W) Check for updates

Vaz Karl (Orcid ID: 0000-0002-6427-6140)

1
Rate of early hospital readmission amongst cirrhotic patients is high in
Australia: experience from a single liver transplant centre
Karl Vaz' (Gastroenterologist)
Katrina Tan' (House Medical Officer)
Melissa Chew! (House Medical Officer)
Jordan Crawford' (House Medical Officer)
Ronald Ma? (Clinical Costing Analyst)
Josephine Grace' (Director of Gastroenterology)
Paul Gow'* (Deputy Director of Gastroenterology)
Marie Sinclair' (Gastroenterologist)
Adam Testro' (Gastroenterologist)

Affiliations
Wictorian Liver Transplant Unit, Austin Health, Heidelberg, Victoria, Australia

2Clinical Costing, Austin Health, Heidelberg, Victoria, Australia

3The University of Melbourne, Parkville, Victoria, Australia

Corresponding Author

Dr Karl Vaz, Victorian Liver Transplant Unit, Austin Health, 145 Studley Rd,
Heidelberg, Victoria 3084, Australia. Email — karl.vaz@austin.org.au; Phone — +61 3
9496 2000

Short Title

30-day cirrhotic readmission in Australia.

Acknowledgments

There are no relevant acknowledgments.

Data Availability
Request for unidentified data may be made to the corresponding author and subject to

approval by the corresponding author.

Consent to Publish (Ethics)
This study was approved by the Austin Health Ethics Committee (project 20/63).

Author Contribution

This is the author manuscript accepted for publication and has undergone full peer
review but has not been through the copyediting, typesetting, pagination and
proofreading process, which may lead to differences between this version and the
Version of Record. Please cite this article as doi: 10.1111/imj.15932

This article is protected by copyright. All rights reserved.


http://dx.doi.org/10.1111/imj.15932
http://dx.doi.org/10.1111/imj.15932
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fimj.15932&domain=pdf&date_stamp=2022-10-03

KV, JG, PG, MS and AT conceived the study plan. KV, KT, MC, JC and RM were
involved in data collection. KV and RM undertook data analysis. KV drafted the
manuscript and all authors contributed to editing the manuscript and approve the final

version.

Conflict of Interest

The authors declare there are no conflicts of interest.

Funding

This research project received no funding.

Abstract

Background and Aims: The 30-day hospital readmission rate in cirrhotic patients has
been demonstrated to be up to 40% in international studies, but is not well studied in
Australia. The aim of this study was to report on the rate and cause of 30-day hospital
readmission from a single liver-transplant referral centre, including a cost analysis of
readmissions.

Methods: Retrospective study of consecutive cirrhotic patients admitted to a liver
transplant centre in Victoria, Australia between 1% January 2019 and 31°' December
2019. Cases were identified through International Classification of Diseases version 10
coding for cirrhosis and its complications. Baseline demographic data, liver-related
complications and unrelated extra-hepatic comorbidities, laboratory values, and
prognostic scores were collected from the electronic medical record.

Results: 179 patients (63% male, median age at index admission 59 years old) who
were admitted a total of 427 times during the study period were included in the final
analysis. 30-day hospital readmission rate was 46%, with the majority of readmissions
due to fluid overload (29%), miscellaneous reasons (27%) and infection (20%). One-
fifth of readmissions were considered preventable. History of variceal haemorrhage
was found to be an independent predictor of 30-day hospital readmission. Annual cost
of readmission is over 2.7 million dollars and median cost of hospital readmission was
about $9,000.

Conclusions: The 30-day hospital readmission rate of 46% is higher than previously

reported and almost half due to either fluid overload or infection.
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Introduction

The transition from compensated to decompensated cirrhosis is an important landmark
in the natural history of the disease as it is associated with increased mortality [1]. It
heralds a phase of disease that leads to greater healthcare utilisation and expenditure
[2], with decompensated patients more likely to be symptomatic, particularly from fluid

overload, encephalopathy, gastrointestinal (GI) bleeding, and infection.

Literature primarily stemming from North American cohorts report 30-day readmission
rates of up to 40% [3-5]. Hepatic encephalopathy (HE) and metabolic derangements
have been demonstrated to be the leading causes of readmission [6], and predictors of
readmission include Model for End Stage Liver Disease (MELD) score, number of

cirrhotic complications and extrahepatic comorbidities, and polypharmacy [3-6].

Hospitalisation rates for cirrhosis are increasing in Australia [7] and abroad [8] and are
expected to rise further with the ballooning prevalence of non-alcoholic fatty liver
disease (NAFLD). Furthermore, the COVID-19 pandemic highlighted the importance
of reducing unnecessary admissions, as a premium was placed on vacant hospital beds.
To date, the burden of unanticipated early hospital readmissions in a cirrhotic

population in Australia remains largely unknown.
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We aimed to report on the rate of 30-day hospital readmission, to examine the principal
causes of readmissions, and identify factors predicting readmission in a single liver-
transplant centre in Australia. We also sought to estimate the direct cost of hospital

readmission in cirrhotic patients.

Methods

Study Population

Consecutive adult patients with cirrhosis as per standard clinical, radiologic and/or
histologic definition admitted to a single liver transplant centre in Victoria, Australia
between 1% January 2019 and 31% December 2019 were considered for inclusion into
the study. The primary catchment for this health service is 343,000 people covering
three local government areas, whilst the state-wide service of the liver transplant unit
has a catchment of 6 million people in Victoria, southern New South Wales and
Tasmania. Admissions were identified according to International Classification of
Diseases (ICD)-10 coding for liver cirrhosis and its complications (portal hypertension,
hepatorenal syndrome, variceal bleeding, hepatocellular carcinoma, ascites, and hepatic
encephalopathy) (Supplementary Table 1). Patients who were readmitted in January
2019 with a preceding index admission in the 30 days prior in December 2018, and
patients admitted in December 2019 with a readmission in the following 30 days in
January 2020 were included in order to capture all admissions in 2019. Patients with
multiple single admissions or multiple readmissions were only counted once in the

analysis.

Only unanticipated hospitalisations referred from the emergency department, outpatient

clinic, or transfer directly from another hospital were included. Elective admissions and
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admissions resulting in discharge to another hospital, palliative care ward or hospice,

or resulting in liver transplantation or death were excluded.

Data Collection

Retrospective review of electronic medical records was undertaken for patients meeting
the inclusion and exclusion criteria and, for all admissions, data was collected on patient
demographics, comorbidities (composite score per the Charlson Comorbidity Index
[CCI] [9]), cause of liver disease, liver transplant waitlist status, prior complications of
liver disease (ascites, acute kidney injury [AKI] and/or hepatorenal syndrome [HRS],
HE, variceal haemorrhage [VH], hepatocellular carcinoma), principal reason for
admission, hospital length of stay, discharge medications, discharge summary
completion within 48 hours of discharge, discharge biochemistry, admission and
discharge liver prognostic scores, and 90-day mortality. Furthermore, patients
readmitted within 30-days of discharge had additional information collected on

principal reason for readmission, time to readmission, and hospital length of stay.

Principal diagnosis was dichotomized as liver-related and not liver-related, or
categorized as fluid overload (ascites, hepatic hydrothorax and/or peripheral oedema),
AKI-HRS, infection, GI bleeding, HE, and miscellancous (all other diagnoses).
Readmissions were considered potentially preventable by a single gastroenterologist if
deemed physician-directed pharmacological or non-pharmacological management (eg.

Diuretic titration, elective paracentesis) could have avoided the need for readmission.

Healthcare cost analysis was conducted by a single clinical costing analyst and

expressed in Australian dollars.
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Statistical Analysis

Data is expressed as median with interquartile range (IQR) or number (%) as it followed
non-Gaussian distribution after normality testing. Mann-Whitney-U and Fisher’s exact
tests were used for continuous and categorical variables, respectively, comparing those
readmitted versus those not readmitted within 30-days of index admission. Kruskal-
Wallis test was used to compare cost between groups. Univariate and multivariate
logistic regression analyses were used to assess predictors of readmission. Those
variables with a p-value <0.10 on univariate analysis were included in the multivariate
model, along with age and gender. Two-sided p-value <0.05 was considered significant.
Statistical analysis was conducted using GraphPad Prism 9 version 9.2.0 (San Diego,

California, USA).

This study was approved by the Austin Health Ethics Committee (project 20/63).

Results

Patient Baseline Demographics

In total, 694 admissions were identified during the study period, with 427 meeting the
inclusion and exclusion criteria (Figure 1.). These occurred in 179 patients, with 82
(46%) readmitted within 30-days of index admission (‘readmitted’ group) and 97 (54%)
in the ‘not readmitted’ group. All subsequent results pertain to these dichotomized

groups.

The majority of patients were male (n=113, 63%) with median age 59 years old (IQR

48 — 65) at index admission. Most common aetiology was alcohol-related liver disease

85U8017 SUOWILLIOD aA 181D 8 deol[dde au Aq peusenob afe ssjoie O ‘8sn Jo Se|nJ 10} Aeig1T 8UIUO 4|1 UO (SUOTIPUOD-PUR-SWLLBI/LI0D A8 1M A1q 1 BU1|UO//:SdNy) SUONIPUOD pue SWie | 8u188S *[£202/TT/ST] Uo Ariqiauliuo A1 ‘uinogeiN JO A1seAIUN 8y L AQ ZE6ST WITTTT 0T/I0p/W00 A8 1M Aeig 1 pul|uo//:sdny wo) papeojumod ‘2T ‘2202 ‘v665ST



(n=76, 42%), with fewer with NAFLD (n=27, 15%), viral hepatitis (n=24, 13%;
hepatitis C virus [HCV] n=16, hepatitis B virus [HBV] n=8) or coexistent alcohol-

related liver disease and viral hepatitis (n=20, 11%; HCV n=18, HBV n=2) (Table 1.).

Over three-quarters were principally admitted for liver-related reasons (Figure 2.) with
a significant difference between the ‘readmitted’ and ‘not readmitted’ groups (84% vs
71%, p=0.049). Foremost indications for index admission were miscellaneous (n=58,
32%; Supplementary Table 2.), followed by HE, infection and fluid overload (each
n=31, 17%) (Figure 2.). A greater proportion of NAFLD patients were admitted for
non-liver related reasons compared to other aetiologies, however, this was not

statistically significant (33% vs 21%, p=0.21).

Readmission

Median time to readmission was 11 days (IQR 5 — 18) and median readmission hospital
length of stay was 5 days (IQR 3 — 9). Principal reason for readmission was most
commonly for fluid overload (n=24, 29%), followed by miscellaneous reasons (n=22,
27%; Supplementary Table 3.) and infection (n=16, 20%) (Figure 3.). SBP accounted

for 44% (n=7) of infections.

One-fifth (n=16) of readmissions were adjudicated to be potentially preventable. In
those primarily readmitted for ascites (n=23, 28%), 12 (52%) were potentially
preventable as outpatient arrangements for paracentesis were not made upon discharge.
In those not potentially preventable (n=11, 48%), this was due to timely arrangements
for early paracentesis or outpatient clinic being scheduled pre-discharge (n=6), ascites

not being an active issue during index admission (n=4), and non-adherence with
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scheduled follow-up (n=1). Two of the seven (29%) patients re-admitted with SBP were
potentially preventable as they had not been discharged on SBP prophylaxis at index
admission, with three of the remaining patients already on prophylaxis at the time of
readmission, and two not meeting accepted guidelines for primary prophylaxis [10-11].
The final two potentially preventable readmissions were in patients who were
readmitted with GI bleeding and had not been scheduled for repeat gastroscopy within
the intended timeframe upon discharge from index admission. No readmission for HE
was adjudicated as potentially preventable, given patients were already on prophylactic

therapy (n=7) or were readmitted with an index episode of overt HE (n=2).

Factors Associated with 30-day Hospital Readmission

Demographic details, admission and discharge characteristics, liver-related
complications and prognostic scores, and comorbidities separated according to

incidence of 30-day readmission are demonstrated in Table 1.

A greater proportion in the ‘readmitted’ group had a history of ascites (83% vs 60%, p
<0.01), VH (28% vs 12%, p=0.01) and hyponatremia (56% vs 35%, p <0.01), despite
no differences in admission prognostic scores or in proportion waitlisted for liver
transplantation (Table 1.). Cumulative comorbid illness was the same between the

groups (CCI 5, p=0.42), as was index hospital length of stay (5 days, p=0.77).

There was no between-group statistical difference for principal reason for index
admission (data not shown). Subjects in the ‘readmitted’ group had higher discharge
prognostic scores at index admission (MELD score 17 vs 14, p <0.01; Child-Pugh score

9vs 8, p<0.01), were discharged on a greater number of medications (9 vs 8, p <0.01),
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and had a greater proportion discharged on SBP prophylaxis (41% vs 17%, p <0.01).
Ninety-day mortality rate was higher in the ‘readmitted’ group (9.8% vs 6.2%) but was

not statistically significant (p=0.41).

The only significant difference in the aetiology of liver disease between the ‘readmitted’
and ‘not readmitted’ groups was a greater proportion of patients with coexistent
alcohol-related liver disease and viral hepatitis in the latter (4.9% vs 16%, p=0.02;

Table 1.).

On univariate logistic regression analysis, number of previous cirrhotic complications
at the time of index admission; history of ascites, HE, VH, and hyponatremia; number
of discharge medications, discharge on SBP prophylaxis and discharge on lactulose;
and admission and discharge Child-Pugh score, and discharge MELD score were
identified as factors associated with 30-day readmission to hospital (Table 2.). Only a
history of VH (odds ratio [OR] 3.08, 95% confidence interval [CI] 1.08 —9.28, p=0.04)

remained significant on the multivariate model (Table 2.).

Cost Analysis

The median cost of index admission was $10,266 (IQR 6,082 — 18,301) for the

‘readmitted’ group and $10,045 (IQR 6,935 — 19,488) for the ‘not readmitted’ group.

The annual total cost of 30-day readmissions was $2,767,336, with the cost of
potentially preventable admissions $532,270 (19%), and the median cost of
readmission $8,817 (IQR 5,814 — 21,028). Median cost of readmission was highest for

those with autoimmune liver disease ($11,439) and alcohol-related liver disease
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($10,412) compared to other aetiologies of liver disease (mixed alcohol-related and
viral liver disease $9,161; NAFLD $7,783; viral $7,495; and miscellaneous $6,511),
and for those readmitted due to GI bleeding ($18,993) compared to other reasons
(infection $9,450; HE $8,817; miscellaneous $8,677; fluid overload $7,218; AKI-HRS
$4,102), however this did not reach statistical significance for either (p=0.84 and
p=0.08, respectively). There was no difference in cost between non-liver related

admissions and liver-related admissions ($11,471 vs $8,200, p=0.48).

Discussion

In this retrospective cohort study conducted in a single liver transplant centre in
Australia over 12-months, we found the 30-day hospital readmission rate in cirrhotic
patients was high at 46%. Fluid overload and infection accounted for 49% of all 30-day

readmissions, and one-fifth of readmissions were considered potentially preventable.

In comparison to other single- and multi-centre studies [3-5, 12-16], our 30-day
readmission rate is notably higher than prior reports (Table 3.). Most published data
primarily exist from North American cohorts, likely related to the Affordable Care Act
mandating the reporting of 30-day readmission rates for common medical conditions
[17]. Tapper et al. report of 12.9% is the lowest in the literature [5], whilst Fagan et al.
finding from a single Australian institution of 42% in cirrhotic patients admitted with
ascites is the previous highest [18]. It is difficult to directly compare the current study
with that of Fagan et al., as their cohort only included readmission in those cirrhotics
initially admitted with ascites [ 18], whilst the current study includes cirrhotics admitted
for any reason. A 2018 systematic review including 26 studies of 180,000 patients

reported a pooled rate of 26% [19].
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The heterogeneity in methodology for case ascertainment and population studied,
related to differing inclusion and exclusion criteria, are the likely attributable factors
for the variance in our reported 30-day readmission rate and those reported previously.
Compared to other studies, our report did not exclude patients with compensated
disease [4, 13, 15-16, 18], hepatocellular carcinoma [16] or who underwent liver
transplantation during the study period [5, 14], as well as incorporating a greater
number of ICD codes for complications of liver disease (22 vs 3-16) [4-5, 12-13, 15-

16].

Furthermore, it is likely that the severity of liver disease in our study cohort was greater
than those in existing literature, with higher median MELD score compared to Volk et
al. cohort (17 vs 14) [4] and a greater proportion of Child-Pugh B or C patients
compared with Sood & Wong’s study population (85% vs 52%) (Table 3.) [14]. It is
also one of a few studies that have included patients being assessed and waitlisted for
liver transplantation [3-4, 13, 18] and typically was an older demographic of patients
(Table 3.), again suggesting inclusion of a sicker patient group. Although these factors
together may have led to a greater than previously reported readmission rate, given the
differences in study methodology, it is difficult to tease out institutional factors that

may lead to the regional disparity in 30-day readmission rate.

Fewer studies have reported on reason for hospital readmission, with only 12 out of the
26 studies included in the 2018 systematic review assessing this metric [19]. Our
study’s finding of fluid overload and infection being the most common reasons for early

readmission is consistent with the larger studies that have reported this outcome [5,13].
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These findings are expected given ascites is the most common decompensating event

[1], and the increasing recognition of cirrhosis as an immunosuppressive condition [20].

Our finding of prior VH as a predictor for 30-day hospital readmission has only been
reported once before in the literature [15]. Other cirrhotic complications, particularly
ascites and HE, have previously been identified as predictors for early readmission [5,
12, 14, 15]. Each of these sequelae define a decompensated state, with portal
hypertension progressively worsening during the natural history of the disease, and
accumulation of complications defining the various stages of cirrhosis, each associated
with a stepwise increase in mortality [1]. Our finding that prior VH is a predictor of
early readmission reaffirms that it is just another surrogate marker for advanced disease
state with more severe portal hypertension. No traditional prognostic score of liver
disease includes prior VH, and although the Child-Pugh score includes clinical markers
of portal hypertension, hepatic venous pressure gradient measurement is not included
in any commonly adopted prognostic score. This may reduce the sensitivity of these
prognostic scores in determining the most severe cases of portal hypertension, and a
reason for why these prognostic scores were not found to be independent markers of
early readmission in this study. Further studies will be required to confirm past VH as
a predictor for 30-day readmission amongst cirrhotics, and if this relationship is solely

due to more advanced liver disease, or other, currently unidentified factors.

Volk et al. considered 22% of 30-day readmissions in their institution to be “possibly
preventable”, with one of the major reasons noted to be “failure to plan ahead for
paracentesis” [4], whilst Le and colleagues identified early paracentesis as a significant

factor associated with reduced 30-day readmission in patients admitted with cirrhotic
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ascites [21]. The implementation of a pre-discharge paper checklist assessing
appropriate medication prescription for HE, SBP prophylaxis, portal vein thrombosis
and VH led to a 40% reduction in 30-day readmission rate when compared to historical
controls in a tertiary referral institution in Boston [22]. Contrary to this, a randomized
controlled pilot study from Australia assessing the utility of a multifaceted chronic
disease management plan for decompensated cirrhotic patients post-discharge did not
show any difference in the liver-related readmission rate [23]. Given one-fifth of
readmissions in our study were potentially preventable, there is a need for further
prospective studies of novel models of care [22, 24-25] to reduce early readmission in

this vulnerable cohort.

This is the first time the financial burden of early readmission in cirrhotic patients has
been quantified in an Australian context. We found the total annual total cost of
readmission to near 3 million dollars and the median cost of readmission to be just
under $9,000. In the North American studies, Volk et al. demonstrated a mean cost of
30-day readmission over 20,000 US dollars (USD) [4], Chirapongsathorn and
colleagues reported the 12-month post-index hospitalisation cost to be about 12,000
USD greater in patients readmitted within 30-days compared to those who were not
readmitted within 30-days [13], and Okafor et al. noted about a 3,500 USD greater
mean hospital cost if patients were readmitted to a different rather than the same
institution [16]. In Chirapongsathorn et al. study, the authors estimated the US national
readmission cost to be 4.45 billion USD annually [13]. More studies reporting the direct
healthcare cost of unexpected readmissions in cirrhotic patients are necessary in
Australia to allow us to better measure the economic impact of future interventions

aimed at reducing readmission.
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Whilst there are a few limitations inherent to retrospective study design, we have been
able to report the 30-day readmission rate and reason in a well-defined cohort of
cirrhotic patients hospitalized and readmitted to a tertiary liver-transplant referral centre
in Australia. Strengths of our study include the large number of subjects included
through a validated coding system for case ascertainment, the reporting on cause of
readmission with its relevance to healthcare utilisation, and adjudicating on preventable
readmissions that allows for the construct of region-specific prospective interventional
studies. Limitations of our study include the potential for missed cases through
retrospective case ascertainment, single-centre data collection that prevents knowledge
of patients who may have been readmitted to other institutions within 30-days of
discharge from our centre, and the bias toward a sicker population of patients included

in the study.

In conclusion, this study reports on high 30-day hospital readmission rate amongst
cirrhotic patients in a single liver transplant centre in Australia, with one-fifth of
readmissions adjudicated as potentially preventable with high associated cost. There is
a paucity of literature regarding interventions to reduce readmissions in this vulnerable
cohort, and future studies should include cost-benefit analyses given the high costs of

medical care for patients with cirrhosis.
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Figures Legends

Figure 1. Study flow diagram

Figure 2. Reason for index admission according to a) specific reason and b)
dichotomization according to liver-related or non-liver related reason

Figure 3. Reason for hospital readmission
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Table 1. Baseline demographics, comorbidities and liver-related complications, index
admission indices and mortality according to 30-day readmission status

Wh . .
Characteristic (:Le:ls;c;uP Re?::;lzt;ed Not r(i;::r;\)ltted P value
Demographics
Age, years 59 (48 — 65) 60 (47 - 67) 58 (48 — 64) 0.65

' Female gender, n (%) 66 (37%) 31 (38%) 35 (36%) 0.88
Active on liver

| transplant 9 (11%) 11 (11%) 1

{-waitlist, n (%) 20 (11%)

_ccl 5(4-7) 5(4-7) 5(4-7) 0.42
Aetiology of liver disease

- Alcohol related, n (%) 76 (42%) 39 (48%) 37 (38%) 0.23

( NﬁAFLD, n (%) 27 (15%) 11 (13%) 16 (16%) 0.68

' Viral, n (%) 24 (13%) 13 (16%) 11 (11%) 0.39

=

e ot < 20119 40 oo oo

{-Autoimmune, n (%) 21 (12%) 10 (12%) 11 (11%) 1

| Miscellaneous, n (%) 11 (6.1%) 5(6.1%) 6 (6.2%) 1

I Liver-related complications

| Ascites, n (%) 126 (70%) 68 (83%) 58 (60%) <0.01*

f AKI-HRS, n (%) 65 (36%) 34 (41%) 31 (32%) 0.21

THE, n (%) 93 (52%) 49 (60%) 44 (45%) 0.07

" VH, n (%) 35 (20%) 23 (28%) 12 (12%) 0.01*
HCC, n (%) 38 (21%) 14 (17%) 24 (25%) 0.27

I“PVT, n (%) 26 (15%) 15 (18%) 11 (11%) 0.21

' Hyponatremia, (%) 80 (45%) 46 (56%) 34 (35%) <0.01*

! Ir;dex admission indices

I Admission MELD 17 (13 -21) 18 (14 -22) 16 (12 -21) 0.13

" Admission CP 9(7-11) 9 (8-11) 9 (7-10) 0.01*

W:Imission CP-B/C, n (%) 153 (85%) 75 (91%) 78 (80%) 0.05

Hadicatons 9 (6-11) 9(7-12 8(5-10 <001°

| NSBB, n (%)t 20 (11%) 9 (11%) 11 (11%) 1

| Lactulose, n (%)t 112 (63%) 57 (70%) 55 (57%) 0.09
SéP prophylaxis, n (%)* 51 (28%) 34 (41%) 17 (17%) <0.01*
PPI, n (%)t 118 (66%) 54 (66%) 64 (66%) 1
DC summary <48hrs, n (%) 95 (53%) 47 (57%) 48 (49%) 0.37
DC MELD 15(12-19) 17 (13 -21) 14 (11 -18) <0.01*
DC CP 8 (7 -10) 9 (7 -10) 8(7-9) <0.01*
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DC CP-B/C, n (%) 150 (84%) 75 (91%) 75 (77%) <0.01*
Length of stay, days 5(3-10) 5(3-10) 5(3-9) 0.77
90-day mortality, n (%) 14 (7.8%) 8 (9.8%) 6 (6.2%) 0.41

Results given as median (IQR); IQR = interquartile range

TOn discharge from index admission

CCl = Charlson comorbidity index; NAFLD = non-alcoholic fatty liver disease; AKI-HRS = acute kidney injury-hepatorenal syndrome;

HE = hepatic encephalopathy; VH = variceal haemorrhage; HCC = hepatocellular carcinoma; PVT = portal venous thrombosis;
I“MELD = Model for End-stage Liver Disease; CP = Child-Pugh; NSBB = non-selective beta-blocker; SBP = spontaneous bacterial
|_peritonitis; PPl = proton pump inhibitor; DC = discharge

Table 2. Univariate and multivariate logistic regression of demographic features,
comorbidities and liver-related complications, and index admission indices

Univariate Multivariate

Odds ratio (95% Odds ratio (95%
confidence confidence
interval) interval)
Variables
Age 1.00 (0.98 - 1.02) 0.92 1.01 (0.98 - 1.03) 0.71
Female gender 1.07 (0.58 — 1.98) 0.81 1.06 (0.52 - 2.13) 0.88
Waitlistedt 0.96 (0.37 — 2.46) 0.94
CcCl 1.05(0.91-1.21) 0.54
Number of cirrhosis
complications 1.60 (1.21-2.16) <0.01%* 0.81 (0.45 —1.45) 0.48
Ascites 3.27 (1.65-6.78) <0.01* 1.78 (0.63 — 5.09) 0.28
AKI-HRS 1.51(0.82-2.79) 0.19
HE 1.79 (0.99 - 3.26) 0.06 1.28 (0.49-3.32) 0.61
VH 2.76 (1.30-6.15) <0.01* 3.08 (1.08 —9.28) 0.04*
HCC 0.63 (0.29-1.30) 0.21
PVT 1.75 (0.76 — 4.15) 0.19
Hyponatremia 2.37 (1.30-4.36) <0.01%* 1.70 (0.80—3.61) 0.17
Admission MELD 1.02 (0.98 - 1.07) 0.32
Admission CP 1.22 (1.05-1.41) <0.01* 0.99 (0.74-1.32) 0.95
Number of discharge
medications 1.14 (1.05 - 1.24) <0.01* 1.10 (0.99 — 1.24) 0.08
NSBBt 0.96 (0.37 — 2.46) 0.94
Lactuloset 1.74 (0.94 — 3.26) 0.08 0.63 (0.26 — 1.50) 0.30
SBP prophylaxis¥ 3.33(1.70-6.72) <0.001* 2.13(0.98-4.72) 0.06
PPl 0.99 (0.53 - 1.86) 0.99
DC summary <48hrs 1.37 (0.76 — 2.49) 0.30
DC MELD 1.07 (1.01 - 1.13) 0.02* 1.02 (0.94-1.11) 0.66
DCCP 1.26 (1.07 — 1.49) <0.01* 1.11 (0.80 - 1.54) 0.53
Length of stay 0.99 (0.97 - 1.02) 0.64
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tWaitlisted for liver transplant

$0On discharge from index admission

CCI = Charlson comorbidity index; AKI-HRS = acute kidney injury-hepatorenal syndrome; HE = hepatic
encephalopathy; VH = variceal haemorrhage; HCC = hepatocellular carcinoma; PVT = portal venous thrombosis;
MELD = Model for End-stage Liver disease; CP = Child-Pugh; NSBB = non-selective beta-blocker; SBP = spontaneous
bacterial peritonitis; PPl = proton pump inhibitor; DC = discharge
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Table 3. Literature review of studies reporting on rate of 30-day readmission in cirrhotic patients

Number of
patients

Methodology

Study population

23

: 30-day readmission

rate

Berman et al. 447 Two hospitals in US (one LT referral centre) Mean age 54 yo, female 43% 20%
2011 [3] 1-year study period Cause CLD — HCV/ETOH 49%;
Unclear methodology case ascertainment NAFLD/cryptogenic 20%, other 31%
Exclusions — admission resulting in LT, discharge Median MELD 19
against medical advice, elective admissions 23% LT waitlisted
Volk et al. 2012 402 Single LT referral centre in US Decompensated cirrhosis only 37%
[4] 3-year study period Median age 54 yo, female 43%
Case ascertainment through ICD-9 coding Median MELD 15
Exclusions — admissions resulting in discharge to 16% LT waitlisted
hospice or LT Median CCI 5
Tapper et al. 119,722 Healthcare Cost and Utilisation Project encompassing Mean age 61 yo, female 45% 13%
2016 [5] state inpatient databases from 6 US states Cause CLD — ETOH 35%, viral 24% (HCV 21%,
1-year study period HBYV 3%), other 41%
Case ascertainment through ICD-9 coding 67% Quan modified Deyo-Charlson Index 1-2
Exclusions — admissions resulting in death or discharge
to hospice or another facility; any LT during study
period
Garg et al. 2021 303,346 Nationwide Readmission Database in US 64% between 45-64 yo, female 36% 31%
[12] 5-year study period Cause CLD — ETOH 62%, non-ETOH 36%, biliary
Case ascertainment through ICD-9 coding 2%
No stipulated exclusions
Chirapongsathorn 2,048 Two LT referral centres in US Decompensated cirrhosis only 32%

etal 2018 [13]

4-year study period
Case ascertainment through ICD-9 coding
Exclusions — elective admissions; admission resulting
in death; LT before or during study period; patients
denying access to health record for research purposes

Median age 60 yo, female 41%
Cause CLD — ETOH 31%, NAFLD 28%, viral 18%,
autoimmune 7%, other 16%
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I—US — United States; LT — liver transplant; CLD — chronic liver disease; HCV — hepatitis C virus; ETOH — alcohol-related liver disease; NAFLD — non-alcoholic fatty liver disease; MELD —

Sood & Wong.
2019 [14]

Brahmania et al.
2021 [15]

Okafor et al.
2019 [16]

Fagan et al. 2014
[18]

Current study

230 Single non-LT hospital in US
2.5-year study period
Case ascertainment through review of hospital
encounters at institution for all cirrhotic patients seen
in outpatient clinic during study period
No stipulated exclusions
82,598 Nationwide Readmission Database in US
3-year study period
Case ascertainment through ICD-9 coding
Exclusions — LT during study period; death within 6-
months of index discharge
50,841 Nationwide Readmission Database in US
1-year study period
Case ascertainment through ICD-9 coding
Exclusions — readmission for non-cirrhosis related
indications; HCC; LT during study period; discharge to
hospice care during study period
41 Single LT centre in Australia
1-year study period
Case ascertainment through review of ascitic fluid
sample record on statewide pathology database
No stipulated exclusions
179 Single LT centre in Australia
1-year study period
Case ascertainment through ICD-10 coding
Exclusions — elective admissions; admissions resulting
in discharge to external facility, hospice or palliative
care centre, admissions resulting in LT or death

Mean age 57 yo, female 37%
Cause CLD — ETOH 34%, viral 43% (HCV 27%,
HBYV 16%), HCV/ETOH 9%, NAFLD 8%, other 5%
52% CP-B/C

Decompensated cirrhosis only
Mean age 56 yo, female 35%
Cause CLD — ETOH 51%, viral 68%

Decompensated cirrhosis only
Median age 57 yo, female 41%

Cirrhotic with ascites only
Mean age 54 yo, female 22%

Cause CLD — ETOH 44%, viral 34%, other 22%
Median MELD 17, median CP 10
Median CCI 4
Median age 59 yo, female 37%

Cause CLD — ETOH 42%, NAFLD 15%, viral 13%,
viral/ ETOH 11%, autoimmune 12%, miscellaneous
6%

Median MELD 17, median CP 9, CP-B/C 85%
11% LT waitlisted
Median CCI 5

Median for End-stage Liver Disease score; ICD — International Classification of Diseases; CCI — Charlson comorbidity index; HBV — hepatitis B virus, CP — Child-Pugh
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31%

31%

29%

42%

46%
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Supplementary Table 1. ICD-10 codes utilised to capture admissions

ICD-10 code ICD-10 code descriptor

K70.0 Alcoholic fatty liver

K70.1 Alcoholic hepatitis

K70.2 Alcoholic fibrosis and sclerosis of liver
K70.3 Alcoholic cirrhosis of liver

K70.4 Alcoholic hepatic failure

K70.9 Alcoholic liver disease, unspecified
K72.1 Chronic hepatic failure

K72.9 Hepatic failure, unspecified

K74.0 Hepatic fibrosis

K74.1 Hepatic sclerosis

K74.2 Hepatic fibrosis with hepatic sclerosis
K74.3 Primary biliary cirrhosis

K74.4 Secondary biliary cirrhosis

K74.5 Biliary cirrhosis, unspecified

K74.6 Other and unspecified cirrhosis of liver
K76.6 Portal hypertension

K76.7 Hepatorenal syndrome

181 Portal vein thrombosis

185.9 Oesophageal varices without bleeding
186.4 Gastric varices

198.3 Oesophageal varices with bleeding in disease classified elsewhere
C22.0 Malignant neoplasm: Liver cell carcinoma
R18 Ascites

Supplementary Table 2. Miscellaneous reasons for index admission

Diagnosis Number of patients

Post-TACE syndrome 8
Alcoholic hepatitis

Coagulopathic with non-GlI bleeding
Fall

Symptomatic anaemia

Strangulated umbilical hernia
Abdominal pain, unspecified
Choledocholithiasis

Alcohol withdrawal

Autoimmune hepatitis flare
Malnutrition

Hepatitis B flare

RINININININ PP OOV

85UB01 7 SUOWILLOD 3AIIE.ID 3(dedldde au Aq peusenob are sapolie O ‘@SN Jo S8 10} Areiq18UIIUO AB|I/ UO (SUOIPUOD-pU-SUBY/LIOD A8 | 1M Afeiq| | Bu|UO//SONY) SUORIPUOD PUe SWB | 8U1 89S *[£202/TT/ST] Uo ARIqi8ulluo A8|IM ‘Buinoge N JO A1sieAlun ay L AQ Ze6ST [WI/TTTT 0T/I0p/W00 A8 1M Aeiq1jeuluo//Sdny WOy papeo|umod ‘ZT ‘2202 ‘665G T



Alcoholic pancreatitis

Occluded PTC

TIPS dysfunction

End-stage renal failure

Exacerbation of COPD

Functional decline

Haemoperitoneum following ascitic tap

Hypoglycaemia

Gallstone pancreatitis

Jaundice

PEG dislodgement

Migrated biliary stent

R RrlRPrIRrRPIRPRIRIRIRPR[RIR[R R~

Rapid atrial fibrillation

Chest pain 1

TACE — transarterial chemoembolization; Gl — gastrointestinal; PTC — percutaneous
transhepatic cholangiogram; TIPS — transjugular intrahepatic portosystemic shunt; COPD
— chronic obstructive pulmonary disorder; PEG — percutaneous endoscopic gastrostomy

Supplementary Table 3. Miscellaneous reasons for 30-day readmission

Diagnosis Number of patients

Abdominal pain 2
Acutely decompensated heart failure
Constipation

Broken tooth

Flare of chronic neuropathic leg pain
DVT

Fall

Gastritis

Gastroparesis

Seizures

Hyperkalemia

Hypoglycaemia

Jaundice

Post-TACE syndrome

Pruritus

PVT

Stroke

Symptomatic anaemia

R R R R R R R R R R R R R RRRNDNN

Draining umbilical drain
DVT — deep vein thrombosis; TACE — transarterial chemoembolization;
PVT — portal vein thrombosis
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694 admissions between
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after meeting exclusion
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