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Abstract

Objective—Severe sepsis survivors frequently experience cognitive and physical functional
impairment. The degree of impairment and its association with mortality is understudied,
particularly among those discharged to a skilled nursing facility (SNF). Our objective was to
quantify the cognitive and physical impairment among severe sepsis survivors discharged to a
SNF, and to investigate the relationship between impairment and long-term mortality.

Design—Retrospective cohort study
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Setting—United States

Subjects—Random 5% sample of Medicare patients discharged following severe sepsis
hospitalization, 2005-2009 (n=135,370).

Measurement and Main Results—Medicare data were linked with the Minimum Data Set
(MDS); MDS-COGS was used to assess cognitive function, and the MDS ADL hierarchical scale
was used to assess functional dependence. Associations were evaluated using multivariable
logistic regression, Kaplan Meier curves, and Cox proportional hazards regression. Of 66,540
beneficiaries admitted to a SNF following severe sepsis, 34% had severe or very severe cognitive
impairment, and 72.5% had maximal, dependence, or total dependence in ADL. Median survival
was 19.4 months for those discharged to a SNF without having been in a SNF in the preceding 1
year, and 10.4 months for those discharged to a SNF who had spent time in a SNF in the prior
year. The adjusted hazard ratio (HR) for death was 3.1 for those with very severe cognitive
impairment relative to those who were cognitively intact (95% CI 2.9 to 3.2, p<0.001), and 4.3 for
those with “total dependence” in ADLSs relative to those who were independent (95% CI 3.8 to 5.0,
p<0.001).

Conclusions—Discharge to a SNF following severe sepsis hospitalization among Medicare
beneficiaries was associated with shorter survival, and cognitive impairment and ADL dependence
were each strongly associated with shortened survival. These findings can inform decision-making
by patients and physicians, and underscores high palliative care needs among sepsis survivors
discharged to SNF.

Keywords

severe sepsis; elderly; survival; cognitive impairment; activities of daily living; critical illness;
functional status; debility

Introduction

Severe sepsis affects over 750,000 Americans annually, with over 60% of cases occurring in
those over 65 years of age (1, 2), and the number of survivors is growing because of
increasing incidence and declining case fatality rates (3). Many survivors (4) experience
reduced quality of life (5, 6) as a result of decline in physical function leading to debility (7—
9) as well as new cognitive impairment (7, 10, 11), and are at increased risk of death in the
months and years following sepsis (12).

More than one-third of all sepsis survivors are discharged to a skilled nursing facility (SNF)
based upon the need for skilled nursing care, physical and occupational therapy, and/or
speech-language pathology services following hospital discharge (13). Patients over age 65
are much more likely to be discharged to a SNF following sepsis hospitalization than are
younger patients (14). The degree and impact of cognitive and functional impairment among
severe sepsis survivors discharged to SNF settings are unknown. Studying older adults
discharged to a SNF may add to our understanding of the magnitude of the challenges facing
patients following severe sepsis hospitalization, and may highlight care needs of those
patients. Furthermore, better knowledge of the association between cognitive and physical
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functional impairment and long-term survival could improve the understanding of prognosis
in these patients.

Our primary outcome was to quantify the cognitive and physical functional impairment
among a national random sample of Medicare beneficiaries who survived a hospitalization
with severe sepsis and were discharged to a SNF, and to investigate the association between
severity of acute illness and cognitive and physical functional impairment using care in an
intensive care unit (ICU) and receipt of mechanical ventilation as markers of severity. We
also examined the proportion of severe sepsis survivors discharged to a SNF, and
investigated the relationship between the degree of cognitive and physical functional
impairment at SNF admission and long-term mortality.

Data Sources

Variables

Enrollment, demographic, and claims data were obtained for a 5% random sample of
Medicare beneficiaries from the Centers for Medicare & Medicaid Services (CMS) Chronic
Conditions Data Warehouse (CCW) 2004-2009 (15). Beneficiaries aged 65 and older were
included, and those who were in an HMO or received railroad retirement benefits were
excluded. We identified hospitalizations that included an episode of severe sepsis 2005-2009
(data from 2004 was used to allow for one-year of pre-hospitalization data on all subjects)
with a validated claims-based definition of severe sepsis that uses International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis
codes to identify the presence of infection and acute organ dysfunction (2). Data from the
CCW were linked with the CMS Long-Term Care Minimum Data Set 2.0 (MDS) (16), a
standardized screening and assessment tool of health status mandated for all residents of
Medicare and/or Medicaid certified SNFs. In the United States, SNF care includes short-
term post-acute or rehabilitative care as well long-term residential care. For most patients
discharged from the hospital setting, the goal is to return to the community and up to 100
days of care in a SNF is covered by Medicare. Long-term patients’ SNF care is paid out-of-
pocket by patients and their families, by long-term care insurance, or Medicaid when
personal resources are insufficient or have been exhausted. The University of Wisconsin
Institutional Review Board determined this study to be exempt.

Patient-level variables from Medicare files included age, sex, race, Medicaid status as a
marker of socioeconomic status, whether initial Medicare enrollment due to disability, and
index hospitalization length of stay. Race was categorized as white, black, or other based on
the beneficiary race code (17). Rurality was assessed with each patient’s residence by zip
code, using the U.S. Department of Agriculture’s rural-urban commuting area codes (18,
19). Each patient’s CMS hierarchical condition category (CMS-HCC) score, calculated from
all health insurance claims over the year before the index hospitalization, was included as a
risk adjustment measure (20). Comorbid conditions were identified using Elixhauser
methods, incorporating data from the index hospitalization as well as all hospitalizations and
physician claims during the year prior (21). Respiratory failure requiring mechanical
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ventilation, a marker of increased severity of illness among those with severe sepsis, was
identified by the presence of ICD-9-CM mechanical ventilation procedure codes 96.70,
96.71, or 96.72 (22). The presence of a diagnosis of dementia in the year prior to hospital
admission was identified using an approach developed and validated in Medicare data and
which has sensitivity of 85% and specificity of 89% (23, 24).

Cogpnitive function among those admitted to a skilled nursing facility was assessed using the
MDS-Cognition Scale (MDS-COGS), a validated additive cognitive scale derived from
Minimum Data Set (MDS) assessments (25-27). The MDS-COGS score incorporates data
from 8 MDS variables (Supplemental Table 1), and was considered missing if data for all 8
variables was missing; otherwise missing variables were coded as zero for calculation of the
score. This score (with range 0-10) was categorized in the standard way into 4 levels of
cognitive function, “intact” (0-1), “moderate impairment” (2-4), “severe impairment” (5-8),
and “very severe impairment” (9—10). Dependence in activities of daily living (ADL) was
assessed using the MDS-ADL hierarchical scale, a validated hierarchical scale of
dependency in activities of daily living based upon MDS items regarding independence in
personal hygiene, toileting, locomotion, and eating, with higher scores indicate more
impairment in ADL performance (Supplemental Table 2) (28-30). It was considered missing
if data for all 7 variables was missing, otherwise missing variables were coded as zero for
calculation of the score.

Statistical Analysis

Bivariate analysis compared differences between those discharged to a SNF and those
discharged to all other destinations. Among those discharged to SNF settings, we compared
those who had and had not been in a SNF in the preceding year. Bivariate analyses used XZ
for sex, age, race, Medicaid enrollment status, rural residence, diagnosis of dementia,
indicator of an ICU stay, and indicator of the receipt of mechanical ventilation; Student’s t
test for age; and Wilcoxon rank-sum tests for HCC score, hospital and ICU length of stay.
Associations between hospitalization factors, patient demographics, and comorbid illness
with severe or very severe cognitive impairment (the two most severe categories of MDS-
COGS) or dependence or total dependence in ADL (the two most dependent categories in
the ADL Hierarchical Scale) were evaluated using multivariable logistic regression. Model
calibration was assessed with the Hosmer Lemeshow goodness-of-fit test, with p<0.05
considered evidence to reject the null hypothesis of good model fit. Odds ratios were
converted to risk ratios, since the outcomes of interest were common (31). Survival by
categories of cognitive and physical functional impairment were compared with Kaplan
Meier curves, with statistical significance of differences by cognitive and ADL categories
evaluated using the log-rank test (32). The risk of death following hospitalization was
assessed using Cox proportional hazards regression models using robust variance estimates,
and the assumption of proportionality was evaluated using log(-log) survival curves. For
those with more than one hospitalization for severe sepsis, survival analyses were carried out
using data from the first hospitalization. Multivariable models were adjusted for the
following potential confounders a priori. age, sex, race, rurality, Medicaid eligibility, the
receipt of mechanical ventilation during the hospitalization, admission to the ICU during the
hospitalization, indicators for each of the 23 Elixhauser comorbidities with a prevalence in
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the cohort of >5%, the remainder of the Elixhauser comorbidities combined as a single
indicator variable, and CMS-HCC risk score.

Results

Patient Characteristics

There were 135,370 subjects who survived 175,755 severe sepsis hospitalizations during
2005-2009, and following 66,540 of these hospitalizations, the subject was admitted to a
SNF (Table 1, for which the level of analysis is each hospitalization). Those survivors
discharged to a SNF tended to be older, were less likely to be male, more likely to be
enrolled in Medicaid, slightly more likely to have been cared for in the ICU but no more
likely to have received mechanical ventilation (7.3% for both groups). Those discharged to a
SNF were also much more likely to have dementia (46.1% versus 27.3%, p<0.001). For
31,114 (46.8%) of those SNF admissions, the beneficiary had not been in a SNF in the year
preceding hospitalization. Compared to those previously admitted to a SNF, those newly
admitted were more likely to be white, much less likely to be receiving Medicaid benefits
(19.6% versus 40.5%. p<0.001), much less likely to be diagnosed with dementia in the year
preceding hospitalization (28.1% versus 61.9%, p<0.001), slightly more likely to have spent
time in the ICU and more likely to have received mechanical ventilation during the
hospitalization (8.6% versus 6.1%, p<0.001) (Table 1).

Cognitive Impairment

Data necessary to calculate MDS-COGS was missing for 0.2% of subjects, and 98% of
subjects had missing data for 2 or fewer of the component variables. Thirty-four percent of
survivors had severe or very severe cognitive impairment upon SNF admission; those newly
admitted were more likely to be cognitively intact compared to those who had been
previously in the SNF (Supplemental Table 3). Those who received mechanical ventilation
during hospitalization were more likely to have very severe cognitive impairment. In
adjusted analyses, mechanical ventilation was associated with the outcomes of severe or
very severe cognitive impairment (Risk Ratio 1.30, 95% CI 1.25 to 1.36, p<0.001), with the
magnitude of this association being larger than the association between 10 additional years
of age, male sex, or prior residence in a SNF and this outcome (Table 2).

Activities of Daily Living
Data necessary to calculate ADL hierarchical scale was missing for 9 subjects (0.01%), and
more than 99.9% of subjects had missing data for 2 or fewer of the component variables.
Most survivors had complete dependence in at least 1 ADL, and 72.5% had an ADL
Hierarchal Scale score indicating Maximal, Dependence, or Total Dependence at SNF
admission (Table 2). Those who received mechanical ventilation during a severe sepsis
hospitalization were more likely to have total dependence in ADLs, both in those newly
admitted to the SNF and those who had been in a SNF in the year preceding hospitalization.
For each of the 7 ADLs assessed upon SNF admission, those newly admitted to the SNF
were less dependent than those previously admitted to the SNF. Mechanical ventilation was
associated with the outcome of Dependence or Total Dependence in ADLs (RR 1.31, 95%
Cl 1.28 to 1.35, p<0.001), with the magnitude of this association being larger than the
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associations between 10 additional years of age, prior residence in a SNF, or a diagnosis of
dementia prior to the severe sepsis hospitalization and this outcome (Table 2).

Survival after Hospital Discharge

Discharge destination was associated with survival (Figure 1, log rank p<0.001). One-year
mortality was 35.6% among those not discharged to SNF, 43.2% among those discharged to
SNF who had not been in SNF in the year prior, and 52.8% among those discharged to SNF
who had been in a SNF in the year prior. Among those discharged to a SNF, cognitive
function at the time of SNF admission was strongly associated with survival (Figure 2a).
Median survival for those with very severe cognitive impairment upon SNF admission
(comprising 6.3% of the cohort) was 2.6 months, for those with severe cognitive impairment
(27.7% of the cohort) was 7.0 months, and for those with moderate cognitive impairment
(28.5% of the cohort) was 14.3 months, compared to 24.2 months for the 37.6% of the
cohort who were cognitively intact (Figure 2a, p<0.01 across categories). In adjusted
analyses the risk of death was 40% higher for those with moderate cognitive impairment,
twice as high for those with severe cognitive impairment upon SNF admission, and over 3
times as high for those with very severe cognitive impairment relative to those who were
cognitively intact (Table 3). Results were similar when restricted to those who were free of
dementia and had not been in a SNF in the year prior to severe sepsis hospitalization
(Supplemental Table 4).

ADL dependence at the time of SNF admission was also strongly associated with long-term
survival (Figure 2b). Median survival for those with the highest level of dependence by the
ADL hierarchical scale upon SNF admission (comprising 12.6% of the cohort) was 2.3
months (95% CI 2.1 to 2.4 months), and for those with the second highest level of
dependence in ADLs (33.5% of the cohort) was 8.7 months (95% CI 8.2 to 9.2 months)
compared to 39.9 months for the 0.9% of the cohort who were independent in ADLs (95%
ClI 36.0 to 45.6 months) upon SNF admission (Figure 2b, p<0.01 across the 7 categories). In
adjusted analyses, the risk of death was over twice as high for those who were “dependent”
in ADLs upon SNF admission and over 4 times as high for those with “total dependence” in
ADLSs relative to those who were independent (Table 3). Results were similar when
restricted to those who were not in a SNF and who dementia-free in the year prior to severe
sepsis hospitalization (Supplemental Table 4).

Discussion

We determined that among the nearly half of Medicare beneficiaries surviving a
hospitalization for severe sepsis who are discharged to a SNF, more than 1 in 3 had severe or
very severe cognitive impairment, and nearly half had dependence in =4 ADLs or had total
dependence for eating and/or locomotion. We found an association between discharge to a
SNF following severe sepsis and shorter survival, which has been shown for other conditions
(35). The 1-year mortality of sepsis survivors discharged to SNF was much higher than that
of patients admitted to a SNF for post-acute care following hospitalization for other
conditions (Almost 50% versus 26.1%) (36). Median survival for the most severely
cognitively impaired survivors of severe sepsis (2.6 months), or those with the highest level
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of dependence in ADLs (2.3 months), was less than half that of patients with newly
diagnosed metastatic non-small cell lung cancer or metastatic pancreatic cancer. Even
among those without a diagnosis of dementia or a SNF stay in the year prior to
hospitalization, cognitive and ADL dependence were each strongly associated with
substantially higher mortality.

The magnitude of the association between poorer cognitive performance and greater ADL
dependence at the time of admission to a SNF and shortened survival is striking. These data
can inform physicians, patients, and their families’ as they weigh the potential benefits of
rehospitalization, ongoing or recurrent life-sustaining therapy, and cardiopulmonary
resuscitation against the substantial burdens of such therapies. These results demonstrate the
need for palliative care services to be incorporated into SNF care, an aspect of care in the
SNF setting that needs considerably improvement (37-39). In addition, many of these
patients might have benefited from Hospice enrollment, which until 2016 has not been
possible for patients receiving post-hospitalization care in a SNF using Medicare benefits
(38, 40). Finally, the post-acute care Medicare SNF benefit often requires that patients
receive rehabilitative services that, for patients whose trajectory suggests ongoing decline or
those who are actively dying, may not be appropriate.

These findings also highlight the urgent need for approaches to minimize the risk of
worsened cognitive impairment and new physical limitations that frequently develop during
severe sepsis hospitalization. If novel management strategies in the hospital are developed to
reduce these risks, such as effective approaches to prevent or treat delirium, or if novel
therapies following such a hospitalization currently being investigated, such as cognitive and
functional rehabilitation (41, 42), are discovered to effectively mitigate cognitive impairment
and ADL dependence, longer-term survival may be improved as well.

There are several limitations to consider. This study is observational, and there is the risk
that the associations we observed between factors such as mechanical ventilation and
cognitive and functional outcomes and between cognitive and functional impairment and
shortened survival may be confounded by variables not considered in these analyses, or not
available in our data sources. We can only evaluate cognitive and functional status in those
sepsis survivors discharged to a SNF, and so we cannot make comparisons with those who
were discharged home. The association between severe sepsis hospitalization and functional
impairment is bidirectional: pre-morbid functional impairment is a risk for poor outcomes
following severe sepsis (43-45) and is likely a risk for severe sepsis itself (46), and severe
sepsis (along with other critical illness syndromes) is a risk for cognitive and physical
functional impairment following hospitalization (7, 8, 10). We cannot determine how much
of the observed cognitive impairment and ADL dependence was newly acquired during the
hospitalization. However, this question may be less relevant given how strongly such
impairment is associated with poor outcomes including significantly shortened survival. A
related limitation is that this study utilizes assessment of cognitive impairment and ADL
dependence only at the time of SNF admission. Cohort studies of patients with critical
illness syndromes have demonstrated that many survivors experience improvement in
cognitive function in the months following discharge (11, 47), though the patients in these
studies were generally younger. Recovery of physical function in older adults following
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hospitalization occurs in a minority of patients (9, 48, 49), and data suggest that older adults
admitted to a SNF after hospitalization (particularly those with pre-hospitalization functional
impairment) have a low likelihood of recovery (50, 51). Regardless, we do not know how
much the impairment seen in this study may be transient. However, given the strength of
association between a higher burden of cognitive impairment and ADL dependence and
shorter survival, this uncertainty does not diminish the significance of these findings.

Future studies including an assessment of cognitive or ADL trajectory after (and ideally
before) severe sepsis hospitalization may allow a fuller understanding of these associations
with longer term outcomes, and could investigate for a differential impact of preexisting
versus newly acquired impairment (9, 52). Prospective studies to differentiate those patients
with newly acquired cognitive and other functional impairment who are most likely to
recover are also needed, not only for prognostication to inform decision-making but also to
allow for targeted interventional studies. In the meantime, physicians who care for older
adults during and after severe sepsis should take these striking data into account as they
counsel patients and families struggling with life after sepsis.

Conclusion

In this retrospective cohort study of Medicare beneficiaries surviving a hospitalization with
severe sepsis, discharge to a SNF was associated with shorter survival. Among those
discharged to a SNF, cognitive impairment and ADL dependence were each quite common
and were each strongly associated with shortened survival. These findings can inform
decision-making by patients and physicians, and underscores high palliative care needs
among sepsis survivors discharged to SNF. They also highlight the urgent need for
approaches to minimize the cognitive and physical functional impact of hospitalization for
severe sepsis.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Survival by discharge destination. Kaplan Meier curve of survival following severe sepsis
hospitalization, comparing those not discharged to a skilled nursing facility (SNF), those
discharged to a SNF who were not in a SNF in the year prior to severe sepsis hospitalization,
and those discharged to SNF who had been in a SNF in the year preceding severe sepsis
hospitalization. Log-rank test for trend across categories p<0.001.
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Figure 2a.

Survival by cognitive status. Kaplan Meier curves of survival after discharge from severe
sepsis hospitalization among those discharged to skilled nursing facility (SNF) by cognitive
at SNF admission. Cognitive status determined by MDS-COGS. Log-rank test for trend
across categories of cognitive function p<0.001.
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Figure 2b.

Survival by functional status. Kaplan Meier curves of survival after discharge from severe
sepsis hospitalization among those discharged to skilled nursing facility (SNF) by level of
independence in activities of daily living (ADL) at SNF admission. Categories of ADL
dependence created using ADL hierarchical scale. Log-rank test for trend across categories
of ADL dependence p<0.001.
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Table 2

Associations between demographic and clinical factors with cognitive and functional outcomes ™

Page 16

Outcome Variable
Severeor Very Severe Cognitivel mpairmentT Dependence or Total Dependencein apL}

Variable Risk Ratio (95 % Confidencelnterval) | Pvalue | Risk Ratio (95 % Confidencelnterval) | P value
Age (each additional 10 years) 1.25(1.22t01.27) <0.001 1.08 (1.07 to 1.10) <0.001
Male sex 1.11 (1.08 to 1.14) <0.001 0.91 (0.93 t0 0.97) <0.001
Race

White Referent - Referent -

Black 1.39 (1.35t0 1.44) <0.001 1.21 (1.18t0 1.24) <0.001

Other 1.30 (1.23t0 1.37) <0.001 1.20 (1.16 to 1.25) <0.001
Medicaid dual enroliment 1.17 (1.14 to 1.20) <0.001 1.08 (1.05 to 1.10) <0.001
Rural residence 1.12 (1.07 to 1.16) <0.001 1.01 (0.97 to 1.04) 0.64
Dementia (Taylor) 1.96 (1.93 to 2.00) <0.001 1.19(1.17to 1.21) <0.001
Prior SNF in 1 year 1.16 (1.13 to 1.19) <0.001 1.15(1.13t0 1.17) <0.001
Mechanical ventilation 1.30 (1.25 to 1.36) <0.001 1.31(1.27 t0 1.35) <0.001
ICU stay during hospitalization 0.98 (0.95 to 1.00) 0.10 1.18 (1.07 to 1.11) <0.001

Multivariable logistic regression, with additional variables in the model including indicators for each of the 23 Elixhauser comorbidities with a
prevalence in the cohort of >5%, the remainder of the Elixhauser comorbidities combined together as a single indicator variable, and CMS-HCC

risk score;

fFrom MDS-COG;
7

From ADL Hierarchical Scale categories;
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