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BACKGROUND: Repeated hospitalizations are frequent
toward the end of life, where each admission should be an
opportunity to initiate advance-care planning to high-risk
patients.

OBJECTIVE: To identify the risk factors for having a 30-day
potentially avoidable readmission due to end-of-life care
issues among all medical patients.

DESIGN: Nested case-control study.

SETTING/PATIENTS: All 10,275 consecutive discharges
from any medical service of an academic tertiary medical
center in Boston, Massachusetts between July 1, 2009 and
June 30, 2010.

MEASUREMENTS: A random sample of all the potentially
avoidable 30-day readmissions was independently reviewed
by 9 trained physicians to identify the ones due to end-of-life
issues.

RESULTS: Among 534, 30-day potentially avoidable read-
mission cases reviewed, 80 (15%) were due to an end-of-

life care issue. In multivariable analysis, the following risk
factors were significantly associated with a 30-day poten-
tially avoidable readmission due to end-of-life care issues:
number of admissions in the previous 12 months (odds ratio
[OR]: 1.10 per admission, 95% confidence interval [Cl]:
1.02-1.20), neoplasm (OR: 5.60, 95% ClI: 2.85-10.98), opiate
medications at discharge (OR: 2.29, 95% ClI: 1.29-4.07), Elix-
hauser comorbidity index (OR: 1.16 per 5-point increase,
95% Cl: 1.10-1.22). The discrimination of the model (C statis-
tic) was 0.85.

CONCLUSIONS: In a medical population, we identified
4 main risk factors that were significantly associated with
30-day potentially avoidable readmission due to end-of-life
care issues, producing a model with very good to excellent
discrimination. Patients with these risk factors might benefit
from palliative care consultation prior to discharge in order
to improve end-of-life care and possibly reduce unneces-
sary rehospitalizations. Journal of Hospital Medicine
2014;9:310-314. © 2014 Society of Hospital Medicine

The need to improve end-of-life care is well recog-
nized. Its quality is often poor, and its cost is enor-
mous, with 30% of the Medicare expenditures used
for medical treatments of the 6% of beneficiaries who
die each year."” Repeated hospitalizations are frequent
toward the end of life,> where each admission should
be viewed as an opportunity to initiate advance care
planning to improve end-of-life care and possibly
reduce future unnecessary readmissions.™® Identified
problems include undertreatment of pain, lack of
awareness of patient wishes or advance directives, and
unwanted overtreatment.

To improve quality and reduce unnecessary hospital
use near the end of life, there is an urgent need to
help healthcare providers to better identify the most
vulnerable and at-risk patients to provide them with
care coordination and supportive care services. We
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aimed to identify the risk factors for having a 30-day
potentially avoidable readmission (PAR) due to end-
of-life care issues.

METHODS

Study Design and Population

A nested case-control study was designed where
potentially avoidable end-of-life readmissions were
compared to nonreadmitted controls. We collected
data on all consecutive adult patient admissions to
any medical services of the Brigham and Women’s
Hospital with a discharge date between July 1, 2009
and June 30, 2010. Brigham and Women’s Hospital is
a 780-bed academic medical center in Boston, Massa-
chusetts. To avoid observation stays, only admissions
with a length of stay of more than 1 day were
included. We excluded patients who died before dis-
charge, were transferred to another acute care hospital,
and those who left against medical advice. We also
excluded patients with no available data on medication
treatment at discharge. The protocol was approved by
the institutional review board of Brigham and Wom-
en’s Hospital/Partners Healthcare.

Study Outcome

The study outcome was any 30-day PAR due to end-
of-life issues. To determine this outcome, first we
identified all 30-day readmissions to any service of 3
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hospitals within the Partners network in Boston that
followed the index hospitalization (prior studies have
shown that these hospitals capture approximately
80% of readmissions after a Brigham and Women’s
Hospital medical hospitalization).®” These readmis-
sions were subsequently differentiated as potentially
avoidable or not using a validated algorithm (SQLape;
SQLape, Corseaux, Switzerland).®’ This algorithm
uses administrative data and International Classifica-
tion of Diseases, 9th Revision, Clinical Modification
codes from the index and repeat hospitalization.
Readmissions were considered potentially avoidable if
they were: (1) readmissions related to previously
known conditions during the index hospitalization, or
(2) complications of treatment (eg, deep vein throm-
bosis, drug-induced disorders). Conversely, readmis-
sions were considered unavoidable if they were: (1)
foreseen (such as readmissions for transplantation,
delivery, chemo- or radiotherapy, and other specific
surgical procedures), (2) follow-up and rehabilitation
treatments, or (3) readmissions for a new condition
unknown during the preceding hospitalization. The
algorithm has both a sensitivity and specificity of
96% compared with medical record review using the
same criteria. Finally, a random sample of the 30-day
PARs was reviewed independently by 9 trained senior
resident physicians to identify those due to end-of-life
issues, defined by the following 2 criteria: (1) patient
has a terminal clinical condition, such as malignancy,
end stage renal disease, end stage congestive heart fail-
ure, or other condition with a life expectancy of 6
months or less; and (2) the readmission is part of the
terminal disease process that was not adequately
addressed during the index hospitalization. Examples of
factors that were used when identifying cases included
lack of healthcare proxy and lack of documentation of
why end-of-life discussions did not take place during the
index hospitalization. Training of adjudicators included
a didactic session and review of standardized cases.

Risk Factors

We collected candidate risk factors based on a priori
knowledge and according to the medical literature,'®~!2
including demographic information, previous health-
care utilization, and index hospitalization characteris-
tics from administrative data sources; procedures and
chronic medical conditions from billing data; last labo-
ratory values and medication information prior to dis-
charge from the electronic medical record (Table 1).
When laboratory values were missing (<1%), values
were considered as normal.

Statistical Analysis

We first conducted a bivariate analysis on all collected
potential risk factors, comparing admissions followed
by a 30-day PAR due to end-of-life care issues with
admissions not followed by any 30-day readmission,
using the Pearson y? test for categorical variables and
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Student # test for continuous variables. Then, we per-
formed a multivariable logistic regression restricted to
the variables that were found significantly associated
with the outcome in the bivariate analysis. Age and
Elixhauser comorbidity index were forced into the
model as important potential confounders. Because a
patient could have several outcomes over the study
period, we used general estimating equations to clus-
ter at the patient level. All tests were conducted as 2-
sided at a 0.05 level of significance. Analyses were

performed using the SAS system for Windows, version
9.3 (SAS Institute Inc., Cary, NC).

RESULTS

From the total of 12,383 patients who were dis-
charged from the medical services of the Brigham and
Women’s Hospital during the study period, 2108
(17.0%) were excluded because of: (1) death before
discharge, (2) transfer to another acute care hospital,
(3) discharge against medical advice, or (4) missing
data (Figure 1). Among the 10,275 eligible admissions,
22.3% (n=2301) were followed by a 30-day readmis-
sion. Of these, 826 (8.0% of all admissions) were iden-
tified as potentially avoidable. Among a random sample
of 534 PARs, 80 (15.0%) were related to end-of-life
care issues (cases). Of note, only 16 (20%) of these
patients received palliative care consultation during the
index hospitalization. A total of 7974 discharges were
not followed by any 30-day readmission (controls).

Baseline characteristics are presented in Table 1.
Among the combined cohort of cases plus controls, the
patient’s mean age at inclusion was 61.3 years, and
about half were male. In bivariate analysis, demographics
such as age and sex were similar between cases and con-
trols. Cases had more hospitalizations in the previous
year, a higher number of medications at discharge, and a
higher Elixhauser comorbidity index. When looking at
diseases more specifically, neoplasm was significantly
associated with potentially avoidable 30-day readmission
due to end-of-life care issues. In contrast, end-stage renal
disease was associated with a significantly lower risk of
30-day PAR due to end-of-life care issues.

In multivariate analysis, 4 factors remained signifi-
cantly associated with 30-day PAR due to end-of-life
care issues (Table 2). Neoplasm was the strongest risk
factor, with an odds ratio of 5.6 (95% confidence
interval: 2.85-11.0), followed by opiate medication
use, Elixhauser score, and number of admissions in
the previous 12 months.

The model, including all 4 variables, had an excel-
lent discrimination power, with a C statistic of 0.85.
Without the Elixhauser score, the C statistic remained
very high, with a value of 0.82.

DISCUSSION

In a large medical population, potentially avoid-
able readmissions due to end-of-life care issues
were not uncommon: 15% of all potentially
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TABLE 1. Baseline Characteristics With Bivariate Analysis of Risk Factors for 30-Day PAR due to End-of-Life Care

Issues
No 30-Day Readmission, 30-Day PAR due to
Characteristics n=7,974 End of Life, n =80 P Value
Age, y, mean (SD) 61.5(16.6) 60.8 (11.9) 0.69
Male sex, n (%) 3875 (48.6) 37 (46.3) 0.69
Ethnicity, n (%) 0.05
Non-Hispanic white* 5772 (12.4) 69 (86.3)
Non-Hispanic black 1281 (16.1) 4(5.0)
Hispanic 666 (8.4) 5(6.9)
Other 255(3.2) 2(2.5)
Language, n (%) 099
English* 7254 (91.0) 73(913)
Spanish 415(5.2) 4(5.0)
Other 305(3.9) 3139
Marital status, n (%) 0.37
Currently married or partner* 4107 (51.35) 46 (57.5)
Single/never married 1967 (24.7) 14(17.5)
Separated/divorced/widowed/no answer 1900 (23.8) 20 (25.0)
Source of index admission, n (%) 0.10
Direct from home/outpatient clinic 2456 (30.8) 33(41.3)
Emergency department* 4222 (53.0) 34(42.5)
Nursing home/rehabiltation/other hospital 1296 (16.3) 13(16.9)
Length of stay of the index admission, median (IQR) 4(2-1) 55 (3-8] 0.13
No. of hospital admissions in the past year, median (IQR) 1(0-2 2(0-3) <0.001
Any procedure during the hospital stay, n (%) 4809 (60.3) 57(71.3) 0.05
Identified caregiver at discharge 7300 (91.6) 76(95.0) 027
No. of medications at discharge, mean (SD) 106 (5.1) 13.0(5.0) <0.001
No. of opiate medication at discharge <0.001
0 5297 (66.4) 21(263)
>1 2677 (33.2) 59(73.8)
Elixhauser, median (1QR) 8(2-15) 23 (14-42) <0.001
Selected comorbidities, n (%)
Diabetes mellitus 1971 (24.7) 20(25.0) 0.96
Heart failure 1756 (22.0) 1(139) 0.10
Atrial fibrillation 1439 (18.1) 10(12.5) 0.20
COPD 816 (10.2) 789 0.66
Neoplasm 2705 (33.9) 69 (86.3) <0.001
Stroke 294(3.7) 2(25) 057
ESRD 1258 (15.8) 6(7.5) 0.04
Liver disease 328(4.) 2(29) 047

NOTE: Abbreviations: COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; IQR, interquartile range; PAR, potentially avoidable readmission; SD, standard deviation. *Reference group for the multivari-

able logistic regression.

avoidable readmissions (1.2% of all discharges).
We identified 4 main risk factors for having a 30-
day potentially avoidable readmission due to end-
of-life care issues: neoplasm, opiate use, Elixhauser
comorbidity index, and number of admissions in
the previous year. In a model that includes these 4
variables, the discrimination was very high with a
C statistic of 0.85.

This study extends prior work indicating some risk
factors for the need for palliative care. Neoplasm has
been logically identified as a criterion for palliative
care assessment at the time of admission.'” Patients
with neoplasm are not only at overall high risk for
readmission,'* ™' but they obviously represent a frag-
ile population whose condition is often terminal. Our
results suggest that still more attention may be neces-
sary to reduce the risk of readmission due to end-of-
life care issues in this population (for example, only

20% of cases in our study received palliative care
consultation during the index hospitalization). The
overall comorbidity measured by the Elixhauser index
was not surprisingly a significant risk factor. It prob-
ably accounts for the burden of comorbidities, but
also for other advanced diseases besides neoplasm,
like heart failure, chronic obstructive pulmonary dis-
ease, and others that may also be terminal. The num-
ber of previous hospital admissions in the past year is
also an important risk factor, not only for the general
population, @14 1718 byt also for patients with
more advanced conditions,'* where admissions
become more frequent as the disease progresses
toward end stage. Opioid use was the final statisti-
cally significant risk factor, specific for this popula-
tion, likely as a proxy for disease severity and
progression toward terminal illness, especially in com-
bination with the other risk factors such as cancer.
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FIG. 1. Study flow diagram.

TABLE 2. Multivariate Analysis of Risk Factors for
30-Day Potentially Avoidable Readmission due to
End-of-Life Care Issues

Variable QOdds Ratio (95% Cl)
Age, per 10 years 1.04(0.91-1.19)
No. of admissions in the previous 12 months, per admission 1.10 (1.02-1.20)
Total no. of medications at discharge, per medication 1.04 (1.00-1.10)
Neoplasm 5.60 (2.85-11 0)*
End-stage renal disease 0.60(0.25-1.42)
Opiate medication at discharge 2.29(1. 29—4 07)*
Elixhauser, per 5 unit increase 116 (1.10-1.22)

NOTE: Abbreviations: Cl, confidence interval.
*P<0.05.

Age was not a significant factor in either bivariate or
multivariate analysis. Previous studies on the risk fac-
tors for readmission among patients receiving pallia-
tive care also failed to show age as a significant
factor.”*** Both of these studies looked at readmis-
sions among patients who were already receiving pal-
liative care. Our study asks a fundamentally different
(and in many ways a more practical) question: who
among a large population of medical patients might
benefit from receiving input from palliative care in
the first place. The number of medications at dis-
charge was no longer significant in the multivariate
analysis, likely due to its collinearity with the Elix-
hauser comorbidity index. An increased number of
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medications might be associated with a higher risk of
adverse drug events and readmission, but they would
not be necessarily considered to be end-of-life read-
missions. Taken together, the 4 variables provide a
very promising prediction model with high discrimi-
nation. To our knowledge, there is no previous exist-
ing list of risk factors for 30-day potentially
avoidable readmission due to end-of-life care issues,
and no existing model to help prioritize palliative
care to the most high-risk patients. It is worth noting
that the Elixhauser score might be difficult to calcu-
late before the discharge of the patient (although hos-
pitals with electronic capture of medical problem lists
might be able to approximate it). However, even
without the Elixhauser score, the C statistic remained
very high at 0.82.

Our study has several limitations. Although we
looked at readmissions at 2 other affiliated hospitals,
some patients might have been readmitted to other
acute care facilities outside our network. However,
we would not expect the risk factors in these patients
to be so different. The identification of end-of-life care
issues by medical record review is based on a subjec-
tive judgment, although strict criteria were used.
Furthermore, differentiation between potentially
avoidable readmission and unavoidable readmission
cannot be perfect. We used clear and logical criteria
that were previously validated and allow large data-
base management. Also, we did not analyze a compre-
hensive list of potential risk factors. It is probable that
functional or cognitive status, for example, could also
be important risk factors. We purposely chose a set of
variables that could be easily obtained from adminis-
trative data sources. The small number of cases may
have led to limited statistical power to identify less
strongly associated risk factors. Last, the results may
not be completely generalizable to small or commu-
nity hospitals, in particular those that may care for
less severely ill cancer patients.

Our findings have important implications. End-of-
life care issues are not infrequent causes of readmis-
sion. Our study’s findings could help prioritize pallia-
tive care resources to those patients at higher risk to
improve the quality of end-of-life care. The risk fac-
tors identified in this study could be used informally
by physicians at the bedside to identify such patients.
In addition, a hospital could use these factors to pro-
vide a second-level screen, beyond clinician recogni-
tion, to assist palliative care teams to identify patients
who may not have otherwise been referred. This
screen could be automated, for example, by using a
list of medical problems from an electronic medical
record to approximate an Elixhauser comorbidity
score, or even leaving comorbidities out and simply
relying on the other 3 easily identifiable risk factors.
Such efforts could have a substantial effect on
improving care near the end of life and potentially
reducing unnecessary hospitalizations.
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