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Abstract
BACKGROUND
We previously reported national 30-day readmission rates of 27% in patients with

decompensated cirrhosis (DC).

AIM

We studied prospective interventions to reduce early readmissions in DC at our tertiary

center.

METHODS
Adults with DC admitted July 2019 to December 2020 were enrolled and randomized
into the intervention (INT) or standard of care (SOC) arms. Weekly phone calls for a

month were completed. In the INT arm, case managers ensured outpatient follow-up,




paracentesis, and medication compliance. Thirty-day readmission rates and reasons

were compared.

RESULTS

Calculated sample size was not achieved due to COVID-19; 240 patients were
randomized into INT and SOC arms. 30-day read mission rate was 33.75%, 35.83% in the
INT vs 31.67% in the SOC arm (P = 0.59). The top reason for 30-day readmission was
hepatic encephalopathy (HE, 32.10%). There was a lower rate of 30-day readmissions
for HE in the INT (21%) vs SOC arm (45%, P = 0.03). There were fewer 30-day
readmissions in patients who attended early outpatient follow-up (n =17, 23.61% v. n =

55, 76.39%, P =0.04).

CONCLUSION

Our 30-day readmission rate was higher than the national rate but reduced by
interventions in patients with DC with HE and early outpatient follow-up.
Development of interventions to reduce early readmission in patients with DC is

needed.
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interventions in patients with DC with HE and early outpatient follow-up.
Development of interventions to reduce early readmission in patients with DC is

needed.




INTRODUCTION

Cirrhosis affects approximately 5 million annually! and has been reported to be the
8% leading cause of death with more than 40,000 deaths annually in the United States.?
A study on the burden of gastrointestinal, liver, and pancreatic diseases in the United
States revealed that liver diseases had the highest mortality at 3.1%.% In addition to high
mortality, cirrhosis is also associated with high morbidity. The sequelae of
decompensated cirrhosis (DC) are often managed during hospital admissions and
include volume overload in the form of ascites, edema or hepatic hydrothorax, portal
hypertension leading to bleeding esophageal or gastric varices, as well as hepatic
encephalopathy (HE), hyponatremia, acute kidney injury (AKI), and spontaneous
bacterial peritonitis (SBP).4

Several studies have demonstrated hospital readmissions in DC place a large financial
burden on the United State healthcare system. The 30-day readmission rate has been
reported to be 20%-37%.>1* We have recently published on early readmission rates up
to 27% in patients with DC and developed the Mumtaz readmission risk score based on
United States data.l> We also reported that nearly one-third of patients with HE were
readmitted within 30 days, and early readmission adversely impacted healthcare

utilization and calendar-year mortality.1¢

Interventions to reduce readmissions have been shown to be safe and effective. For
instance, Morales et al developed HEPACONTROL program including a hepatologist
follow-up exam within 7 days after discharge. This program resulted in a reduction in
30-day readmissions, 60-day mortality, emergency department visits and associated
costs.!” Similarly, another group demonstrated that follow-up with a “care management
check-up” as opposed to “standard outpatient care” reduced 30-day readmission, 12-

month mortality and saved 1500 euros per patient month of life.18




There is a paucity of prospective studies on interventions to reduce early readmission
rates in patients with DC. Therefore, we prospectively studied 30-day readmission rates
in patients with DC and compared various interventions (INT) with standard of care
(SOC) to reduce early readmission rates. We hypothesized that DC patients in the INT

arm would have decreased 30-day readmission vs the SOC arm.

MATERIALS AND METHODS

This study was conducted at the Ohio State University Wexner Medical Center
(OSUWMC), Columbus, Ohio from July 2019 to December 2020. Our study was
approved by OSUWMC Institutional Review Board. All aspects of the studying
involving human participants including informed consent for enrollment were in
accordance with the ethical standards of our Institutional Review Board and with the

1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Screening

All patients admitted with DC to the hepatology (inpatient or consult) service were
screened for enrollment. Patients meeting inclusion criteria were approached for study
consent. Of note, due to the global COVID-19 pandemic, beginning March 2020, only
COVID negative patients were approached for informed consent. Elective readmissions
for inpatient procedures including endoscopy, trans-arterial chemoembolization
(TACE), transjugular intrahepatic portosystemic shunt (TIPS), paracentesis or
readmissions unrelated to DC such as motor vehicle accidents were excluded.
Randomization and Data Collection

Study data were collected and managed_using REDCap hosted at The Ohio State
University Wexner Medical Center.1%20 Informed consent was obtained from all
individual participants included in the study. Consented patients were randomly
assigned to either the INT arm or the SOC arm in a 1:1 ratio using the RedCap

randomization tool. The following data were collected on all patients via RedCap




software including demographics (age, sex, insurance type, income based on the zip
code), hospitalization data (date of index admission defined as initial admission during
which patient consented for study, reason for admission, length of stay (LOS) defined
as difference in days between index admission date and index admission discharge
date, discharge disposition, associated cost of care of admission as obtained through
medical record billing tab), etiology of cirrhosis (alcoholic and non-alcoholic including
viral, non-alcoholic fatty liver disease, autoimmune, primary biliary cirrhosis, pﬁ'mary
sclerosing cholangitis or cryptogenic), complications of cirrhosis {HE, AKI, ascites,
variceal bleeding, SBP, hepatorenal syndrome (HRS), coagulopathy, portal
hypertension, hepato-pulmonary syndrome (HPS), hepatocellular carcinoma (HCC)},
and procedures performed during admission {esophago-gastro-duodenoscopy (EGD),
colonoscopy or flexible sigmoidoscopy, paracentesis, transjugular intrahepatic
portosystemic shunt (TIPS) and hemodialysis (HD) on admission and discharge}. We
also collected data including Elixhauser comorbidity index, discharge medications, and
laboratory data (complete blood COEIl’S, serum creatinine, liver function tests including
total bilirubin, INR, and sodium). Child Turcotte Pugh (CTP) and Sodium-model for
end stage liver disease (MELD-Na) score were calculated from the data. The nurse case
manager (CM) also recorded labs & medications at readmission & discharge and
associated cost of readmission. Status of early readmission, liver transplantation, and

mortality at one year were also collected.

Follow-up

The CM phoned each patient enrolled in either arm weekly for 30 days after index
discharge to find out if the patient has been readmitted to OSUWMC or another
hospital. In the INT arm, during the call CM also ensured i) early (defined as within 30
days from index admission discharge) outpatient hepatology follow-up ii) compliance
of medication, iii) arrangement of outpatient paracentesis if needed, and reviewed
outpatient hepatology clinic follow-up records. SOC arm as per our center’s protocol

had to be taken care of by the primary inpatient team. This included arranging early




outpatient clinic follow-up, providing list of medications, and advice for outpatient
paracentesis if needed at the time of discharge. Due to the nature of intervention, the

study could not be blinded.

Definiﬁn of outcomes

Early readmission was defined as admission within 30 days of index admission
discharge. Reasons for readmission were gathered by CM by reviewing the electronic
medical record (EMR) of all enrolled patients readmitted at OSUWMC or outside
hospital within 30 days of index admission. Predictors of early readmission were also

compared in the two arms.

Sample Size

Based on the sample size calculation, target of recruitment for the study was 848
patients, admitted to the hospital with DC under the hepatology (inpatient and consult)
services. Patients were randomly assigned in a 1:1 ratio into INT or SOC arms. Based on
our previous study using the NRD administrative database, we expected a 30-day
readmission rate of 27% among patients meeting inclusion criteria, which yield 114 /424
patients with 30-day readmission events, thus meeting the target sample size. Based on
this calculation, a total sample size of 848 (424 per group) provided 80% power to detect
a 30% decrease in 30-day readmission rate (from 27% to 19%) with a type I error rate of
0.05. However, planned sample size could not be achieved due to the COVID-19
pandemic related restriction started in our center in March 2020. Therefore, we end up
with available sample size of a total of 240 patients. The modified CONSORT Flow

diagram for enrollment in our study trial is illustrated in Figure 1.

Statistical analysis: 8
7

Means of continuous response variables between two groups were compared using
robust t-test (Welch test). Proportions were compared using Chi-square or Fisher’s exact

test as applicable. Logarithmic transformation was used for comparing the length of




stay (LOS) and admission cost across groups. Level of significance was kept at 0.05 for

each comparison. JMP Version 15 (SAS Institute, NC) was used for all the analyses.

RESULTS

Initial Screening Data

From July 1, 2019, to December 1, 2020, 1392 patients were screened. Due to the COVID-
19 pandemic, recruitment was held from March 2020 to July 2020 and subsequently
resumed until December 2020. Out of the patients screened, only 499 (35.85%) were
eligible for inclusion; however, 240 patients consented and randomized: 120 each into

the INT and SOC arm (Figure 1).

Patient demographics and clinical characteristics

The mean age of patients was 56.34+11.19 years, majority were males (135, 56.25%),
belonged to White race (n = 202, 84.17%) and non-Hispanic or Latino ethnicity (n = 227,
94.58%). Almost two-thirds of the patients had public insurance (n = 76, 31.67% on
Medicare and n = 70, 29.17% on Medicaid); 73 (30.42%) had private insurance. At
admission, the mean MELD-Na score and mean Child Pugh Score were 21.89+8.03 and
9.36+1.96, respectively. Major etiology of cirrhosis was alcohol (n = 121, 50.42%)
followed by non-alcoholic fatty liver disease (n = 79, 32.92%) and viral hepatitis (n = 43,
17.92%). Furthermore, 116 (48.33%) patients were actively under evaluation for liver

transplantation.

Characteristics of index admissions

The index admission mean LOS was 8.13+5.83 days (median 6, range 1-43 days). The
mean cost of index admission was $60,595+$47,174 (n = 225, median $42,932, range
$1,630-251,991). The top five reasons for index admission included volume overload (n
= 111, 46.25%), acute kidney injury (n = 65, 27.08%), hepatic encephalopathy (1 = 45,
18.75%), variceal bleed (n = 42, 17.50%), lower GI bleed (n = 19, 7.92%) and
hyponatremia (1 = 16, 6.67%). The top five interventions performed were EGD (n = 136,




56.67 %), paracentesis (n = 115, 47.92%), colonoscopy/ flexible sigmoidoscopy (n = 24, 10
%), hemodialysis (n = 15, 6.25%) and TIPS (n = 10, 4.17%). Most patients were
discharged from index admission to home (n = 159, 66.25%) followed by home with
health care (n =42, 17.50%) and skilled nursing facility (n = 32,13.33 %, Table 1).

Characteristics and reasons for early readmissions

Overall, 81 (33.75%) patients were readmitted within 30 days of discharge. The major
reasons for first readmission included hepatic encephalopathy (n = 26, 32.10%) followed
by volume overload (n = 22, 27.16%), acute kidney injury (n = 16, 19.75%), variceal bleed
(n =12, 14.82%) and hyponatremia (n = 10, 12.35%). 14 patients were readmitted twice,
3 admitted thrice and one admitted 5 times within 30 days. The mean time to first
readmission was 12.65+7.55 days (median 12 days, range 1-30 days). The mean length of
stay of first readmission was 8.1148.98 days. The mean cost of stay of first readmission
was $55,548.29 + $65,164.91 (Table 2). Those readmitted had a higher MELD score on
index admission (23.54+7.80 v. 21.05+8.03, P = 0.02) and index discharge (21.67+7.95 v.
19.39+6.89, P = 0.03) than those not readmitted. Similarly, those readmitted had a higher
index admission creatinine (1.80+1.53 v 1.39+1.16, P = 0.03), index discharge creatinine
(1.61£1.34 v, 1.20+097, P = 0.02), and higher index admission INR (1.80+0.64 v.
1.6340.50, P = 0.05) than those not readmitted.

Comparison of demographics and clinical characteristics in two intervention arms

Demographics including age, race, ethnicity, income, and insurance were comparable in
two groups, as well as etiology of cirrhosis, MELD-Na score, CTP score, status of
evaluation for liver transplant. There were majority females in the INT arm (60/120,
50% v.45/120, 32.50%) and males in SOC arm (75/120, 62.50% v. 60/120, 50%, P = 0.03,
Table 3). Index admission characteristics, disposition and index admission were also

comparative in two arms (Table 4 and Table 5)

Comparison of reasons of 15t readmission and outcomes in the INT v SOC arm




There was no difference in the readmission rates for patients in the INT (n = 4, 35.83%)
vs SOC arm (n = 38, 31.67%, P = 0.59, Table 6). Other outcomes including number of
readmissions within 30 days (P = 0.65), index admission cost (P = 0.49), index admission
LOS (P = 0.63), 1st readmission LOS (P = 0.58), all readmissions” LOS (P = 0.82) and

waiting time for 15t readmission (P = 0.06) were comparable in two arms.

Statistically significant differences were noticed in INT arm in location of 1st
readmission (n = 36, 83.72% at OSU as compared to n = 23, 60.5% outside hospital, P =
0.03), and lesser 1st readmission with HE in the INT arm (n =9, 20.9%) vs SOC (n = 17,
447%, P = 0.03). Finally, contingency analysis of readmission data showed fewer

readmissions in patients who attended outpatient follow-up within 30 days of discharge

from index admission (n =17, 23.61% v.n =55, 76.39%, P = 0.04).

At the end of our study, 47 (19.58%) patients received a liver transplant and 62 (25.83%)
died; among those who died, 5 patients were post-transplant and 22 died in hospice.
Due to the COVID-19 pandemic we were unable to achieve the anticipated sample size.

Therefore, multivariate analysis was not performed.

DISCUSSION

This prospective randomized study investigated early readmission rates and healthcare
utilization in patients with DC. Our readmission rate of 33.75% is higher than the
United States national average (27%). While our nurse CM interventions did not reduce
told readmissions, we found that HE was the top reason for readmission and such
interventions were helpful in reducing early readmissions in patients with HE. This is
an important lesson learned given increased burden of HE on hospitalizations, falls,
mortality, impaired QOL and caregiver burden.?' In the validation of readmission using
“LIRER score”, Freitas et al, showed that HE was not only a predictor of 30 days
readmission independent of MELD score, index, first-year, two-years & overall

mortality, but also HE at admission had significantly higher mean LIRER scores.?




Furthermore HE patients on Medicare and geographically from the South or Midwest
have higher in-hospital mortality.2> Considerable research has been done to address HE
readmissions. Bajaj et al found that efforts to reduce medication-precipitated HE,
prevent aspiration pneumonia and optimize HE medications on hospital discharge
should be areas of focus to decrease HE readmissions.?* Tapper et al demonstrated that
development of a checklist for HE protocols integrated into the electronic medical
record and order entry system reduced odds of 30-day readmission for patients with
HE (from 39.2% to 27.6%).> Thus, our results are congruent with existing evidence that
interventions should be invested in post-discharge education and communication for all

patients with cirrhosis, especially with HE.

One of the components of intervention in our study was to arrange appointment of
patients in the clinic within a week with their hepatologist. Patients with DC who
attended their follow up appointment within 30 days of discharge from index
admission had fewer readmissions. This suggests that overall, in our cohort, outpatient
linkage with a hepatologist should be a priority to reduce readmission rates.?® Morales
et al in their retrospective HEPACONTROL program looked at the impact of follow-up
of cirrhotics within 7 days after discharge with a hepatologist. They reported reduced
30-day readmission, 60-day mortality and rate of emergency department visits and
associated costs in those who followed up within 7 days.’” Morando et al demonstrated
that follow up with a “care management check-up” group as opposed to “standard
outpatient care” reduced 30-day readmission, reduced 12-month mortality, and saved
almost 1500 euros per patient month of life.!® While Kanwal ef al found early outpatient
follow-up after discharge was associated with a small increase in readmissions, they
found an lower overall mortality in their patients with cirrhosis admitted to Veterans
Affairs hospitals.? Thus our results are also consistent with the current evidence that
patients with DC likely benefit from early post-hospitalization follow up with specialty

providers.2%.28




One of the major limitations of our study was inability to enroll patients according to
the proposed sample size due to the COVID-19 pandemic. Our study was
underpowered to perform multiple regression analysis to detect differences in
readmission rates in INT vs SOC arm. From March 2020 to July 2020 our recruitment
process was put on hold due to hospital regulations to reduce patient and staff
exposure. Despite this major limitation, we were able to enroll 80.17% (279 consented

out of 348 approached) of patients in our study.

This study was also performed in the setting of a large academic medical center and a
high-volume liver transplant center. While our methods and results may be applicable
to the clinical practice of other such centers, the same impact may not be appreciated by

smaller, community hospitals that are not liver transplant centers.

Future work in patients with DC should continue to focus on prospective intervention
strategies to reduce early readmissions and educate patients and providers. To achieve
desired sample size, we would suggest collaborations with various centers to identify
and recruit patients with DC into a multicenter prospective cohort. Given our finding
that there were fewer readmissions in patients with follow-up within 30 days, studies
should evaluate the use of telehealth visits for follows up, especially in the COVID19

era, as outlined by Stotts et al2?

CONCLUSION

In conclusion, this prospective randomized study investigated the impact of various
pragmatic interventions to reduce early readmission and healthcare utilization in
patients with DC. Our study was underpowered to detect statistically significant
differences in readmission rates in INT vs SOC arm. We reported that readmission rate
of our medical center was 33.75% and HE was the top reason for readmission. We
found a reduction in early readmission in patients with HE in the INT arm and those

who attended their follow up appointment within 30 days of discharge from index




admission. We demonstrated that simple interventions in patients with DC are
pragmatic and there is need for more prospective multicenter trials in this area of

research.

ARTICLE HIGHLIGHTS

Research background

Decompensated cirrhosis is a leading cause of morbidity and mortality in the United
States often requiring multiple hospitalizations to manage. Studies show 20-37% of
patients with decompensated cirrhosis are readmitted within 30 days of index
admission, which has significant burden on patients, their families and the healthcare

system.

Research motivation
We were motivated to study and reduce readmissions as we see the physical, mental
and emotional toll repeated hospitalizations for decompensated cirrhosis take on our

patients and their families.

Research objectives
We sought to enroll patients in a randomized trial seeing if a nurse case manager
ensuring early outpatient follow up, medication compliance and outpatient paracentesis

if needed reduced readmissions in patients with decompensated cirrhosis.

Research methods

From July 2019 to December 2020, patients admitted for decompensated cirrhosis were
enrolled into either the intervention or standard of care arms. Data was collected on
their demographics, liver disease, medications, reason for admission or readmission,
hospital course and when they were schedule ford outpatient follow up. The data

between the intervention and standard of care arm were compared.




Research results

While our calculated sample size was not achieved due to the COVID19 pandemic, we
found a 33.75% 30 day readmission rate in our patients admitted with decompensated
cirrhosis. There was no difference in readmission between intervention and standard of
care arms. Most patients were re-admitted with hepatic encephalopathy. There was a
lower 30 day readmission rate in patients with hepatic encephalopathy in the

intervention arm and those who attended early outpatient follow up.

Research conclusions

Our 30 day readmission was higher than the national rate. Further efforts should
explore the positive impact of a nurse case manager and early outpatient follow up in
reducing readmissions for patients with cirrhosis, especially with hepatic

encephalopathy.

Research perspectives
Further development of strategies to predict and reduce readmissions for patients with

decompensated cirrhosis should be done.
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