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Abstract

Objective: As intensive care units (ICUs) are increasingly a site of end-of-life (EOL) care, many
have adopted EOL care resources. We sought to determine the association of such resources with
outcomes of ICU patients.

Design: Retrospective cohort study.
Setting: Pennsylvania ICUs.
Patients: Medicare fee-for-service beneficiaries.

Exposures: Availability of any of one hospital-based resource (palliative care consultants) or
four ICU-based resources (protocol for withdrawal of life-sustaining therapy, triggers for
automated palliative care consultation, protocol for family meetings, and palliative care clinicians
embedded in ICU rounds).

Measurements and Main Results: In mixed-effects regression analyses, admission to a
hospital with EOL resources was not associated with mortality, length of stay, or treatment
intensity (mechanical ventilation, hemodialysis, tracheostomy, gastrostomy, artificial nutrition, or
cardiopulmonary resuscitation); however, it was associated with a higher likelihood of discharge to
hospice (OR = 1.58; 95% CI = 1.11 to 2.24), an effect that was driven by ICU-based resources
(OR =1.37; 95% CI = 1.04 to 1.81) rather than hospital-based resources (OR = 1.19; 95% CI =
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0.83 to 1.71). Instrumental variable analysis using differential distance (defined as the additional
travel distance beyond the hospital closest to a patient’s home needed to reach a hospital with EOL
resources) demonstrated that among those for whom differential distance would influence receipt
of EOL resources, admission to a hospital with such resources was not associated with any
outcome.

Conclusions: ICU-based EOL care resources do not appear to change mortality but are
associated with increased hospice utilization. Given that this finding was not confirmed by the
instrumental variable analysis, future studies should attempt to verify this finding, and identify
specific resources or processes of care that impact the care of ICU patients at the end of life.

Keywords
palliative care; intensive care units; hospice; hospital mortality; medicare

Introduction

Medicare beneficiaries are increasingly admitted to an intensive care unit (ICU) in the last
30 days of life, estimated at nearly 30% in 2015.1 Consequently, many ICUs have adopted
end-of-life (EOL) resources to facilitate concurrent delivery of critical care and palliative
care.? In a 2014 survey, 52% of ICUs in Pennsylvania reported having access to a hospital-
based palliative care clinician, and 49% had a protocol for withdrawal of life-sustaining
therapy.3

The impact of such EOL resources among critically ill patients is not yet known. Several
studies have reported that palliative care consultation increases rates of discharge to hospice
and may reduce hospital length of stay (LOS); however, these studies include data only from
single centers or exclude palliative care provided by ICU-based clinicians rather than
consultative teams.4-13

The goal of our study was to determine the association of EOL care resources, including
ICU-based resources, and outcomes of ICU patients in the state of Pennsylvania. We
hypothesized that exposure to EOL resources would be associated with higher in-hospital
mortality and rates of discharge to hospice, and lower treatment intensity and hospital LOS.

Materials and Methods

The University of Pennsylvania Institutional Review Board approved the study. We followed
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines in preparing this manuscript.14

Study population and data sources

We performed a retrospective study of Medicare fee-for-service beneficiaries who were
admitted to a Pennsylvania acute care hospital on or after January 15t, 2014 and discharged
on or before December 31%t, 2015, and whose admissions included an ICU stay, defined as
the presence of an ICU revenue center code but not including intermediate care.1® We used
the Centers for Medicare and Medicaid Services (CMS) Medicare Provider Analysis and
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Review (MedPAR) file, which includes inpatient hospital final action stay records, and the
Master Beneficiary Summary File, which includes death dates, to ascertain patient-level
outcomes.

We linked patient-level data with the results of a 2014 organizational survey that was
completed by nurse managers from 136 of 223 (61%) ICUs in Pennsylvania.3
Organizational characteristics of hospitals with responding and non-responding ICUs did not
vary significantly.2 The survey included questions about the availability of five EOL care
resources, including one hospital-based resource (palliative care consultants), and four ICU-
based resources (protocol for withdrawal of life-sustaining therapy, triggers for automated
palliative care consultation, protocol for family meetings, and palliative care clinicians
embedded in ICU rounds). As CMS data did not allow reliable identification of the
admitting ICU in hospitals with multiple ICUs, we defined EOL resources at the hospital
level. Hospitals in which all ICUs did not respond to the survey were excluded from the
study sample. We included information about hospital organizational factors from the
American Hospital Association’s 2014 Annual Survey Database.

We excluded patients younger than 18 years. To minimize the risk of exposure
misclassification, we also excluded any admissions resulting in or originating from an inter-
hospital transfer as these patients were exposed to EOL resources in more than one ICU. We
restricted the study sample to the first admission for each patient during the study period to
avoid non-independence of subsequent admissions. To ensure accurate ascertainment of the
exposure, we further restricted the sample to patients who had an index admission in a
hospital where all ICUs responded to the survey.

Study variables

We defined hospitals as having EOL resources if they had at least one of the five resources
in at least one of their ICUs. The primary outcome was in-hospital mortality. Secondary
outcomes included death within 30, 60, or 90 days of hospital admission, as well as hospital
LOS, discharge to hospice, and treatment intensity. Treatment intensity has been previously
defined as receipt of one or more of the following: mechanical ventilation, hemodialysis,
tracheostomy placement, gastrostomy placement, enteral or parenteral nutrition, or
cardiopulmonary resuscitation.16

We identified potential confounders a priori. Patient characteristics included age, gender,
race or ethnicity, location prior to admission to the hospital (i.e. outpatient or other),
admission day of week (i.e. weekday or weekend), severity of illness, and comorbid illness.
Severity of illness was measured using the components of the Acute Organ Failure Score
(AOFS), a claims-based risk adjustment methodology for ICU admissions, and
comorbidities were measured according to Elixhauser present on admission diagnoses.17-19
Hospital characteristics included patient-to-nurse ratio (averaged across all ICUs), number
of hospital beds, core-based statistical area (e.g., metropolitan or rural), whether the hospital
had an Accreditation Council for Graduate Medical Education (ACGME) training program,
whether the hospital was church-operated, and whether the following were present in at least
one ICU in the hospital: daily team-based rounds,20 daytime intensivist physician staffing,
21.22 3nd nighttime intensivist physician staffing.23
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Statistical analyses

We limited all analyses to hospitals with at least 100 study patients to exclude hospitals with
limited experience caring for critically ill patients. We compared baseline patient and
hospital characteristics using the chi-squared test and t-test for categorical and continuous
data, respectively. To test the independent association of admission to a hospital with EOL
resources and outcomes, we fit multivariable regression models, including a random
intercept for hospitals and all patient and hospital characteristics described above as
potential confounders. Linear and logistic mixed-effects regression were used for continuous
outcomes and binary outcomes, respectively. All analyses were performed with Stata/IC
Version 14.2 (StataCorp LLC, College Station, TX).

Secondary, subgroup, and sensitivity analyses

Given the heterogeneity of the five EOL resources, we performed two secondary analyses —
analyzing hospital- and ICU-based resources separately, and each resource as an
independent exposure. We also performed three subgroup analyses. First, patients admitted
to surgical ICUs are less likely to receive palliative care than patients admitted to medical
ICUs;24 therefore, we repeated all analyses on a population restricted to medical admissions
according to the Medicare Severity-Diagnosis Related Group.1” Second, we repeated
analyses in a subgroup of patients with metastatic cancer, as determined by the Elixhauser
comorbidity groupings, who may be more likely to benefit from EOL care.?® Third, because
previous studies have demonstrated that higher institutional volume of critically ill patients
is associated with lower mortality,2% we repeated analyses among patients admitted to
hospitals with 200 or more beds. Finally, to minimize bias stemming from exposure
misclassification, we performed a sensitivity analysis including only hospitals with one ICU.

Instrumental variable analysis

As this is an observational study, there may be unmeasurable differences among patients
within different hospitals that are associated with the outcomes of interest, which could lead
to an errant result that these outcomes are associated with exposure to EOL resources.
Therefore, we performed an instrumental variable (1V) analysis, a statistical method that
simulates random assignment of patients to the exposure to account for unmeasured
confounding. An ideal instrumental variable is a variable that causes the exposure under
study (in this case, admission to a hospital with EOL resources), but is not associated with
unmeasured confounders or the outcome of interest, except through its effect on the
exposure variable.2”28 We used “differential distance” as the instrumental variable, defined
as the difference between 1) the distance between a patient’s home and the nearest hospital
with EOL resources, and 2) the distance between a patient’s home and the nearest hospital,
as in previous studies of hospital-level exposures.2829 In other words, patients who live
closer to hospitals with EOL resources are more likely to be exposed to such resources.
However, the location of their residence relative to nearby hospitals is unlikely to be
associated with confounders (e.g. comorbidities or preferences for EOL care), nor is it likely
to cause any outcomes of interest (e.g. mortality) except that it affects their likelihood of
being exposed to EOL resources. We calculated geodetic distances between zip code
centroids using the “geonear” package (StataCorp LLC, College Station, TX).
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We tested instrument validity using three conditions.?” First, we tested the strength of the
relationship between the IV and exposure by calculating the proportion of variability in EOL
resources explained by the instrument as the ratio of the variance of EOL resources
predicted given the instrument and the total variance of EOL resources.3? Second, as it is not
possible to verify a lack of unmeasured confounding, we instead examined the balance of
measured patient confounders across dichotomized levels of the V. Third, although
untestable, we believe that the IV affects the outcome only through its effect on the
exposure, and in support of this assumption, differential distance has previously been used in
studies with similar outcomes.28:29

We excluded patients if the hospital closest to their home had an unknown exposure status,
as it would not have been possible to calculate the value of the IV under these
circumstances. We performed 2-stage predictor substation regression, adjusting for hospital-
level clustering and the confounders described previously. In the first stage, we used
differential distance to predict the probability of being admitted to a hospital with EOL
resources. In the second stage, we tested the association of this predicted probability and
patient outcomes. The results of the analysis allowed us to estimate the effect of the
exposure among marginal patients, those for whom differential distance would influence
receipt of EOL resources.27:28

Unadjusted patient and hospital comparisons

The final study sample included 78 hospitals in which all ICUs responded to the survey.
Table 1 summarizes hospital characteristics. Fifty-four hospitals (69.2%) had at least one
EOL resource, most frequently a protocol for withdrawal of life-sustaining therapy or a
palliative care consultative service (Table E1). Hospitals with EOL resources were more
likely to have 200 or more beds, be in a metropolitan area, and have an ACGME training
program. Hospitals with EOL resources were also more likely to have daily team-based
rounds in the ICU and employ intensivists.

Among the 63,645 patients in the study cohort, 54,911 (86.3%) were admitted to hospitals
with EOL resources. Table 2 summarizes patient characteristics. There were racial and
ethnic differences, with more non-Hispanic black patients being treated at hospitals with
EOL resources than without (14.1% vs 4.1%). In addition, patients admitted to hospitals
with EOL resources were less likely to be admitted for medical than surgical diagnoses, and
had more chronic diseases and higher rates of some acute organ failures.

Results of the unadjusted analyses described in Table 3 demonstrate that patients admitted to
hospitals with EOL resources were more likely to die in the hospital, enter hospice upon
discharge from the hospital, receive intensive therapies, and have a longer hospital stay.

Adjusted comparisons

After adjustment for patient severity of illness and chronic comorbidities, and hospital
characteristics, admission to a hospital with EOL resources was not associated with in-
hospital mortality, 30-day mortality, 60-day mortality, or 90-day mortality, or treatment
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intensity (Figure 1), nor with hospital LOS (beta coefficient = 0.18 days; 95% CI = -0.27 to
0.63). However, patients admitted to hospitals with EOL resources were more likely to be
discharged to hospice (odds ratio [OR] = 1.58; 95% confidence interval [CI] = 1.11 to 2.24)
(Figure 1). In secondary analyses, this effect was driven by ICU-based resources (OR =
1.37; 95% CI = 1.04 to 1.81), specifically availability of a protocol for withdrawal of life-
sustaining therapy (OR = 1.36; 95% CI = 1.01 to 1.83) (Figure 1 and Table E2).

In subgroup analyses, medical patients exposed to EOL resources were more likely to be
discharged to hospice (OR = 1.58; 95% CI = 1.09 to 2.28). Patients admitted to hospitals
with 200 or more beds and exposed to EOL resources also had a higher likelihood of being
discharged to hospice (OR = 2.70; 95% CI = 1.48 to 4.91), as well as a longer LOS (beta
coefficient = 1.18 days; 95% CI = 0.83 to 1.53). Admission to a hospital with EOL resources
was not associated with other outcomes among these subgroups of patients, or with any
outcomes among patients with metastatic cancer (Table 4). The results of the sensitivity
analysis were similar to those of the primary analysis (Table E3).

Instrumental variable analysis

The instrumental variable analysis included 59,174 patients with a median differential
distance of zero miles (mean = 3.00 miles, standard deviation = 8.15), which indicates that
patients live in the same zip code as the hospital nearest to their home. Differential distance
explained 27.3% of the variance in the exposure. Measured patient characteristics appeared
balanced across levels of the 1V, except for nonwhite patient race and ethnicity, which was
more prevalent among patients with a differential distance of zero than those with greater
differential distances (16.8% vs 5.2%). In addition, the prevalence of the exposure was
96.0% among patients with a differential distance of zero and 53.7% among those with a
larger differential distance, indicating that 42.3% of the study population would be
considered marginal patients (Table E4).28:31 After adjusting for patient and hospital
characteristics, admission to a hospital with EOL resources among marginal patients was not
associated with mortality at any time point or treatment intensity (Figure 1), nor with
hospital LOS (beta coefficient = 0.19 days; 95% CI = —0.67 to 1.06). The likelihood of
discharge to hospice was higher in those admitted to hospitals with EOL resources (OR =
1.85; 95% CI = 0.95 to 3.61) (Figure 1).

Discussion

In a state-wide sample of ICU patients, we found that the availability of EOL resources was
not associated with increased in-hospital mortality, mortality up to 90 days after hospital
admission, or increased resource utilization at the end of life. We found that admission to
hospitals with such resources, specifically ICU-based resources, was associated with
increased likelihood of discharge to hospice in the multivariable analysis. However, this
association was not reproducible using the instrumental variable analysis among the subset
of patients for whom differential distance would influence their receipt of EOL resources.

That the availability of ICU EOL resources does not seem to be associated with increased
mortality by any definition is an important finding, particularly for those ICU clinicians,
surrogates, and patients who may be hesitant to engage in care planning or attend to the
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burdensome physical symptoms that manifest at the end of life due to concern that such care
may hasten death. The observation that admission to a hospital with EOL resources does not
reliably reduce resource utilization, specifically treatment intensity or LOS, was consistent
with prior multi-center studies evaluating the impact of palliative care consultation on
outcomes of seriously ill patients.10:32 This suggests that ICU-based EOL care may not have
an additive effect to palliative care consultation, possibly because these resources are not
utilized together for any given patient or the additional impact of such care is limited.
Another potential explanation may be that these resources are deployed late in the course of
a patient’s hospitalization, once intensive therapies have already been instituted, thus

limiting their potential to reduce treatment intensity or the length of a patient’s hospital stay.
9,33

Finally, in adjusted analyses, the odds of being discharged to hospice were 58% higher
among patients admitted to hospitals with EOL resources. Increasing hospice enrollment is a
meaningful outcome, as it has previously been associated with improved quality of life
among dying patients and their caregivers.34-36 In contrast to a similar study using New
York state data,0 this finding was not driven by the availability of hospital-based palliative
care clinicians but was rather associated with the availability of ICU-based resources,
specifically protocols for withdrawal of life-sustaining therapy, although it is not clear
whether the presence of any individual resource is meaningful or serves as a proxy for an
ICU-level culture that prioritizes EOL care. This finding was robust in subgroup analyses of
patients admitted with medical diagnoses and those admitted to hospitals with =200 beds,
but it was not reproducible among patients with metastatic cancer or in the instrumental
variable analysis of marginal patients. The null finding in the latter two groups is likely due
to loss of precision resulting from a smaller sample size, particularly as all point estimates in
the 1V analysis were similar to the corresponding point estimates from the standard
regression analysis but had wider confidence intervals. Alternatively, since the instrumental
variable analysis is meant to approximate random assignment of patients to the exposure, the
standard regression analysis may have been influenced by residual patient-level
confounding, which was attenuated in the instrumental variable analysis, thus minimizing
the possibility of a type I error and disclosing a true null result.

This study has several strengths. It includes a large and organizationally diverse population
of ICUs. Additionally, unlike prior studies that have included only hospital-based EOL care
resources, this study includes hospital- and ICU-based EOL care resources, thus providing a
more holistic and nuanced assessment of the care that ICU patients may receive near the end
of life.

Our study also has some key limitations. First, although the exposure was defined according
to a survey about organizational resources, availability and utilization of a resource may not
be highly correlated, potentially leading to a type Il error. In addition, the inability to
measure patient-level EOL care precludes definitive identification of the resources that lead
to differences in patient outcomes, hindering implementation efforts by health system
administrators and potentially explaining why our results are discordant with prior data that
demonstrated associations between hospital-based palliative care resources and likelihood of
discharge to hospice.10 However, in light of the current paucity of multi-center data
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evaluating the role of EOL care resources in ICU patient outcomes, we believe that this
study meaningfully improves our understanding of the impact of such care, and provides
rationale for future studies involving analysis of detailed clinical data to isolate the impact of
specific processes of care. Second, the availability of EOL resources may have changed after
the survey was administered in 2014. We limited the study period to one year after survey
administration to minimize the impact of potential exposure misclassification. Third, risk
adjustment models that use administrative claims data to predict mortality among critically
ill patients do not perform as well as those that rely on physiologic data; therefore, patient-
level residual confounding is possible.1” To mitigate this bias and approximate random
assignment of patients to the exposure, we performed an instrumental variable analysis.
However, given that the results of our standard regression analyses were not definitively
confirmed by the instrumental variable analyses, possibly due to limitations of instrument
strength and power, future randomized trials may be necessary to conclusively address
concerns about both patient- and hospital-level confounding. Fourth, our results may not be
generalizable to other states, as there are considerable regional variations in EOL practices.
37 Fifth, the exclusion of admissions involving an inter-hospital transfer may have led to a
loss of seriously ill patients for whom EOL care may be particularly relevant. However, due
to the difficulty with accurately assigning an exposure to patients who have received care in
more than ICU, we believe this exclusion was necessary to produced less biased results.

Conclusions

In conclusion, in this study examining the association of EOL care resources, including
ICU-based resources, and outcomes of ICU patients in 78 hospitals in the state of
Pennsylvania, we found no evidence to suggest that such care influences mortality, hospital
LOS, or treatment intensity; however, patients admitted to hospitals possessing these
resources were more likely to be discharged to hospice in some analyses. These results may
provide further support for the integration of palliative care and critical care, as EOL care
delivered in the ICU does not appear to hasten death but is associated with increased
enrollment in hospice. Future studies should attempt to identify specific resources or
processes of care that meaningfully change the care of patients at end of life. In addition,
they should focus on the timing of EOL care relative to the institution of intensive therapies,
as this may have significant implications for the potential impact on acute care resource
utilization, including avoiding ICU admissions among patients who are unlikely to benefit
from ICU-level care.38:39

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Multivariable analyses of outcomes of patients admitted to hospitals with end-of-life
resources compared to patients admitted to hospitals without end-of-life resources.

Multivariable regression analyses included all covariates included in Tables 1 and 2. Four
hospital covariates, ACGME training program site, church-operated facility, number of
hospital beds, and core-based statistical area were missing for 402 patients. Complete-case
analysis was used to account for missing data, thus the regressions included 62,523 of
62,925 (99.4%) cases. Results of analyses using the following four exposure definitions are
shown above: (1) the presence of any end-of-life (EOL) resource, (2) the differential
distance instrumental variable, (3) hospital-based EOL resources, and (4) ICU-based EOL
resources.
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Table 1.

Characteristics of hospitals without and with end-of-life resources.

Hospital characteristics

No EOL resources

At least one EOL resource

Hospitals, No. 24 54
Bed size, %

0-99 33.3 15.1

100-199 45.8 26.4

200+ 20.8 58.5
Metropolitan CBSA, % 54.2 84.9
ACGME site, % 12.5 54.7
Church-operated, % 4.2 11.3
Daily rounds, % 333 63.0
Daytime intensivist staffing, % 54.2 77.8
Nighttime intensivist staffing, % 42 24.1
Number of patients per nurse, average (SD) | 3.0 (0.7) 2.8(0.5)

Page 13

Definition of abbreviations. ACGME = Accrediation Council for Graduate Medical Education; CBSA = core-based statistical area; EOL = end-of-

life; SD = standard deviation.
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Characteristics of patients admitted to hospitals without and with end-of-life resources.

Patient characteristics

Admitted to hospital without EOL
resources

Admitted to hospital with at least one EOL
resource

Patients, No. 8,734 54,911
Age, mean (SD) 74.8 (12.1) 74.0 (12.1)
Age categories, %
18-44 2.0 2.2
45-54 4.1 4.3
55-64 8.9 9.3
65-74 315 33.6
>75 53.5 50.5
Female, % 48.9 49.9
Race or ethnicity, %
Non-Hispanic white 94.1 83.1
Non-Hispanic black 4.1 14.1
Other 1.8 2.8
Medical patient, % 64.6 57.0
Admission source, %
Outpatient 97.4 96.5
Other or unknown 25 35
Weekday admission, % 74.6 75.9
Number of Elixhauser comorbidities, %
0 1.7 1.4
1 7.3 5.9
2 155 12.0
3 19.3 17.0
>3 56.2 63.8
Acute organ failure, %
Respiratory 15.0 154
Renal 225 23.6
Hematologic 55 6.5
Metabolic 9.6 11.2
Neurologic 7.1 7.4
Hepatic 1.4 17

Definition of abbreviations. EOL = end-of-life; SD = standard deviation.
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Unadjusted analyses of outcomes of patients admitted to hospitals without and with end-of-life resources.

Univariable analysis

Outcome

No EOL resources | At least one EOL resource | P value
In-hospital mortality, % | 9.6 11.2 <0.001
Discharge to hospice, % | 3.8 55 <0.001
30-day mortality, % 17.8 18.4 0.18
60-day mortality, % 216 222 0.27
90-day mortality, % 23.9 24.4 0.33
Treatment intensity, % 18.4 26.3 <0.001
Outcome No EOL resources | At least one EOL resource | P value
LOS (days), mean (SD) | 6.5 (5.9) 8.3(8.2) <0.001

Definition of abbreviations. EOL = end-of-life; LOS = length of stay; SD = standard deviation.
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Subgroup analyses of outcomes of patients admitted to hospitals with end-of-life resources compared to
patients admitted to hospitals without end-of-life resources.

Medical patients

Patients with metastatic cancer

Patients admitted to hospitals with =200 beds

(N = 36,045) (N =2,774) (N = 48,435)
Outcome OR 95% ClI P value | OR 95% ClI Pvalue | OR 95% ClI P value
In-hospital 0.87 | 0.63t01.21 0.42 1.05 | 0.65t01.70 0.83 0.68 0.40t0 1.17 0.16
mortality
Discharge to 158 | 1.09t02.28 0.01 1.28 | 0.79t02.08 0.31 2.70 1.48104.91 <0.001
hospice
30-day mortality 090 | 0.71to01.15 0.42 0.88 | 0.61t01.26 0.48 0.74 0.50t01.11 0.15
60-day mortality 092 | 0.74t01.14 0.47 0.98 | 0.68t01.42 0.93 0.80 0.56 t0 1.15 0.24
90-day mortality 0.92 | 0.75t01.13 0.46 0.87 | 0.59t01.28 0.50 0.85 0.60t0 1.20 0.37
Treatment 1.08 | 0.81t01.46 0.57 0.96 | 0.62t01.49 0.86 0.85 0.52t0 1.40 0.53
intensity
Outcome Beta | 95% ClI P value | Beta | 95% CI P value | Beta 95% ClI P value
LOS (days) 0.22 | -0.23t00.67 | 0.34 0.50 | -0.64t01.65 | 0.38 1.18 0.83t0 1.53 <0.001

Definition of abbreviations. Beta = beta coefficient; CI = confidence interval; LOS = length of stay; OR = odds ratio. Patients were classified as
medical (versus surgical) based on Medicare Severity-Diagnosis Related Groups. Patients with metastatic cancer were identified according to

Elixhauser comorbidity definitions. The beta coefficient represents the increase in LOS in days.
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