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Background: The purpose of this study was to examine hospital mortality, long-term mortality, and health service
utilization among critically ill patients. We also determined whether these outcomes differed according to

Methods: We conducted a retrospective cohort study of adults (age 218 years) who survived admission to an
intensive care unit (ICU) in Ontario, Canada, between 1 April 2002 and 31 March 2012, excluding isolated
admissions to step-down or intermediate ICUs, coronary care ICUs, or cardiac surgery ICUs. Adults (age =18 years)
who survived an acute hospitalization that did not include an ICU stay formed the comparator group. The primary
outcome was mortality following hospital discharge. Secondary outcomes were healthcare utilization, including
emergency room admissions and hospital readmissions during follow-up.

Results: Over the study interval, 500,124 patients were admitted to ICUs and 420,187 (84 %) survived to hospital
discharge. Median follow-up for survivors was 5.3 (interquartile range 2.5, 8.2) years. Patients admitted to an ICU
were more likely to subsequently visit the emergency department, be readmitted to the hospital and ICU, receive
home care support, require rehabilitation, and be admitted for long-term care. Those requiring more resources
within the ICU required more resources after discharge. One-third of patients admitted to the ICU died during
long-term follow-up, with overall probabilities of death of 11 % and 29 % at 1 year and 5 years, respectively. In the
adjusted analysis, there was an increasing hazard of death with increasing age, reaching a hazard ratio of 18.08

(95 % confidence interval 16.60-19.68) for those 285 years of age compared with those aged 18-24 years.

Conclusions: Healthcare utilization after hospital discharge was higher among ICU patients, and also among those
requiring more healthcare resources during their ICU admission, than among all hospitalized patients as a group.
One-third of ICU patients died within the 5 years following discharge, and age was the most influential determinant
of outcome. These findings should help target post—ICU discharge services for high-risk groups and better inform

Background

The intensive care unit (ICU) provides potentially life-
sustaining interventions to critically ill patients [1, 2].
However, individuals surviving the acute phase of their
critical illness often have persistent cognitive, physical,
and functional impairment [3-5]. These longer-term
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effects of critical illness may impact these patients’
continued healthcare needs and their health services
utilization [6, 7]. Prior studies in which researchers have
examined healthcare use and outcomes among ICU
survivors have largely been restricted to specific patient
populations, have measured only limited indicators of
healthcare use, or have had relatively short follow-up
[6-14]. More recently, others have suggested significant
post-ICU healthcare utilization among ICU survivors
[15]. We conducted a population-based cohort study to

© 2016 Hill et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-016-1248-y&domain=pdf
mailto:Andrea.Hill@Sunnybrook.ca
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Hill et al. Critical Care (2016) 20:76

examine long-term outcomes and health services
utilization among critically ill patients and to determine
the extent to which these are influenced by patient
characteristics and course of illness.

Methods

Patient population and data source

We used the Canadian Institute for Health Information
(CIHI) Discharge Abstract Database (DAD) to identify
all patients (>18 years of age) with a hospitalization that
included an ICU admission in Ontario, Canada, between
1 April 2002 and 31 March 2012. The DAD includes
demographic, clinical, and procedural information on all
admissions to acute care hospitals for all Canadian
provinces except Quebec. An index admission to the ICU
was identified using special care unit codes that identify
all admissions to general and specialty care ICUs and have
been shown to have high accuracy [16, 17]. The study time
frame was chosen to reflect all years with available data
following the adoption of the International Classification
of Diseases, Tenth Revision (ICD-10), system by CIHI,
and to provide at least 1 year of follow-up data for all
patients (until 31 March 2013). For patients with multiple
hospital episodes that included an ICU admission, we
considered the primary exposure to be the first hos-
pital admission during the study period. For patients
with transfers between ICUs (i.e., within the same or
different hospitals), we created an ICU episode of
care using unique patient identifiers. To focus on
individuals admitted to the highest-intensity ICUs, we
excluded patients whose ICU care involved only an
admission to a step-down and/or intermediate care
ICU, coronary care unit, or cardiac surgery ICU.
Patients who were admitted to both high-intensity
and low-intensity ICUs during the index admission
were included in the study. We also created a
comparator group of patients who were hospitalized
during the study period but who were not admitted
to an ICU. To identify sicker patients, the non-ICU
group was restricted to nonobstetric admissions and
patients with a hospital length of stay >2 days. The
final study cohorts included 420,187 ICU and
1,603,154 non-ICU patients who survived their index
hospitalization (Additional file 1: Figure S1).

To explore postdischarge use of health services, these
cohorts were linked to the following health administra-
tive databases using unique encrypted health card
numbers: (1) the Ontario Health Insurance Plan
database, which contains billing claims for physician
services; (2) the National Ambulatory Care Reporting
System database, which includes information on all
emergency department visits; (3) the Home Care
Reporting System database, for data on home care
services; (4) the Client Profile Database, which contains
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data on all applications and admissions to long-term care
facilities in Ontario; (5) the National Rehabilitation
Reporting System database, which includes information
on inpatient rehabilitation services; and (6) the Ontario
Registered Persons Database, which includes demographic
and vital status (mortality) information on all Ontarians.
These datasets are housed at the Institute for Clinical and
Evaluative Sciences, which maintains linkable health-
related administrative data on all residents of Ontario
from 1992 and have been validated and are regularly used
for research [18, 19]. Follow-up data were available for a
minimum of 1 year and a maximum of 11 years after
hospital discharge. Studies in other patient populations
suggest that loss to follow-up due to migration out of the
province would be minimal (<3 %), with more recent
population census data suggesting that less than 7 % of all
Ontarians migrated out of the province over a 5-year
period [20, 21].

Outcome measures

The primary outcome was mortality up to 5 years follow-
ing discharge from the index hospital admission. Second-
ary outcomes were indicators of health service utilization
assessed at 30 days, 6 months, 1 year, 3 years, and 5 years
after discharge, including the following: subsequent hospi-
talizations, including admission to any ICU; emergency
department visits; home care visits; inpatient rehabilitative
services; and admissions to a long-term care facility. Use
of long-term care services included both new admissions
and readmissions to these facilities. We also report ICU
and hospital mortality during the index hospitalization.

Patient characteristics and ICU exposures

The demographic characteristics of patients were de-
rived from the DAD and included age (categorized as
18-24 years, 25-34 years, 35—44 years, 45-54 years,
55—-64 years, 65-74 years, 75—-84 years, and 85 years
and older), sex, diagnoses (based on ICD-10 codes for
the most responsible diagnoses during the index ad-
mission), comorbidities (defined on the basis of the
Charlson-Deyo comorbidity index [22-24]), location
of patient residence (urban or rural), and income
(based on median neighborhood income quintile). For
the ICU cohort, we defined clinical variables during
the index ICU admission, including the number of
episodes of mechanical ventilation, cumulative days in
the ICU (length of stay), use of surgical and percu-
taneously placed endoscopic gastrostomy tube, and
tracheostomy.

Statistical analyses

We compared the patterns of mortality for the ICU and
non-ICU survivors across all patients and strata defined
by age, sex, and discharge disposition. For the cohort of
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patients admitted to an ICU, we also stratified by
procedures performed during their index ICU admis-
sion, including mechanical ventilation, percutaneous
gastrostomy tube insertion, and tracheostomy tube in-
sertion. Univariate comparisons were performed using
Student’s ¢ test or the Wilcoxon rank-sum test for
continuous variables, as appropriate, and the x> statistic
for categorical variables. Kaplan-Meier survival curves
were generated to describe cumulative survival and
time to healthcare resource use following hospital
discharge for each patient group. To identify factors
associated with mortality following critical illness, Cox
proportional hazards models were fitted to the data to
estimate the risk of mortality following hospital dis-
charge. These models were restricted to the subgroup
of ICU patients and adjusted for patient-level factors,
including sex, comorbidities, income quintile, ICU
length of stay during index hospitalization, procedures
performed during the index ICU admission (mechanical
ventilation, percutaneous gastrostomy tube, tracheos-
tomy), discharge disposition (home, home with services,
and long-term care), and location of residence.

Ethics and consent

The institutional research ethics board at Sunnybrook
Health Sciences Centre approved the study, and it
determined that informed consent was not required.

Results

The demographic and clinical characteristics of patients
during index hospital admissions are detailed in Tables 1
and 2. Patients admitted to an ICU were older [mean
age (standard deviation) 63.3 (17.1) vs 60.2 (18.8) years;
p<0.001] and were more likely to be male (56.5 % vs
44.5 %; p <0.0001) than non-ICU patients. Myocardial
infarction, trauma, and cancer were the most common
diagnoses among ICU patients. In-hospital mortality was
16 % among ICU patients and 3.3 % among non-ICU
patients (p <0.0001). Patients in the ICU cohort who
required more ICU interventions, including mechanical
ventilation and tracheostomy, had the highest in-
hospital mortality (Additional file 1: Table S1).

Mortality following discharge

A total of 420,187 ICU (84 %) and 1,603,154 (97 %) non-
ICU patients survived to hospital discharge. During the
follow-up period (median 5.3 years [interquartile range
2.5, 8.2]), there were 136,154 (32 %) posthospitalization
deaths among the ICU patients and 358,624 (22 %)
deaths among the non-ICU patients. For both the ICU
and non-ICU groups, approximately one-fourth of
deaths occurred within the first 6 months after discharge
(Fig. 1, Table 3, and Additional file 1: Table S2). The
pattern of higher deaths among ICU patients was
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consistent in sensitivity analysis that excluded patients
who died within the first 6 months after discharge
(Additional file 1: Figure S2). Among the ICU patients,
mortality was higher among patients discharged to long-
term care, and increased with longer ICU length of stay
(Table 3). At 1 year, mortality among those aged 75-84
years was 17.5 %, compared with 6.8 % among younger
(<75 years) survivors of critical illness (p < 0.0001 for age
group comparison). This pattern of increasing mortality
with increasing age was consistent across all time points
assessed (Table 3). In a multivariable analysis examining
predictors of mortality among ICU survivors, patients
who were between 65 and 74 years of age had a
sevenfold increased hazard of death during follow-up
compared with patients younger than 25 years of age
(hazard ratio [HR] 7.39, 95 % confidence interval [CI]
6.79-8.04), while patients aged 85 years and older had
an 18-fold higher hazard of death (HR 18.08, 95 % CI
16.60—-19.68) (Table 4, Additional file 1: Table S3).

Healthcare utilization following discharge

Emergency department and acute care hospital admis-
sions were common after discharge, with utilization
higher among ICU survivors: 84.1 % (emergency de-
partment visits) and 65.3 % (hospital readmissions) of
ICU survivors experienced one or more of these
events during follow-up, compared with 75.8 % and
49.7 % among non-ICU survivors, respectively (p<
0.0001 by log-rank test for both comparisons). The
majority of hospitalizations occurred within the first
year following hospital discharge, a pattern consistent
across the two groups (Fig. 2). The primary diagnosis
for hospital readmission was the same as the index
admission for 27.7 % of patients surviving critical
illness. One-fourth of ICU survivors had been readmit-
ted to ICU during the 5 years following the index
hospitalization. Compared with non-ICU patients, ICU
patients had a statistically significant, but not clinically
important, higher estimated probability of being admit-
ted to a long-term care facility at 5 years (6.4 % and
5.5 % for ICU and non-ICU patients, respectively; p <
0.001 by log-rank test). Similar findings were noted for
use of rehabilitation services.

Discussion

We studied all acute care hospitalizations that included
an ICU admission in Canada’s largest province and span-
ning an entire decade. We found that most patients who
survived to be discharged from the hospital following an
ICU admission subsequently required additional health-
care services. In particular, almost half (46 %) were ad-
mitted to an emergency department and nearly one-
third (29 %) were rehospitalized within the first 6
months following discharge from the hospital. In
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Table 1 Demographics of ICU and non-ICU patients during
index hospital admission®

Characteristics Hospitalizations Hospitalizations

with ICU admission  without ICU admission

(n=500,124) (n=1,657,940)
Female sex 435 55.5
Mean age, years (SD) 633 (17.1) 60.2 (18.8)
Age group, years
18-24 30 4.2
25-34 43 6.2
35-44 74 11.6
45-54 13.6 16.3
55-64 18.7 17.3
65-74 224 174
75-84 226 175
285 79 9.5
Charlson score
0 274 585
1-2 410 290
23 316 125
Diagnoses (most responsible)
Myocardial infarction 259 6.8
Trauma 11.8 105
Cancer/neoplasm 114 136
Pneumonia and other 55 4.1
infections
COPD 30 22
Peripheral vascular 28 04
disease
Congestive heart failure 2.7 14
Musculoskeletal system 2.6 1.7
disorders
Diabetes 1.7 1.0
Liver disease 0.5 03
Renal disease 0.2 0.1
Dementia 0.1 0.5
Other digestive system 84 16.2
Other circulatory system 6.3 20
Other respiratory system 4.3 16
Other genitourinary 20 10.0
Other endocrine 09 15
Other 10.1 16.2
Income quintile
Quintile 1 (lowest) 229 210
Quintile 2 21.1 20.7
Quintile 3 193 195
Quintile 4 18.8 19.3
Quintile 5 (highest) 17.3 192
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Table 1 Demographics of ICU and non-ICU patients during
index hospital admission? (Continued)

Rural residence 183 14.7
Hospital length of stay, 9(5,17) 54,8)
days, median (IQR)

Hospital mortality 16.0 33

COPD chronic obstructive pulmonary disease, ICU intensive care unit, IQR
interquartile range

Data are presented as proportions (%) unless otherwise stated. Income quintile
does not add to 100 % due to missing values for 9940 patients

%p <0.001 for all comparisons

contrast, postdischarge health service utilization rates
were considerably less among patients whose initial
hospitalization did not include an ICU admission. Ap-
proximately one-third of patients who survived their crit-
ical illness died during the follow-up period, with notable
differences in mortality by age and need for ICU interven-
tions during the index hospital admission.

Our findings extend prior work in this area that has
demonstrated increased utilization of healthcare services
following discharge from the hospital after critical illness
[3, 6, 7, 9, 15, 25]. Our observation of significantly
higher rates of readmission to the hospital among ICU
survivors than among non-ICU survivors is consistent
with some previous studies but differs from others
[7, 12, 15]. In their population-based study, Garland and
colleagues reported a 41 % rehospitalization rate among
both non-ICU and ICU patients in the year following
discharge [15]. In contrast, we observed that at 1 year
following discharge, ICU survivors experienced a 60 %
higher hospital readmission rate than non-ICU patients
(384 % vs 23.9 %, respectively). While the explanation
for this difference is unclear, it may relate to differences
in case mix, patient preferences regarding rehospitaliza-
tion, and system factors that influence hospital admis-
sion decisions. However, our finding of substantial
higher use of ICU services among ICU survivors than
non-ICU patients is consistent with the report by
Garland and colleagues. Whether these increased health-
care needs are related to new care requirements for
newly acquired illnesses, exacerbation of the causes
underlying the prior critical illness, or lack of access to
appropriate follow-up care cannot be determined on the
basis of our study. However, our data demonstrating that
28 % of all readmissions were for related diagnoses
suggest that worsening of prior illness likely accounts for
a substantial proportion of the readmission. The high
rate (23 %) of emergency department admissions within
30 days of discharge among ICU survivors suggests that
post-ICU care could be improved. Several other reports
have described physical, neurological, and psychological
impairments among survivors of ICU care, and have
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Table 2 Demographic and clinical characteristics and outcomes
following an index ICU admission in Ontario, 1 April 2002 to 31
March 2012, stratified by survival®

Characteristic Nonsurvivors — Survivors
(n=79937) (n=420,187)
Female sex 449 433
Age group, years
18-24 0.84 34
25-34 15 49
35-44 33 82
45-54 82 14.6
55-64 14.1 196
65-74 230 223
75-84 333 20.5
285 158 6.4
Charlson score
0 11.0 30.5
1-2 36.0 419
>3 53.0 276
Most responsible diagnosis
Myocardial infraction 19.6 27.1
Trauma 8.7 12.3
Cancer/neoplasm 1.3 14
Pneumonia and other infections 126 4.
COPD 4.0 28
Peripheral vascular disease 23 29
Congestive heart failure 35 25
Musculoskeletal system disorders 1.0 29
Diabetes 1.0 1.8
Liver disease 1.1 04
Renal disease 03 0.1
Dementia 0.1 0.1
Other digestive system 94 82
Other circulatory system 52 6.5
Other respiratory system 88 34
Other genitourinary 20 20
Other endocrine 06 1.0
Other 86 104
Income quintile
Quintile 1 (lowest) 248 226
Quintile 2 219 21.0
Quintile 3 185 194
Quintile 4 17.7 19.0
Quintile 5 (highest) 16.6 175
Rural residence 133 19.3

Page 5 of 10

Table 2 Demographic and clinical characteristics and outcomes
following an index ICU admission in Ontario, 1 April 2002 to 31
March 2012, stratified by survival® (Continued)

Procedures
Mechanically ventilated 704 334
Pulmonary artery catheter 83 10.7
Bronchoscopy 16.2 80
Thoracostomy tube insertion 6.7 4.5
Dialysis 109 29
Percutaneous feeding tube insertion 75 35
Tracheostomy tube insertion 6.6 2.7
Intracranial pressure monitoring 1.9 1.1
Transvenous pacemaker insertion 12 08
Intraaortic balloon counterpulsation 16 0.7

device insertion

Complications and outcomes

Pneumonia 58 24

Surgical site infection 34 26

Blood infection 7. 12

Clostridium difficile infection 20 09
Duration of ventilation, days, median (IQR) 4 (2, 9) 2(1,5)
Cumulative ICU days

0 to <3 days 489 585

3 to <5 days 133 18.1

5 to <7 days 85 84

7 to <14 days 150 9.5

14 to <60 days 128 5.1

60 to <120 days 12 03

2120 days 04 0.1
Hospital length of stay, days, median (IQR) 9 (3, 20) 9(5,17)

COPD chronic obstructive pulmonary disease, ICU intensive care unit, IQR
interquartile range

Note income quintiles do not add to 100 % due to missing values for 2733
patients. Data are presented as proportions (%) unless otherwise stated. ICU
days could not be determined for 15 patients

%p <0.001 for all comparisons

advocated a need for improved discharge planning and
follow-up care for these individuals [3, 4, 26, 27].

Our finding that nearly one-third of ICU survivors
died during the follow-up period aligns with previous
work [6, 7, 28]. We found that a significant proportion
of these deaths occurred among the elderly, with age
being an independent strong predictor of mortality.
While these results are not unexpected, that one in five
survivors of critical illness aged 85 years or older die
within 6 months after hospital discharge suggests that
there may be opportunities for informing patient and
provider decisions regarding the increased risk of dying after
an ICU stay in this subgroup. The observed negative associ-
ation between days in the ICU and long-term mortality
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Fig. 1 Cumulative survival of patients discharged from an acute hospitalization in Ontario, 1 April 2002 to 31 March 2012, stratified by intensive

care unit (ICU) admission status

following critical illness has previously been demonstrated
[28, 29] and suggests that longer stay may identify a
subgroup of patients for whom interventions to reduce poor
outcomes after discharge may be targeted. While the most
robust studies to date have provided no evidence of the
benefit of postdischarge interventions for survivors of critical
care, identifying the patient population mostly likely to
benefit from these interventions is an important objective
(30, 31].

This study has several limitations. First, we did not
have access to other important predictors of outcome,
such as preexisting or post-ICU frailty markers, or
physical examination—based markers of muscle strength
or conditioning, or measures of functional independ-
ence. However, we described and accounted for age and
preexisting comorbidities, which have been shown to
be more influential in predicting long-term mortality
[28, 32]. Although some of these factors may explain
more specifically some of the influence of age that we
observed, our findings indicate that, in the absence
of frailty and functional measures, age is a strong
and intuitive predictor of outcomes for many pa-
tients and a useful trigger for clinicians to ensure

that patients and families are well-informed about
the benefits and potential risks of critical illness and
critical care. Second, our use of administrative data
limits our ability to identify some potentially import-
ant risk factors for health service use following
critical illness, including availability of family and so-
cial supports and patient preferences regarding care.
Third, our estimates of home care utilization after
hospital discharge address services covered by public
funds and do not include services paid for through
private insurance or out of pocket. However, there is
no evidence to suggest that availability of private
coverage differs for ICU and non-ICU patients;
therefore, this should have had minimal impact on
our comparison of home care service use. Fourth,
our study is unable to establish causal factors for the
observed increased healthcare utilization following
ICU discharge, and this is an important focus for fu-
ture research. These considerations notwithstanding,
our population-based cohort, linkages across several
databases to describe healthcare use and mortality,
and inclusion of a breadth of ICU survivors are
important strengths of the study.
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Table 3 Cumulative mortality after hospital discharge among ICU patients
Characteristics 30 days 6 months 1 year 3 years 5 years Raw mortality
(n=411,345) (n=389,896) (n=373,822) (n=270,768) (n=189,996) postdischarge
Mortality 2.2 7.2 1.1 212 290 324
Mortality by age, years
18-24 03 0.8 1.3 28 36 39
25-34 04 14 2.3 44 58 6.5
35-44 06 24 38 7.2 9.8 1.1
45-54 1 36 59 1.3 15 16.6
55-64 14 5.2 82 159 21.7 24.3
65-74 22 79 122 233 323 372
75-84 36 11.7 175 341 475 539
285 6.7 194 281 51.8 68.7 70.0
Mortality by sex
Male 2.1 7.0 10.8 20.7 28.2 31.6
Female 22 75 114 219 30.1 335
Mortality by resource use
Mechanical ventilation
No 20 7. 109 21 289 328
Yes 24 76 114 214 29.2 31.7
Tracheostomy
No 2.1 7.1 109 210 2838 322
Yes 34 11.5 17.2 306 39.2 399
Percutaneous feeding tube
No 2.1 6.9 106 206 284 318
Yes 50 15.7 230 386 479 478
Mortality by cumulative ICU days
0 to <3 days 1.7 6.1 9.6 187 258 293
3 to <5 days 23 77 11.8 229 315 350
5 to <7 days 2.7 9.1 134 253 344 37.7
7 to <14 days 3.1 9.7 144 264 357 383
14 to <60 days 34 104 15.1 269 358 376
60 to <120 days 36 14.1 194 34.7 46.0 458
2120 days 43 14.9 223 43.1 522 50.1
Mortality by discharge disposition
Home and other 1.0 4.2 7.1 15.1 218 260
Home with services 26 106 16.6 314 416 435
Acute care/other facility 4.2 103 143 244 328 41.1
Long-term care 7.2 17.8 238 394 513 483

ICU intensive care unit

Mortality from 30 days to 5 years and number at risk were estimated by Kaplan-Meier survival analysis. p < 0.001 by log-rank test for all comparisons. Raw mortality
calculated as number of deaths among survivors over total population in each group

Conclusions

We found that a majority of survivors of critical illness
require additional emergency department, acute care,
and long-term care services. Furthermore, the use of
these services began in the period immediately after dis-
charge. Mortality is high among elderly critical illness

survivors, especially among those requiring the greatest
resources while in the hospital. These findings provide
data for more informed goals-of-care discussions and
may help target post—ICU discharge services for these
high-risk groups.
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Table 4 Multivariable analyses of factors associated with

postdischarge mortality among ICU survivors

Characteristics

Hazard ratio (95 % Cl)
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Table 4 Multivariable analyses of factors associated with

postdischarge mortality among ICU survivors (Continued)

Sex
Men
Women
Age group, years
18-24
25-34
35-44
45-54
55-64
65-74
75-84
285
Mechanical ventilation
None
Yes
Tracheostomy
None
Yes
Percutaneous feeding tube
None
Yes
Cumulative ICU days
0 to <3 days
3 to <5 days
5 to <7 days
7 to <14 days
14 to <60 days
60 to <120 days
2120 days
Most responsible diagnosis®
Myocardial infarction
Trauma
Cancer/neoplasm
Pneumonia and other infections
COPD
Congestive heart failure
Presence of comorbidities®
Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Dementia
COPD

Moderate/severe liver disease

Reference

091 (0.90-0.92)

Reference
1.57 (142-1.73)
248 (2.27-2.71)
362 (3.32-3.94)
4.99 (4.59-543)
7.39 (6.79-8.04)
11.30 (10.39-12.29)
18.08 (16.60-19.68)

Reference
0.88 (0.87-0.89)

Reference

1.04 (1.00-1.08)

Reference

1.32 (1.28-1.35)

Reference

1.04 (1.03-1.05)
1.08 (1.06-1.10)
1.07 (1.05-1.09)
1.00 (0.97-1.02)
1.00 (0.91-1.09)
1.20 (1.01-1.42)
Reference

1.10 (1.07-1.13)
147 (144-1.51)
1.62 (1.58-1.67)
2.13 (2.07-2.20)
1.72 (1.67-1.77)

0.91 (0.90-0.93
0.64 (0.63-0.65
0.77 (0.75-0.78
0.64 (0.63-0.66,
0.70 (0.69-0.71

)
)
)
)
)
0.37 (0.36-0.39)

Discharge disposition

Reference

143 (1.40-147)
1.30 (1.29-1.32)
1.83 (1.80-1.86)

Home and other
Acute care/other facility
Home with services

Long-term care

Area
Urban Reference
Rural 1.00 (0.98-1.01)

Income quintile

Quintile 1 (lowest) 1.14 (1.12-1.16)
Quintile 2 1.08 (1.06-1.10)
Quintile 3 1.07 (1.05-1.09)
Quintile 4 1.04 (1.03-1.06)
Quintile 5 (highest) Reference

Cl confidence interval, COPD chronic obstructive pulmonary disease, ICU
intensive care unit

@A full list of the most responsible diagnoses and comorbidities is provided in

Additional file 1: Table S3

Measures of Healthcare Use

Logrank P <0.0001 for all Comparisons
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Fig. 2 Kaplan-Meier curves for time to health service use following
discharge from the hospital, stratified by intensive care unit (ICU)
admission status
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Key messages

e In this largest population-based cohort study done
to date, we found that survivors of critical illness
tended to have higher healthcare resource
utilization, including hospital and ICU admissions,
than other hospitalized patients.

e Among ICU patients, healthcare resource use and
mortality following discharge were highest among
older patients and those who required more ICU
procedures during the index admission.

Additional file

[ Additional file 1. Supplementary Figures and Tables. (DOC 204 kb) ]

Abbreviations

CIHI: Canadian Institute for Health Information; Cl: confidence interval;
COPD: chronic obstructive pulmonary disease; DAD: Discharge Abstract
Database; HR: hazard ratio; ICD-10: International Classification of Diseases,
Tenth Revision; ICU: intensive care unit; IQR: interquartile range.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

ADH participated in study design, analysis and interpretation of the data,
drafting of the manuscript, and revision of the manuscript for intellectual
content. RAF participated in study design, interpretation of the data, drafting
of the manuscript, and revision of the manuscript for intellectual content.
RP participated in study design, analysis and interpretation of the data, and
revision of the manuscript for intellectual content. MSH participated in
interpretation of the data and revision of the manuscript for intellectual
content. BHC participated in interpretation of the data and revision of

the manuscript for intellectual content. DCS participated in study design,
interpretation of the data, drafting of the manuscript, and revision of the
manuscript for intellectual content. All authors read and approved the
final manuscript.

Acknowledgments

RAF acknowledges that this work was supported by a personnel award from
the Heart and Stroke Foundation, Ontario Provincial Office. DCS held a
fellowship in translational health research from the Physicians’ Services
Incorporated Foundation.

This study was supported by the Institute for Clinical Evaluative Sciences
(ICES), which is funded by an annual grant from the Ontario Ministry of
Health and Long-Term Care (MOHLTC). The opinions, results and conclusions
reported in this paper are those of the authors and are independent from
the funding sources. No endorsement by ICES or the Ontario MOHLTC is
intended or should be inferred.

Parts of this material are based on data and information compiled and
provided by CIHI. However, the analyses, conclusions, opinions and
statements expressed herein are those of the author, and not necessarily
those of CIHI.

Author details

1Departr‘nent of Critical Care Medicine, Sunnybrook Health Sciences Centre,
Toronto, ON, Canada. “Sunnybrook Research Institute, Toronto, ON, Canada.
3Interdepartmental Division of Critical Care, University of Toronto, Toronto,

ON, Canada. *Toronto General Hospital/University Health Network, Toronto,
ON, Canada.

Received: 29 September 2015 Accepted: 19 February 2016
Published online: 31 March 2016

Page 9 of 10

References

1. Sinuff T, Kahnamoui K, Cook DJ, Luce JM, Levy MM, Values E, et al.
Rationing critical care beds: a systematic review. Crit Care Med.
2004;32(7):1588-97.

2. Stelfox HT, Hemmelgarn BR, Bagshaw SM, Gao S, Doig CJ, Nijssen-
Jordan C, et al. Intensive care unit bed availability and outcomes for
hospitalized patients with sudden clinical deterioration. Arch Intern
Med. 2012;172(6):467-74.

3. Herridge MS, Tansey CM, Matte A, Tomlinson G, Diaz-Granados N, Cooper A,
et al. Functional disability 5 years after acute respiratory distress syndrome.
N Engl J Med. 2011;364(14):1293-304.

4. Pandharipande PP, Girard TD, Jackson JC, Morandi A, Thompson JL, Pun BT,
et al. Long-term cognitive impairment after critical illness. N Engl J Med.
2013;369(14):1306-16.

5. Herridge MS, Cheung AM, Tansey CM, Matte-Martyn A, Diaz-Granados N,
Al-Saidi F, et al. One-year outcomes in survivors of the acute respiratory
distress syndrome. N Engl J Med. 2003;348(8):683-93.

6. Unroe M, Kahn JM, Carson SS, Govert JA, Martinu T, Sathy SJ, et al.
One-year trajectories of care and resource utilization for recipients of
prolonged mechanical ventilation: a cohort study. Ann Intern Med.
2010;153(3):167-75.

7. Wunsch H, Guerra C, Barnato AE, Angus DC, Li G, Linde-Zwirble WT.
Three-year outcomes for Medicare beneficiaries who survive intensive care.
JAMA. 2010;303(9):849-56.

8. Brinkman S, de Jonge E, Abu-Hanna A, Arbous MS, de Lange DW, de Keizer NF.
Mortality after hospital discharge in ICU patients. Crit Care Med.
201341(5):1229-36.

9. Cheung AM, Tansey CM, Tomlinson G, Diaz-Granados N, Matte A, Barr A,
et al. Two-year outcomes, health care use, and costs of survivors of
acute respiratory distress syndrome. Am J Respir Crit Care Med.
2006;174(5):538-44.

10.  Cuthbertson BH, Elders A, Hall S, Taylor J, MacLennan G, Mackirdy F, et al.
Mortality and quality of life in the five years after severe sepsis. Crit Care.
2013;17(2):R70.

11. Horkan CM, Purtle SW, Mendu ML, Moromizato T, Gibbons FK,

Christopher KB. The association of acute kidney injury in the critically ill
and postdischarge outcomes: a cohort study*. Crit Care Med.
2015;43(2):354-64.

12. Keenan SP, Dodek P, Chan K, Simon M, Hogg RS, Anis AH, et al. Intensive
care unit survivors have fewer hospital readmissions and readmission days
than other hospitalized patients in British Columbia. Crit Care Med.
2004;32(2):391-8.

13.  Cuthbertson BH, Roughton S, Jenkinson D, et al. Quality of life in
the five years after intensive care: a cohort study. Crit Care.
2010;14(1):R6.

14.  Griffiths J, Hatch RA, Bishop J, et al. An exploration of social and economic
outcome and associated health-related quality of life after critical illness in
general intensive care unit survivors: a 12-month follow-up study. Crit Care.
2013;17(3):R100.

15. Garland A, Olafson K, Ramsey CD, Yogendran M, Fransoo R. A
population-based observational study of intensive care unit-related
outcomes. With emphasis on post-hospital outcomes. Ann Am Thorac
Soc. 2015;12(2):202-8.

16. Garland A, Yogendran M, Olafson K, Scales DC, McGowan KL, Fransoo R.
The accuracy of administrative data for identifying the presence and
timing of admission to intensive care units in a Canadian province.
Med Care. 2012,50(3):e1-6.

17. Scales DC, Guan J, Martin CM, Redelmeier DA. Administrative data
accurately identified intensive care unit admissions in Ontario. J Clin
Epidemiol. 2006;59(8):802-7.

18. Williams JI, Young W. Appendix: a summary of studies on the quality of
health care administrative databases in Canada. In: Goel V, Williams JI,
Anderson GM, Blackstein-Hirsch P, Fooks C, Naylor CD, editors.
Patterns of health care in Ontario: the ICES practice atlas. 2nd ed.
Ottawa: Institute for Clinical Evaluative Sciences in Ontario (ICES); 1996.
p. 339-45. http://www.ices.on.ca/~/media/files/atlases-reports/1996/
patterns-of-health-care-in-ontario-2nd-edition/Full%20report.ashx.
Accessed 6 Mar 2016.

19. Williams JI, Young W. Inventory of studies on the accuracy of Canadian
health administrative databases. Technical report. Ottawa, ON, Canada:
Institute for Clinical Evaluative Sciences; 1996.


dx.doi.org/10.1186/s13054-016-1248-y
http://www.ices.on.ca/~/media/files/atlases-reports/1996/patterns-of-health-care-in-ontario-2nd-edition/Full%20report.ashx
http://www.ices.on.ca/~/media/files/atlases-reports/1996/patterns-of-health-care-in-ontario-2nd-edition/Full%20report.ashx

Hill et al. Critical Care (2016) 20:76

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Hogg RS, Whitehead J, Ricketts M, Heath KV, Ng E, Lalonde P, et al. Patterns
of geographic mobility of persons with AIDS in Canada from time of AIDS
index diagnosis to death. Clin Invest Med. 1997;20(2):77-83.

Canada S. Population 5 years and over by mobility status, by province and
territory (2006 census). Statistics Canada: Ottawa, ON, Canada; 2007. http://
www.statcan.gc.ca/tables-tableaux/sum-som/I01/cst01/demo56a-eng.htm.
Accessed 6 Mar 2016.

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use
with ICD-9-CM administrative databases. J Clin Epidemiol. 1992,45(6):613-9.
Needham DM, Scales DC, Laupacis A, Pronovost PJ. A systematic review
of the Charlson comorbidity index using Canadian administrative
databases: a perspective on risk adjustment in critical care research.

J Crit Care. 2005;20(1):12-9.

Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al.
Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10
administrative data. Med Care. 2005:43(11):1130-9.

Dick A, Liu H, Zwanziger J, Perencevich E, Furuya EY, Larson E, et al.
Long-term survival and healthcare utilization outcomes attributable to
sepsis and pneumonia. BMC Health Serv Res. 2012;12:432.

Griffiths J, Fortune G, Barber V, Young JD. The prevalence of post traumatic
stress disorder in survivors of ICU treatment: a systematic review. Intensive
Care Med. 2007;33(9):1506-18.

Angus DC, Carlet J, 2002 Brussels Roundtable Participants. Surviving
intensive care: a report from the 2002 Brussels Roundtable. Intensive Care
Med. 2003;29(3):368-77.

Williams TA, Ho KM, Dobb GJ, et al. Effect of length of stay in intensive care
unit on hospital and long-term mortality of critically ill adult patients.

Br J Anaesth. 2010;104(4):459-64.

Silberman S, Bitran D, Fink D, Tauber R, Merin O. Very prolonged stay in the
intensive care unit after cardiac operations: early results and late survival.
Ann Thorac Surg. 2013;96(1):15-22.

Cuthbertson BH, Rattray J, Campbell MK, Gager M, Roughton S, Smith A,
et al. The PRaCTICaL study of nurse led, intensive care follow-up
programmes for improving long term outcomes from critical illness:

a pragmatic randomised controlled trial. BMJ. 2009;339:03723.

Elliott D, McKinley S, Alison J, Aitken LM, King M, Leslie GD, et al.
Health-related quality of life and physical recovery after a critical illness:

a multi-centre randomised controlled trial of a home-based physical
rehabilitation program. Crit Care. 2011;15(3):R142.

Norena M, Wong H, Thompson WD, Keenan SP, Dodek PM. Adjustment of
intensive care unit outcomes for severity of illness and comorbidity scores.
J Crit Care. 2006;21(2):142-50.

Page 10 of 10

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/demo56a-eng.htm
http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/demo56a-eng.htm

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient population and data source
	Outcome measures
	Patient characteristics and ICU exposures
	Statistical analyses
	Ethics and consent

	Results
	Mortality following discharge
	Healthcare utilization following discharge

	Discussion
	Conclusions
	Key messages
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References



