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Abstract

Background—30-day readmissions for hospitalized patients with cirrhosis are common, 

particularly for patients with hepatic encephalopathy (HE).

Methods—We performed a prospective pre-post study from 2010–2013 to assess the impact of a 

quality improvement (QI) protocol on 30-day readmissions to a transplant center’s liver unit. The 

intervention included a yearlong control period, a handheld checklist and an “electronic” phase 

incorporating checklist items into the electronic provider order entry system. The intervention 

included goal-directed lactulose therapy and universal rifaximin for overt HE as well as prompts 

for antibiotic prophylaxis of spontaneous bacterial peritonitis (SBP). 30-day readmission trends 

were compared to non-cirrhotic patients admitted to hospitalists and patients with decompensated 

cirrhosis at another center.

Results—824 patients were admitted 1720 times. The average model for end-stage liver disease 

score on admission was 17.7 ± 7.4. The electronic phase was associated with 40% lower adjusted 

odds of 30-day readmission compared to control, both overall and for patients with HE. The 

proportion of admissions for ≥ grade 2 HE that resulted in a readmission fell from 48.9% (66/135) 

in the control period to 26.0% (27/104) in the electronic phase (p = 0.0003). Rifaximin use for HE 

and antibiotic secondary prophylaxis of SBP (on discharge) were associated with lower adjusted 

odds of readmission (respective OR 0.39 and 0.40). The electronic phase was associated with a 

lower length of stay (beta coefficient −1.34 95% CI: −2.38 – −0.32, p = 0.01).
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Conclusion—A QI initiative using electronic decision support reduced 30-day readmissions for 

patients with cirrhosis.
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Introduction

The costs associated with hospitalization for patients with decompensated cirrhosis, 

particularly those with hepatic encephalopathy (HE), can be tremendous.(1–4) In 2009, 

complications of chronic liver disease accounted for more than 136,000 hospital discharges 

in the US, generating an aggregate cost of $2.04 billion dollars (2014 USD).(5) According to 

the Agency for Healthcare Research and Quality, there were 52,840 discharges with HE as 

the primary diagnosis in 2012, at an average cost per instance of $10,584.(6) Efforts to 

reduce these costs by reducing admissions may have a significant clinical and economic 

impact.

A significant driver of these costs is readmissions within 30-days after discharge. In both the 

US and Europe, the incidence of readmission within 7 days of discharge for patients with 

cirrhosis has been reported to be 14% and reaches 30–40% by 30 days.(3, 4, 7) Beyond 

costs, hospitalization for decompensated cirrhosis is associated with an important negative 

effect on quality of life.(8) Unsurprisingly, preventable readmissions are an increasing focus 

for clinicians, patients, payors and regulatory agencies alike.(9)

Given the morbidity, costs and frequency of readmissions, initiatives aimed at reducing the 

incidence of readmission for patients with cirrhosis are important. Predictors of readmission 

risk include markers of illness severity (e.g. Model for Endstage liver disease (MELD)), 

demographics (younger age, white race) and insurance status.(3, 10) Unfortunately, there is 

little evidence to support specific interventions to reduce readmissions.(11)

We therefore implemented and studied an intervention to reduce 30-day readmissions using 

checklists and electronic decision support for clinicians caring for inpatients on a dedicated 

liver unit at tertiary care referral center with a transplant program. Herein, we detail the 

results of a multi-modal quality improvement (QI) intervention for patients with cirrhosis.

Methods

We performed a prospective study of a QI program at Beth Israel Deaconess Medical Center 

in Boston, MA. All clinical care was provided on the dedicated inpatient hepatology unit 

reserved for patients with decompensated cirrhosis or liver transplants staffed by housestaff 

and a hepatologist. (12) The cohort described herein has been examined in studies regarding 

fall risk(13) and predictors of 90-day mortality.(14) This study was approved by our 

Institutional Review Board (2012-P-000096/6). The quasi-experimental pre-post design and 

analysis of this study was performed consistent with the Standards for Quality Improvement 

Reporting Excellence guidelines.(15)
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Development of the intervention

We designed our QI initiative with multiple goals. First, we sought universal use of rifaximin 

for all patients with HE.(16, 17) Second, we adapted an aggressive protocol of goal-directed 

therapy for overt HE (adjusting frequency of lactulose dosing to mental status using the 

Richmond Agitation and Sedation Scale which is familiar to all nurses in our center). (18, 

19) Third, we addressed patients with SBP by promoting timely administration of the correct 

dose of antibiotics and albumin.(1, 20) Finally, we sought to maximize the number of 

patients who received prophylactic measures - e.g. variceal hemorrhage prophylaxis, 

subcutaneous heparin for the prevention of venous thrombosis and antibiotics for primary 

and secondary prophylaxis of SBP.(21, 22)

We first developed a hand-held checklist in accordance with published guidelines for 

checklist development.(23) (Figure 1) We began with a pilot checklist run-in phase in order 

to ascertain barriers to adherence (April 24th 2011 to August 23rd, 2011). This checklist 

prompted medication record review and to confirm that candidates for non-selective beta-

blockers were on effective doses. The checklist was performed daily during rounds with 

adherence attested by a physician’s signature on a sheet placed each patient’s chart. We 

obtained frequent feedback to troubleshoot and refine the mechanics of the intervention and 

to facilitate adherence. As published elsewhere, we adjusted the intervention to suit clinical 

workflow and facilitate buy-in from all members of the care team.(12)

Hand-Held Checklist Phase

After the run-in phase, the final version of the paper checklist was deployed. This checklist 

included the items for the HE protocol, standard SBP treatment and prophylactic measures 

described above. Finally, throughout the checklist phase, the study coordinator (EBT) 

provided frequent in-person observation and intervention to promote adherence among the 

clinicians. This phase lasted from August 24th 2011 through June 22nd, 2012.

Electronic Phase

In the electronic phase (June 23rd, 2012 – Sept 30th, 2013), the checklist items were 

incorporated into the electronic provider order entry system for the entire hospital using 

mandatory preset doses and linked medications.(24) Additionally, pre-set templates for 

admission and progress notes in the electronic health record were modified to include the 

checklist elements and protocols. Finally, housestaff were given pocket-sized, laminated 

guides describing the treatment protocols. There was no in-person observation and education 

during this phase.

Analysis

We designated the pre-implementation period from January 1st 2010 to December 31st 2010 

as the baseline control-period. The four-month developmental phase was excluded from 

analysis. The primary outcome measure was any emergent 30-day readmission to BIDMC. 

We prespecifed a subgroup analysis among patients with overt HE. A secondary outcome for 

this subset was length of stay (LOS).
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We also sought to compare our experience to local and regional data. First, we acquired data 

on the number of admissions and 30-day readmissions for patients cared for by BIDMC 

hospitalists over the same time period. This service cares for an average of 660 general 

medicine admissions as well as complex pre- and postsurgical patients with significant 

comorbidities each month. Second, we obtained de-identified data from a neighboring 

quaternary care institution for patients admitted with decompensated cirrhosis (overt ascites, 

overt HE, jaundice, or variceal hemorrhage) in which an average of 12 patients (MELD of 

24.1 ± 10.2) are admitted with these criteria each month.

Collection of data

All patients admitted to the dedicated liver unit were included. The MELD score was 

calculated as previously described.(25) The Charlson comorbidity index was calculated 

using ICD-9 codes.(26) All charts were reviewed to identify the presence of active problems 

including overt ascites, overt encephalopathy (≥ West Haven grade 2), variceal hemorrhage, 

hepatocellular carcinoma, SBP, and alcoholic hepatitis. Mortality data was confirmed by 

search of the US Social Security Death Index and is therefore complete.(27) Nineteen 

patients were transplanted during their admission and were excluded from the readmissions 

analysis. Outpatient utilization of rifaximin or SBP prophylaxis was determined by the 

presence of at least two of the following criteria: a) a prescription recorded in the medical 

record, b) documentation of utilization by a physician and, where available, c) a record of a 

filled prescription in an online search of the linked pharmacy database.

Statistical Analyses

Descriptive statistics are displayed as mean ± standard deviation or median [interquartile 

range] for Gaussian and non-Gaussian distributed variables, respectively unless otherwise 

indicated. For crude statistical comparisons, we used the Chi-Square test for categorical 

variables, student t-test for Gaussian distributed continuous variables, and the Kruskal-

Wallis test for non-Gaussian distributed variables. For analyses of the odds of readmission 

within 30 days and death within 90 days of discharge, we used a generalized estimating 

equation (GEE) approach with a logit link, binomial error structure and a random effect for 

patient to account for the within-person correlation in the outcome data. This technique 

allows for adjustment at the patient level to avoid biasing the results, for example, with one 

patient who was readmitted several times or the practice patterns of a given Hepatologist. 

Unadjusted associations were examined using a GEE model with intervention phase and 

provider as fixed effects and patient as a random effect. GEE models were then adjusted for 

sex, age, ethnicity, payor, admission in preceding 30 days, Charlson index, admission 

MELD, admission sodium, and admitting Hepatologist. Trends for resource utilization (e.g. 

rifaximin prescriptions) were assessed with chi-squared tests for trends while the impact of 

lactulose dosing was assessed the logistic regression, adjusted for West Haven HE grade. 

Trends for 30-day readmission by month between BIDMC hospital services were analyzed 

using non-linear regression while trends for readmission between hospital services were 

analyzed using pairwise two-way analysis of variance. For analyses of length of stay (LOS) 

for patients with overt HE, negative binomial generalized regression was employed given its 

right skew. Associations between intervention phases and components (rifaximin and 

lactulose volume) were assessed separately and adjusted as above. Lactulose was assessed as 
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a dichotomous variable (> or ≤ the median dose in the first 24 hours). A power calculation 

was performed based on the control data. In order to show a 25% reduction in 30-day 

readmissions from the control period (37.9%), assuming a power of 80% and an alpha of 

0.05, we would need a sample size of 405 patients in each phase. Two-sided P-values are 

reported. All statistical analyses were performed with SAS Version 9.3 for Windows.

Results

During the study period, 824 unique patients were admitted to the liver unit 1720 times. Of 

these patients, 485 (58.9%) were admitted once, 268 (32.5%) were admitted 2–4 times and 

71 were admitted 5 or more times. 365 admissions were specifically for overt HE. 

Demographics and clinical characteristics are shown in Table 1. The 90-day all-cause 

mortality risk following an admission to the liver unit for all patients was 18.9% (325 

deaths). The median LOS for all patients was 7 4.0 days (interquartile range: 2.0–8.0). 

Overall, 253 (14.7%) admissions resulted in a discharge to a rehabilitation hospital.

We observed statistically significant variation in 30-day readmissions across the QI 

intervention phases (Table 2). In pairwise analyses (Figure 2A), 30-day readmissions were 

statistically significantly lower during the electronic and checklist phases compared to the 

control phase. Furthermore, 30-day readmissions were significantly lower in the electronic 

than checklist phase. Table 3 shows that after accounting for relevant clinical confounders, 

the electronic phase was associated with 40% and 38% lower odds of readmission within 30 

days compared to the control and checklist phases (both overall and for patients with HE). 

There were no statistically significant differences in 90-day all-cause mortality across any of 

the intervention phases.

Among patients initially admitted with overt HE (≥ grade 2), the proportion readmitted 

within 30 days was significantly lower in the electronic phase (27 out of 104, 26.0%) 

compared with the checklist (34 out of 76, 44.7%) and control phases (66 out of 135, 

48.9%), p<0.001 and p=0.002 respectively. Figure 2B shows that the proportion of 

readmissions attributable to HE was lower in the electronic phase (14 out of 146, 9.6%) than 

during the checklist (32 out of 139, 23.0%) and control phases (79 out of 194, 40.7%), 

p=0.002 and p<0.001 respectively. Additionally for patients with overt HE, the electronic 

phase was associated with a lower adjusted LOS (beta coefficient −1.34 95% CI: −2.38 – 

−0.32, p = 0.01).

We assessed the effect of protocol adherence on readmissions. First, rifaximin utilization for 

patients with any HE rose progressively from the control through the checklist and electronic 

phases: 78.1%, 89.4%, 96.3%-p-trend = 0.0002. The use of rifaximin for patients admitted 

for overt HE was associated with lower adjusted odds of 30-day readmission (odds ratio 

(OR) 0.39 (95% CI: 0.16 – 0.87), p = 0.02). Of the 362 patients admitted specifically for 

overt HE who neither died nor were transplanted during their admission, outpatient 

rifaximin utilization was documented in 245 (67.7%) patients and was associated with lower 

adjusted odds of 30-day readmission (OR 0.33 (95% CI: 0.21 – 0.53), p < 0.0001). Second, 

while the increase secondary SBP prophylaxis by phase was not significant (42.2%, 42.4%, 

50.0%, p-trend 0.85), of the 224 patients with a history of or index admission for SBP, 94 
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(42.0%) received secondary antibiotic prophylaxis which was associated with a lower 

adjusted odds of 30-day readmission (OR 0.40 (95% CI: 0.21 – 0.75), p = 0.004). After 

further adjustment for the effect of rifaximin adherence, the association with readmission for 

those taking SBP prophylaxis was still significant (OR 0.51 95% CI: 0.31 – 0.83, p 0.007).

We also suggested higher dose/frequency lactulose for the treatment of overt HE. Overall, 

during the control phase, 6209 20-cc doses of lactulose were delivered. This increased to 

8738 and 8858 doses during the checklist and electronic phases, respectively. Among the 

365 patients admitted with overt HE, the median dose of lactulose on the day of admission 

was 6 cups (IQR: 4 to 10). Patients with overt HE who received 6 or more cups of lactulose 

on the day of their admission experienced a significantly reduced adjusted LOS (−2.36 

95%CI:−3.40 – −1.31), p < 0.0001). After adjusting for the grade of HE, we found that the 

odds of readmission within 30 days was 28.8% (95% CI: 5.3% to 52.7%, p=0.02) lower 

among patients receiving this high dose.

Figure 3 demonstrates the secular trends in the proportion of patients readmitted within 30 

days. During the timeframe coinciding with the electronic phase, the slope of the decline 

was significantly steeper on our liver service compared with patients cared for by BIDMC 

hospitalists and patients with decompensated cirrhosis cared for at a neighboring institution 

(p < 0.0001).

Discussion

Readmissions are an important target for quality improvement (QI) as they are associated 

with tremendous costs and morbidity for patients with cirrhosis. This study of a QI 

intervention on an inpatient liver unit showed that care protocols supported by electronic 

decision support in the provider order entry system were associated with a 40% reduction in 

30-day readmissions, likely driven by a decrease in readmissions for HE. Furthermore, this 

trend was unique when compared to control populations. We also show that intensified 

therapy for overt HE can reduce LOS.

The efficacy of many elements of our intervention are known: rifaximin decreases 

readmission for patients with HE(16, 17); high dose lactulose is associated with rapid mental 

status normalization and decreased intensive care utilization (18); and appropriate dosing of 

ceftriaxone for SBP is associated with a less complex admission.(20) Some elements require 

further study. Reduced readmissions were likely mediated in large part by the ability to 

obtain the medication as an outpatient, however the role of rifaximin co-therapy during an 

admission for overt HE should be explored further. First, even short-term exposure may 

modify gut ammoniagenesis and could reduce early readmissions. Second, starting a 

medication during hospitalization may increase the rate of prescription and facilitate prior-

authorization at the time of discharge. Similarly it must be confirmed whether high-dose 

lactulose by itself is associated with lower LOS and 30-day readmission rates. While it is 

known that secondary prophylaxis of SBP is beneficial,(1) and we show that it is associated 

with reduced odds of 30-day readmission, it is unclear from these data whether it 

independently reduces readmissions. Finally, there were no significant changes in 90-day 

mortality over the study phases indicating both that decreased readmissions were not 
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achieved at the expense of and that readmissions may not independently contribute to an 

increased risk of death.

Our study advances the current literature on QI for patients with cirrhosis by presenting an 

inexpensive, easy to implement and generalizable approach. Three prior studies addressed 

readmission interventions in this population.(2, 28, 29) An Italian group analyzed the impact 

of a specialized post-acute care pathway among 100 patients with cirrhosis and ascites and 

found a significant reduction in 30-day readmission rates, compared to a well matched 

control group (42.4% to 15.4%).(2) To do so, they created a specialized outpatient unit 

staffed with dedicated hepatologists and nurses for rapid post-discharge follow-up visits 

where same-day endoscopy and liver ultrasound was available. An Australian group also 

studied a post-acute care program for patients with decompensated cirrhosis.(28) Using 

dedicated nurses and regular home visits, they were able to demonstrate improved 

medication adherence and rates of clinical follow up, albeit without significant reductions in 

hospital-days or readmissions. The drawback of these programs is that, unlike our 

intervention, they require costly infrastructure, expertise and significant institutional 

commitments.

A third study from Wisconsin demonstrated that a combination of standardized hand-written 

order sets and educational conferences resulted in increased compliance with standard 

measures for gastrointestinal bleeding and decreased readmissions from 41% (24/59) to 13% 

(7/55).(29) This program demonstrates the power of standard checklists and education. Our 

study extends these results by showing that outcomes improve further when checklist items 

are hard-wired into the ordering system.

Our results must be interpreted in the context of the study design. First, as is common in QI, 

multiple interventions were deployed simultaneously in an unblinded fashion. Second, 

readmissions, while costly and likely associated with decreased quality of life for patients, 

are surrogate markers of morbidity and quality care. Third, thought we adjusted for all 

physician-level and patient-level effects including multiple readmissions, residual 

confounding by unaccounted differences between periods cannot be excluded. Fourth, while 

general practice within Boston is to refer patients with complex disease to the hospital from 

which they were recently discharged, we cannot be sure to have captured all readmissions. 

Fifth, the comparison with the hospitalist and outside hospital liver services are only 

intended to show that our observed changes in readmission rate were not the result of a local 

or regional change in policy or reporting. Importantly, we demonstrate that a QI initiative 

reduced our readmissions while readmission rates were relatively constant elsewhere.

In summary, a QI program which integrated multiple interventions of proven benefit for 

patients with advanced liver disease results in a significant reduction in the 30-day 

readmission rate, particularly for those with HE. The readmission rate for HE appears to be 

highly modifiable and therefore efforts to intensify therapy for these patients should be 

encouraged and further studied.
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BIDMC Beth Israel Deaconess Medical Center

GEE generalized estimating equation

HE hepatic encephalopathy
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MELD Model for Endstage liver disease

OR odds ratio

POE Provider order entry

QI quality improvement

SBP spontaneous bacterial peritonitis
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Figure 1. Intervention Timeline
The development, timing and content of our intervention’s phases are described. HE: hepatic 

encephalopathy, POE: Provider order entry, SBP: spontaneous bacterial peritonitis
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Figure 2. Differences in Outcome by Intervention Phase
A: The association of each phase with 30-day readmissions is depicted overall and for 

patients with hepatic encephalopathy (HE). * denotes a p value < 0.05.

B: The reasons for a 30-day readmission are described by intervention phase.
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Figure 3. Secular trends in readmissions
The 30-day readmission rate for the periods covered by our intervention phases are depicted 

for the liver and medicine services as well as for all patients with decompensated cirrhosis 

admitted to a neighboring institution. The trend is significantly different for our liver service 

compared to the others (p < 0.0001) during the electronic phase’s timeframe. BIDMC = 

Beth Israel Deaconess Medical Center, OSH = outside hospital
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Table 1

Admission Characteristics by Intervention Phase

Intervention Phase

Control (n=626) Checklist (n=470) Electronic (n=624) p-value

Age - Mean (SD) 55.8 (11.2) 56.1 (11.3) 58.3 (11.3) 0.009

Female Sex - % 36.3% 42.8% 36.9% 0.61

Non-White Ethnicity - % 20.1% 31.9% 29.7% 0.029

Charlson Comorbidity Index - Mean (SD) 4.23 (2.63) 4.0 (2.6) 4.4 (2.7) 0.093

Model for End-Stage Liver Disease Score - Mean (SD) 17.7 (7.08) 17.7 (7.1) 17.4 (7.5) 0.46

Admission Sodium Level (meq/L)- Mean (SD) 134.4 (5.65) 134.5 (5.8) 134.3 (5.9) 0.89

Admission in Past 30 days - % 22.7% 22.1% 16.7% 0.041

Payor= Medicare or Private Insurance - % 70.6% 73.0% 72.9% 0.82

Primary Etiology of Liver Disease (%) (%, does not sum to 100)

Alcoholic Liver Disease 34.0% 30.0% 29.3% 0.39

Hepatitis C 44.9% 40.4% 40.2% 0.50

Hepatitis B 5.4% 4.47 4.3% 0.64

Biliary Cirrhosis 1.8% 4.5% 2.4% 0.63

Active Problems during hospitalization (%, does not sum to 100)

Gastrointestinal Bleeding 28.3% 29.8% 31.9% 0.59

Ascites 43.6% 43.8% 43.6% 1.0

Hepatic Encephalopathy 47.8% 43.8% 47.4% 0.72

Spontaneous Bacterial Peritonitis 6.9% 6.6% 9.1% 0.25

Alcoholic Hepatitis 7.8% 9.2% 5.6% 0.11

Hepatocellular Carcinoma 3.4% 2.5% 5.3% 0.32

Previous Transplant 19.3% 22.8% 21.3% 0.63

SD = standard deviation
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