
ORIGINAL CONTRIBUTION

Three-YearOutcomesforMedicareBeneficiaries
Who Survive Intensive Care
Hannah Wunsch, MD, MSc
Carmen Guerra, MPH
Amber E. Barnato, MD, MPH, MS
Derek C. Angus, MD, MPH
Guohua Li, MD, DrPH
Walter T. Linde-Zwirble

THE SUCCESS OF INTENSIVE CARE,
which is designed to mitigate
life-threatening critical illness,
traditionallyhasbeengaugedby

the proportion of patients alive at hos-
pital discharge or at day 28.1-4 With tech-
nological advances, many patients now
survive what were previously fatal criti-
cal illnesses, in turngeneratinganenlarg-
ing population of intensive care unit
(ICU) survivors. There are increasing
concerns that these ICU survivors may
have ongoing risk for increased mortal-
ity and morbidity,5,6 raising the ques-
tionofwhethertheneedfor intensivecare
tends to constitute an acute event, with
minimal sequelae, or has the hallmarks
of a chronic illness, with increased risk
of long-term morbidity and mortality.

Many studies have demonstrated that
short-term survivors of conditions clas-
sically requiring intensive care, such as
acute lung injury or sepsis, often have
significant health problems in subse-
quent months.6,7 But studies from Fin-
land and the United Kingdom re-
ported that mortality for ICU survivors
was similar to that of the general popu-
lation after 2 to 4 years,8,9 while data
from Canada showed that long-term
survival was similar to that of patients
hospitalized who did not require in-
tensive care.10 Differences in the pro-
vision of intensive care services and pa-
tient selection confound international
comparisons,11 and there are no na-
tionally representative follow-up stud-
ies from the United States.

Intensive care unit services have
grown significantly in the United States
and are now routinely provided to a
broad population.12 Patients older than
65 years now make up more than half
of all ICU admissions.13 Information is
needed to understand the patterns of

mortality, morbidity, and health care re-
source use in the months and years that
follow critical illness to allow for better
targeting of follow-up care. This study
examines the3-yearoutcomesandhealth
care resource use of ICU survivors older
than 65 years, and identifies the sub-
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Context Although hospital mortality has decreased over time in the United States
for patients who receive intensive care, little is known about subsequent outcomes for
those discharged alive.

Objective To assess 3-year outcomes for Medicare beneficiaries who survive inten-
sive care.

Design, Setting, and Patients A matched, retrospective cohort study was con-
ducted using a 5% sample of Medicare beneficiaries older than 65 years. A random half
of all patients were selected who received intensive care and survived to hospital dis-
charge in 2003 with 3-year follow-up through 2006. From the other half of the sample,
2 matched control groups were generated: hospitalized patients who survived to dis-
charge (hospital controls) and the general population (general controls), individually matched
on age, sex, race, and whether they had surgery (for hospital controls).

Main Outcome Measure Three-year mortality after hospital discharge.

Results There were 35 308 intensive care unit (ICU) patients who survived to hospital
discharge. The ICU survivors had a higher 3-year mortality (39.5%; n=13 950) than hos-
pital controls (34.5%; n=12 173) (adjusted hazard ratio [AHR], 1.07 [95% confidence in-
terval {CI}, 1.04-1.10];P�.001)andgeneral controls (14.9%;n=5266) (AHR,2.39 [95%
CI, 2.31-2.48]; P� .001). The ICU survivors who did not receive mechanical ventilation
had minimal increased risk compared with hospital controls (3-year mortality, 38.3%
[n=12 716] vs 34.6% [n=11 470], respectively; AHR, 1.04 [95% CI, 1.02-1.07]). Those
receiving mechanical ventilation had substantially increased mortality (57.6% [1234 ICU
survivors] vs32.8%[703hospital controls];AHR,1.56 [95%CI,1.40-1.73]),with riskcon-
centrated in the6monthsafter thequarterofhospitaldischarge (6-monthmortality,30.1%
(n=645) for those receiving mechanical ventilation vs 9.6% (n=206) for hospital controls;
AHR,2.26[95%CI,1.90-2.69]).Dischargetoaskilledcare facility for ICUsurvivors (33.0%;
n=11 634)andhospital controls (26.4%;n=9328)alsowasassociatedwithhigh6-month
mortality (24.1% for ICU survivors and hospital controls discharged to a skilled care fa-
cility vs 7.5% for ICU survivors and hospital controls discharged home; AHR, 2.62 [95%
CI, 2.50-2.74]; P� .001 for ICU survivors and hospital controls combined).

Conclusions There is a large US population of elderly individuals who survived the
ICU stay to hospital discharge but who have a high mortality over the subsequent years
in excess of that seen in comparable controls. The risk is concentrated early after hos-
pital discharge among those who require mechanical ventilation.
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groups and periods in which patients are
at highest risk of death.

METHODS
A matched, retrospective cohort study
was conducted using a 5% sample of
Medicare beneficiaries older than 65
years. The 2002-2006 data were re-
trieved from the Centers for Medicare
& Medicaid Services Standard Ana-
lytic Files. The data set contains all fee-
for-service claims, including hospital in-
patient, hospital outpatient, skilled
nursing facility, and carrier claims,
which included all office visits for a ran-
dom, longitudinal 5% sample of Medi-
care beneficiaries.

To generate the cohort for this study,
the total 5% Medicare cohort (com-
posed of anyone with �1 claim from
2003) was randomly split into 2 equal
parts. The randomly chosen exposed
group was selected from half of the
group. The exposed sample for this
analysis included all Medicare benefi-
ciaries aged 66 years or older who were
discharged alive from their first hospi-
talization in 2003 in which they re-
ceived intensive care, and who were not
discharged to hospice care. Any person
with either intensive care or intermedi-
ate intensive care unit charges was cat-
egorized as having received intensive
care. Anyone who received only coro-

nary care or intermediate coronary care
charges was excluded because these pa-
tients tend to have lower hospital mor-
tality and constitute a distinct group of
patients with cardiac disease.

The control groups were generated
from the other half of the cohort. Hos-
pital controls were Medicare beneficia-
ries who were hospitalized and sur-
vived to hospital discharge, but did not
receive intensive care during a quarter
of 2003 (anyone who received coro-
nary care or intermediate coronary care
also were not eligible for inclusion in
this group). General population con-
trols were Medicare beneficiaries who
had at least 1 claim during the year, did

Table 1. Characteristics of Medicare Beneficiaries Who Received Intensive Care and Survived to Hospital Discharge in 2003 and Matched Controls

ICU Survivorsa Controlsa

All
(N = 35 308)

Mechanically
Ventilated
(n = 2141)

Not Mechanically
Ventilated

(n = 33 167)
Hospital

(n = 35 308)
P

Valueb
General

(n = 35 308)
P

Valuec

Characteristics Used for Matching
Male sex 16 170 (45.8) 1002 (46.8) 15 168 (45.7) 16 170 (45.8) �.99 16 170 (45.8) �.99
Age, mean (SD), y 78.0 (6.9) 77.3 (6.5) 78.0 (6.9) 78.0 (6.9) .75 78.0 (6.9) .61
Race/ethnicity

White 30 633 (86.8) 1804 (84.3) 28 829 (86.9) 30 633 (86.8) 30 633 (86.8)
Black 2961 (8.4) 240 (11.2) 2721 (8.2) 2961 (8.4) 2961 (8.4)
Hispanic 707 (2.0) 33 (1.5) 674 (2.0) 707 (2.0)

�.99
707 (2.0)

�.99

Otherd 1007 (2.9) 64 (3.0) 943 (2.8) 1007 (2.9) 1007 (2.9)
Medical 21 319 (60.4) 1144 (53.4) 20 175 (60.8) 21 319 (60.4) �.99 NA NA

Characteristics of Study Population
Comorbiditiese

0 5538 (15.7) 124 (5.8) 5414 (16.3) 7793 (22.1) 20 835 (59.0)
1 8792 (24.9) 301 (14.1) 8491 (25.6) 9706 (27.5)

�.001
7427 (21.0)

�.001
2 8408 (23.8) 491 (22.9) 7917 (23.9) 7691 (21.8) 3679 (10.4)
�3 12 570 (35.6) 1225 (57.2) 11 345 (34.2) 10 118 (28.7) 3367 (9.5)

Hospitalized in year prior 12 827 (36.3) 893 (41.7) 11 934 (36.0) 11 487 (32.5) �.001 5647 (16.0) �.001
Skilled nursing facility

Any use in year prior 3090 (8.8) 276 (12.9) 2814 (8.5) 2795 (7.9) �.001 1558 (4.4) �.001
Admitted from 250 (0.7) 31 (1.5) 219 (0.7) 264 (0.8) .54 NA NA

Length of stay, median (IQR), d
ICU 1 (0-3) 5 (2-9) 1 (0-2) NA NA NA NA
Hospitalf 5 (3-9) 12 (7-20) 5 (3-8) 4 (2-6) �.001 NA NA

Medical patients 4 (2-7) 10 (6-15) 4 (2-7) 4 (2-6) �.001 NA NA
Surgical patients 7 (4-12) 16 (9-26) 7 (4-11) 3 (2-5) �.001 NA NA

Discharge destination
Home 18 776 (53.2) 510 (23.8) 18 266 (55.1) 21 404 (60.6) NA NA
Home with health services 4675 (13.2) 292 (13.6) 4383 (13.2) 4275 (12.1)

�.001
NA NA

Skilled care facility 11 634 (33.0) 1320 (61.7) 10 314 (31.1) 9328 (26.4) NA NA
Otherg 223 (0.6) 19 (0.9) 204 (0.6) 301 (0.9) NA NA

Abbreviations: ICU, intensive care unit; IQR, interquartile range; NA, data not applicable.
aValues are expressed as number (percentage) unless otherwise indicated.
bAll ICU survivors compared with hospital controls.
cAll ICU survivors compared with general controls.
d Includes Asian, Asian American or Pacific Islander, North American Indian, Alaskan Native, or unknown.
e Includes only distinct Elixhauser comorbidities that negatively affect mortality. Diabetes with or without complications, or having a tumor with or without metastasis, count as 1 comor-

bidity each.
f Includes both intensive care and hospital days.
g Includes those that left against medical advice or were discharged to another or the same institution for outpatient services.
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not receive intensive care, but may or
may not have been hospitalized. Inten-
sive care unit survivors were individu-
ally matched with all controls (hospi-
tal and general) based on age (�5
years), sex, and race/ethnicity (non-
Hispanic white, non-Hispanic black,
Hispanic, and other).

Race and ethnicity are recorded in
Medicare’s administrative files primar-
ily using data provided to the Social Se-
curity Administration by self-report dur-
ing an application for a Social Security
number or for benefits.14 Sensitivity and
specificity for white and black persons
is 95% or higher but they are substan-
tially lower for other groups (�60%).
Hence, the majority of nonwhite, non-
black categories were collapsed into His-
panic and other.15 Race was included as
a matching factor because it is a strong,
independent predictor of mortality for
hospitalized patients.16,17

Hospital controls also were matched
to ICU survivors based on whether they
were primarily a medical or surgical pa-
tient using diagnosis-related groups. All
matches for the intensive care cohort
were generated without replacement so
that every ICU survivor had a separate
hospital match and general match. Pa-
tients who were discharged to out-of
hospital hospice care (along with their
matches) were excluded.

Data from years 2002 through 2006
were linked to allow for use of data from
2003 to generate the inception cohort.
Data fromallhealthcareencounters from
the 4 quarters prior to the index hospi-
talization were used to provide informa-
tion on previously existing conditions,
which were defined by the Elixhauser
comorbidities that were generated from
the International Classification of Dis-
eases, Ninth Revision, Clinical Modifica-
tion codes.18 All secondary diagnoses
from hospital and skilled nursing facil-
ity admissions and all diagnoses from
outpatient visits were used. Those diag-
noses associated with the diagnosis-
related group for patients during the in-
dex hospitalization were excluded. Use
of health care resources in the 4 quar-
ters prior to the index hospitalization
were examined, including the number of

hospital admissions and skilled nursing
facility admissions.

Patient data were then analyzed for the
following 12 quarters (3 years) through
2006 or until death. To comply with pri-
vacy requirements, theexactdatesofhos-
pital discharge were not available in the
Standard Analytic Files. The dates for
the quarter of the year in which the
discharge occurred were used. There-
fore, time to death was calculated as the
number of quarters (3-month inter-
vals) after the discharge quarter. The dis-

charge destination codes were reduced
to home, home with health services,
skilled care facility, and other (against
medical advice or were discharged to an-
other or the same institution for outpa-
tient services).

Summary statistics were calculated
for demographic and clinical charac-
teristics of patients who survived to hos-
pital discharge, using percentages,
means (standard deviations), and me-
dians (interquartile ranges [IQRs]).
Lengths of stay for the ICU were cal-

Table 2. Mortality for Medicare Beneficiaries Who Received Intensive Care and Survived
to Hospital Discharge in 2003 and Matched Controlsa

Crude,
No. (%)

Hospital Controls,
HR (95% CI)

General Controls,
HR (95% CI)

Unadjusted Adjustedb Unadjusted Adjustedc

6-mo Mortality
All ICU survivors

(N = 35 308)
4961 (14.1) 1.31

(1.25-1.36)
1.14

(1.10-1.19)
5.60

(5.23-6.00)
3.89

(3.61-4.20)

Controls
Hospital 3842 (10.9) 1 [Reference] 1 [Reference] NA NA

General 948 (2.7) NA NA 1 [Reference] 1 [Reference]

ICU survivors who
received MV
(n = 2141)

645 (30.1) 3.57
(3.05-4.17)

2.26
(1.90-2.69)

12.42
(9.55-16.15)

8.52
(6.39-11.37)

Controls
Hospital 206 (9.6) 1 [Reference] 1 [Reference] NA NA

General 61 (2.9) NA NA 1 [Reference] 1 [Reference]

ICU survivors who did
not receive MV
(n = 33 167)

4316 (13.0) 1.20
(1.15-1.25)

1.08
(1.03-1.13)

5.13
(4.78-5.52)

3.55
(3.28-3.84)

Controls
Hospital 3636 (11.0) 1 [Reference] 1 [Reference] NA NA

General 887 (2.7) NA NA 1 [Reference] 1 [Reference]

3-y Mortality
All ICU survivors

(n = 35 308)
13 950 (39.5) 1.19

(1.16-1.22)
1.07

(1.04-1.10)
3.27

(3.17-3.38)
2.39

(2.31-2.48)

Controls
Hospital 12 173 (34.5) 1 [Reference] 1 [Reference] NA NA

General 5266 (14.9) NA NA 1 [Reference] 1 [Reference]

ICU survivors who
received MV
(n = 2141)

1234 (57.6) 2.28
(2.08-2.50)

1.56
(1.40-1.73)

5.82
(5.14-6.60)

3.78
(3.25-4.39)

Controls
Hospital 703 (32.8) 1 [Reference] 1 [Reference] NA NA

General 305 (14.3) NA NA 1 [Reference] 1 [Reference]

ICU survivors who did
not receive MV
(n = 33 167)

12 716 (38.3) 1.14
(1.12-1.17)

1.04
(1.02-1.07)

3.05
(2.95-3.15)

2.33
(2.24-2.41)

Controls
Hospital 11 470 (34.6) 1 [Reference] 1 [Reference] NA NA

General 4961 (15.0) NA NA 1 [Reference] 1 [Reference]
Abbreviations: CI, confidence interval; HR, hazard ratio; ICU, intensive care unit; MV, mechanical ventilation; NA, data not

applicable.
aP� .001 for all comparisons (ICU survivors vs hospital controls and ICU survivors vs general controls) of crude mortality.
bModel comparing ICU survivors with hospital controls includes source of admission, discharge destination, hospitaliza-

tion in previous year, skilled nursing facility in previous year, and Elixhauser comorbidities.
cModel comparing ICU survivors with general controls includes hospitalization in previous year, skilled nursing facility in

previous year, and Elixhauser comorbidities.
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culated based on the number of days
billed at each level of care. The distri-
butions of Elixhauser comorbidities for
each cohort are presented in the eTable
(available at http://www.jama.com).
Mortality rates were calculated for those
beneficiaries who received intensive
care and their respective controls.
Three-year mortality was assessed using
Kaplan-Meier curves for the whole co-
hort, and then by whether individuals
received mechanical ventilation (Inter-
national Classification of Diseases, Ninth
Revision, codes 96.7x), a common
marker of severity of illness in the ICU.

Subsets of the ICU cohort were com-
pared with their own respective sub-
set of matched controls. The log-rank
test was used to assess for statistical dif-

ferences in survival curves. The num-
ber of hospitalizations and whether pa-
tients were ever admitted to a skilled
nursing facility in the 4 quarters prior
to their hospital discharge quarter and
in the 3 years after discharge were quan-
tified. Risk ratios were calculated using
Cox proportional hazards models af-
ter demonstrating the proportionality
assumption was not violated.

Multivariable models for the entire co-
hort were generated and then stratified
by mechanical ventilation, using the in-
tensive care cohort and hospital con-
trols to assess whether ICU survivors had
an increased risk of death after adjust-
ment for other variables (age, source of
admission to the hospital, Elixhauser co-
morbidities, discharge destination after

hospitalization, hospitalization in the
previous year, and admission to a skilled
care facility in the previous year). Also
tested was whether the relative risk of
mortality changed over time by exam-
ining the long-term mortality for only
those individuals who survived either 1
or 2 years after discharge from the hos-
pital. Database management and statis-
tical analyses were performed using Ex-
cel (Microsoft, Redmond, Washington),
and SAS version 9.2 (SAS Institute Inc,
Cary, North Carolina).

With an ICU cohort of 35 308 sur-
vivors, this study was powered to de-
tect a difference in the hazard ratio (HR)
for 3-year mortality of 0.035, assum-
ing an � level of .05 and a power level
of 90%. However, due to the large size
of the data set, differences for clinical
significance also were assessed. There
are no data regarding what is consid-
ered an appropriate cut-off for clinical
significance; therefore, an absolute dif-
ference in mortality of 2% or a change
in HR of 0.05 was arbitrarily set to be
of clinical significance. This research in-
volved secondary analyses of deiden-
tified data and thus was exempt from
human subjects review.

RESULTS
There were 35 308 ICU patients who
survived to hospital discharge during
their index hospitalization in 2003 and
were matched with hospital and gen-

Figure 1. Three-Year Follow-up of Intensive Care Unit (ICU) Survivors and Their Matched
Hospital and General Population Controls
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Figure 2. Intensive Care Unit (ICU) Survivors and Their Matched Hospital and General Population Controls by Mechanical Ventilation Status
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eral population controls, representing
4.6% of the 2.5% random sample of all
Medicare beneficiaries, and extrapolat-
ing to 1.4 million patients per year in the
United States. Of the sample, 45.8% were
male and 86.8% were non-Hispanic
white (TABLE 1). Most ICU survivors
(84.3%) had at least 1 comorbidity as-
sociated with mortality, which was only
slightly higher than the matched hos-
pital controls (77.9%; P� .001), but
more than the general controls (41.0%;
P� .001). (See the eTable for a full data
list of comorbidities). A slightly higher
proportion of ICU survivors and hospi-
tal controls were hospitalized at least
once in the year prior to the index hos-
pitalization (36.3% of ICU survivors vs
32.5% of hospital controls; P� .001),
while only 16.0% of general controls
were hospitalized in the year prior
(P� .001). Less than 1% of either ICU
survivors or hospital controls were ad-
mitted directly from a skilled nursing fa-
cility, but 8.8% and 7.9%, respectively,
had been in a skilled nursing facility in
the year prior to the hospitalization quar-
ter (P� .001). Median hospital length of
stay was 5 days (IQR, 3-9 days) for ICU
survivors, with longer stays among sur-
gical ICU survivors (median, 7 days;
IQR, 4-12 days) vs medical ICU survi-
vors (median, 4 days [IQR, 2-7 days];
P� .001). The median length of stay for
hospital controls was 4 days (IQR, 2-6
days), which was a little shorter than for
ICU survivors (P� .001).

The ICU survivors who received
mechanical ventilation during their
hospitalization were more likely to
have greater comorbidity compared
with ICU survivors who did not
receive mechanical ventilation (pro-
portion with �3 comorbidities: 57.2%
vs 34.2%, respectively; P� .001), were
slightly more likely to have been
hospitalized in the year prior to the
index admission (41.7% vs 36.0%;
P � .001), and were more likely to
have been in a skilled nursing facility
in the year prior (12.9% vs 8.5%;
P� .001).

At time of discharge from the hos-
pital, 53.2% of ICU survivors were dis-
charged home without home health

support compared with 60.6% of hos-
pital controls (P� .001). A similar per-
centage were discharged home with
home health services (13.2% of ICU
survivors vs 12.1% of hospital con-
trols; P� .001). A third of ICU survi-
vors (33.0%) were discharged to a
skilled care facility compared with
26.4% of hospital controls (P� .001).
Of note, more than half the ICU sur-
vivors who received mechanical ven-
tilation (61.7%) were discharged to a
skilled care facility.

Postdischarge Mortality

In the first 2 quarters (6 months) post-
discharge, mortality for ICU survivors
was 14.1% compared with 10.9% for
hospital controls (unadjusted HR, 1.31;
95% confidence interval [CI], 1.25-
1.36) and 2.7% for the general con-
trols (unadjusted HR, 5.60 [95% CI,
5.23-6.00]; TABLE 2 and FIGURE 1). By
3 years, the differences in mortality were
smaller, but still apparent (39.5% for
ICU survivors vs 34.5% for hospital
controls [unadjusted HR, 1.19; 95% CI,
1.16-1.22] and 14.9% for general con-
trols [unadjusted HR, 3.27; 95% CI,
3.17-3.38]). After adjustment for co-
morbidities, source of admission, dis-
charge destination, hospitalization in

previous year, and admission to a skilled
nursing facility in the previous year, the
adjusted HRs (AHRs) were markedly at-
tenuated for ICU survivors compared
with hospital controls for 6-month mor-
tality (AHR, 1.14; 95% CI, 1.10-1.19)
and 3-year mortality (AHR, 1.07 [95%
CI, 1.04-1.10]; Table 2).

Stratifying the ICU cohort by whether
they received mechanical ventilation,
patients admitted to the ICU without
mechanical ventilation had slightly
higher 3-year mortality compared with
hospital controls (38.3% vs 34.6%, re-
spectively [P � .001]; Table 2 and
FIGURE 2). After multivariable adjust-
ment, there was a statistically but not
clinically significant difference in 3-year
mortality (AHR, 1.04; 95% CI, 1.02-
1.07). However, mortality for those who
received mechanical ventilation was
substantially higher than for the cor-
responding hospital controls (3-year
mortality: 57.6% vs 32.8%, respec-
tively; AHR, 1.56 [95% CI, 1.40-
1.73]; Table 2 and Figure 2). This dif-
ference was primarily due to mortality
during the first 2 quarters following
hospital discharge (6-month mortal-
ity: 30.1% for ICU survivors vs 9.6% for
hospital controls; AHR, 2.26 [95% CI,
1.90-2.69]). Within the ICU cohort,

Figure 3. Intensive Care Unit (ICU) Survivors and Their Matched Hospital and General
Population Controls by Discharge Destination
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Discharged to home includes patients sent home with or without health services. Patients discharged to other
destination (n=223 in ICU cohort; n=301 in hospital controls) were excluded from the survival analyses.
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mortality also was consistently higher
for medical compared with surgical ICU
survivors at both 6 months (16.0% for

medical vs 11.1% for surgical; P� .001)
and 3 years (44.5% for medical vs 31.8%
for surgical; P� .001).

Patients discharged to skilled care fa-
cilities (whether or not they received
intensive care) also had high postdis-
charge mortality (FIGURE 3). Dis-
charge to a skilled care facility re-
mained a strong independent predictor
of both 6-month and 3-year mortality
for all ICU survivors and hospital con-
trols (6-month mortality: 24.1% for ICU
survivors and hospital controls dis-
charged to skilled care vs 7.5% for ICU
survivors and hospital controls dis-
charged to home care [AHR, 2.62; 95%
CI, 2.50-2.74]; 3-year mortality: 54.6%
vs 29.4%, respectively [AHR, 1.77; 95%
CI, 1.72-1.82]; TABLE 3). Only a diag-
nosis of metastatic cancer was a larger
predictor of mortality (6-month: AHR,
3.31 [95% CI, 3.06-3.58]; 3-year: AHR,
3.02 [95% CI, 2.87-3.18]).

Readmissions to Hospital
and Skilled Nursing Facilities

Among ICU survivors, one-third
(36.1%) were rehospitalized at least
once within the next 6 months follow-
ing the discharge quarter from the hos-
pital (compared with 28.3% of hospi-
tal controls [P� .001] and 10.7% of
general controls [P� .001]; TABLE 4).
There was a mean (SD) of 0.64 (1.10)
hospitalizations for ICU survivors com-
pared with 0.46 (0.92) for hospital con-
trols (P� .001). In the first year, 43.05%
of ICU survivors had been rehospital-
ized at least once with similar rates re-
gardless of whether the ICU stay had
included an episode of mechanical ven-
tilation (45.03% with mechanical ven-
tilation vs 42.92% without mechani-
cal ventilation; P=.06). Among those
still alive at 1 year, the frequency of re-
hospitalization was 43.00% among ICU
survivors compared with 39.22% for
hospital controls (P� .001). Of all ICU
survivors, 18.02% were admitted to a
skilled nursing facility in the first year
after hospital discharge compared with
14.94% of hospital controls (P� .001)
and 4.68% of general controls
(P� .001). By 3 years, one-third of all
ICU survivors (28.96%) had been ad-
mitted to a skilled nursing facility,
which remained a little higher than for
hospital controls (26.10%; P� .001),

Table 3. Multivariable Models of Mortality Risk for Patients Who Received Intensive Care
and Survived to Discharge and Matched Hospital Controls

6-mo Mortality 3-y Mortality

Adjusted HR
(95% CI)

P
Value

Adjusted HR
(95% CI)

P
Value

Hospital cohort 1 [Reference] 1 [Reference]
ICU survivors 1.14 (1.10-1.19) �.001 1.07 (1.04-1.10) �.001
Source of admission

Physician referral 1 [Reference] 1 [Reference]
Transferred

From other acute care hospital 1.14 (1.02-1.27) .03 1.02 (0.96-1.09) .54
From other locationa 1.29 (0.90-1.87) .17 1.00 (0.80-1.27) .98

Admitted
From emergency department 1.16 (1.11-1.22) �.001 1.13 (1.10-1.17) �.001
From skilled care facility 1.39 (1.23-1.57) �.001 1.26 (1.16-1.37) �.001

Discharge location
Home 1 [Reference] 1 [Reference]
Skilled care facility 2.62 (2.50-2.74) �.001 1.77 (1.72-1.82) �.001
Otherb 1.96 (1.58-2.43) �.001 1.51 (1.32-1.72) �.001

Previous year
Hospitalized 1.05 (1.00-1.11) .05 1.09 (1.05-1.12) �.001
Skilled care facility 0.96 (0.89-1.02) .17 1.01 (0.97-1.05) .63

Comorbidities
Congestive heart failure 1.43 (1.36-1.50) �.001 1.37 (1.33-1.41) �.001
Pulmonary circulation disease 1.14 (1.04-1.26) .008 1.17 (1.10-1.24) �.001
Valvular disease 0.92 (0.87-0.98) .008 0.96 (0.93-1.00) .04
Peripheral vascular disease 1.09 (1.04-1.15) �.001 1.16 (1.13-1.20) �.001
Hypertension 0.76 (0.72-0.80) �.001 0.81 (0.79-0.84) �.001
Paralysis 1.20 (1.11-1.30) �.001 1.18 (1.12-1.24) �.001
Other neurological disorder 1.26 (1.18-1.35) �.001 1.28 (1.22-1.33) �.001
Chronic pulmonary disease 1.25 (1.19-1.30) �.001 1.35 (1.31-1.38) �.001
Diabetes

Without chronic complications 1.08 (1.02-1.14) .005 1.10 (1.07-1.13) �.001
With chronic complications 1.11 (1.03-1.19) .006 1.16 (1.11-1.21) �.001

Hypothyroidism 0.90 (0.85-0.95) �.001 0.91 (0.88-0.94) �.001
Renal failure 1.44 (1.34-1.54) �.001 1.51 (1.45-1.58) �.001
Liver disease 1.32 (1.15-1.50) �.001 1.30 (1.20-1.41) �.001
Peptic ulcer disease 0.97 (0.69-1.37) .85 1.09 (0.90-1.32) .39
AIDS 0.82 (0.31-2.18) .69 1.10 (0.66-1.82) .72
Lymphoma 1.39 (1.20-1.61) �.001 1.52 (1.39-1.66) �.001
Metastatic cancer 3.31 (3.06-3.58) �.001 3.02 (2.87-3.18) �.001
Solid tumor without metastases 1.15 (1.08-1.23) �.001 1.21 (1.16-1.25) �.001
Rheumatoid arthritis 1.07 (0.97-1.17) .17 1.04 (0.98-1.09) .17
Coagulopathy 1.32 (1.23-1.42) �.001 1.17 (1.12-1.23) �.001
Obesity 0.74 (0.65-0.83) �.001 0.79 (0.74-0.84) �.001
Weight loss 1.50 (1.41-1.59) �.001 1.40 (1.34-1.45) �.001
Fluid and electrolyte disorders 1.35 (1.29-1.42) �.001 1.20 (1.17-1.23) �.001
Chronic blood loss anemia 1.01 (0.93-1.10) .78 1.06 (1.00-1.11) .04
Deficiency anemia 1.15 (1.10-1.20) �.001 1.21 (1.18-1.25) �.001
Alcohol abuse 0.96 (0.83-1.12) .60 1.06 (0.97-1.15) .22
Drug abuse 0.67 (0.47-0.93) .02 1.02 (0.87-1.21) .78
Psychoses 1.06 (0.99-1.15) .12 1.13 (1.08-1.18) �.001
Depression 1.05 (0.99-1.11) .12 1.01 (0.98-1.05) .45

Abbreviations: CI, confidence interval; HR, hazard ratio; ICU, intensive care unit.
a Includes those admitted from court order, law enforcement agency, or unknown source.
b Includes those that left against medical advice or were discharged to another or the same institution for outpatient services.
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and more than double the frequency for
general controls (13.72%; P� .001).

COMMENT
Approximately 1.4 million elderly
Medicare beneficiaries are discharged
alive each year from hospitals in the
United States after receiving intensive
care. Among this elderly cohort, with
an average age of 78 years, the need for
intensive care confers an increased risk
of mortality after discharge from the
hospital, mostly attributable to pa-
tients who require mechanical ventila-
tion and concentrated in the early post-
discharge period. Hospitalization itself
is the bigger marker for increased risk
compared with the general popula-
tion, and in particular the need for
skilled care after discharge from the
hospital is a large predictor of mortal-

ity. The risk of death never returns to
that of the baseline population, remain-
ing elevated even 3 years later. De-
spite this elevated risk, almost two-
thirds of both ICU survivors and
hospital controls were still alive after
3 years. Compared with hospital con-
trols, ICU survivors (whether or not
they required mechanical ventilation)
had only a small increased risk of re-
hospitalization or need for admission
to a skilled nursing facility in the
months and years postdischarge.
Whether these patterns suggest appro-
priate end-of-life planning (avoiding the
need for rehospitalization) or poor use
of resources (with unnecessary deaths
occurring in this early period) re-
mains to be elucidated.

The locations that we designated as
skilled care facilities are a heteroge-

neous group, encompassing subacute
nursing facilities, inpatient rehabilita-
tion facilities, and long-term acute
care hospitals, among others. The
heavy use of these skilled care facili-
ties and the high associated mortality
for all hospitalized patients dis-
charged to these facilities adds to the
argument against reporting hospital
mortality as an accurate or appropri-
ate marker of successful care for
elderly individuals. Our findings also
are consistent with observations of
shifts in place of death for elderly
individuals from hospitals to skilled
care facilities.19,20 Moreover, these
data suggest that follow-up clinics
that are solely for survivors of inten-
sive care, rather than for more specific
groups of hospitalized patients, may
not target the true at-risk groups.21

Table 4. Rehospitalizations and Admissions to Skilled Nursing Facilities in the 3 Years Following Discharge From the Hospital

ICU Survivors Controls

All
(N = 35 308)

Mechanically
Ventilated
(n = 2141)

Not Mechanically
Ventilated

(n = 33 167)
Hospital

(n = 35 308)
General

(n = 35 308)
Any Rehospitalizations, No. (%) [95% CI]

6-mo follow-up 12 753 (36.12)
[35.62-36.62]

847 (39.56)
[37.48-41.67]

11 906 (35.90)
[35.38-36.42]

10 008 (28.34)
[27.88-28.82]

3760 (10.65)
[10.33-10.98]

1-y follow-up 15 200 (43.05)
[42.53-43.57]

964 (45.03)
[42.90-47.16]

14 236 (42.92)
[42.39-43.46]

12 474 (35.33)
[34.83-35.83]

5183 (14.68)
[14.31-15.05]

1-y follow-up among survivorsa

At 1 y 11 924/27 730 (43.00)
[42.42-43.59]

599/1296 (46.22)
[43.48-48.98]

11 325/26 434 (42.84)
[42.24-43.44]

11 436/29 161 (39.22)
[38.66-39.78]

6478/33 513 (19.33)
[18.91-19.76]

At 2 y 9750/24 217 (40.26)
[39.64-40.88]

472/1086 (43.46)
[40.49-46.47]

9278/23 131 (40.11)
[39.48-40.75]

9499/25 906 (36.67)
[36.08-37.26]

6235/31 815 (19.60)
[19.16-20.04]

3-y follow-up 23 582 (66.79)
[66.30-67.28]

1307 (61.05)
[58.94-63.12]

22 275 (67.16)
[66.65-67.67]

22 080 (62.54)
[62.03-63.04]

13 009 (36.84)
[36.34-37.35]

No. of Hospitalizations, Mean (SD) [95% CI]
6-mo follow-up 0.64 (1.10) [0.62-0.65] 0.78 (1.35) [0.72-0.83] 0.63 (1.09) [0.61-0.64] 0.46 (0.92) [0.45-0.47] 0.16 (0.52) [0.15-0.16]
1-y follow-up 0.85 (1.35) [0.83-0.86] 0.98 (1.59) [0.91-1.05] 0.84 (1.33) [0.82-0.85] 0.64 (1.15) [0.63-0.65] 0.23 (0.68) [0.23-0.24]
1-y follow-up among survivors

At 1 y 0.89 (1.47) [0.88-0.91] 1.06 (1.69) [0.97-1.15] 0.89 (1.45) [0.87-0.90] 0.77 (1.32) [0.75-0.78] 0.33 (0.86) [0.32-0.34]
At 2 y 0.81 (1.38) [0.80-0.83] 0.94 (1.50) [0.85-1.03] 0.81 (1.37) [0.79-0.83] 0.71 (1.28) [0.69-0.72] 0.34 (0.86) [0.33-0.35]

3-y follow-up 2.06 (2.66) [2.03-2.09] 2.05 (2.91) [1.93-2.17] 2.06 (2.64) [2.03-2.09] 1.76 (2.37) [1.73-1.78] 0.83 (1.58) [0.81-0.85]
Any Use of Skilled Nursing Facility, No. (%) [95% CI]

6-mo follow-up 5641 (15.98)
[15.60-16.36]

504 (23.54)
[21.76-25.40]

5137 (15.49)
[15.10-15.88]

4547 (12.88)
[12.53-13.23]

1213 (3.44)
[3.25-3.63]

1-y follow-up 6364 (18.02)
[17.62-18.43]

532 (24.85)
[23.03-26.74]

5832 (17.58)
[17.18-18.00]

5276 (14.94)
[14.57-15.32]

1653 (4.68)
[4.46-4.91]

1-y follow-up among survivorsa

At 1 y 3623/27 730 (13.07)
[12.67-13.47]

196/1296 (15.12)
[13.22-17.19]

3427/26 434 (12.96)
[12.56-13.38]

3485/29 161 (11.95)
[11.58-12.33]

2187/33 513 (6.53)
[6.26-6.80]

At 2 y 3220/24 217 (13.30)
[12.87-13.73]

158/1086 (14.55)
[12.50-16.79]

3062/23 131 (13.24)
[12.80-13.68]

3027/25 906 (11.68)
[11.30-12.08]

2236/31 815 (7.03)
[6.75-7.31]

3-y follow-up 10 225 (28.96)
[28.49-29.44]

703 (32.84)
[30.85-34.87]

9522 (28.71)
[28.22-29.20]

10 225 (26.10)
[25.65-26.57]

4844 (13.72)
[13.36-14.08]

Abbreviations: CI, confidence interval; ICU, intensive care unit.
aValues are expressed as number/total (percentage) [95% CI].
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Our findings are similar to the Ca-
nadian study10 that found only a small
effect of intensive care admission on
3-year mortality compared with hos-
pital controls, but different from the
studies in the United Kingdom and
Denmark8,9 because risk of death never
returned to that of the general popula-
tion. However, these other studies did
not distinguish between ICU survi-
vors with regard to mechanical venti-
lation status, and were not restricted to
elderly individuals. Although mechani-
cal ventilation does not define a dis-
ease state, it is a substantial marker not
only of elevated risk of hospital mor-
tality, but also of longer-term morbid-
ity (required skilled care) and mortal-
ity. In a study of Medicare beneficiaries
who had been hospitalized for severe
community-acquired pneumonia (who
may or may not have received inten-
sive care), these individuals had an al-
most 3-fold increased risk of death over
the general population in the first year
postdischarge from the hospital.22

The use of an administrative data set
and the retrospective nature of this
study are limitations. The use of Medi-
care data also means that the analysis
only includes those older than 65 years,
and it is important to note that pat-
terns of postdischarge ICU survival may
be different for younger patients. An-
other limitation of these data is that
there is not sufficient detail collected
to allow for full assessment of the se-
verity of illness of the patients while
hospitalized.

The magnitude of the postdis-
charge use of skilled care facilities for
both ICU survivors and hospital con-
trols and the high long-term mortality
for all of these patients call into ques-
tion whether discharge to skilled care
facilities is merely a marker for higher
severity of illness with appropriate de-
livery of care. These patients could have
been discharged prematurely from acute
care hospitals, and needed a higher level
of care than they received. It also is
possible that these patients could have

had better outcomes if discharged
home, but were not able to be sent there
due to lack of sufficient support from
family or friends to act as caregivers.
These findings highlight the need for
a much more detailed understanding
of the long-term care needs of these
patients.
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