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Abstract

Objective—Data describing long-term outcomes following intensive care (ICU) for patients with
alcohol-related liver disease (ALD) are scarce. We aimed to report long-term mortality and
emergency hospital resource use for patients with ALD and compare this with two comparator
cohorts.

Design—Retrospective cohort study linking population registry data.
Setting—All adult general Scottish ICUs (2005-2010) serving 5 million population.

Patients—ICU patients with ALD were compared to an unmatched cohort with APACHE-
defined diagnoses of severe cardiovascular, respiratory or renal comorbidity and a matched general
ICU cohort.

Interventions(none);Measurements and Main Results—Outcomes were five-year
mortality, emergency hospital resource use and emergency hospital readmission. Multivariable
regression was used to identify risk factors and adjust for confounders. Of 47779 ICU admissions,
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2463 patients with ALD and 3590 patients with severe co-morbidities were identified;
2391(97.1%) were matched to a general ICU cohort. The ALD cohort had greater 5-year mortality
than comorbid (79.2% vs 75.3%,p<0.001) and matched general (79.8% vs 63.3%,p<0.001)
cohorts. High liver SOFA score and three-organ support were associated with 90% 5-year
mortality in ALD patients. After confounder adjustment, ALD patients had 31% higher hazard of
death (adjusted-HR 1.31,95%Cl 1.17,1.47,p<0.001) and used greater resource than the severe
comorbid comparator group. Findings were similar compared with the matched cohort.

Conclusions—ICU patients with ALD have higher 5-year mortality and emergency readmission
rates than ICU patents with other severe comorbidities and matched general ICU patients. These
data can contribute to shared decision-making for ALD patients.

Keywords
Alcoholic liver disease; critical care; patient readmission; epidemiology; outcomes

Introduction

Alcohol-related harm is a significant public health problem. Alcohol-related hospital
admissions in England have risen in each of the last 10 years, costing an estimated £3.5
billion/year.(1, 2) Patients with alcohol-related liver disease (ALD) are vulnerable to
developing critical illness due to decompensation of chronic liver disease, which is often
precipitated by an acute illness such as variceal bleeding, hepatic encephalopathy, or sepsis.
ICU admission rates for ALD are increasing,(3) but hospital mortality is high and reported
to exceed 85% in patients developing multiorgan failure.(4, 5) Data for long-term survival
and other outcomes are limited, but studies in non-ICU patients with cirrhosis report 30-45%
one-year mortality(6, 7) and high hospital readmission rates (20-50%).(8-11)

A recent Lancet commission addressing liver disease advocated widened access to critical
care.(12) However, a shared decision-making process between clinicians, patients and
families should precede admission balancing burdens and benefits.(13) These stakeholders
need to understand the consequences of critical care admission based on robust evidence.
Few studies have reported longer-term outcomes for critically ill patients with ALD, and
none describe both long-term mortality and hospital readmission rates for a complete
national cohort.(5) This is particularly important given the increasing evidence of the burden
associated with ICU survivorship.(14)

To inform these knowledge gaps, we analysed a national cohort of patients admitted with
ALD identified from the Scottish ICU registry in order to (1) report 5-year mortality,
emergency readmission risk and subsequent acute hospital resource used in comparison to
two cohorts of ICU patients: one with severe chronic diseases known to be independently
associated with poor outcomes and a second comprising matched general ICU patients; and
(2) identify risk factors for early and late mortality and 5-year emergency readmission risk.
We hypothesised that patients with ALD would have greater long-term morbidity and
mortality compared with general ICU patients, but not patients with severe chronic diseases.
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Design, setting and data sources

Population

We used a cohort study design using the following linked registries: the Scottish Intensive
Care Society Audit Group (SICSAG), Scottish Morbidity Record of acute hospital
admissions (SMRO01) and Scottish death records. The SICSAG registry captures all adult
general intensive care activity within Scotland.(15) Between 2005 and 2010, all 24 adult
general ICUs, serving a population of 5.1 million (4.2 million aged =16), submitted data.
Approvals were obtained from the relevant data-governing body (Privacy Advisory
Committee, Information Services Division: ref 55/09). All data were anonymised prior to
release to the researchers. The South East Scotland Research Ethics Committee granted a
waiver (ref NR/1001AB14).

The ALD cohort comprised Scottish residents =16 years with an ALD diagnosis admitted to
general Scottish ICUs over a six-year period (01/01/2005-31/12/2010; index admission). We
excluded elective ICU admissions and those undergoing liver transplantation. Only first ICU
admissions with a valid linkage number were included where there were multiple
admissions.

ALD diagnosis was defined by combining SICSAG and SMRO01 data sources as following:
1) presence of a SICSAG ICU admission diagnosis code of ALD coded on the index ICU
admission; or 2) presence of an SMRO01 diagnosis code of ALD (International Classification
Disease 10™ revision codes (ICD-10) K700-K709 inclusive) on the index hospital SMR01
record or in the one-year preceding ICU admission. Coding in both SICSAG and SMR01
datasets has been validated and demonstrated to be accurate.(16, 17)

We used two comparator cohorts:

1) an unmatched cohort of non-ALD patients admitted to ICU with severe
cardiovascular, respiratory or renal disease as defined in the Acute Physiology
and Chronic Health Evaluation (APACHE) definition of comorbidity.(18) The
APACHE comorbidity definition captures severe chronic disease causing
symptoms that significantly interfere with daily life (e.g. severe cardiovascular
comorbidity is defined as those with angina/claudication/dyspnoea at rest; see
Supplement for full definitions).

2) a cohort of non-ALD patients admitted to ICU matched on age, sex,
comorbidity, admission source, socioeconomic status(SES), and severity of
illness using Coarsened Exact Matching (Stata command:‘cem’).(19) Instead of
traditional 1-to-1 matching, CEM ensures that matched patients have values
within a similar range for each variable of interest, though this does not need to
be exact. See Supplement for full description.

We chose the first comparator cohort because the presence of severe chronic disease may
influence clinician decision-making in relation to ICU admission and ongoing treatment
decisions in a similar way that the presence of ALD may influence clinical management.(20)
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We chose the second comparator cohort to benchmark outcomes against a general ICU
population.

Variables included demographics, pre-admission factors and factors relating to the ICU/
hospital stay. SES was measured by the Social Index of Multiple Deprivation (SIMD)(21).
Comorbidity was measured using a combination of Charlson and SICSAG-defined
comorbidity (see reference (22) for details of comorbidity derivation). ICU admission
diagnosis was grouped by organ system for ALD vs comorbid cohort comparisons. Highest
bilirubin in the first 24 hours of ICU admission was categorised using Sequential Organ
Failure Assessment (SOFA) score thresholds to produce a liver SOFA score.(23) See
Supplement for full list of variables and confounders used in multivariable models to adjust
outcomes for ALD vs comparator cohorts.

Outcomes and follow-up period

The primary outcomes were 5-year mortality, emergency hospital resource use and
cumulative risk of first hospital readmission obtained from linkage to Scottish death records
and SMROL1 registries. For further information relating to outcomes and cause-specific
readmission analyses, see Supplement. Follow-up was censored on 01 January 2011 or after
5-year follow-up and commenced on ICU admission for mortality analyses and index
hospital discharge for readmission/resource use analyses.

Statistical analysis

Analyses were undertaken using Stata IC version 13 (StataCorpLP, Texas,USA) and SAS
(SAS Institute Inc.,NC,USA). Baseline characteristics were compared between ALD and
comorbid comparator cohorts using T-test, Mann-Whitney-U or Xz—tests. A complete case
analysis was undertaken. Missing liver SOFA score was included as an independent
category. We used Kaplan-Meier estimates to report mortality to 5-years. Cox regression was
used to identify independent predictors of mortality for early (0 -30d) and late (31d-5year)
periods in the ALD cohort. Z-score and likelihood ratio tests were used to assess
significance of individual and all categories of predictors respectively. Cumulative risk of
first emergency hospital readmission was estimated using cumulative incidence function
(Stata commands: ‘stcompet’;‘stccreg’). Fine-Gray regression was used to identify
independent predictors of first emergency readmission risk in the ALD cohort allowing for
the competing risk of death.(24) Comparisons between ALD and comparator cohorts were
undertaken with adjustment for confounders using the multivariable regression models
(details in Supplement).

Subgroup and additional analyses

We stratified results within the ALD cohort for patients with and without cirrhosis as
outcomes were likely to differ between groups. We presented subgroup analyses for ALD
patients and comparator populations for mortality outcomes for the four commonest ICU
admission diagnoses: pneumonia, septic shock, acute abdominal pathology and post-cardiac
arrest. The rationale for subgroup analyses was to reduce the heterogeneity present in
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comparisons undertaken at a whole population level in order to better investigate the effect
of ALD on outcomes. See Appendix for full definitions of cirrhosis and admission
diagnoses. As the primary analysis with the severe comparator comorbid cohort was
unmatched, we undertook a matched analysis to identify the presence of residual
confounding in the unmatched analysis.

ALD vs severe comorbid cohort

Of 47,779 first ICU admissions, the ALD cohort comprised 2463 patients and comparator
cohort with severe comorbidities 3590 patients (cardiovascular 1111,30.9%; respiratory
1981,48.3%; renal 455,12.7%; =2 comorbidities 291,8.1%) (Figure 1). Those with ALD
were younger at the time of ICU admission (53 vs 68,p<0.001), were more
socioeconomically disadvantaged (p<0.001), had fewer comorbidities (p<0.001) and were
more severely ill on admission to ICU (mean Acute Physiology Score (APS) 18.3 vs
16.3,p<0.001) (Table 1).

The most common ICU admission diagnoses in the ALD cohort were variceal hemorrhage
(18%), pneumonia (17%) and septic shock (12%). More ALD patients than those with other
severe comorbidities required mechanical ventilation on the day of admission (77.6% vs
67.1%,p<0.001). The median ICU length of stay was longer in ALD patients (2.7 vs 2.2
days,p<0.001) but median index hospital length of stay was shorter (12 vs 14 days,p<0.001).

ALD vs matched general ICU cohort

For the matched general ICU population, 2391(97.1%) of ALD patients could be matched to
2391 general ICU patients without ALD (Figure 1). Sex, SES, APS/APACHE score were
similar between groups with minor imbalances in age, and admission source (eTable 1).
ALD patients required more organ support (p<0.001), had a similar ICU length of stay but
shorter hospital stay. Unmatched ALD cohort members were more severely ill, requiring
more organ support and with higher ICU mortality (eTable 2).

Early and late mortality

In the ALD cohort, ICU mortality was 44.1% (95%CI 42.2%,46.1%), and a further 361 died
in hospital after ICU discharge (hospital mortality 58.8%; 95%CI 56.8%,60.7%). Using
fixed time-point outcomes, 30-day mortality was 54.9% (95%CI 53.0%,56.9%) increasing to
66.1% and 79.2% at one and five-years (Figure 2). Median survival was 17 days (IQR 2,
563).

Five-year mortality was greater in the ALD cohort than the comparator cohort with severe
comorbidities (79.2% vs 75.3%) and the matched general ICU cohort (79.1% vs 62.1%;
Figure 2). After adjustment for confounders, there was a 31% relative excess in 5-year
hazard of death in the ALD cohort compared with the severe comorbid cohort (adjHR
1.31,95%Cl 1.16,1.47,p<0.001) and 53% excess in comparison with the general ICU cohort
(adjHR 1.53,95%CI 1.35,1.74,p<0.001) (Figure 3). Point estimates of excess hazard of death
were similar in both early and late periods in both comparator cohorts (Figure 3).
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Predictors of early and late mortality—Patients requiring 3 organ-support (79.0%),
admitted after a cardiac arrest (80.9%, eFigure 1) and with a liver SOFA score of 4 (77.6%)
had the highest 30-day mortality rates. Age, admission source, diagnosis on ICU admission,
number of organs supported and admission liver SOFA score were independent predictors of
early (0-30days) and late (31days-5year) mortality (Table 2;eTable 3). Sex, SES and
previous number of admissions were predictors of late but not early mortality.

Emergency hospital resource use and readmission risk

Hospital resource use—Analyses of resource use measured by multiple emergency
readmissions revealed that the ALD cohort had a higher readmission rate compared with
both comparator cohorts during 5-year follow-up (ALD vs comorbid vs general ICU:1.64vs
1.28vs 1.43 emergency readmissions/person-year; eFigure 2), a greater number of days in
hospital (14.4vs 13.1vs 11.8 days/person-year), and higher costs (£9725($13834)vs
£8834($12566)vs £7986($11360)/person-year). After adjustment for potential confounders,
5-year emergency readmission rate was 32% higher in ALD vs severe comorbid cohort and
17% higher compared with a general ICU cohort (p<0.001,Figure 3).

Relative to both comparator cohorts, the ALD cohort had higher emergency readmission
rates during the first three years after discharge, but admission rates were comparable in
years four/five (eFigure 2). Around half of costs associated with emergency readmissions in
the first 4-years after discharge were due to liver disease or alcohol-related diagnoses
(eFigure 3).

Cumulative incidence of first emergency readmission—In the ALD cohort, the
cumulative risk of first emergency hospital readmission was 21.7% (95%CI 19.2%,24.3%) at
30-days post-index hospital discharsge increasing to 62.7% and 83.4% at one and five-years.
This was similar in both comparator cohorts (cumulative risk in severe comorbid: 30d
22.1%; 5y 84.6%; general ICU: 30d 21.8%; 5y 83.9%)) even after adjustment for
confounders (Figure 3).

The strongest predictor of first emergency readmission in the ALD cohort was the number of
inpatient admissions in the year before ICU admission (X2:121,4df,p<0.001) (eTable 4).
Other independent predictors were number of organs supported, age, SES, diagnosis on
admission, APS and liver SOFA score.

Subgroup analyses and additional analyses

Within the ALD cohort, two-thirds of patients had a diagnosis of cirrhosis coded. These
patients were younger, were less severely ill (measured by APS) and required less organ
support on admission compared with ALD patients without cirrhosis (eTable 5). However,
cirrhosis patients experienced higher 5-year mortality, resource use and costs (eTable 6).

For each of the four commonest ICU admission diagnoses (pneumonia, septic shock, post-
cardiac arrest and acute abdominal pathology), the ALD cohort had higher adjusted 5-year
mortality compared with both severe comorbid and general ICU cohorts (Figure 3). The
matched analysis with the severe comorbid cohort confirmed the findings of the primary
unmatched analysis (eTable 7).
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Discussion

In a complete, national database of ICU admissions, patients with a diagnosis of ALD
experienced higher long-term mortality and emergency readmission rates compared with
ICU patients with other severe comorbidities and a matched general ICU cohort. For every
three patients admitted to ICU with ALD, two had died within one year of ICU admission.
In those surviving their index hospitalisation, acute emergency readmission rates were
highest in the first year of follow-up with almost half of readmissions related to liver disease
or alcohol-related conditions. Morbidity and mortality were higher in those with cirrhosis.
These findings highlight the substantial longer term burden experienced by patients with
ALD after ICU admission.

The presence of ALD is often viewed as a poor prognostic marker in critically ill patients
considered for admission to ICU.(5, 20, 25) Our results, reporting the largest cohort to date,
confirm this to be the case, even when compared to a cohort with other severe comorbidities.
No previous research has reported hospital readmission rates or healthcare resource use for
ICU survivors with ALD. Elevated readmission rates in general ICU survivor cohorts may in
part be attributable to morbidity associated with surviving ICU (‘post-intensive care
syndrome’ (PICS)).(14, 22, 26) Superimposing a PICS on ALD patients already on a
declining chronic disease trajectory may result in a particularly vulnerable patient group.
However, in this study almost half of early emergency readmissions in the ALD survivor
cohort were caused by liver/alcohol-related conditions suggesting that the underlying
disease, rather than other consequences of critical illness, were more important drivers of
readmission.

Comparison of our data with studies of non-ICU hospital inpatients with liver disease
reveals conflicting results. Hospital 30-day readmission was higher than inpatients with
advanced liver disease of any etiology(27) (26.6%vs20%) but lower than inpatients with
cirrhosis-related complications (26.6%vs37%).(8) The reasons for this may relate to
differences in case-mix and/or health care organisation. In the first cohort, only readmissions
to the same institution were included which may have underestimated readmission rates.(27)
Furthermore, members of our cohort had been selected by clinicians at the time of ICU
admission resulting in likely lower prevalence of frailty, which can influence ICU admission
decision-making.(28)

Strengths and limitations

Our study has a number of strengths. We used linked databases with complete coverage in
Scotland for ICU admissions ensuring robust, long-term follow-up for mortality and
readmission rates. Furthermore, we captured readmissions to any Scottish hospital unlike
other studies that were limited to single centres. Our findings were robust when
benchmarked against two comparator cohorts, general ICU patients and those with severe
comorbidities, as well as in more homogeneous subgroups defined by ICU admission
diagnosis. However, the study was conducted in a single country and the results may reflect
region-specific societal, cultural and clinical practices. Readers should, therefore, exercise
caution when generalising the findings to other countries.
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A limitation of our work was that we could only grade severity of ALD using the SOFA liver
score. Liver-specific disease scores such as Child-Pugh score were not available. However,
in a recent study of critically ill patients with cirrhotic liver disease, ICU-specific scores
demonstrated similar ability to predict mortality compared with liver-specific scores.(29)
Furthermore, a systematic review of scores showed Child-Pugh score is likely the weakest
discriminator of mortality.(4, 30)

We used retrospectively collected registry data to define the study cohort by combining
diagnostic coding in ICU and hospital datasets, which could have misclassified some
patients. However, in Scottish datasets case-note validation of ICU diagnosis coding has
been shown to be of ‘very high quality’(17) and coding accuracy in hospital datasets
approaches 90% for the primary diagnosis code.(16)

Unlike severe cardiovascular and respiratory comorbid illnesses, patients with ALD who
remain abstinent through treatment for alcohol dependency have reduced long-term
mortality.(31) We were unable to identify such patients in our cohort.

Implications for clinical practice and future work

Conclusion

Our findings have implications for clinical practice and health policy. Our data can inform
discussions between clinicians, patients and families relating to the consequences of
admission to critical care in the context of ALD. There is a risk that population-level data
exacerbate the stigma which may be associated with ALD or may promote a self-fulfilling
prophecy of high mortality if used to apply a blanket denial of critical care admission.
Nuanced decision-making is needed, in conjunction with hepatologists, patients and families
to fully consider an individual patient’s circumstances and their perspective on balancing
burdens of treatment with benefits. Our data provide a valuable resource in such discussions.
High post-discharge healthcare resource use for ICU survivors with ALD may highlight
improvements that are needed in community strategies to reduce alcohol-dependence and
optimising chronic disease management for the subgroup with alcohol-related cirrhosis.

There have been recent calls for targeted discussions with patients with end-stage chronic
liver disease to ensure their treatment wishes are fully understood after an admission to
hospital.(32) These discussions may involve shared decision-making relating to treatment
escalation, anticipatory care planning and referral to palliative care services. National
guidelines recommend this process for patients with severe respiratory and heart disease,
who comprised a high proportion of our comparator cohort.(33, 34) Given outcomes were
significantly worse among the ALD cohort than those with severe chronic comorbidities, our
study highlights the need for clinicians to better recognise patients with end-stage liver
disease, and consider similar anticipatory planning where appropriate.

In summary, patients admitted to ICU with ALD experience higher mortality and hospital
readmission rates than patients with other severe chronic diseases and similar general ICU
patients. Our data provide important information that can be used to inform shared decision-
making for clinicians and patients with ALD.
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Figure 1. Flow diagram of study population derivation.
Figures marked * are reported as a proportion of the number of eligible patients (n=47,779).

Crit Care Med. Author manuscript; available in PMC 2020 January 01.




s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Lone et al.

Proportion surviving

1.00

0.75 1

0.50

o

[N}

o
|

0.00

Page 13

Survival after ICU admission

I I I I T I

0 1 2 3 4 9
Time after ICU admission (years)

ALD — Comorbid
— — — Matched general ICU

Figure 2. Kaplan-Meier plot of survival in ALD cohort compared with comparator cohorts with
other severe comorbidities and matched general ICU patients from time of ICU admission.

Number at risk

Years 0 1 2 3 4

ALD 2463 730 522 361 231
Comorbid 3590 1337 996 649 410
General ICU 2391 1043 766 479 304
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Adjusted analyses for ALD vs comparator cohorts

Hazard or Rate

Outcome Ratio (95% Cl)
ALD vs Severe Comorbid
5 year mortality —_— 1.31 (1.17, 1.47)
Early mortality —_—— 1.28 (1.09, 1.51)
Late mortality —— 1.37 (1.28, 1.47)
5 year first readmission — 0.99 (0.92, 1.06)
5 year readmission rate —_—— 1.32 (1.17, 1.48)
Subgroups —_—— 1.65 (1.49, 1.82)
Pneumonia 5 year mortality —— 1.22 (1.10, 1.36)
Septic shock 5 year mortality —_—— 1.21 (1.01, 1.46)
Cardiac arrest 5 year mortality —_—— 1.37 (1.18, 1.60)
Acute abdominal 5 year mortality * 1.56 (1.11, 2.20)
ALD vs General ICU
5 year mortality —_—— 1.53 (1.35, 1.74)
Early mortality —_—— 1.58 (1.32, 1.88)
Late mortality —_—— 1.47 (1.30, 1.66)
5 year first readmission —t— 1.03 (0.95, 1.13)
5 year readmission rate e 1.17 (1.04, 1.32)
Subgroups —— 1.65 (1.49, 1.82)
Pneumonia 5 year mortality —_—— 1.59 (1.41, 1.80)
Septic shock 5 year mortality + 1.28 (0.97, 1.68)
Cardiac arrest 5 year mortality * 1.33 (1.07, 1.65)
Acute abdominal 5 year mortality —_—— 1.96 (1.67, 2.30)
T T T T
85 1 15 2

Adjusted Hazard or Rate Ratio

Figure 3. Adjusted analyses for mortality, cumulative incidence of first emergency readmission
and emergency readmission rate in ALD cohort compared with comparator cohorts with other
severe comorbidities and matched general ICU patients.

Point estimates are hazard ratios for all outcomes other than 5-year readmission rate which

is the admission rate ratio.
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Table 1
Baseline characteristics of ALD cohort and comparator cohort with other severe
comorbidities.
Characteristic Characteristic ALD cohort  Comorbid cohort  p-value
n=2463 n=3590
Age (years) Median (IQR) 53 (45, 61) 68 (59, 76)  <0.001
Sex Female 877 (35.6%) 1681 (46.8%)  <0.001
Socioeconomic status quintile 1 Least deprived 225 (9.1%) 395 (11.0%)  <0.001
Quintiles 2 to 4 1197 (48.6%) 2256 (62.8%)
5 Most deprived 1041 (42.3%) 939 (26.2%)
Comorbidity count 0 1958 (79.5%) 2323 (64.7%)  <0.001
1 385 (15.6%) 852 (23.7%)
2+ 120 (4.9%) 415 (11.6%)
Previous year inpatient hospital admissions Mean (SD) 1.6 (2.5) 1.4 (2.1) 0.002
Previous year inpatient days in hospital Mean (SD) 11.0 (21.8) 10.2 (23.2) 0.19
Admission source Theatre after emergency surgery 385 (15.7%) 866 (24.1%)  <0.001
Emergency department 524 (21.3%) 736 (20.5%)
Hospital ward 771 (31.4%) 1117 (31.1%)
Other 779 (31.7%) 869 (24.29%)
ICU admission diagnosis Cardiovascular 446 (18.1%) 1144 (31.9%)  <0.001
Respiratory 548 (22.2%) 1268 (35.3%)
Gastrointestinal 1028 (41.7%) 700 (19.5%)
Renal 31 (1.3%) 133 (3.7%)
Neurological 281 (11.4%) 128 (3.6%)
Trauma 55 (2.2%) 91 (2.5%)
Other 74 (3.0%) 126 (3.5%)
Acute Physiology Score Median (IQR) 18.3 (7.9) 16.3(6.8)  <0.001
APACHE Il score Median (IQR) 23.3(8.1) 255(7.1)  <0.001
Number of organ systems supported on ICU admission 0 377 (15.3%) 804 (22.4%)  <0.001
1 1050 (42.6%) 1383 (38.5%)
2 860 (34.9%) 1217 (33.9%)
3 176 (7.1%) 186 (5.2%)
Mechanical ventilation n (%) 1908 (77.6%) 2397 (67.1%)  <0.001
Circulatory support n (%) 1145 (46.5%) 1596 (44.7%) 0.16
Renal replacement therapy n (%) 245 (10.0%) 382 (10.7%) 0.35
Liver SOFA score 0 441 (20.8%) 2294 (77.3%)  <0.001
1 295 (13.9%) 405 (13.6%)
2 793 (37.4%) 229 (7.7%)
3 354 (16.7%) 27 (0.9%)
4 237 (11.2%) 14 (0.5%)
Missing 343 (13.9%) 621 (17.3%)
ICU length of stay (days) Median (IQR) 2.7(1.0,7.4) 2.2(1.0,54) <0.001
Index hospital length of stay (days) Median (IQR) 12 (5, 29) 14 (6,31) <0.001
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Characteristic Characteristic ALD cohort  Comorbid cohort  p-value
n=2463 n=3590

ICU mortality n (%) 1087 (44.1%) 1308 (36.4%)  <0.001

Hospital mortality n (%) 1448 (58.8%) 1791 (49.9%)  <0.001

Missing data: admission source n=6, organ support variables n=26, APS n=398, APACHE Il score n=38. Abbreviations: IQR interquartile range;
APACHE Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment. For comparisons between ALD and
comorbid comparator cohort, a count of comorbidities excluded the index comorbidity (e.g. ALD cohort members could not have ‘liver disease’ as
a comorbidity).
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Independent factors associated with early and late mortality in the ALD cohort
(abbreviated).

See eTable 1 for full table.

Early Late
Early Late Multivariable Multivariable
0-30d 31d-5y regression regression
death death HR (95%Cl) p- HR (95%Cl) p-
Characteristic Characteristic 5-year death (%) (%) (%) value value
n 2463 2463 1106
Age (years) per 10 year - - - 1.24(1.19, 1.29) 1.33(1.19, 1.50)
increase <0.001 <0.001
Sex Male 83.3% 54.0% 57.5% 1 (Reference) 1 (Reference)
Female 81.9% 56.7% 49.2% 1.02 (0.92, 1.13) 0.73 (0.58, 0.93)
0.652 0.010
Socioeconomic status quintile 1 Least deprived 85.0% 56.0% 59.5% 1 (Reference) 1 (Reference)
2 80.2% 52.5% 52.0% 1.01 (0.64, 1.57) 0.75 (0.61, 0.91)
0.978 0.004
3 84.1%  49.5% 63.8% 1.03 (0.67, 1.58) 1.08 (0.80, 1.46)
0.885 0.622
4 84.5% 58.2% 55.3% 1.19(0.77, 1.85) 0.89 (0.55, 1.45)
0.438 0.642
5 Most deprived 81.7% 55.7% 50.2% 1.11 (0.75, 1.63) 0.78 (0.55, 1.09)
0.601 0.140
Comorbidity count 0 82.4% 55.0% 53.9% 1 (Reference) 1 (Reference)
1 83.6% 55.3% 55.3% 1.13(0.99, 1.30) 0.78 (0.61, 0.99)
0.063 0.043
2 86.1% 55.1% 63.3% 1.18 (0.78, 1.79) 1.07 (0.69, 1.68)
0.432 0.758
3+ 87.3%  48.4% 72.0% 1.12(0.72, 1.75) 1.04 (0.63, 1.73)
0.621 0.871
Previous year hospital 0 82.4% 58.9% 47.7% 1 (Reference) 1 (Reference)
admissions
1 81.5% 54.4% 52.0% 0.96 (0.86, 1.09) 1.25(0.91, 1.71)
0.550 0.172
2 84.7% 54.6% 61.1% 0.97 (0.80, 1.18) 1.69 (1.03, 2.79)
0.775 0.039
3 84.5%  48.9% 65.3% 0.93(0.77,1.12) 2.19 (1.34,3.55)
0.448 0.002
4+ 83.8%  47.2% 64.5% 0.89 (0.72, 1.10) 1.76 (1.12, 2.77)
0.283 0.015
Admission source See eTable 2
ICU admission diagnosis Variceal bleed 787%  42.4% 57.8% 1.89 (1.14, 3.15) 1 (Reference)
0.014
Pneumonia 83.0% 54.1% 56.5% 1.67 (1.05, 2.66) 1.08 (0.64, 1.84)
0.031 0.767
Septic shock 88.0% 67.6% 54.1% 1.90 (1.04, 3.49) 1.05 (0.50, 2.17)
0.037 0.905
Liver failure 89.7% 73.0% 53.5% 2.16 (1.17, 3.99) 1.01(0.72, 1.41)
0.013 0.960
Post-cardiac arrest 93.4% 80.9% 57.6% 3.23(1.93, 5.40) 1.04 (0.65, 1.67)
<0.001 0.877
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Early Late
Early Late Multivariable Multivariable
0-30d 31d-5y regression regression
-‘ death death HR (95%Cl) p- HR (95%Cl) p-
m Characteristic Characteristic 5-year death (%0) (%) (%) value value
E Seizures 70.9% 26.0% 57.4% 1 (Reference) 1.80 (1.05, 3.10)
(@) 0.034
=}
@ Other 714%  49.2% 51.8% 1.91(1.32, 2.77) 1.04 (0.72, 1.51)
0 0.001 0.819
% Acute Physiology Score per 10 point - - - 1.83(1.66, 2.02) 0.89 (0.74, 1.07)
- increase <0.001 0.205
% Number of organs supportedat 0 71.4% 33.2% 52.5% 1 (Reference) 1 (Reference)
o admission
Fe>) 1 81.1%  48.0%  58.0% 1.39 (1.18, 1.64) 1.36 (1.06, 1.74)
T <0.001 0.016
> 2 87.9%  68.0% 52.6% 1.94 (1.69, 2.23) 1.23 (1.06, 1.42)
= <0.001 0.007
>
g 3 89.8%  79.0% 37.0% 2.12(1.50, 3.01) 0.80 (0.55, 1.16)
= <0.001 0.237
% Liver SOFA score 0 70.4% 36.7% 46.1% 1 (Reference) 1 (Reference)
% 1 782%  46.1% 53.2% 1.20 (0.98, 1.46) 1.20 (0.82, 1.75)
@) 0.070 0.355
=1
=1 2 83.4%  55.6%  55.6% 1.79 (1.40, 2.30) 1.42 (1.11, 1.81)
%) <0.001 0.006
3 88.7%  65.5% 61.5% 2.19(1.76, 2.72) 1.98 (1.53, 2.57)
<0.001 <0.001
4 93.4%  77.6% 63.4% 2.92 (2.29, 3.73) 2.02 (1.36, 2.99)
<0.001 <0.001
Missing 85.9% 57.7% 60.7% 2.09 (1.54, 2.84) 1.66 (1.32, 2.10)
<0.001 <0.001

Kaplan-Meier estimator presented for % death. Multivariable Cox models are stratified by health board of residence. HR, hazard ratio; ICU,
intensive care unit; SOFA, Sequential Organ Failure Assessment.
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