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Abstract

Context.—Patients with decompensated cirrhosis have high rates of health care utilization at end 

of life (EOL). However, the impact of transplant candidacy on intensity of EOL care is currently 

unknown.

Objectives.—To assess the relationship between transplant candidacy and intensity of EOL care 

in the last year of life in an ambulatory cohort of patients with decompensated cirrhosis.

Methods.—We performed a retrospective analysis of 230 patients with decompensated cirrhosis 

who were evaluated for liver transplantation in a large health care system between 1/1/2010 and 

12/31/2017 and died by 6/20/2018. We compared health care utilization in the last year of life and 

EOL care outcomes between transplant-listed (n = 133) and nonlisted (n = 97) patients. We 

examined predictors of palliative and hospice care utilization using multivariate logistic regression.

Results.—During the last year of life, patients had a median of three hospitalizations (IQR 2–5) 

and spent a median of 31 days (IQR 16–49) in the hospital. In all, 80% of patients died in the 

hospital, with 70% dying in the intensive care unit. The majority (70.0%) received a life-sustaining 

procedure (mechanical ventilation, renal replacement therapy, or cardiopulmonary resuscitation) 

during their terminal hospitalization, which did not differ between transplant-listed and nonlisted 

patients (74.4% vs. 63.9%, P = 0.09). Transplant-listed patients had lower odds of receiving 

specialty palliative care (odds ratio 0.43, P = 0.005). Patients with hepatocellular carcinoma had 

higher odds of receiving hospice care (odds ratio 2.03, P = 0.049).
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Conclusion.—Patients with decompensated cirrhosis had intensive health care utilization during 

their last year of life regardless of transplant candidacy. Further work is needed to optimize their 

EOL care, particularly for patients who are ineligible for transplantation
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status

Introduction

Decompensated cirrhosis, a disease state in which patients with cirrhosis develop ascites, 

variceal bleeding, or hepatic encephalopathy, is a diagnosis for which liver transplantation 

remains the only curative therapy.1,2 Unfortunately, thousands of patients with 

decompensated cirrhosis annually are not eligible for liver transplantation because of 

significant comorbid disease, ongoing or recent substance use, inadequate social support, or 

advanced age. Among those patients listed for liver transplantation, more than 30% either 

die while awaiting transplantation or are removed from the waitlist.3 As such, 

decompensated cirrhosis is a terminal diagnosis for over 40,000 patients annually, 

irrespective of transplant candidacy.4

Patients with decompensated cirrhosis have high rates of health care utilization at end of life 

(EOL).5,6 Owing to their liver-related complications, patients with decompensated cirrhosis 

are frequently hospitalized during their last months of life, often receive invasive procedures, 

such as renal replacement therapy (RRT), mechanical ventilation, and cardiopulmonary 

resuscitation (CPR), and have high in-hospital mortality.5–10 Furthermore, these patients are 

rarely referred to palliative and hospice care services.10–13 However, factors contributing to 

intensive EOL care for patients with decompensated cirrhosis, particularly transplant 

candidacy, are unknown. Transplant candidacy has been associated with reduced rates of 

advance care planning and increased likelihood of receiving aggressive life-sustaining 

treatments near EOL in patients with other end-stage conditions.14,15 As such, patients with 

decompensated cirrhosis who are candidates for liver transplantation may represent a group 

that is particularly vulnerable to intensive medical care at EOL.

To date, studies evaluating differences in health care utilization and EOL care outcomes for 

patients with decompensated cirrhosis based on transplant candidacy are lacking. A more 

comprehensive under-standing of health care utilization and EOL care outcomes in this 

population is necessary to identify patients at higher risk for poor-quality EOL care. This 

study aims to address this gap in the literature by assessing the relationship between 

transplant candidacy and associated intensity of health care utilization and EOL care in the 

last year of life in a decedent cohort of patients who developed decompensated cirrhosis in 

the ambulatory setting. We sought to test our primary hypothesis that patients with 

decompensated cirrhosis on the transplant list will have more intensive patterns of EOL care 

compared with patients who are not listed.
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Methods

Study Design and Data Collection

We performed a retrospective analysis of all adult (age ≥ 18 years) patients evaluated for 

liver transplantation between 1/1/2010 and 12/31/2017 in a network of nine acute care 

hospitals (Partners Health-care, Massachusetts), including one tertiary care medical center 

with a liver transplantation program (Massachusetts General Hospital, Boston, MA). We 

identified patients who had died by 6/30/2018, and within this decedent cohort, we identified 

all patients with decompensated cirrhosis. Decompensated cirrhosis was defined as clinical 

evidence of cirrhosis confirmed via imaging and/or liver biopsy with ascites, history of 

variceal bleeding, hepatic encephalopathy, and/or hepatocellular carcinoma (HCC).2 The 

presence and date of diagnosis of decompensated cirrhosis were determined through a 

review of medical records, including patient charts, laboratory values, radio-graphic studies, 

endoscopy reports, and pharmacy records.

Because the aim of our study was to assess the impact of transplant candidacy on health care 

utilization and EOL care in an ambulatory cohort of patients who developed decompensated 

cirrhosis, we excluded patients who had any of the following: 1) no outpatient hepatology 

appointments in our health care system as we lacked access to these patients’ preclinical 

data before them developing decompensated cirrhosis and 2) no available records to verify 

their EOL outcomes, specifically place of death and/or cause of death. We additionally 

excluded patients who had a prior history of liver transplantation or a comorbid life-limiting 

condition such as end-stage heart or lung disease or non-HCC metastatic malignancy (Fig. 

1). The Partners Institutional Review Board approved this study.

We conducted a comprehensive chart review to obtain information regarding patients’ 

demographics, clinical data, liver transplantation evaluation, and the outcomes of health care 

utilization in the last year of life and EOL care. Demographic data included age at death, 

gender, race, and marital status. Clinical data included etiology of liver disease, presence of 

ascites, hepatic encephalopathy, or HCC, history of variceal bleeding, and Charlson 

Comorbidity Index score.16 Each patient in the cohort was evaluated at least once for liver 

transplantation. Our transplant-listed cohort included patients who were ever listed for liver 

transplantation, whereas our nonlisted cohort included patients who were evaluated for 

transplantation but were either deferred or declined for listing. We obtained their natural 

Model for End-Stage Liver Disease (MELD) score at the time of evaluation (for the 

nonlisted cohort) or listing (for the transplant-listed cohort).

We collected data on health care utilization in the last year of life, which included the 

frequency of hospitalizations, hospital length of stay (LOS), intensive care unit (ICU) 

admissions, ICU LOS, receipt of life-sustaining procedures, defined as CPR, mechanical 

ventilation, and/or RRT, and palliative care utilization, specifically referral to specialty 

palliative care in the inpatient and/or outpatient settings.17

We obtained data on EOL care, which included code status documentation, place of death, 

cause of death, hospice utilization, and LOS in hospice, through a review of the electronic 
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medical record and, if needed, by search of the Social Security Death Index or online 

obituaries.

Statistical Analysis

We used descriptive statistics to summarize patient demographics, disease characteristics, 

and clinical outcomes of all study patients and stratified by status on the liver transplantation 

list (transplant-listed vs. nonlisted), using Chi-squared analysis for categorical variables and 

t-test or Wilcoxon rank sum test for continuous variables, where appropriate.

Sensitivity analyses were conducted comparing health care utilization and EOL care 

outcomes between transplant-listed and nonlisted patients after excluding patients who were 

deferred for transplantation after evaluation for the following two reasons: 1) required 

additional workup to determine transplant eligibility and 2) temporarily too well for 

transplantation.

To examine predictors of palliative care (either inpatient or outpatient referrals) and hospice 

care utilization in patients with decompensated cirrhosis, we used multivariate logistic 

regression models and tested the following a priori defined predictors: age, gender, race, 

marital status (married vs. not married), Charlson Comorbidity Index score, etiology of liver 

disease (alcohol-related, viral, or nonalcoholic steatohepatitis), presence of ascites, hepatic 

encephalopathy, or HCC, history of variceal bleeding, and status on the transplantation list 

(transplant-listed vs. nonlisted). In addition to age, variables significant in the univariate 

analyses with P-value < 0.15 were included in the multivariate logistic regression models.

For all analyses, an alpha of <0.05 was used to determine statistical significance. We 

conducted all analyses using STATA, version 15.1 (StataCorp., College Station, TX).

Results

Patient Characteristics

Fig. 1 depicts the study flow diagram. The cohort comprised 230 patients, 133 (58%) of 

whom were on the liver transplantation waiting list at the time of death, whereas 97 (42%) 

were not listed for transplantation. There were no significant differences in age, sex, race, 

marital status, cirrhosis etiology, presence of ascites, variceal bleeding, hepatic 

encephalopathy, or Charlson Comorbidity Index scores between both groups (Table 1). 

Patients on the liver transplantation waiting list were more likely to have HCC than patients 

who were not listed (32% vs. 19%, P = 0.03) and had a lower natural MELD score at the 

time of their evaluation for liver transplantation (18 vs. 23, P = 0.003). The median time 

between transplant evaluation and listing for the transplant-listed patients was 51 days (IQR 

18–94.5 days).

Overall, patients had a median survival of 620.5 days (IQR 291–1250 days) from the 

diagnosis of decompensated cirrhosis until death. Transplant-listed patients had a longer 

duration of time from their diagnosis of decompensated cirrhosis until death compared with 

those in the nonlisted cohort: 741.5 days (IQR 350–1368 days) vs. 449.5 days (IQR 184–

1234.5 days) (P = 0.03). Patients who were listed spent a median of 196 days (IQR 57.5–
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495.5 days) on the waiting list before death. Among nonlisted patients, the median time 

from date of deferral or denial for transplant listing until death was 64 days (IQR 18.5–253.5 

days). The reasons for transplant deferral or denial at the time of their evaluation were as 

follows: 39 (40.2%) were deemed too sick to undergo transplantation at time of evaluation, 

15 (15.5%) required additional workup to determine transplant eligibility, 14 (14.4%) had 

active substance use disorder, nine (9.3%) had HCC beyond Milan criteria, eight (8.3%) had 

a medical contraindication to transplantation, four (4.1%) were temporarily too well, four 

(4.1%) declined transplantation, and four (4.1%) had psychosocial contraindications to 

transplantation.

Health Care Utilization During Last Year of Life

During their last year of life, patients had a median number of three hospitalizations (IQR 2–

5) and one ICU admission (IQR 1–2), which did not vary based on status on the transplant 

list. Transplant-listed and nonlisted patients spent a similar number of total days in the 

hospital during their last year of life (28 days [IQR 16–51 days] vs. 33 days [IQR 14–45 

days], P = 0.56). We found no difference in days in the hospital when limiting our analyses 

to the last 180 days (27 days [IQR 14.5–47 days] vs. 27 days [IQR 11.5–39.5 days], P = 

0.48) and 90 days of life (22 days [IQR 10.5–39.5= days] vs. 22 days [IQR 10–37 days], P = 

0.72).

End-of-Life Care Outcomes

The median LOS of patients’ last hospitalization before death was 13 days (IQR 5–23 days), 

which did not vary based on transplant candidacy (Table 2). Patients on the transplant list 

were more likely to be admitted to the ICU during their last hospitalization than nonlisted 

patients (79.7% vs.66.0%, P = 0.02). The majority of patients (161 of 230, 70.0%) received 

a life-sustaining procedure during their last hospitalization, defined as either mechanical 

ventilation (134, 58.3%), RRT (103, 44.8%), or CPR (15, 6.5%). The rates of receipt of life-

sustaining procedures were similar for transplant-listed and nonlisted patients (74.4% vs.

63.9%, P = 0.09).

The majority of patients died in the hospital (191 of 230, 83.0%), with most deaths 

occurring in the ICU (158, 68.7%). The most common causes of death were infection (102, 

44.3%) and gastrointestinal bleeding (28, 12.2%). Both transplant-listed and nonlisted 

patients had similar rates of in-hospital mortality(86.5% vs. 78.4%, P = 0.11), and causes of 

death did not vary significantly between these two groups (Table 2).

Patients who died outside of the hospital had a median of eight days (IQR 4–28.5 days) from 

their last hospital discharge until death, which did not vary based on transplant candidacy. 

Only a minority of these patients (eight of 39, 20.5%) were admitted to the ICU during their 

last hospitalization, with similar rates of ICU admission between transplant-listed and 

nonlisted patients (16.7% vs. 23.8%, P = 0.70).

Almost all (211 of 230, 91.7%) patients were admitted with full code status during their 

terminal hospitalization, with similar rates seen in both transplant-listed and nonlisted 

patients (94.7% vs.87.6%, P = 0.09). Almost all (216 of 230, 93.9%) patients were 

transitioned to do not resuscitate/do not intubate (DNR/DNI) or comfort measures only 
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(CMO) during their terminal hospitalization. The majority (80.1%) of code status transitions 

from full code to DNR/DNI or CMO occurred within 72 hours of death, with over half 

(55.5%) of code status transitions taking place on the day of death. Among those patients 

who were transitioned from full code to DNR/DNI or CMO only, 64.3% of code status 

discussions and transitions were coordinated by members of the ICU teams. These findings 

did not vary based on transplant candidacy.

Sensitivity Analysis

In a sensitivity analysis excluding nonlisted patients who required additional workup to 

determine transplant eligibility or were temporarily too well for transplantation at the time of 

evaluation, there remained no difference in the number of hospitalizations and ICU 

admissions in the last year of life, hospital LOS in the last 90 days of life, terminal 

hospitalization LOS, rates of receipt of life-sustaining procedures, and rate of in-hospital 

death between listed and nonlisted cohorts (P > 0.05 for all comparisons, results not shown).

Palliative Care and Hospice Care Utilization

Within the entire cohort, 78 patients (33.9%) were referred to specialty palliative care, with 

almost all (91.0%) of these consultations occurring in the inpatient setting. Patients who 

were only referred to palliative care in the inpatient setting were seen by the service in a 

median of 10 days (IQR 3–28 day) before death. Multivariate logistic regression modeling 

(Table 3) demonstrated that transplant-listed patients had significantly lower odds of being 

referred to specialty palliative care (odds ratio 0.43, 95% CI0.24–0.78, P = 0.005).

In total, 57 patients (24.8%) were referred to hospice, with a median LOS in hospice of six 

days (IQR 3–17 days) before death. Among those referred to hospice, 23 patients (40.4%) 

died at home. In addition, the majority (36 of 39, 92.3%) of patients who died outside of the 

hospital had been referred to hospice before death. Multivariate logistic regression modeling 

(Table 4) demonstrated that patients with HCC had significantly higher odds of receiving 

hospice care (odds ratio 2.03, 95% CI 1.00–4.12, P = 0.049). Liver transplant candidacy was 

not found to be associated with referral to hospice.

Discussion

In this study, we examined health care utilization and EOL care outcomes in a decedent 

cohort of patients with decompensated cirrhosis receiving longitudinal ambulatory care 

within a large health care system who were evaluated for liver transplantation. Patients in 

our study cohort had a median survival of approximately two years from the time of 

diagnosis of decompensated cirrhosis until death, which is consistent with the natural history 

of end-stage liver disease as previously reported.2 Both transplant-listed and nonlisted 

patients experienced frequent hospital admissions in the last year of life, and almost one-

quarter of their last 90 days of life were spent in the hospital, with a substantial majority 

requiring ICU level care during their terminal hospitalizations. Nearly all patients were full 

code in the days before their death and had similar rates of receipt of invasive life-sustaining 

therapies, irrespective of transplant candidacy. The majority of patients died in the hospital, 

with most dying in the ICU. Only a minority of patients received palliative or hospice care 
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services, with patients on the transplant list having significantly lower odds of being referred 

to palliative care and patients with HCC having significantly higher odds of being referred to 

hospice.

Contrary to our primary hypothesis, patients with decompensated cirrhosis who were 

deferred or declined for listing for liver transplantation received similarly intensive medical 

care at EOL as those who were listed for transplantation, despite their terminal diagnosis. 

Specifically, we found similar rates of receipt of CPR, mechanical ventilation, and RRT near 

the EOL for both transplant-listed and nonlisted patients. These results persisted after 

performing a sensitivity analysis removing patients who were deferred for transplant listing 

due to a need for additional medical workup to determine suitability for transplantation and 

those who were temporarily too well at the time of evaluation. These findings are 

particularly concerning because patients not listed for transplant represent a high-risk 

population with a very poor prognosis and no likelihood of cure. These intensive patterns of 

health care utilization in patients with decompensated cirrhosis may in part be due to nature 

of the illness itself, as patients frequently can have unpredictable and severe life-threatening 

complications, such as variceal hemorrhage, sepsis, and worsening encephalopathy. 

Nonetheless, there is a critical need to optimize EOL care for patients with decompensated 

cirrhosis who are transplant-ineligible given their poor prognosis.

The intensity of EOL care for patients who are not candidates for liver transplantation may 

also reflect delayed advance care planning conversations. In our study, 88% of nonlisted 

patients were full code at the time of their terminal hospitalization, despite having relative or 

absolute contraindications to transplantation, and the majority of code status transitions to 

DNR/DNI or CMO only occurred in the ICU setting within 72 hours of death. These 

findings have been similarly noted in prior studies, in which rates of code status 

documentation for patients with cirrhosis range from 14% to 28%.10,18,19 Decisions about 

EOL care options are an integral part of advance care planning, and studies have shown that 

patients with life-limiting illnesses who discuss their EOL care preferences with their 

clinicians are less likely to opt for intensive medical interventions at the EOL.20–25 Our 

findings have identified an important gap in care delivery to transplant-ineligible patients 

and highlight a need to develop interventions to improve advance care planning for this 

population that is particularly vulnerable to receiving intensive EOL care.

Despite their substantial morbidity, patients with decompensated cirrhosis were rarely 

referred to palliative care services. Only 34% of patients in the entire cohort received a 

palliative care consultation, with over 90% of these visits occurring in the inpatient setting 

during the terminal hospitalization. Transplant listing was associated with lower odds of 

referral to palliative care in our cohort, a finding that has been noted in previous 

observational studies.6,26 While rates of palliative care referrals for patients with 

decompensated cirrhosis have been increasing annually, early palliative care remains 

underutilized for this population.6,11 For patients with decompensated cirrhosis who are on 

the transplant list, misperceptions equating palliative care with “EOL care,” delivered only 

when curative therapy is no longer an option, may be an important barrier to referral.26 This 

high-lights a missed opportunity to improve care delivery to patients with decompensated 

cirrhosis throughout the course of their illness trajectory and at EOL, as palliative care 
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referrals have been associated with a reduction in health care utilization and costs for 

hospitalized patients with liver disease.6,11,27

Only a minority of patients in our study received hospice care before death, and hospice 

enrollment occurred relatively late in the disease course. Our findings revealed that only 

25% of decedents were referred to hospice before death, and among those referred, the 

median hospice LOS was only six days. Notably, 40% of patients who were referred to 

hospice in our cohort died at home. Hospice services are likely underutilized for many 

patients with decompensated cirrhosis because of the unpredictable illness trajectory, which 

often hinders the clinician’s ability to accurately prognosticate and determine hospice 

candidacy.28–30 Of note, we found that HCC was a significant predictor of hospice care 

referral for patients with decompensated cirrhosis, likely due to the predictable terminal 

nature of the cancer diagnosis. Importantly, we also found that transplant candidacy was not 

a predictor of hospice referral, a concerning finding given that patients not listed for 

transplantation had a median of only 64 days of survival after the date they were deferred or 

declined for liver transplantation. Timely hospice referral has been associated with improved 

patient and caregiver satisfaction with EOL care, and in patients with HCC in particular, 

hospice care has been associated with lower rates of acute care use at EOL.31–36 Therefore, 

additional studies are needed to better identify patients with decompensated cirrhosis who 

may benefit from hospice referral to optimize the quality of their EOL care.37–39

Our study has limitations. First, this study was conducted at a single health care system and 

liver transplant program; thus, our sample size may limit the generalizability of our findings. 

Importantly, local practice patterns may limit the generalizability of outcomes related to 

palliative care or hospice referral. As such, larger multicenter studies are needed to assess 

national trends in health care utilization and EOL care outcomes in this patient population. 

Second, given the retrospective study design, there is a risk for selection bias and 

unmeasured confounding. However, baseline characteristics between the transplant-listed 

and nonlisted groups were relatively well matched, and we performed a multivariate analysis 

to adjust for demographic and clinical factors that could be associated with palliative care or 

hospice utilization. Third, we excluded patients who had no outpatient hepatology 

appointments in our health care system or incomplete EOL care outcomes and 

hospitalizations that occurred outside of our health care system may not have been fully 

captured in our medical records; thus, our observed rates of health care utilization may be 

underestimates. Fourth, we focused our study on patients with decompensated cirrhosis who 

were evaluated for liver transplantation. Studies assessing the EOL care outcomes of patients 

with decompensated cirrhosis who have absolute contraindications to transplantation are 

warranted.

In conclusion, our study demonstrates that patients with decompensated cirrhosis, 

irrespective of transplant candidacy, spend a substantial portion of their last 90 days of life in 

the hospital, have high rates of health care utilization at the EOL with low rates of palliative 

and hospice care utilization, and often die in the hospital setting. Notably, most patients with 

decompensated cirrhosis who were not listed for liver transplantation were full code on their 

terminal admission and received intensive life-sustaining therapies such as RRT, mechanical 

ventilation, and CPR at EOL. These findings underscore the need to develop interventions to 
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enhance early advance care planning for patients with decompensated cirrhosis, particularly 

those who are not transplant candidates, to improve the quality of their EOL care.
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Fig. 1. 
Flow diagram of patient selection. HCC = hepatocellular carcinoma; EOL = end of life.
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