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Abstract

Background—Discharge location is associated with short-term readmission rates following 

hospitalization for several medical and surgical diagnoses. We hypothesized that discharge 

location: home, home health, skilled nursing facility (SNF), long-term acute care (LTAC), or 

inpatient rehabilitation independently predicted the risk of 30-day readmission and severity of first 

readmission following orthotopic liver transplant (OLT).

Study Design—Retrospective cohort review using Healthcare Cost and Utilization Project 

(HCUP) State Inpatient Databases for Florida and California. Patients who underwent OLT from 

2009 to 2011 were included and followed for 1 year. Mixed-effects logistic regression was used to 

model the effect of discharge location on 30-day readmission controlling for demographic, 

socioeconomic, and clinical factors. Total cost of first readmission was used as a surrogate 

measure for readmission severity and resource utilization.

Results—A total of 3,072 patients met our inclusion criteria. Overall 30-day readmission rate 

was 29.6%. Discharge to inpatient rehabilitation (aOR=0.43, p=0.013) or LTAC/SNF (aOR=0.63, 

p=0.014) were associated with decreased odds of 30-day readmission when compared to home. 

The severity of 30-day readmissions for patients discharged to inpatient rehabilitation were the 

same as those discharged home or home with home health. Severity was increased for those 

discharged to LTAC/SNF. The time to first readmission was longest for patients discharged to 

inpatient rehabilitation (17 days vs 8 days, p<0.001).
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Conclusions—When compared to other locations of discharge, inpatient rehabilitation reduces 

the risk of 30-day readmission and increases the time to first readmission. These benefits come 

without increasing the severity of readmission. Increased utilization of inpatient rehabilitation 

following OLT is a strategy to improve 30-day readmission rates.
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INTRODUCTION

Hospital readmission rates following inpatient admissions are important quality metrics and 

have important financial implications.(1, 2) The Centers for Medicare and Medicaid 

Services (CMS) first brought readmissions into focus with public reporting of hospital rates 

in 2009.(3) With the introduction of the Hospital Readmission Reduction Program (HRRP) 

in 2012, as part of the Affordable Care Act, hospitals with excess readmissions were subject 

to CMS financial penalties. Beginning with acute myocardial infarction, heart failure, and 

pnuemonia, the program now also includes chronic obstructive pulmonary disease, elective 

primary total hip and/or total knee arthroplasty, and soon will include coronary artery bypass 

graft.(2,4) Although readmissions following liver transplantation are not currently penalized 

by CMS’s programs, several groups anticipate this could change as the HRRP continues to 

grow.(5,6)

Readmission rates following liver transplant are high, with reported rates ranging from 

37.9% to 45%.(7–9) While the reasons for readmission following non-transplant surgery are 

largely attributable to new complications from the index operation, this is not clearly defined 

in liver transplantation.(10) Both surgical and medical reasons for readmission are described 

in this patient population and include infection, abnormal laboratory values, electrolyte 

disturbances, and postoperative pain.(8,11) As a result, efforts for reducing readmissions 

must be multifactorial and include prehospital, hospital, and post-hospital targets.

Recent studies have identified preoperative and immediate postoperative predictors for 

readmission after liver transplantation.(12) However, there is a paucity of data examining the 

period of time after discharge and the role discharge destination plays on unplanned 

readmission in this vulnerable population. The primary objective of this study was to 

determine the association between discharge location (home, home health, skilled nursing 

facility (SNF), long-term acute care (LTAC), or inpatient rehabilitation) and risk of 30-day 

readmission following liver transplantation. Secondary objectives included defining the 

severity of first readmission after surgery and determining the causes of readmission based 

on location of discharge.

METHODS

Data Sources

The Healthcare Cost and Utilization Project State Inpatient Databases (HCUP SID) for 

Florida and California were used to identify cases from 2009 – 2011. Each SID captures all 
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inpatient stays at non-federal facilities for the respective state, regardless of primary payer. 

Encounters in the SID are obtained from participating state-level data organizations and 

based on data abstracted from inpatient discharge records.(13) The SID is organized using 

uniform formatting allowing for use of HCUP tools and software to facilitate clinical 

research.

A total of 17 states include variables to track sequential visits for an individual patient over 

time within the state. The consistency of encrypted person identifiers is measured by HCUP 

and varies by state. The states of California and Florida each have notably high reliability 

(88.3% and 96.0%).(14)

The study was deemed exempt from institutional review board approval based on the use of 

de-identified records.

Patient Inclusion

Records for patients ≥18 years old who underwent orthotopic liver transplant were identified 

using the International Classification of Diseases, Version 9, Clinical Modification (ICD-9-

CM) procedure code 505.9. Patients were only included if they also had the Diagnosis 

Related Group (version 24) 480 as part of their discharge record. Patients with concurrent 

renal transplant were excluded. Any unplanned inpatient admissions within 30 days of 

discharge were categorized as readmissions and all readmissions were in reference to the 

original operation. HCUP SID classifies each patient record as emergent, urgent, or elective. 

A readmission was considered unplanned if the patient encounter was urgent or emergent. 

Patients with repeat liver transplant ≤30 days from discharge were excluded.

Outcome and Exposure Variables

Our primary end-point was unplanned readmission within 30 days of discharge following 

initial liver transplant. Secondary outcomes included reason and severity of readmission. 

Severity of readmission was estimated using the total cost of an inpatient readmission 

encounter, not including the cost of post-discharge care. This was derived using charge to 

cost conversion and normalized to allow comparisons of patients at different hospitals.

Location of discharge was the principle exposure variable and assigned using uniform fields 

provided by HCUP. Crosswalk between HCUP indicators and assigned category of 

discharge location for study are shown in Supplementary Table 1 (online only). No missing 

values were present for discharge location in any of the discharge records that met our 

inclusion criteria.

Explanatory Variables

To capture the complexity of admission at time of liver transplant, patient demographic and 

clinical characteristics were used based on availability within the dataset. Charlson 

Comorbidity Index was calculated using an add-on STATA module.(15) Reason for 

transplant was determined using each patient’s coded diagnoses that were present on 

admission at time of transplant and categorized into the following groups: viral, alcohol, 

autoimmune, malignancy, other, unknown (Supplementary Table 2, online only).
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Preoperative length of stay was defined as time from admission to surgery and postoperative 

length of stay from time of surgery to discharge. A major inpatient complication was defined 

as having at least one of the following: myocardial infarction, pulmonary embolism, septic 

shock. A moderate inpatient complication was defined as having at least one of the 

following: urinary tract infection, deep-vein thrombosis, wound complications, pneumonia. 

Complications were based on ICD-9-CM codes that were not present on admission.

Reason for readmission was determined using the principal coded diagnosis for the first 

readmission ≤30 days. If the primary diagnosis was Complications of transplanted liver 
(996.82), the remaining diagnoses on record that were present on admission were evaluated 

to find a more specific reason for readmission (Supplementary Table 3, online only).

Statistical Analysis

Standard descriptive statistics are reported with arithmetic means (standard deviation), 

medians (interquartile range), or frequencies (proportions). Bivariate statistical testing for 

comparisons of multiple groups was conducted with one-way ANOVA (parametric) or 

Kruskal-Wallis equality-of-populations test (non-parametric).

Unadjusted comparisons of exposure and outcome were performed using simple logistic 

regression. Multivariable models were fit using forward selection with a threshold of p<0.2 

for inclusion using each of the variables present in Table 1. Variables not selected with 

clinical relevance were forced into the model. Relative model quality was assessed using the 

Akaike information criterion (AIC) where models with smaller AID values were selected 

and classification measured using the c-statistic.

Time to event analysis using competing risk modeling was used to measure the risk of 

readmission for each post-discharge day, stratified by location of discharge. Event time was 

defined as time from discharge to first 30-day readmission and the event was first 30-day 

readmission. Death following discharge was the competing risk. The mean predicted 

subhazard ratio was calculated for each day following discharge to derive a predicted daily 

readmission hazard.

Statistical analysis was performed in STATA MP Version 13 (College Station, TX, 64 bit).

RESULTS

A total of 3,072 patients met our inclusion criteria and comprised the final analytic sample. 

Patients were further stratified based on location of discharge after liver transplantation with 

1,939 (63.1%) discharged home, 779 (25.4%) discharged home with home health, 193 

(6.3%) to a SNF or LTAC, and 70 (2.2%) to inpatient rehabilitation. A total of 91 (3.0%) 

died during the index hospitalization.

Patient demographic variables were compared across groups and results are shown in Table 

1. Average age of the popluation was 54.9 years (SD=10.1 years) and the majority (66.1%) 

were male gender. Overall, patients were most commonly caucasian race (58.8%), privately 

insured (54.2%), and underwent liver transplant for viral etiologies (42.9%).
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When compared to patients discharged home, those discharged to LTAC/SNF or inpatient 

rehabilitation had longer preoperative and postoperative length of stays (p<0.001, Table 1). 

Additionally, those discharged to LTAC/SNF or inpatient rehabilitation had higher incidence 

of complications, both major and moderate, when compared to those discharged home 

(p<0.001).

Overall 30-day readmission rate of the study population was 29.6%. This differed based on 

location of discharge, ranging from 17.1% to 32.7% (Table 2). Unadjusted analysis 

demonstrated decreased odds of readmission, when compared to home, for those discharged 

to inpatient rehabilitiation (OR=0.48, p=0.021). On multivariable analysis, inpatient 

rehabilitation remained significant (OR=0.43, p=0.013) and LTAC/SNF discharge also 

decreased the odds of readmission (0.63, p=0.014). Odds of readmission did not differ for 

those discharged home with home health compared to home.

Details of the risk model used to determine the adjusted odds for readmission are shown in 

Table 3. To assess the strength of association between measured covariates, forward 

selection was used to identify the order variables were entered into the model. Discharge 

destination was selected into the model early (coefficient −0.84, 95% C.I. −1.50, −0.18) and 

its inclusion improved model performance (AIC=3604.8 vs. 3599.7). Other variables 

selected into the model reflected the severity of inpatient admission and included inpatient 

complications (coefficient 0.37, 95% C.I. 0.12, 0.62), postoperative length of stay 

(coefficient 0.01, 95% C.I. 0.00, 0.02), and Charlson Comorbidity Index (coefficient 0.06, 

95% C.I. 0.03, 0.11).

Reasons for 30-day readmissions are shown in Figure 1. For each discharge location, the 

most common cause for first readmission was related to infectious complications, ranging 

from 23% for those discharged home to 33% for those discharged to inpatient rehabilitation. 

Other reasons for readmission that were similar across discharge locations included 

electrolyte/fluid disturbances (range 12% – 17%) and respiratory/cardiovascular causes (6 – 

10%).

Next, the severity of 30-day readmission was assessed using inpatient costs during a 

readmission encounter. When studying only the first 30-day readmission, the median cost of 

readmission was similar for patients readmitted to home or home with home health 

($10,703.60 [IQR $6,149.81 – 21,306.53] vs. $10,423.65 [IQR $5,659.31 – 26,252.12]). 

These costs were less than readmissions for patients discharged to LTAC/SNF ($22,285.23 

[IQR $6,304.15 – 44,705.29]) and inpatient rehabilitation ($14,629.20 [IQR $11,126.03 – 

72,138]). This appeared to suggest readmissions following home discharges were less severe 

than those following non-home discharges.

Importantly, the number of readmissions within 30 days differed based on location of 

discharge (Table 4). To account for these differences, the total costs of all readmissions 

within 30 days were measured. Following this adjustment, total costs of 30-day readmissions 

for patients discharged home, home with home health, and inpatient rehabilitation were 

similar. Costs for readmission for patients discharged from LTAC/SNF remained higher than 

other locations.
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Last, we calculated the predicted subdistribution hazard ratio (SHR) for each day following 

discharge to quantify the daily risk of readmission (Figure 2). The mean SHR represents the 

readmission hazard for each discharge destination relative to the baseline hazard when all 

model covariates equal zero. The postoperative SHR for patients discharged home, home 

with home health, and LTAC/SNF gradually decreased over time. For patients discharged to 

inpatient rehabilitation, the SHR peaked at 16 days before decreasing.

DISCUSSION

This study demonstrates discharge destination following liver transplantation plays an 

important role in influencing the risk of 30-day readmission. Discharge to inpatient 

rehabilitation and LTAC/SNF each are associated with decreased odds of 30-day 

readmission when compared to home or home with home health. For patients discharged to 

inpatient rehabilitation, the decrease in 30-day readmissions did not correspond with a 

compensatory increase in the severity of readmission.

The results of our study are consistent with a growing body of literature examining the role 

of post-acute care on outcomes, including readmission. In the medical literature, inpatient 

rehabilitation following admission for stroke can reduce readmissions and mortality.(16, 17) 

Similar findings have been seen in congestive heart failure and myocardial infarction.(18,19) 

Following major abdominal surgery, discharge home with home health can increase the risk 

of readmission.(20) Riggs et al. (21) showed discharge to inpatient rehabilitation 

independently protected against 180 day readmissions following hip repair. These studies 

establish that discharge location can be an important determinant of outcomes and our data 

support that.

The role of discharge disposition on readmission following liver transplantation has 

previously been evaluated – although not as a primary outcome. In these studies, discharge 

destination is included as a binary covariate in multivariable models, where it takes the value 

of either home or non-home discharge. Non-home discharges appear to increase the risk of 

readmission.(7,12) Unlike those studies, we separated non-home discharges into more 

specific categories to better understand the complex interactions between discharge location 

and readmission. At our own institution, we observe lower readmission rates in patients 

discharged to inpatient rehabilitation compared to other non-home discharge locations. The 

specificity to which we assigned discharge destination (home, home with home health, 

LTAC/SNF, inpatient rehabilitation) and our treatment of destination as the primary exposure 

variable may explain why our results are different than prior studies.

In our study, both LTAC/SNF and inpatient rehabilitation discharge decreased the risk of 30-

day readmission after controlling for multiple patient factors. For patients discharged to 

inpatient rehabilitation, this benefit came without a compensatory increase in the severity of 

illness during a readmission. Unlike patients discharged to LTAC/SNF, home, or home with 

home health where the risk of readmission was greatest early following discharge, those 

discharged to inpatient rehabilitation had a peak risk at 16 days. Together, there appears to 

be a benefit for patients discharged to inpatient rehabilitation both in terms of the rate, 

timing, and severity of readmission.
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These benefits of inpatient rehabilitation on readmission were realized by only a small 

proportion of patients that underwent liver transplant in our study population (<3%). 

Although the specific reasons for the low utilization of inpatient rehabilitation cannot be 

determined from HCUP SID, several explanations include delays in evaluation for admission 

to inpatient rehabilitation, regulatory concerns, and payment considerations.(22,23,24) 

Therefore, one potential way to increase the opportunity for patients to go to inpatient 

rehabilitation following discharge is through reshaping health policy to overcome these 

barriers – particularly for patients discharged home or home with home health since they had 

the highest readmission rates in this study. Increasing resource availability, modifying 

payment structures, and streamlining evaluation processes each are possible starting points.

(24)

An important question is how inpatient rehabilitation mitigates the risk for 30-day 

readmission without increasing readmission severity. While our data cannot answer that 

question directly, several explanations can be offered based on prior study of hospital 

readmissions. Broadly, risk factors for 30-day readmission are well-described and include 

limited access to care, decreased functional status, inadequate social support, and poor 

health literacy.(25) Following liver transplant, patients can be vulnerable to all of these risk 

factors.(5,26) We propose that inpatient rehabilitation reduces 30-day readmissions by 

creating a transitional care environment that mitigates the risk factors for readmission. This 

likely occurs through around-the-clock interaction with health professionals, close 

monitoring of medications, easy access to diagnostics, and therapies to combat 

deconditioning.(27)

An alternative explanation is that the protection provided by inpatient rehabilitation is a 

reflection of a stronger overall support system for patients discharged to these facilities. 

Several statistically significant differences were seen when we compared baseline 

demographic and socioeconomic features to location of discharge, suggesting Caucasian 

race, older patients, and patients with non-Medicaid insurance were more likely to go to 

inpatient rehabilitation. These characteristics may create a strengthened post-discharge 

atmosphere and help decrease readmission. The specific impact of socioeconomic status on 

readmission following liver transplant warrants further study.

There are limitations of the study that must be weighed when considering the conclusions. 

The HCUP SID datasets are advantageous for allowing the longitudinal follow-up of patients 

regardless of primary insurer. For liver transplant, this is especially important given the 

number of privately insured patients undergoing surgery. Still, the data are based on 

administrative coding and are subject to the weaknesses described by many authors when 

used for outcomes research.(28,29) Some examples where administrative data created 

challenges unique to this study included difficulty with determining the exact cause and 

condition at readmission, defining the etiology for liver transplant, and the inability to obtain 

clinical measures necessary for preoperative MELD scores for risk-adjustment.

The strengths of the dataset lie in longitudinal follow-up, accurately assigned discharge 

locations, and cost data making this type of study feasible. It is important to highlight that 

cost data presented only capture the readmission encounter, without factoring in the costs 
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associated with obtaining care in institutional discharge locations (i.e. inpatient 

rehabilitation or LTAC/SNF). Therefore, cost was used to measure the severity of a 

readmission – not to estimate the overall cost-effectiveness of utilizing these facilities.

Finally, by restricting our follow-up to 30 days we are unable to capture the impact of 

discharge destination on later readmissions. With increasing attention being placed on 

measuring patient outcomes beyond the 30-day postoperative period, understanding the 

factors influencing readmissions beyond 30 days will be an important area of future 

research.

CONCLUSION

Discharge destination after orthotopic liver transplantation is an important contributor to 30-

day readmission rates. Specifically, discharge to inpatient rehabilitation decreases the risk of 

30-day readmission without a compensatory increase in readmission severity. With 

continued focus on readmission as a quality and financial measure, increasing the utilization 

of inpatient rehabilitation is one possible mechanism to improve readmission rates in this 

complex patient population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Reasons for first readmission after liver transplant, stratified by location of discharge. CV, 

cerebrovascular; LTAC/SNF, long-term acute care/skilled nursing facility.
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Figure 2. 
Post-discharge trajectories based on mean subdistribution hazards for 30-day readmission, 

stratified by location of discharge: home, home with home health, long-term acute care/

skilled nursing facility (LTAC/SNF), inpatient rehabilitation.
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Table 3

Model Covariates and Coefficients for Multivariable Model of 30-Day Readmission after Liver 

Transplantation

Fixed-effects Coefficient 95% CI AIC*

Moderate IP complications (binary) 0.37 0.12, 0.62 3609.4

Valvular disease (binary) 0.53 0.16, 0.91 3603.7

Postoperative LOS (continuous) 0.01 0.00, 0.02 3604.8

Discharge destination (factor) 3599.7

 Home [Reference]

 Home with home health −0.09 −0.30, 0.12

 LTAC/SNF −0.47 −0.84, −0.09

 Inpatient Rehabilitation −0.84 −1.50, −0.18

Charlson comorbidity index (continuous) 0.06 0.03, 0.11 3599.3

Neurologic disorders (binary) −0.28 −0.64, 0.08 3599.3

Race (factor) 3569.2

 Caucasian [Reference]

 African American 0.07 −0.27, 0.42

 Hispanic −0.03 −0.23, 0.18

 Asian −0.28 −0.61, 0.05

 Other −0.45 −0.87, −0.03

Forced in variables†

 Preoperative LOS (continuous) 0.002 −0.008, 0.012 3570.9

 Reason for transplant 3575.6

  Unknown [Reference]

  Unspecified −0.34 −0.84, 0.16

  Autoimmune −0.25 −0.81, 0.31

  Alcohol −0.28 −0.77, 0.22

  Malignancy −0.51 −1.04, 0.03

  Viral −0.24 −0.71, 0.24

Random effects, estimate, hospital 0.39 0.25, 0.61

*
AIC for each additional fixed effect entered in model.

†
Forced in variables added to model although not selected with forward selection techniques.

AIC, Akaike Information Criterion; IP, inpatient; LOS, length of stay; LTAC, long term acute care; SNF, skilled nursing facility.
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