompassed the years 2016 through 2019, during
which the majority of non-high-risk patients underwent the procedures
under investigation. Therefore, our findings are reflective of the current



Table 1
Baseline demographics, comorbidities, and hospital characteristics among patients with cirrhosis who underwent TAVR or SAVR for unmatched and propensity-
matched cohorts

Characteristics Baseline unmatched cohort Propensity-matched cohort SMD

Overall TAVR SAVR p value Overall TAVR SAVR p value

Number of patients, n (%)* 4047 3298 (81.5%) 749 (18.5) 718 359 (50%) 359 (50%)
Patient characteristics
Age, mean (SE/SD)y, y 70.8 (0.2) 72.2 (0.2) 65.0 (0.5) <0.001z 66.7 (8.3) 67.3 (7.8) 66.2 (8.8) 0.079
Age group, y <0.001x 0.344
<50 y 53 (1.3) 17 (0.5) 36 (4.8) 18 (2.5) 7 (1.9) 11 (3.1) 0.054
50-59 y 359 (8.9) 217 (6.6) 142 (19.0) 103 (14.3) 48 (13.4) 55 (15.3) 0.049
60-69 y 1377 (34.0) 1044 (31.7) 333 (44.5) 331 (46.1) 167 (46.5) 164 (45.7) 0.016
70-79 y 1502 (37.1) 1296 (39.3) 206 (27.5) 234 (32.6) 125 (34.8) 109 (30.4) 0.100
�80 y 756 (18.7) 724 (22.0) 32 (4.3) 32 (4.5) 12 (3.3) 20 (5.6) 0.103

Gender 0.375 0.699
Male 2440 (60.3) 1971 (59.8) 469 (62.6) 452 (63.0) 223 (62.1) 229 (63.8) 0.035
Female 1607 (39.7) 1327 (40.2) 280 (37.4) 266 (37.0) 136 (37.9) 130 (36.2) 0.035

Comorbidities
Hypertension 1442 (35.6) 1066 (32.3) 376 (50.2) <0.001 340 (47.4) 171 (47.6) 169 (47.1) 0.940 0.011
Diabetes mellitus 2077 (51.3) 1763 (53.5) 314 (41.9) <0.001 309 (43.0) 157 (43.7) 152 (42.3) 0.763 0.028
Dyslipidemia 2008 (49.6) 1677 (50.9) 331 (44.2) 0.028 311 (43.3) 154 (42.9) 157 (43.7) 0.880 0.017
Obesity 1094 (27.0) 813 (24.7) 281 (37.5) <0.001 232 (32.3) 112 (31.2) 120 (33.4) 0.576 0.047
Smoking 1472 (36.4) 1239 (37.6) 233 (31.1) 0.022 243 (33.8) 121 (33.7) 122 (34.0) 1.000 0.006
Coronary artery disease 2083 (51.5) 1819 (55.2) 264 (35.2) <0.001 275 (38.3) 144 (40.1) 131 (36.5) 0.357 0.076
Congestive heart failure 341 (8.4) 276 (8.4) 65 (8.7) 0.849 66 (9.2) 32 (8.9) 34 (9.5) 0.897 0.019
Atrial fibrillation 1362 (33.7) 1004 (30.5) 358 (47.8) <0.001 332 (46.2) 163 (45.4) 169 (47.1) 0.708 0.034
Chronic kidney disease 1353 (33.4) 1181 (35.8) 172 (23.0) <0.001 158 (22.0) 79 (22.0) 79 (22.0) 1.000 <0.001
Peripheral vascular disease 836 (20.7) 691 (21.0) 145 (19.4) 0.491 148 (20.6) 78 (21.7) 70 (19.5) 0.518 0.056
Family history of CAD 311 (7.7) 248 (7.5) 63 (8.4) 0.640 55 (7.7) 27 (7.5) 28 (7.8) 1.000 0.011
Chronic pulmonary disease 1258 (31.1) 1040 (31.5) 218 (29.1) 0.404 198 (27.6) 103 (28.7) 95 (26.5) 0.559 0.050
Anemia 1138 (28.1) 977 (29.6) 161 (21.5) 0.003 172 (24.0) 86 (24.0) 86 (24.0) 1.000 <0.001
Coagulopathy 1982 (49.0) 1545 (46.8) 437 (58.4) <0.001 399 (55.6) 197 (54.9) 202 (56.3) 0.764 0.028
Hypothyroidism 773 (19.1) 656 (19.9) 117 (15.6) 0.081 100 (13.9) 45 (12.5) 55 (15.3) 0.332 0.077
Cancer 271 (6.7) 240 (7.3) 31 (4.1) 0.056 25 (3.5) 10 (2.8) 15 (4.2) 0.416 0.072

Household income quartile <0.001 0.734
First quartile 943 (23.3) 691 (21.0) 252 (33.7) 214 (29.8) 104 (29.0) 110 (30.6) 0.036
Second quartile 1139 (28.2) 933 (28.3) 206 (27.5) 203 (28.3) 108 (30.1) 95 (26.5) 0.082
Third quartile 1106 (27.3) 938 (28.4) 168 (22.5) 169 (23.5) 84 (23.4) 85 (23.7) 0.007
Fourth quartile 858 (21.2) 736 (22.3) 122 (16.3) 132 (18.4) 63 (17.5) 69 (19.2) 0.043

Primary payer <0.001 0.451
Medicare 3063 (75.7) 2641 (80.1) 422 (56.3) 451 (62.8) 234 (65.2) 217 (60.4) 0.096
Medicaid 222 (5.5) 120 (3.6) 102 (13.6) 76 (10.6) 35 (9.7) 41 (11.4) 0.048
Private including HMO 587 (14.5) 385 (11.7) 202 (27.0) 162 (22.6) 74 (20.6) 88 (24.5) 0.089
Self-pay/no charge/other 174 (4.3) 151 (4.6) 23 (3.1) 29 (4.0) 16 (4.5) 13 (3.6) 0.048
Weekend admission 179 (4.4) 133 (4.0) 46 (6.1) 0.065 46 (6.4) 25 (7.0) 21 (5.8) 0.648 0.046

Hospital characteristics
Hospital teaching status <0.001 0.431
Teaching 3631 (89.7) 3021 (91.6) 610 (81.4) 593 (82.6) 292 (81.3) 301 (83.8) 0.064
Nonteaching 416 (10.3) 277 (8.4) 139 (18.6) 125 (17.4) 67 (18.7) 58 (16.2)

Hospital location 0.002 1.000 0.064
Rural 1465 (36.2) 1135 (34.4) 330 (44.1) 285 (39.7) 143 (39.8) 142 (39.6) 0.006
Urban 2581 (63.8) 2162 (65.6) 419 (55.9) 433 (60.3) 216 (60.2) 217 (60.4) 0.006

Hospital bed size 0.010 0.986
Small 169 (4.2) 117 (3.5) 52 (6.9) 46 (6.4) 23 (6.4) 23 (6.4) <0.001
Medium 923 (22.8) 728 (22.1) 195 (26.0) 194 (27.0) 98 (27.3) 96 (26.7) 0.013
Large 2955 (73.0) 2453 (74.4) 502 (67.0) 478 (66.6) 238 (66.3) 240 (66.9) 0.012

Abbreviations: CAD, coronary artery disease; HMO, health maintenance organization; SAVR, surgical aortic valve replacement; SD, standard deviation; SE, standard
error; SMD, standardized mean difference; TAVR, transcatheter aortic valve replacement.

* Values are presented as the number (percentage) of patients, unless otherwise indicated.
y Age presented as mean � standard error for baseline cohort and as mean � standard deviation for the propensity matched cohort.
z Survey-specific linear regression was performed.
x Rao-Scott χ2 test or Fisher exact test were used for all statistical tests unless stated otherwise.
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state of clinical practice with respect to cirrhotic patients and provide
insight into contemporary procedural outcomes accounting for recent
advances in TAVR procedures.21

Although TAVR was initially proposed for high-risk and nonoperable
patients, current research has notably overlooked individuals with liver
cirrhosis.7,8,17 Furthermore, evidence from multiple studies has consis-
tently demonstrated worse clinical outcomes in cirrhotic patients un-
dergoing cardiac surgery compared to those predicted by conventional
risk scoring systems, resulting in higher in-hospital mortality, increased
incidence of major complications, and prolonged hospital stays.22–24 The
reported 30-day mortality rate among cirrhotic patients undergoing
4

cardiac surgery with cardiopulmonary bypass or extracorporeal perfu-
sion ranges from 10% to 50%.25–27 In contrast, our study revealed lower
overall in-hospital mortality rates (<10%) and 30-day readmission
mortality rates (1.5%) in the surgical group, indicating advancements in
managing this high-risk patient subgroup and leading to improved out-
comes. The inherent difficulty in executing randomized trials in patients
with cirrhosis underscores a substantial challenge in research en-
deavors.28,29 Therefore, observational studies, like the present one, as-
sume a crucial role in providing valuable insights that can guide informed
treatment recommendations for AS patients with cirrhosis, facilitating
patient-centered heart team discussions regarding benefits and risks.



Figure 1. Temporal trends in annual utilization of TAVR and SAVR among patients with cirrhosis in the United States, 2016 to 2019.
Abbreviations: SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.
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Limited comparative data exists regarding the outcomes of TAVR vs.
SAVR in patients suffering from chronic liver disease. Initial small single-
center series in 18 cirrhotic patients suggested excellent short-term in-
hospital outcomes in the TAVR group.30 Other small case studies reported
feasibility and safety of TAVR in low- to moderate-risk patients with
chronic liver disease, along with favorable outcomes and high procedural
success rates with low rates of complications and mortality compared to
SAVR.31,32 A recent study including all-comer cirrhosis patients aged over
65 found significantly lower in-hospital mortality rates in TAVR
compared to SAVR patients.13 A 2:1 propensity analysis conducted on
patients with end-stage liver disease revealed a 3.5-fold higher
in-hospital mortality rates among the SAVR subgroup.33 Conversely, two
separate propensity-matched analyses found no significant difference
among the in-hospital mortality rates between the two groups.14,15 One
study revealed no significant disparities in 30-day readmission rates be-
tween the two groups in a nonpropensity-matched analysis. It is impor-
tant to note that the aforementioned studies included patients from 2005
to 2015, when older generations of valves were used, and they share
common limitations of small sample sizes and inclusion of patients who
underwent TAVR during the early stages of its commercialization. Our
study overcomes these limitations by representing the largest and most
Figure 2. In-hospital outcomes of patients with cirrhosis undergoing TAVR or SAV
cohort.
Abbreviations: MCS, mechanical circulatory support; SAVR, surgical aortic valve rep
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contemporary analysis of this specific patient population. It incorporates
more recent data from 2016 to 2019, a larger sample size of more than
4000 patients, and includes both in-hospital and 30-day outcomes,
enhancing the robustness of the study findings.

Importantly, our analysis revealed a higher requirement for RRT in the
overall propensity cohort group, with numerically higher rates observed
in the SAVR group compared to the TAVR group. Most TAVR studies
consistently report dialysis rates after the procedure to be below 5%.34,35

Additionally, our study demonstrated higher rates of hepatorenal syn-
drome in the SAVR group compared to the TAVR group, even after pro-
pensity matching. Through an additional analysis, we observed RRT rates
of 2.2% in TAVR patients and 3.2% in SAVR patients without cirrhosis.
This observation suggests that the increased dialysis rates seen in patients
with cirrhosis may be attributed to an underlying hepatorenal syndrome.
Given that end-stage liver disease renders individuals more susceptible to
hepatorenal syndrome, the less invasive nature of TAVR, coupledwith the
increasing use of local anesthesia and conscious sedation, effectively ob-
viates the requirement for cardiopulmonary bypass. Consequently, TAVR
may help mitigate the risk of acute kidney injury and potentially lead to
improved outcomes in this high-risk patient population. Additionally, we
showed a significantly greater proportion of patients undergoing TAVR
R from 2016 to 2019. (a) Baseline unmatched cohort. (b) Propensity-matched

lacement; TAVR, transcatheter aortic valve replacement.



Figure 3. Thirty-day outcomes (excluding in-hospital deaths) of patients with cirrhosis undergoing TAVR or SAVR from 2016 to 2019. (a) Baseline unmatched cohort.
(b) Propensity-matched cohort.
Abbreviations: HF, heart failure; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.
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were discharged home compared to those undergoing SAVR. Notably, it is
widely recognized that patients who cannot be discharged home have
poorer long-term outcomes.36,37 Furthermore, our study found that TAVR
was associatedwith lower averagehospital costs compared to SAVR in this
specific population subset, indicating its potential economic advantage
over SAVR in the current era.38,39 This contrasts with previous analyses,
which did not detect any significant cost differences between the two
treatments.40 Overall, these findings confirm the safety and efficacy of
TAVR inpatientswith cirrhosis and suggest that TAVRshouldbeoffered to
patients who are anatomically suitable candidates. Moreover, TAVR has
emerged as a cost-effective treatment option for patients with higher risk
profiles, facilitating earlier discharge and ultimately yielding better
overall outcomes.
Limitations

The use of administrative data sets in analysis may present certain
limitations, as they rely on diagnostic codes rather than actual clinical
data. Firstly, certain limitations of our study are intrinsic to the exami-
nation of a vast administrative database, which may contain coding
inaccuracies and misrepresented data regarding the frequency of pro-
cedures. As a result, we relied on ICD-10 diagnoses and procedure codes
within the NRD datasets. However, these administrative datasets have
been used in several published manuscripts, and the quality of coding
data has been deemed appropriate.41,42 Secondly, the estimation of liver
disease severity using scoring systems such as model for end-stage liver
disease or Child-Pugh score may be hindered by the absence of physio-
logical parameters in administrative databases. However, despite this
limitation, previous studies have reported high accuracy in identifying
patients with confirmed liver cirrhosis using administrative data-
bases.43,44 Thirdly, it is important to acknowledge the presence of
inherent selection bias in our study, as decompensated cirrhotic patients
may have been excluded from undergoing any procedure. Fourthly, it is
essential to recognize that the cross-sectional and observational design of
this study, along with the lack of long-term follow-up data and proce-
dural details in the database, imposes limitations on drawing definitive
conclusions about the temporal association between outcomes. However,
it is important to highlight that the database still provides valuable in-
sights into the associations between various variables and outcomes in
our sample population.43 Lastly, despite utilizing a propensity-matched
6

design to address selection bias and achieve covariate balance through
our matching algorithm, it is crucial to note that certain key covariates
that could serve as predictors of outcomes may be absent from our
analysis, potentially impacting our findings.

Conclusions

This large observational analysis among patients with liver cirrhosis
and symptomatic AS demonstrates that TAVR was associated with lower
rates of in-hospital mortality, 30-day all-cause and unplanned read-
missions, bleeding rates, rates of vascular complications, hepatorenal
syndrome, cardiogenic shock, MCS utilization, shorter length of hospital
stay, and reduced hospitalization costs compared to SAVR. Despite pa-
tients being older and with more comorbidities, this analysis indicates a
lower overall mortality rate, which highlights the significant advance-
ments in technology and current clinical practices in managing this high-
risk subgroup of patients. Given contemporary outcomes for TAVR and
the poor outcomes for untreated AS, TAVR in this subgroup of patients
appears to be a reasonable therapeutic option. Further research involving
larger cohorts and longer follow-up periods is imperative to strengthen
the validity and generalizability of our findings.
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