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Abstract

The risk of morbidity and mortality for hospitalized patients with cirrhosis is high and
incompletely captured by conventional indices. We sought to evaluate the predictive role of frailty
in an observational cohort study of inpatients with decompensated cirrhosis between 2010 and
2013. The primary outcome was 90-day mortality. Secondary outcomes included discharge to a
rehabilitation hospital, 30-day readmission and length of stay (LOS). Frailty was assessed with
three metrics: activities of daily living (ADL), the Braden Scale (BS), and Morse fall risk score. A
predictive model was validated by randomly dividing the population into training and validation
cohorts. 734 patients were admitted 1358 times in the study period. The overall 90-day mortality
was 18.3%. The 30-day readmission rate was 26.6% and the rate of discharge to a rehabilitation
facility was 14.3%. Adjusting for sex, age, MELD, sodium and Charlson index, the odds ratio
(OR) for the effect of an ADL score less than 12 of 15 on mortality is 1.83 95% CI (1.05 - 3.20).
A predictive model for 90-day mortality including ADL and BS yielded an c-statistics of 0.83
95% CI (0.80 - 0.86) and 0.77 95% CI (0.71 — 0.83) in the derivation and validation cohorts,
respectively. Discharge to a rehabilitation hospital is predicted by both the ADL (<12) and BS (<
16) with respective adjusted OR of 3.78 95% CI (1.97 - 7.29) and 6.23 95% CI (2.53 - 15.4). LOS
was associated with the BS (< 16), hazard ratio 0.63 95% CI (0.44 - 0.91). No frailty measure
associated with 30-day readmission.

Conclusions—Readily available, standardized measures of frailty predict 90 day mortality,

LOS, and rehabilitation needs for hospitalized patients with cirrhosis.
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Introduction

Methods

The morbidity and mortality of hospitalized patients with cirrhosis is very high.(1-3)
Accurate prognostics are critical to support care planning, including decisions regarding
liver transplant candidacy. Problematically, currently available prognostic indices such as
the Model for Endstage Liver Disease (MELD) provide an incomplete picture of a given
patient's risk of death and complications.(4-6)

The MELD score was developed to provide risk stratification prior to portosystemic
shunting procedures and later adapted to allocate liver transplants on the organ waitlist.(7, 8)
Its combination of bilirubin, creatinine and international normalized ratio (INR) is a proven,
powerful prognostic tool for patients with cirrhosis.(9-11) Yet it can be improved further.
Adding sodium to the MELD formula improves its predictive power significantly, but
slightly.(12, 13) Severity-of-disease classification systems such as the APACHE or CLIF-
SOFA scores improve its power even further. This is particularly true for patients
hospitalized with a cirrhotic decompensation such as hepatic encephalopathy.(1, 3, 4, 11)
However these scores are difficult to assess at the bedside and require extensive training as
they are not routinely performed on the wards in American hospitals.(14)

Frailty or, as Lai and Colleagues write, “a patient's vulnerability to stress and decreased
physiologic reserve” is increasingly seen as a major contributing factor to patient outcomes.
(5) After controlling for standard biochemical indices such as MELD or sodium, a patient's
functional status or frailty may play a significant role in a patient's prognosis. Frailty is a
concept that originated in the geriatric literature and has since been validated in cohorts of
outpatients with decompensated cirrhosis.(5, 15) In contrast to the severity-of-disease
classification systems like APACHE, all American nurses are trained to assess each
inpatient on admission for frailty. Furthermore, they do so using multiple different validated
instruments.(16, 17) Herein, we test the hypothesis that frailty would add significantly to
standard prognostic indices for inpatients with cirrhosis.

We performed retrospective cohort study of patients with cirrhosis at Beth Israel Deaconess
Medical Center (BIDMC) in Boston, MA. The study took place on a liver transplant unit
with an average of 600 annual admissions. Criteria for admission to this service entails an
established diagnosis of decompensated cirrhosis or a medically complicated liver
transplant. All clinical care was provided on the dedicated inpatient hepatology unit staffed
by housestaff and a hepatologist. No changes in the number of staff, nursing and housestaff
occurred during the time under study. This study was conducted in accordance with the
Declaration of Helsinki and was approved by our Institutional Review Board. The cohort
design and analysis of this study was performed consistent with STROBE (STrengthening
the Reporting of OBservational studies in Epidemiology) guidelines.(18)
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Collection of data

All patients with cirrhosis admitted to or discharged from the dedicated liver unit from
January 1st 2010 to September 15t 2013 were included. The population is described in Table
1. Patients were excluded (n = 90) if the medical record lacked complete data regarding
frailty assessments.

The study exposure was an assessment of functional status performed at the time of
admission. The admitting nurse performed three standardized assessments 1) activities of
daily living (ADL), 2) The Braden Scale (Supplementary Figure 1), and 3) Morse fall risk
scores (Supplementary Table 2). To determine a patient's ADL scale, the nurse assessed
each patient's self-reported ability to feed, toilet, dress, bathe and transfer. Each of these 5
categories were scored as follows: independent (3 points), needs assistance (2 points), or
dependent (1 point), giving a maximum potential score of 15. During an initial assessment,
the nurse also determined the patient's Braden Scale using a standardized worksheet.(16)
Traditionally used to risk stratify for pressure ulcers, the Braden Scale is a metric required
by the Center for Medicare and Medicaid Services. It includes a physical exam and an
assessment of 6 criteria: skin sensory perception, moisture, activity, mobility, nutrition, and
friction (ability to hold a comfortable position in a chair and bed). A score of 23 indicates no
risk of skin breakdown while a score of less than 16 requires as a nutrition or physical
therapy consultation to forestall nosocomial complications. The Morse Fall Risk scale
assigns a patient's risk to fall using a standard form based on the following: history of
falling, secondary diagnoses, ambulatory aids, intravenous access, gait disturbances and
mental status.(17)

The primary outcome was 90-day mortality assessed from the time of a patient's first
admission. Mortality data is considered complete as it was confirmed using a validated
online-search of the United States Social Security Death Index.(19) Secondary outcomes
included hospital length of stay (LOS), discharge to a rehabilitation hospital and 30-day
readmission to BIDMC. Patients who died during hospitalization were excluded from
analyses of LOS and 30-day readmission.

Covariates included the MELD score, sodium(12), Charlson comorbidity index, the presence
of decompensated cirrhosis(20, 21), active infection(22), hepatocellular carcinoma,
admission within the past 30 days, as well as standard demographic features including age,
sex, ethnicity and payor. All models were adjusted for whether a liver transplant was
performed during the admission (n = 19). A quality improvement project to reduce
readmissions occurred during the study period, the phases of which were adjusted for in the
analysis. The MELD score was calculated using the United Network for Organ Sharing
(UNOS) madification according to previously described algorithms.(9) The Charlson
comorbidity index was calculated using ICD-9 codes as previously described.(23)
Decompensations were defined by the presence of variceal hemorrhage, overt ascites and
overt (West-Haven grade 2 or greater) hepatic encephalopathy. Infections included
spontaneous bacterial peritonitis, bacteremia, pneumonia, infectious enterocolitis, urinary
tract infections and skin and soft-tissue infections.
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Data were summarized as mean + standard deviation for normally distributed, median [25th
and 75" percentiles] for non-normally distributed continuous outcomes, or counts and
percentages for categorical outcomes. For two-group comparisons, we compared means of
normally distributed continuous outcomes medians of non-normally distributed continuous
outcomes, and frequencies of categorical outcomes.

Multivariable regression models adjusted for gender, age, ethnicity, Charlson index,
admission MELD, admission sodium, infection, cirrhotic decompensation, hepatocellular
carcinoma and admitting Hepatologist. For multivariable modeling of the binary outcomes,
we used logistic regression resorting to Generalized Estimating Equations in order take into
account the multiple admissions within patients and admitting hepatologists (provider). For
length of stay, a frailty model was used wherein the effects of patient and provider as
random. The comparisons between predictive models were performed by using the method
proposed by DelLong et al.(24) All two-tailed p-values < 0.05 were considered statistically
significant. All statistical analyses were performed with SAS software, Version 9.3 of the
SAS System for Windows. Copyright © 2012 SAS Institute Inc., Cary, NC, USA.

Validation Procedures

Results

Internal validation was performed by randomly dividing the cohort into a training set (two-
thirds of the cohort) and validation set (one-third). Two samples (a training set and a
validation set) were constructed to develop and validate the prediction model. Two thirds of
the subjects were randomly selected for the training set for model development, and the
remaining one third were assigned to a validation set for evaluating the predictive
performance of the model. Subjects were assigned a random value between 0 and 1. Those
subjects with a value less than 0.6667 were assigned to the sample for the training model,
and the remaining subjects were assigned to the validation sample. The predictive power of
the model was assessed with two summary statistics. First, we examined the concordance
rate, which reflects the percentage of events in which the observed outcome and the outcome
predicted by the model were concordant. Second, we employed Harrell's c-statistic, which
computes the probability that the predicted risk is higher for a case than for a non-case, to
assess the goodness of fit for the model and each outcome.(25)

Seven hundred and thirty-four unique patients were admitted a total of 1358 times to the
liver unit. Demographics and markers of illness severity/complexity are detailed in Table 1.
The 90-day all-cause mortality following an admission to the liver unit for all patients was
16.9 % (230 deaths). The median length of stay (LOS) for all patients was 4 (25t to 75t
percentile: 2 - 8) days. Overall, 199 (14.7%) admissions resulted in a discharge to a
rehabilitation hospital and 436 (32.1%) resulted in a readmission to our hospital within 30
days.

Table 2 details the association of clinical predictors with the primary and secondary
outcomes in univariate and multivariate analyses. Ninety-day mortality is predicted by age,
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Charlson index, MELD score, sodium, ADL and Braden score. The adjusted odds ratio (OR)
for the effect of an ADL score less than 12 of 15 on mortality is 1.83 95% CI (1.05 - 3.20).
An intermediate Braden score (16 to 18) was associated with increased mortality risk, OR
1.62 95% CI (1.03 - 2.56). By contrast, the OR associated with each point increase in the
MELD and the Charlson index are 1.09 95% CI (1.06 - 1.12) and 1.11 95% IC (1.02 - 1.20),
respectively. The Morse Fall Risk Score do not predict mortality in this population.
Discharge to a rehabilitation hospital is predicted by low ADL and Braden Scores with
respective OR of 3.78 95% CI (1.97 - 7.29) and 6.23 95% CI (2.53 - 15.4). LOS was
significantly associated with low Braden scores, hazard ratio (HR) 0.63 95% CI (0.44 -
0.91). The ADL score did not have a significant association with LOS. In this context, the
higher the score the lower the hazard of a longer LOS. None of the frailty measures were
associated with 30-day readmission. In multivariate analysis, only MELD and Charlson
index were associated with respective odds ratios of 1.05 95% CI (1.03-1.07) and 1.07 95%
CI (1.01- 1.13) per unit increase.

The frailty measures were significantly different among patients with and without
decompensations, particularly hepatic encephalopathy (HE). Only 348 (60.6%) patients with
HE reported full independence with ADLs compared to 587 (81.9%) of those without HE (p
< 0.0001). Similarly, patients with HE were more likely to have an ADL score < 12 than
those without, 138 (24%) vs 66(9.2%) (p < 0.0001).0f those with HE, 424 (71.9%) had
high/good Braden Scale scores (19-23) compared to 629 (86.3%) of those without (p
<0.0001). The same pattern exists for the Morse Fall Risk score (median 35 vs 55, p <
0.0001).

The clinical variables shown in Table 3 were used to develop a prediction model for each
outcome. The relative improvement in predictive power is shown by displaying the c-
statistics for models without the frailty measures. Employing the models described Table 3,
the AUROC for 90-day mortality, discharge to a rehabilitation facility and 30-day
readmission were 0.83 95% CI (0.80 - 0.86), 0.85 95% CI (0.82 - 0.88) and 0.69 95% ClI
(0.66 - 0.72). For the analysis of 90 day morality, we found that there was a significant
difference between the fit of the Model 1 (which included the ADL and Braden scores) and
Model 2 (p =.01), but not between Model 2 (which included the Charlson index) and Model
3. For the analysis of discharge to a rehabilitation facility, we found that there was a
significant difference between the fit of the Model 1 and Model 2 (p<.0001) but not between
Model 2 and Model 3. For the analysis of 30 day readmission, there was no significant
difference between the fit of the three models.

We next applied the model to a validation procedure. As shown in Table 4, the model
appeared strongly predictive of 90-day mortality with a 83% concordance rate and a c-
statistic of 0.77. Beyond that, for the secondary outcomes of discharge to a rehabilitation
facility and 30-day readmission, the model was more predictive of the former than the latter.
The concordance rate for rehabilitation facility discharge was 85% with a c-statistic of 0.77.
Meanwhile, the 30-day readmission concordance rate was 69.0% with a c-statistic of 0.69.
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Discussion

When a patient with cirrhosis requires hospitalization, they are at increased risk of death.(1,
3, 11) The tools established to assess that risk (e.g. MELD) incompletely capture its
magnitude while investigational tools (e.g. APACHE) require expertise or require expertise
and are unfamiliar to most clinicians.(1, 3, 11, 14, 26) Furthermore, we suspect that a
shortcoming of the MELD score and its derivatives is that they do not include measures of a
patient's frailty. Frailty measures such as functional status and sarcopenia have recently been
validated to predict mortality in the pre-transplant population.(5, 15, 27, 28) In this study of
frailty assessments performed upon admission to a liver unit, we show that measurement of
frailty added significantly to the prediction of 90-day mortality for hospitalized patients with
cirrhosis.

Frailty is a powerful prognostic sign for patients with cirrhosis for a number of reasons.
First, previous studies have found that sarcopenia is associated with mortality as well as
encephalopathy in patients with cirrhosis.(28, 29) Frailty and sarcopenia are likely correlated
if not causally linked, though further study is required to confirm this. As sarcopenia
advances, so too would frailty. Yet frailty is easy to assess while sarcopenia is difficult and
costly to determine, often requiring advanced imaging.(28) Second, though we adjusted for
overt encephalopathy, cognitive impairment would limit performance of ADLs and may
reflect un- or under treated hepatic encephalopathy. Third and most importantly, frailty may
be a modifiable risk factor that could respond to intensive nutritional support and physical
therapy.

Our study extends the results of prior work with three novel findings. First, the ADL score is
the simplest and most broadly predictive of the three nursing assessments evaluated. Other
available predictive tools such as the APACHE or CLIF-SOFA are good predictors and
could also be performed by nurses.(4, 26) However, these metrics are mainly familiar to
clinicians and nurses in intensive care units. As a result, and in contrast to the scores
assessed in this study, advanced indices such as the APACHE or CLIF-SOFA cannot be
performed on most wards without extensive training and validation.(14, 26)

Second, Lai and colleagues previously showed that frailty as reflected by an ADL score is
an independent predictor of mortality in outpatients with cirrhosis assessed by a dedicated
research staff.(5) Our results underscore the generalizability and broad applicability of these
assessments as they were drawn from the inpatient setting using assessments that were
collected from nurses without specific training as part of clinical care.

Third, we confirm that the prediction of 30-day readmission rates for patients with cirrhosis
is difficult. Prior work from Singal and colleagues generated a prediction model that yielded
a c-statistic of 0.66 using a large number of clinical variables (30) including MELD, number
of address changes and admissions in the prior year, insurance status, platelet count,
hemoglobin, sodium and alanine aminotransferase level. Our c-statistic was a comparable
0.69. Despite assessing a novel clinical dimension (frailty), we were not able to improve the
prediction of readmissions. Further study of additional variables using fundamentally
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different approaches may be required to determine the predictors of readmission in this
population.

Our data must be interpreted within the context of the study design. First, this study took
place on a dedicated liver disease unit and as such the results may not be generalizable to
other settings. On the other hand, the metrics assessed are familiar to most American nurses
and there is nothing specific about the training of our nurses that would limit the translation
of these results. Second, we did not power our study to determine whether this model
applied best to specific subgroups, such as those with ascites or encephalopathy. Third,
though in our healthcare market, patients with complex conditions are generally not cared
for a multiple hospitals, we may not have been able to capture all 30-day readmissions, such
as those to hospitals outside of our network. Fourth, though we provide statistically
validated assessments of frailty, there is no gold-standard for frailty against which to
compare the assessments performed.

In conclusion, simple assessments of frailty at admission have a powerful effect on the
prediction of clinical events for patients with cirrhosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1
Demographicsand Clinical Variables

Number of unique patients (N) 734
Age - average years (SD) 57.3 (11.5)
Males - n (%) 453 (62%)
Number of admissions (n) 1358
1 admission - n (%) 462 (63%)
2-4 admissions - n (%) 225 (31%)
5+ admissions - n (%) 47 (6%)

Patient Characteristics at Each Admission
MELD - average (SD) 17.9 (7.5)
Admission Sodium - median meg/L (IQR) 136 (131 - 139)
Admission Bilirubin - median mg/dL (IQR) 5.1 (0.9 -5.5)
Admission INR - median (IQR) 14(1.2-1.8)
Admission Platelet Count - median (IQR) 114 (75 - 174)
Charlson Comobidity Index - median (IQR) 4(2-6)

Length of stay - median days (IQR) 4(2-8)
Discharge to rehabillitation - n (%) 199 (14.7)
30-day readmssion - n (%) 436 (32.1)
90-day mortality - n (%) 230 (16.9)
Active Problems During Hospitalization
Overt Hepatic Encephalopathy 613 (45.1%)
Ascites - n (%) 565 (41.6%)
Gastrointestinal Bleeding - n (%) 385 (28.4%)
Hepatocellular Carcinoma - n (%) 138 (10.2%)
Spontaneous bacterial peritonitis - n (%) 102 (7.5%)
Acute alcoholic hepatitis 95 (7.0%)

IQR = Interquartile range; MELD = Model for Endstage Liver Disease, SD = Standard deviation
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Table 3
M easur es of Outcome Prediction by Models With and Without Frailty Measures

Model 1 (Full Model) Model 2 Model 3
Area Under the Receiver Operating Curve (95% Confidence Interval)
90 day mortality 0.83 (0.80 - 0.86) 0.81 (0.78 - 0.84) 0.80 (0.77 - 0.84)
Discharge to a rehabilitation facility 0.85(0.82 - 0.88) 0.73(0.70 - 0.77) 0.72 (0.68 - 0.76)
30 day readmission 0.69 (0.66 - 0.72) 0.69 (0.66 - 0.72) 0.69 (0.65 - 0.72)

For 90 Day Mortality: Model 1 includes Charlson, Braden and ADL scores and the variables described in Model 3. Model 2 includes Charlson and
Model 3's variables but excludes Braden and ADL; Model 3 includes Sex, Age, MELD, Sodium, Cirrhotic Decompensation, Infection,
Hepatocellular Carcinoma, Provider, Quality Improvement Intervention Phase, and prior admission in the Past 30 days (excludes Braden, ADL,
and Charlson).

For Discharge to a rehabilitation facility: Model 2 includes Sex, Age, MELD, Sodium, and Charlson (excludes Braden, ADL, Morse Fall); Model 3
is described above

For 30 Day Readmission: Model 2 includes Sex, Age, MELD, Sodium, and Charlson (excludes Braden); Model 3 is described above
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Table 4

Results of the Model Validation

Prediction Model

Validation Model

Measure C-Statistic (95% Cl) | Concordance Rate | C-Statistic (95% CI)
90 day mortality 0.83 (0.80 - 0.86) 0.83 0.77 (0.71 - 0.83)
Discharge to a rehabilitation facility 0.85(0.82 - 0.88) 0.85 0.76 (0.69 - 0.83)
30 day readmission 0.70 (0.66 - 0.75) 0.69 0.69 (0.65 - 0.74)

Page 13

Note: Concordance rate reflects the proportion of cases in which the observed outcome and the outcome predicted by the model (derived in the

prediction data set) were concordant
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