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Abstract

Rationale: Survivors of critical illness experience significant
morbidity, but the impact of surviving the intensive care unit (ICU)
has not been quantified comprehensively at a population level.

Objectives: To identify factors associated with increased hospital
resource use and to ascertain whether ICU admission was associated
with increased mortality and resource use.

Methods:Matched cohort study and pre/post-analysis using national
linked data registries with complete population coverage. The
population consisted of patients admitted to all adult general ICUs
during 2005 and surviving to hospital discharge, identified from the
Scottish Intensive Care Society Audit Group registry, matched (1:1)
with similar hospital control subjects. Five-year outcomes included
mortality andhospital resourceuse.Confounder adjustmentwas based
on multivariable regression and pre/post within-individual analyses.

Measurements and Main Results: Of 7,656 ICU patients,
5,259 survived to hospital discharge (5,215 [99.2%] matched
to hospital control subjects). Factors present before ICU

admission (comorbidities/pre-ICU hospitalizations) were
stronger predictors of hospital resource use than acute illness
factors. In the 5 years after the initial hospital discharge,
compared with hospital control subjects, the ICU cohort
had higher mortality (32.3% vs. 22.7%; hazard ratio, 1.33;
95% confidence interval, 1.22–1.46; P, 0.001), used more
hospital resources (mean hospital admission rate, 4.8 vs.
3.3/person/5 yr), and had 51% higher mean 5-year hospital
costs ($25,608 vs. $16,913/patient). Increased resource use
persisted after confounder adjustment (P, 0.001) and using
pre/post-analyses (P, 0.001). Excess resource use and mortality
were greatest for younger patients without significant
comorbidity.

Conclusions: This complete, national study demonstrates that ICU
survivorship is associated with higher 5-year mortality and hospital
resource use than hospital control subjects, representing a substantial
burden on individuals, caregivers, and society.
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Survivors of critical illness suffer significant
morbidity (1), including neuromuscular
complications (2), respiratory impairment
(3), cognitive decline (4), psychological
morbidity (5), and physical disability (3).
Patients report low quality of life, especially
in physical domains (6, 7).

The decline in physical, psychological,
and/or cognitive function after critical
illness has been termed the “post–intensive
care syndrome” (8). The prevalence and
severity of various morbidities have been
described in cohort studies, but these
provide limited information about the
health care burden of the post–intensive
care syndrome because of selection bias,
loss to follow-up, and limited health care
resource use data (9). Furthermore, the
magnitude of the health care burden and
duration over which it remains elevated is
poorly understood (10). Linkage of national
health care registries provides a more
complete, national picture of longer-term
outcomes for intensive care unit (ICU)
survivors. Comparing ICU survivors with
matched hospital or general population
cohorts also provides a method by which to
explore the magnitude of excess mortality
and health care resources associated with

ICU survivorship and to identify patients at
greatest risk.

We hypothesized that indirect evidence
of the clinical and financial burden of
post–intensive care syndrome could be
demonstrated through identifying higher
longer-term mortality and hospital resource
use in ICU survivors compared with
control populations in the years after ICU
admission. We aimed to (1) compare
longer-term mortality for a national cohort
of ICU survivors over a 5-year period after
hospital discharge with mortality rates
for a cohort of hospital control subjects
(hospitalized patients not receiving
intensive care) and the general population;
(2) identify factors associated with
increased postdischarge hospital resource
use; (3) compare longer-term hospital
resource use for the ICU cohort with that
for hospital control subjects; and (4)
compare hospital resource use in the years
after an ICU admission with baseline
hospital resource use within individuals.
Some provisional results of these studies
have been previously reported in the form
of abstracts (11–13).

Methods

Study Population, Setting, and
Databases
We used cohort study designs (matched
and pre/post within-individual analyses).
Primary data sources were routinely
collected, administrative, linked registries
derived from the Scottish Intensive Care
Society Audit Group (SICSAG), Scottish
Morbidity Record of acute hospital
admissions (SMR01), and Scottish death
records. The SICSAG registry captures all
adult general intensive care activity within
Scotland. In 2005 all 24 adult general
ICUs, serving a population of 5.1 million
(4.2 million aged >16 yr), submitted data
(14). The ICU cohort comprised residents,
at least 16 years of age, admitted to
general ICUs in Scotland between January
1, 2005 and December 31, 2005, who
survived to hospital discharge (index
admission). All ICU patients were eligible
regardless of length of ICU stay. For
multiple admissions, only first ICU
admissions with a valid linkage number
were included. The matched hospital
cohort was extracted from the SMR01
registry, using identical inclusion and
exclusion criteria, but excluded hospital

admissions with ICU episodes. Matching
was undertaken 1:1, using age (in 10-yr age
bands), sex, admission type (emergency
surgical, elective surgical, emergency
medical), and date of hospital discharge
(quarter of year). Approvals were obtained
from the relevant data-governing bodies
(Privacy Advisory Committee, NHS
Scotland Information Services Division; ref
55/09). All data were anonymized before
release to the researchers. The South East
Scotland Research Ethics Committee
granted a waiver (ref NR/1001AB14). The
online supplement provides further details
regarding the registries.

Outcomes and Follow-up Period
The primary outcomes were mortality and
hospital resource use. Mortality for ICU and
hospital cohorts was derived from linkage to
Scottish death records. General population
mortality rates were obtained by indirect
standardization using the general Scottish
population as a reference population (15).
Age- and sex-specific mortality rates were
derived from national Scottish mortality data
and applied to the ICU cohort population
structure to produce expected mortality.
Hospital resources comprised elective
(scheduled) day-case, elective (scheduled)
inpatient, or emergency (unscheduled)
inpatient acute hospital admissions and were
quantified in four ways: total number of
hospital admissions; total number of days
spent in hospital; total costs of hospital care;
and cumulative incidence of first admission
(in sensitivity analyses). Costs of hospital
care included only day-case and inpatient
admissions. Per diem costs for hospital care
were derived from the NHS Scottish Costs
Book (16) and converted to 2014 costs, using
purchasing power parities. Measures of
hospital resource use were calculated per
person over the 5-year follow-up period
(see the online supplement). Follow-up
commenced from the day of index hospital
discharge and ended at 5 years (with
censoring on December 31, 2010 at study
end). As censoring was negligible and
emigration in older age groups from
Scotland to the remainder of the United
Kingdom or overseas is known to be low
(17), follow-up was assumed to be complete
for analyses (missing person-time, 0.2% for
all cohorts).

Statistical Analysis
All analyses were undertaken with Stata/IC
version 13 (StataCorp LP, College Station,

At a Glance Commentary

Scientific Knowledge on the
Subject: There are increasing
numbers of patients surviving an
episode of critical illness. Cohort
studies indicate that intensive care
survivors may have ongoing complex
and potentially costly health care
needs. However, robust population-
level estimates of the excess mortality
and health care costs associated with
surviving intensive care are needed.

What This Study Adds to the
Field: We have demonstrated an
increased risk of death (33%) and
hospital readmission rate (22%) in
patients surviving an episode of
intensive care compared with hospital
control subjects in the 5 years after
discharge from hospital, after adjusting
for important confounders. Our
population-level estimates indicate
substantial costs associated with
intensive care unit survivorship, which
can be used to inform health policy.
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TX). For more information, see the online
supplement.

Mortality (ICU cohort vs. hospital
control vs. general population). We used
Kaplan-Meier survival plots to compare the
ICU cohort, hospital cohort, and expected
age/sex indirectly standardized survival
curves derived from the general Scottish
population mortality rates. Cox regression
stratified by matched pairs was used to
estimate the hazard ratio (HR) for mortality
in ICU versus hospital control subjects
adjusted for potential confounders. In
addition to matched variables, we adjusted
for the following: age, quintile of an area-
based measure of socioeconomic status
(Social Index of Multiple Deprivation)
(18), remoteness (19), rurality (19), health
region, preindex hospitalization health
care resource use (number of hospital
admissions in the prior 5 yr), and number
of comorbidities from the Charlson Index
(reconstructed from diagnostic codes on
admission records in prior 1 yr) (20).
Measures of illness severity were not
included as these were not available for the
hospital control subjects. For more
information see the online supplement.

Predictors of resource use (ICU cohort
only). Independent predictors of number
of hospital admissions over 5 years were
identified for the whole ICU cohort,
using a negative binomial multivariable
regression model (see the online
supplement). This analysis was limited to
individuals in the ICU cohort. Coefficients
produced from this regression model—
once exponentiated—can be interpreted as
an admission rate ratio. This is because it
represents the ratio of admission rates in
one group compared with the reference
group. Variables were grouped into
demographic factors, prior illness/resource
use factors, and index admission factors.
We specifically assessed the association of
several acute illness factors with resource
use in additional analyses due to
collinearity: Simplified Acute Physiology
Score II (SAPS II) on ICU admission,
organ support (provision of mechanical
ventilation, renal replacement therapy, or
cardiovascular support), total number of
organs supported, ICU length of stay
(LOS), post-ICU hospital LOS, and total
hospital LOS (see the online supplement).

Resource use (ICU cohort vs. hospital
control subjects). The first approach to
explore potential excess resource use on a
relative scale associated with ICU admission

was a comparison of matched ICU and
hospital control subjects. We estimated
admission rate ratios using negative
binomial regression to model the number
of hospital admissions during the 5-year
follow-up period, allowing for the matched
nature of the data by using standard errors
that accommodated clustering (correlation
between matched pairs) (21). Potential
confounders were included in the
multivariable model as for mortality
analyses. We explored effect modification
by reporting stratum-specific admission
rate ratios and including interaction terms
in regression models for the following
variables: age (dichotomized ,70, >70 yr)
and presence of any Charlson comorbidity
(dichotomized 0, >1).

Resource use (pre/post within-
individual; ICU cohort only). The second
approach to explore potential excess
resource use associated with ICU admission
was a pre/post comparison within
individuals on an absolute scale. This
analysis was limited to individuals in
the ICU cohort. We calculated excess
postdischarge hospital costs by subtracting
baseline hospital costs (those that would
have accrued had the patient not been
admitted to ICU) from postdischarge
hospital costs during the time spent alive
and under follow-up. Baseline hospital costs
were derived from hospital admissions
during the period before index hospital
admission, varying this period from 1
to 5 years preindex admission for each
patient (see the online supplement). No
adjustment for confounders was
undertaken as confounding was controlled
by comparisons within individuals.
However, we modeled the uncertainty of
the effect of increasing age during follow-
up on hospital costs and the uncertainty of
baseline costs by varying these two factors
under six scenarios in additional analyses
(see the online supplement).

Sensitivity Analyses

Resource use. For analyses to identify
predictors of resource use and comparing
resource use in the ICU cohort and hospital
control subjects, we performed a sensitivity
analysis using Fine–Gray competing risks
(22). This allows for the competing risk
of death by modeling an estimate of
cumulative incidence of first hospital
admission with early deaths remaining in
the denominator. Exponentiated regression

coefficients can be interpreted as
subdistribution HRs (23). This sensitivity
analysis was important because in both
negative binomial external-controlled and
pre/post within-individual analytical
approaches described previously, people
who die do not subsequently accrue costs.
Patient groups with high, early mortality,
therefore, would be less likely to accrue
substantial health care resource use over the
5-year follow-up period. However, this
sensitivity analysis using competing risks
regression differs from the other two
approaches as the outcome being modeled
is cumulative incidence of first hospital
admission whereas the other approaches
model the total number of admissions or
total hospital costs during the follow-up
period.

Results

Baseline Characteristics
In 2005, 5,259 of 7,656 patients survived
to hospital discharge after an index ICU
admission (see Figure E1 in the online
supplement); 5,215 (99.2%) were
successfully matched to hospital control
subjects (Table E1). ICU patient cohort
characteristics are shown in Table E1.
The median age was 60 years
(interquartile range [IQR], 44–72), 61%
were mechanically ventilated, 73% had one
or more hospital admission during the
prior 5 years, and 27% had one or more
preexisting Charlson comorbidities. Median
ICU LOS was 2 days (IQR, 1–5; mean, 5)
and median hospital LOS was 17 (IQR,
9–39; mean, 34). Compared with matched
hospital control subjects, the ICU cohort
subjects were more likely to live in areas of
socioeconomic deprivation (P = 0.001), had
more comorbidities (P, 0.001), and had
greater numbers of previous hospital
admissions (P, 0.001) (Table 1).

Mortality
Mortality for the ICU cohort at 1 year
was 10.9% (95% confidence interval
[CI], 10.0–11.7) and at 5 years was 32.3%
(95% CI, 31.0–33.6) (Figure 1). Mortality
in the ICU cohort was higher than for
matched hospital control subjects (1 yr,
7.5%; 5 yr, 22.7%) and for an age- and
sex-standardized general population (1 yr,
2.2%; 5 yr, 13.4%). After adjustment, the
relative risk of death for the ICU cohort was
33% higher, during the 5-year follow-up
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period, than for hospital control subjects
(unadjusted HR, 1.56; 95% CI, 1.41–1.67;
adjusted HR, 1.33; 95% CI, 1.22–1.46;
P, 0.001). On stratification by age, relative

mortality was substantially higher in those
less than 70 years of age (HR, 1.68; 95% CI,
1.47–1.92; P, 0.001) but was similar for
survivors at least 70 years old compared

with hospital control subjects (HR, 1.05;
95% CI, 0.92–1.19; P = 0.45; interaction
term, P, 0.001). Comorbidity was not
found to be a statistically significant
effect modifier (interaction term, P = 0.09).

Resource Use
Over the 5-year follow-up period, 81.7% of
the ICU cohort had one or more hospital
admissions, with a mean 4.8 hospital
admissions per patient (accounting for
173,113 d in hospital; mean, 32.9 hospital
days per patient; accounting for 2.2% of
days alive) (Table E2). Total costs were
$136.1 million, equivalent to $25,881 per
person in the ICU cohort over the 5-year
follow-up period. Emergency admissions to
hospital comprised 54% of all hospital
admissions, accounting for 77% of hospital
days and 75% of hospital admission costs
(Figure 2).

Within the ICU cohort, factors
associated with the number of hospital
admissions over the 5-year follow-up period
are presented in Table E3a. Comparing
factors grouped into three categories
(demographics, prior illness/resource use,

Table 1. Baseline Characteristics of Intensive Care Unit Cohort Compared with Hospital Control Cohort

ICU Cohort (n = 5,215) Hospital Control Cohort (n = 5,215) P Value

Age, yr, median (IQR) 60 (44–72) 60 (44–72) —
Female, n (%) 2,327 (44.6) 2,327 (44.6) —
Scottish Index of Multiple Deprivation quintile, n (%) 0.001
1 (least deprived) 653 (12.5) 781 (15.0)
2 848 (16.3) 906 (17.4)
3 1,065 (20.4) 1,012 (19.4)
4 1,233 (23.6) 1,179 (22.6)
5 (most deprived) 1,416 (27.2) 1,337 (25.6)

Resident in remote area, n (%) 471 (9.0) 542 (10.4) 0.02
Resident in rural area, n (%) 916 (17.6) 905 (17.4) 0.77
Count of Charlson comorbidities, n (%) ,0.001
0 3,799 (72.9) 4,748 (91.1)
1 1,012 (19.4) 357 (6.9)
2 or more 404 (7.8) 110 (2.1)

Hospital admissions in previous 5 yr, n (%) ,0.001
0 1,403 (26.9) 2,021 (38.8)
1 962 (18.5) 1,092 (20.9)
2 709 (13.6) 692 (40.3)
3 510 (9.8) 399 (7.7)
4 347 (6.7) 292 (5.6)
5 or more 1,284 (24.7) 719 (13.8)

Admission type, n (%) —
Elective operation 1,146 (22.0) 1,146 (22.0)
Emergency operation 1,447 (27.8) 1,447 (27.8)
Medical 2,622 (50.3) 2,622 (50.3)

Index hospitalization length of stay, d ,0.001
Mean (SD) 32.5 (43.8) 11.4 (32.8)
Median (IQR) 17 (9–38) 3 (1–8)

Definition of abbreviations: ICU = intensive care unit; IQR = interquartile range.
Hypothesis tests were not undertaken on variables used in matching. Note that data are presented for matched cohort n=5,215; these values differ from full ICU cohort
(n=5,259) as 44 individuals were not matched. See Table E1 in the online supplement for more detailed characteristics of the full, matched, and unmatched ICU cohort.
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and index admission factors), the strongest
predictors (based on Wald x2 statistic)
were prior illness/resource use factors
(x2 = 420.6, 4 degrees of freedom [df];
P, 0.001), followed by index admission
factors (x2 = 140.1, 34 df; P, 0.001), and
demographic factors (x2 = 41.1, 10 df;
P, 0.001). ICU admission diagnoses in
the ICU cohort associated with hospital
admission are shown in Table E3b;
esophageal variceal bleeding was associated
with the highest admission rate ratio
(ARR). Competing risk of death analysis
yielded similar results for most covariates
(Table E3a and E3b). Where differences
existed (e.g., age), these largely reflected
differences in mortality (oldest vs. youngest,
52% vs. 12%) and therefore a shorter
follow-up time to experience readmissions.
This led to a lower ARR produced by the
negative binomial analysis, which did not
substantially affect competing risks
analyses. Most markers of ICU acute
severity of illness and index hospitalization
were either weakly or not associated with
5-year hospital admission rate or
cumulative incidence of first admission
(Table E4). The strongest association was
with hospital LOS.

Resource Use: ICU Cohort versus
Hospital Control Subjects
During the 5-year follow-up period, the
mean time under follow-up while alive was
4.02 years/person in the ICU cohort

compared with 4.30 years/person in hospital
control subjects. Compared with control
subjects, the ICU cohort subjects were more
likely to have one or more hospital
admissions (81.6% vs. 73.3%), used more
hospital resources (admission rate, 4.8 vs.
3.3 per person/5 years; ARR, 1.47; 95% CI,
1.38–1.57; P, 0.001), had a higher number
of mean days in hospital (32.6 vs. 21.5; 2.2%
vs. 1.4% of days alive), and had 51% higher
mean costs of hospital admissions ($25,608
vs. $16,912 per patient; $133.5 million vs.
$88.2 million for the whole cohort)
(Table 2). The majority of costs for both
cohorts was attributable to emergency
hospital admissions (ICU cohort: mean,
$19,078; 74.5% of total costs; hospital
control subjects: $12,239; 72.4% of total
costs).

After adjusting for potential
confounders, the relative rate of hospital
admission in the 5-year period remained
significantly higher for the ICU cohort
(ARR, 1.22; 95% CI, 1.15–1.30; P, 0.001).
Allowing for competing risk of death by
modeling cumulative incidence of first
hospital admission, the ICU cohort had a
19% increased risk of hospital admission
compared with hospital control subjects
(subdistribution HR, 1.19; 95% CI,
1.13–1.24; P, 0.001).

To account in part for differences in
mortality rates between ICU and hospital
cohorts, a comparison of annual hospital
resources used per patient alive at the start

of each year was undertaken. This
demonstrated a reduction in hospital
resource use for each year of follow-up in
both cohorts, but this remained higher in the
ICU cohort throughout (Table 2). After
adjusting for confounding, the ICU cohort
had higher hospital admission rates for
each year of follow-up, which persisted in
the fifth year of follow-up (Year 1: ARR,
1.30; 95% CI, 1.20–1.41; P, 0.001; Year 5:
ARR, 1.19; 95% CI, 1.07–1.32; P = 0.002).

Effect modification. The adjusted
excess rate of 5-year hospital admissions (on
a relative scale) in the ICU cohort, compared
with hospital control subjects, varied by
age and comorbidity (Figure 3). On
stratification by age, relative hospital
admission rates for the ICU cohort
compared with hospital control subjects
were higher for people less than 70 years
of age (ARR, 1.28; 95% CI, 1.18–1.38;
P, 0.001) than for those aged 70 years
of age or older (ARR, 1.09; 95% CI, 1.00–1.19;
P = 0.05; interaction term, P, 0.001)
(Figure 3). In competing risks analyses, age
was an effect modifier (interaction term,
P, 0.001), but comorbidity was not
(P = 0.26) (Figure E2).

Resource Use: Pre/Post Within-
Individual Analysis
For individuals in the ICU cohort, mean
5-year postdischarge hospital costs were
greater than baseline cost of hospital care,
derived from hospital costs in the year
before ICU admission (mean difference
from baseline, $7,919 per person; 95% CI,
$6,324–$9,516; P, 0.001). Mean annual
hospital costs were greater than baseline
costs for each year of follow-up (Figure 4).
These were highest for the first year
($9,349; difference from baseline, $4,239;
95% CI, $3,670–$4,809; P, 0.001) and
lowest for the fifth year ($4,670; difference,
$724; 95% CI, $200–$1,248; P = 0.007).
Under all six scenarios of varying baseline
costs and including effects of aging,
subsequent hospital costs were higher than
baseline for the first year after hospital
discharge; for the third year, the five
scenarios still indicated higher hospital
costs than baseline; for the fifth year, this
was reduced to three scenarios (Figure 4).

Discussion

This national, complete cohort of ICU
patients experienced significantly higher
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Figure 3. Mean hospital costs in the 5-year period after discharge from index hospitalization in intensive care unit (ICU) survivors compared with hospital control
subjects (A) for all patients, (B and C) for patients stratified by age (B, age, 70 yr; C, age> 70 yr), and (D and E) in the presence of Charlson comorbidity
(D, no comorbidity; E, one or more comorbidities). Each point represents the mean cost for each quarter (reported as cost per year) for each patient alive at the
start of each quarter. Modeling number of admissions rather than costs, age was an effect modifier for the admission rate ratio (ARR) of ICU survivors compared
with hospital controls (age, 70 yr: ARR, 1.28; 95% confidence interval [CI], 1.18–1.38; P, 0.001; age> 70 yr: ARR, 1.09; 95% CI, 1.00–1.19; P=0.05;
interaction term, P, 0.001). Similarly, comorbidity is an effect modifier (no comorbidity: ARR, 1.25; 95% CI, 1.17–1.34; P, 0.001; one or more comorbidities:
ARR, 1.02; 95% CI, 0.91–1.14; P=0.72; interaction term, P=0.02).
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mortality and used more hospital resources
in the 5 years after hospital discharge
compared with hospital survivors who did
not require ICU admission. The excess
resource use persisted throughout the 5-year
follow-up. Factors present before ICU
admission were much stronger predictors of
hospital resource use than those associated

with the acute illness. The excess
mortality and use of hospital resource were
most pronounced in patients less than
70 years of age and those with no preexisting
illness.

The persisting excess mortality and
hospital costs associated with ICU
survivorship likely result from a complex

interplay between preillness factors,
acute illness factors, and health care
organizational structures. We were
surprised that the acute illness factors such
as ICU admission illness severity and
requirement for organ support had little or
no influence on subsequent resource use. It
is widely assumed that acute illness factors
are important mediators in the causal
pathway to post–critical illness morbidity,
for example, through residual organ
dysfunction or disability (24–26). Our data
indicate that preillness factors, such as
previous hospital resource use and
comorbidity, most strongly influence
subsequent hospital resource use. These
findings have implications for clinicians
and health service planners, and in future
trial design where survivorship and health
care costs beyond the acute hospital
admission episode are of interest. The
complex health and social care problems
of ICU survivors, which in many cases
may be part of a chronic trajectory of
deteriorating health, justify the more
holistic approach to post-ICU recovery that
has been recommended by stakeholder
groups (8) and the United Kingdom’s
National Institute for Health and Care
Excellence (27). Clinicians are increasingly
aware of the burden that ICU survivorship
places on patients and families. Our
results will help to inform discussions with
family members of the consequences of
surviving an admission to ICU. In the
context of recent ICU survivorship trials
yielding disappointing results (28–30),
further investigation of preillness
trajectories may identify those at highest
risk of readmission and enable targeted
interventions (31).

Compared with hospital control
subjects, we found that excess hospital
resource use was concentrated in younger
patients and those with no previous
comorbidities. These patients are most likely
to be previously fit and well patients
experiencing a critical illness “hit” leaving
them with new health problems (32). This
novel finding has implications for these
patients, which may contrast with patients
whose ICU admission punctuates an
already deteriorating health trajectory.
The economic consequences may be
substantially greater than the costs relating
to acute hospital admission, for example,
through substantial loss of earnings and
long-term social costs. This is an important
consideration for health and social policy
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Figure 4. Difference in mean annual hospital costs from baseline cost in pre/post within-individual
analyses in the 5-year period after discharge from index hospitalization: sensitivity analysis in varying
baseline hospital cost and effect of aging on hospital costs. (A) Baseline hospital cost was varied from
the mean annual hospital cost in the 1 year before index hospital admission (solid lines) and the mean
annual hospital cost in the 5 years before index hospital admission (dashed lines). Lighter lines
represent 95% confidence intervals. (B) In addition to varying baseline costs, the effect of aging on
hospital costs was modeled, using the gradient of increasing costs during the preindex hospitalization
period. The gradient was assumed to vary under three scenarios: no effect of aging on costs (X); the
assumption that the cost gradient during Years –5, –4, and –3 pre–index hospitalization continued
during Years 0 to 5 years posthospitalization (Y); and finally, the assumption that the cost gradient
from –5 years to 0 years pre–index hospitalization continued during Years 0 to 5 years
posthospitalization (Z).
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makers, and requires confirmation in other
settings.

Our population-level estimates of the
cost associated with ICU survivorship can be
used to inform health policy. The high
emergency hospital readmission rate in
ICU survivors represents unplanned access
to the health service. We did not have
sufficient information to classify these as
potentially avoidable or unavoidable
admissions in this study. Readmissions may
be modifiable through proactive primary
care, social care, or improvement in
transitions of care. Further work is required
to investigate this issue.

Other studies describe excess mortality
in ICU survivors compared with hospital
populations, ranging from 7% (33) to
21% (34). Our data are consistent with
these estimates. Comparison with other
studies reporting health care resource
use or costs is difficult because of
organizational differences at ICU and wider
health service level and international
differences in costing health care (35).
However, compared with resource
data for the first year after discharge
summarized in a systematic review and a
more recent publication (35, 36), our
cohort experienced comparable hospital
readmission rates (1.1 compared with
0.6–2.8/patient) and days in hospital
(11.1 compared with 4.2–19.0/patient),
although lower average 1-year
hospitalization ($8,863 compared with
$9,769–$66,812 [converted to 2014 U.S.
dollars]).

Some studies with control populations
report results in conflict with our findings.
A Canadian study reported that ICU
survivors had a lower readmission rate
compared with hospital control subjects
during 3 years of follow-up (ARR, 0.80;
95% CI, 0.77–0.82) (37). Differences in
study population (substantially younger
ICU and hospital cohorts; median age,
54 and 47 yr, respectively), analysis
methods (stratified analysis on vital status
at the end of follow-up), and confounder
selection (models included index admission
hospital length of stay, strongly correlated
with ICU cohort membership) may explain
the discordant results. A study limited to
U.S. Medicare beneficiaries more than 65
years of age found higher unadjusted 1- and
3-year readmission rates in ICU survivors
compared with hospital and population
control subjects (33). A third study of
survivors of severe sepsis found that,

relative to other hospital survivors, patients
spent a greater proportion of days alive
admitted to inpatient facilities and fewer
days at home in the year after hospital
discharge (38).

Strengths of our study include the use
of a complete national cohort of patients,
inclusion of all ICU admissions, and near
complete follow-up. These factors minimize
the risk of bias frequently encountered in
prospective observational studies (9). To
investigate and fully describe the excess
burden associated with ICU survivorship,
we used a variety of outcomes (mortality,
hospital admissions, costs), control subjects
(hospital control subjects and pre/post
within-individual), and multivariable
models (negative binomial, competing risk
regression), which allowed more accurate
modeling of heavily skewed resource data.
As mortality rates were higher in the ICU
population, our primary analysis may have
demonstrated lower resource use in the
ICU population because of the shorter
duration of time spent alive during follow-
up, although health care costs may also
increase toward the end of life and
therefore reduce this difference (39). Our
primary analysis is the correct approach
from a health accounting perspective:
modeling future funding of health care for
ICU survivor populations by health care
providers requires data relating to costs,
which will be lower with high, early
mortality rates. However, to better
understand the attributable cost of ICU
survivorship, we also presented resource
use by cohorts, using an actuarial, life table
approach, presenting mean costs per person
for time intervals conditional on survival at
the start of each time interval, as well as
conducting additional statistical modeling
to allow for the competing risk of death
when comparing estimates of resource use
between cohorts.

A potential weaknesses was loss of
patients through emigration during follow-
up; however, emigration in Scotland is
known to be only 0.6% annually for
residents at least 45 years of age (17). We
were also unable to identify hospital control
subjects who “crossed over” to become ICU
survivors, thereby potentially biasing
estimates away from the null. A further
weakness was the method used to cost
hospital resources. We used a per diem cost
for each day of hospital stay, which may
overestimate hospital costs, particularly for
hospital admissions with prolonged lengths

of stay. Exposures, confounders, and
outcomes were also limited to those
collected in registries. For example,
comorbidity was likely to be imperfectly
measured, and there was no measure of
premorbid functional status or frailty,
which are factors that influence decision-
making around ICU admission and
outcomes (40). Furthermore, data relating
to limiting or withdrawing life-sustaining
therapy within the ICU were not available,
which may have reduced the frequency of
frailer individuals in the ICU cohort but not
the hospital control cohort. These factors
may have led to residual confounding in
comparisons between ICU and hospital
populations, in which the direction of bias
may be away from the null if the ICU
population had greater unmeasured
comorbidity. Despite matching cohorts on
four variables and adjusting for available
variables including preindex admission
hospital resource use, we cannot assume
that hospital control subjects were similar
to the ICU cohort in all aspects other
than being admitted to the ICU (41).
Because of the importance of this issue,
we explored this further in the pre/post
within-individual analyses of hospital
readmissions. Triangulation of our
observational findings, using these two
different approaches, each of which had
its own sources of bias and confounding,
demonstrated consistency in the
direction of excess costs associated with
ICU survivorship. Consistency in the
magnitude of excess costs was more
difficult to demonstrate as cost
comparisons between cohorts were not
controlled for imbalances between cohort
characteristics other than those on which
cohorts were matched.

Measurement of additional outcomes,
such as functional status and quality of life,
would have allowed a more complete
understanding of the consequences of
critical illness, but these are not available at
the population level. Although hospital
resource use dominates postdischarge costs
(35, 36), extending resource measurement
beyond this to social care and societal costs,
such as loss of earnings or the financial
burden on caregivers, would have allowed
a more comprehensive assessment of
resource use (42).

Conclusions
ICU survivors have increased mortality
and hospital costs in the 5 years after
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ICU admission, which represents a
substantial burden on individuals,
caregivers, and society. Pre-ICU admission
factors indicative of poor health are
strong predictors of higher long-term
resource use, but excess resource use
compared with that of other hospitalized

patients is greatest for younger patients
without significant preexisting
comorbidity. A better understanding
of causal mechanisms, effective
interventions, and subgroups at higher
risk is required to guide policy makers
and clinicians. n
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