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A lternate-level-of-care acute care beds are those occu-
pied by patients who no longer require acute care 
services, as designated by the attending physician.1 

Delayed discharge is costly not only for the health care sys-
tem but also for patients awaiting more appropriate treat-
ment.2,3 Alternate-level-of-care use has become an important 
policy issue in Canada. A recent report by the Canadian 
Institute for Health Information showed that there were 
more than 1.7 million alternate-level-of-care days (involving 
74 000 patients) in 2007–2008 alone in Canada (excluding 
Quebec and Manitoba), accounting for 14% of hospital days 
in acute care facilities.1 Previous research has identified that 
increasing age, comorbidity burden, and cognitive/behav-
ioural and neurologic diagnoses are associated with alternate-
level-of-care days.1,4,5 Within the acquired brain injury popu-
lation, having a nontraumatic brain injury (e.g., resulting 

from hypoxia–anoxia, ischemia or tumours) is more strongly 
associated with alternate-level-of-care days than traumatic 
brain injury (e.g., resulting from physical trauma or head 
injury).4 Furthermore, among patients with nontraumatic 
brain injury in Ontario, the odds of having an alternate-level-
of-care day increased by 19% from 2007 to 2009.4 As non-
traumatic brain injury constitutes a heterogeneous patient 
group with varied acute care requirements, a more thorough 
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Background: Delayed discharge, captured as alternate-level-of-care days, represents inefficient use of high-demand acute care 
resources and results in potentially poorer patient outcomes. We performed a study to determine the extent of alternate-level-of-care 
days among patients who survived hypoxic–ischemic brain injury in inpatient hospital care in Ontario and to identify predictors of 
alternate-level-of-care use in this population.

Methods: A population-based cohort of acute care survivors of hypoxic–ischemic brain injury aged 20 years or more from 2002/03 
through 2011/12 was identified. We used 2 case definitions, the more specific identifying patients with a most responsible diagnosis of 
“anoxic brain damage,” and the more sensitive capturing additional likely causative conditions as the most responsible diagnosis. Multi-
variable zero-inflated negative binomial regression was used to estimate independent effects on the relative incidence of alternate-
level-of-care days.

Results: We identified 491 patients using the specific case definition and 669 patients using the extended case definition. After 
deaths were excluded, 232 patients (47.2%) and 278 patients (41.6%), respectively, had at least 1 alternate-level-of-care day 
(median 20 and 19 d, respectively). In both cohorts, decreasing age, no special care unit hours and acute care episode earlier in the 
study period were predictive of increased alternate-level-of-care days relative to length of stay. Discharge disposition and psychiatric/
behavioural comorbidity were most predictive of having any alternate-level-of-care days.

Interpretation: Patients with hypoxic–ischemic brain injury had a greater proportion of alternate-level-of-care days than has been 
reported for patients with other types of acquired brain injury. This finding suggests that substantial barriers to appropriate discharge 
exist for this population. Predictors of increased alternate-level-of-care days were also shown to be unique. Further study of care deficits 
among patients with hypoxic–ischemic brain injury is warranted.
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understanding of alternate-level-of-care use across subtypes 
of nontraumatic brain injury is needed.6

Hypoxic–ischemic brain injury is a nontraumatic brain 
injury that results from sustained oxygen deprivation arising 
from ischemic (i.e., restricted blood flow) or anoxic/hypoxic 
(i.e., no/low oxygen irrespective of ischemia) origins. The 
most common cause is cardiac arrest, although other injuries 
substantially impeding blood oxygenation or circulation to 
neural tissue (e.g., respiratory arrest, carbon monoxide poi-
soning) and asphyxia can also result in hypoxic–ischemic brain 
injury.7,8 Outcomes among survivors of hypoxic–ischemic 
brain injury are often poor and include long-term motor, cog-
nitive and psychosocial impairments.9

The prevalence of hypoxic–ischemic brain injury within 
nontraumatic brain injury populations has been estimated at 
20% in older patients.6 Furthermore, there is evidence that, 
owing to advancements in critical care medicine and cardio-
pulmonary resuscitation, survival rates after anoxic episodes 
have improved, leading to a growing population of survivors 
of hypoxic–ischemic brain injury.10–12 Nevertheless, there 
remains a paucity of information on the health care needs and 
use of health care services of this population, which suggests 
that clinicians may be ill equipped to assess these patients and 
provide appropriate and efficient treatment.13 This is particu-
larly important for the hypoxic–ischemic brain injury popula-
tion, as deficits in knowledge and health care resources have 
been observed to contribute to delayed discharge.14 Given 
that optimal treatment of hypoxic–ischemic brain injury is 
hindered by knowledge gaps and the overburdened acute care 
services of Canada’s health care system, patients with hypoxic–
ischemic brain injury may represent an understudied group at 
high risk for alternate-level-of-care use.

The aim of this study was to examine factors associated 
with acute care alternate-level-of-care days among survivors 
of hypoxic–ischemic brain injury. Understanding these factors 
can help identify which patients can benefit most from early 
discharge planning, enabling more efficient care for these 
patients and reducing wait times for acute care beds.

Methods

We conducted a population-based cohort study to investigate 
alternate-level-of-care use among inpatients with hypoxic–
ischemic brain injury who survived their acute care episode. 
We evaluated selected demographic and clinical factors of 
interest as predictors of the like  lihood and extent of alternate-
level-of-care days among these patients.

Study design and data sources
The Ontario Cancer Data Linkage Program (“cd-link”) is an 
initiative of the Ontario Institute for Cancer Research/Cancer 
Care Ontario Health Services Research Program. Under this 
program, risk-reduced coded data from the Institute for Clini-
cal Evaluative Sciences Data Repository are provided directly 
to researchers with the protections of a comprehensive data 
use agreement. We used the Canadian Institute for Health 
Information Discharge Abstract Database to identify acute 

care episodes of hypoxic–ischemic brain injury from Ontario 
from 2002/03 through 2011/12 inclusive. This population-
based health care administrative database captures demo-
graphic and clinical information on all hospital admissions 
and discharges, including deaths and transfers, using standard 
diagnosis, procedure and intervention codes. Given the low 
frequency of alternate level of care in the pediatric population, 
we limited our cohort to adults aged 20 or older.

Case definition
We used International Classification of Diseases, 10th Revi-
sion, Canada (ICD-10-CA) coding to identify patients with 
hypoxic–ischemic brain injury. The specific case definition 
corresponded to the presence of an “anoxic brain damage” 
code (G93.1) in the most responsible diagnosis field. We also 
used a second, more sensitive, case definition (extended), 
which included plausibly causal hypoxic–ischemic brain injury 
conditions in the most responsible diagnosis field coincident 
with G93.1 in up to 24 secondary diagnosis fields. These con-
ditions included cardiac (I46.0) and respiratory (R09.0 and 
R09.2) arrest, asphyxia (T71, T17 and T75.1) and conditions 
likely to involve anoxia (G92, T58 and T70.2).

Predictor variables of interest
Demographic variables included age, sex, income quintile by 
census region and rurality. Clinical characteristics included 
comorbidity burden and time spent in special care units as an 
indicator of injury severity, as previous research has found 
these to be associated with alternate-level-of-care use.1,4 We 
captured comorbidity burden and prior use of health care ser-
vices using the Johns Hopkins Aggregated Diagnosis Groups. 
We measured extent of use of health care services using the 
Johns Hopkins Adjusted Clinical Groups Resource Utilization 
Bands,15,16 and we derived a comorbidity index from a weighted 
sum of Aggregated Diagnosis Groups accumulated over the 2 
years before the admission for the acute care episode related to 
the hypoxic–ischemic brain injury.17 We measured psychiatric/
behavioural comorbidity as the presence of any ICD-10-CA 
F chapter heading code in any Discharge Abstract Database 
diagnostic field.4 We considered discharge disposition from 
acute care, as it has been shown to affect propensity toward 
alternate-level-of-care days.4 In addition, we assessed fiscal 
year of discharge to capture trends in alternate-level-of-care 
use with calendar time and to adjust for associated residual 
confounding. We chose these variables based on previous 
research in the acquired brain injury population and data avail-
ability of the Discharge Abstract Database.1,4,5

Main outcome
The outcome of interest was number of alternate-level-of-care 
days during the acute care episode captured in the Discharge 
Abstract Database.

Statistical analysis
We used multivariable zero-inflated negative binomial regres-
sion to estimate independent effects of predictors on relative 
incidence of alternate-level-of-care days, to account for a 
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large proportion of zeros (i.e., no alternate-level-of-care days) 
in the dependent variable.18,19 Zero-inflated models allow sep-
arate parameterization of count (i.e., number of alternate-
level-of-care days) and binary (i.e., zero v. nonzero alternate-
level-of-care days) processes. A portion of zero outcomes are 
modelled as part of the count process, which distinguishes this 
model from other zero-inflated count outcome models (e.g., 
hurdle models). We selected the negative binomial distribu-
tion over the Poisson distribution because of remaining over-
dispersion, verified by the Pearson χ2 test, a highly statistically 
significant measure of dispersion in the zero-inflated negative 
binomial model and suspiciously small standard errors from 
the zero-inflated Poisson model. We used visual inspection 
(e.g., plotting observed v. model-predicted alternate-level-of-
care days) and log-likelihood-based indicators of goodness of 
fit to guide selection of zero-inflated over standard negative 
binomial models. We included the natural logarithm of the 
length of stay, in days, of the acute care episode as an offset 
variable. We used SAS version 9.3 for all analyses.

Ethics approval
Ethics approval was obtained from the University Health 
Network Research Ethics Board.

Results

We identified 2343 patients using the specific case definition 
and 3228 patients using the extended case definition in Ontar-
io’s acute care settings between 2002/03 and 2011/12. Almost 
80% of patients (1850 and 2533, respectively) died during the 

acute care episode; 76/2343 (3.2%) had at least 1 alternate-
level-of-care day. We did not observe an increase in the pro-
portion of patients with hypoxic–ischemic brain injury who 
survived their acute care episode over the study period (linear 
trend across fiscal year categories for the extended cohort: p = 
0.36); however, there was a strong trend toward increasing 
proportion of patients with hypoxic–ischemic brain injury 
who died with increasing age (p < 0.001). After we excluded 
deaths, there were 493 and 675 patients in the specific and 
extended case definition cohorts, respectively (Figure 1). Two 
patients from the former cohort and 6 patients from the latter 
cohort were excluded because of missing data, leaving 491 and 
669 patients, respectively.

Most patients were aged 50–79 years, with the largest cate-
gory being 50–64 years.

Table 1 shows the acute care days for the 2 cohorts across 
potential predictors of alternate-level-of-care days. A total of 
232 patients (47.2%) in the specific case definition cohort and 
278 patients (41.6%) in the extended case definition cohort 
had at least 1 alternate-level-of-care day (median 20 [inter-
quartile range 2–41.5] days and 19 [interquartile range 8–40] 
days, respectively). Distributions of length of stay were also 
positively skewed: the median length of stay was 30 (inter-
quartile range 13–61) days for the specific case definition 
cohort and 27 (interquartile range 27–55) days for the 
extended case definition cohort. Figure 2 shows the number 
of alternate-level-of-care days to overall length of stay over 
the study period.

Multivariable adjusted incidence rate ratios of alternate-
level-of-care days per length of stay are presented in Table 2. 

Excluded  n = 6
(incomplete data)

Patients with hypoxic–ischemic brain 
injury (extended case definition) in 

DAD, 2002/03 to 2011/12
n = 3345

Patients aged ≥ 20 yr who survived 
acute care episode

n = 675

Patients aged ≥ 20 yr
n = 3228

Patients with complete data included in 
study
n = 669

Patients with complete data included in 
study

n = nested 491

Excluded  n = 2
(incomplete data)

Patients with hypoxic–ischemic brain 
injury (specific case definition) aged 
≥ 20 yr who survived acute care 

episode
n = nested 493

Figure 1: Flow chart showing derivation of study cohorts. DAD = Discharge Abstract Database.
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After we accounted for excess zero outcomes, patients aged 
20–34 years had higher rates of alternate-level-of-care days 
per length of stay than did those aged 65–79; the linear trend 
was statistically significant for both cohorts. Patients with no 

special care unit hours had significantly more alternate-level-
of-care days per length of stay than did patients with 400 or 
more special care unit hours. There was suggestion of an 
increasingly inverse association between fiscal year and 

Table 1 (part 1 of 2): Acute care days for Ontario patients with hypoxic–ischemic brain injury from 
2002/03 to 2011/12, by potential predictors of alternate-level-of-care days

Characteristic

Specific case definition
 (n = 491)

Extended case definition
 (n = 669)

Acute care days 
(%)

(n = 23 576)
No. (%) of 
patients

Acute care days 
(%)

(n = 29 251)
No. (%) of 
patients

Age at admission, yr

    20–34 2535 (10.8) 48 (9.8) 2719 (9.3) 61 (9.1)

    35–49 4969 (21.1) 98 (20.0) 5930 (20.3) 124 (18.5)

    50–64 8046 (34.1) 154 (31.4) 9407 (32.2) 207 (30.9)

    65–79 6432 (27.3) 146 (29.7) 8642 (29.5) 212 (31.2)

    ≥ 80 1594 (6.8) 45 (9.2) 2553 (8.7) 65 (9.7)

Sex

    Female 8500 (36.0) 175 (35.6) 10 190 (34.8) 228 (34.1)

    Male 15 076 (63.9) 316 (64.4) 19 061 (65.2) 441 (65.9)

Income quintile

    Urban quintile 1 (lowest) 6560 (27.8) 142 (28.9) 7650 (26.2) 181 (27.0)

    Urban quintile 2 5584 (23.7) 107 (21.8) 6970 (23.8) 144 (21.5)

    Urban quintile 3 3895 (16.5) 88 (17.9) 4954 (16.9) 123 (18.4)

    Urban quintile 4 4618 (19.6) 90 (18.3) 6104 (20.9) 134 (20.0)

    Urban quintile 5 (highest) 2919 (12.4) 64 (13.0) 3573 (12.2) 87 (13.0)

Rurality

    Yes 1322 (5.6) 53 (10.8) 1547 (5.3) 64 (9.6)

    No 22 254 (94.4) 438 (89.2) 27 704 (94.7) 605 (90.4)

Adjusted Clinical Groups 
Resource Utilization Bands

    None or healthy 1772 (7.5) 26 (5.3) 1990 (6.8) 38 (5.7)

    Low 1118 (4.7) 28 (5.7) 1559 (5.3) 41 (6.1)

    Moderate 7301 (31.0) 158 (32.2) 9407 (32.2) 225 (33.6)

    High 6282 (26.6) 120 (24.4) 7717 (26.4) 164 (24.5)

    Very high 7103 (30.1) 159 (32.4) 8578 (29.3) 201 (30.0)

Aggregated Diagnosis Groups 
comorbidity index

    ≤ 0 3428 (14.5) 66 (13.4) 4094 (14.0) 89 (13.3)

    1–10 4469 (19.0) 84 (17.1) 5703 (19.5) 124 (18.5)

    11–20 4634 (19.7) 97 (19.8) 6095 (20.8) 149 (22.3)

    21–30 5172 (21.9) 116 (23.6) 6370 (21.8) 150 (22.4)

    > 30 5873 (24.9) 128 (26.1) 6989 (23.9) 157 (23.5)

Special care hours

    0 2801 (11.9) 82 (16.7) 3165 (10.8) 92 (13.8)

    1–99 1063 (4.5) 57 (11.6) 1634 (5.6) 83 (12.4)

    100–399 5783 (24.5) 160 (32.6) 7245 (24.8) 227 (33.9)

    ≥ 400 13 929 (59.1) 192 (39.1) 17 207 (58.8) 267 (39.9)
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number of alternate-level-of-care days per length of stay, cor-
roborated by indication of a decreasing linear trend over time 
(p = 0.06). Low prior use of health care resources was associ-
ated with fewer alternate-level-of-care days per length of stay, 

although only for the specific case definition cohort. Rates of 
alternate-level-of-care days per length of stay were statistically 
significantly lower for patients in the low Adjusted Clinical 
Groups Resource Utilization Bands category.

Table 1 (part 2 of 2): Acute care days for Ontario patients with hypoxic–ischemic brain injury from 
2002/03 to 2011/12, by potential predictors of alternate-level-of-care days

Characteristic

Specific case definition
 (n = 491)

Extended case definition
 (n = 669)

Acute care days 
(%)

(n = 23 576)
No. (%) of 
patients

Acute care days 
(%)

(n = 29 251)
No. (%) of 
patients

Discharge disposition

    Home 3472 (14.7) 86 (17.5) 5173 (17.7) 153 (22.9)

    Rehabilitation 6247 (26.5) 119 (24.2) 7464 (25.5) 140 (20.9)

    Long-term care 11 661 (49.5) 173 (35.2) 13 446 (46.0) 199 (29.7)

    Other 2196 (9.3) 113 (23.0) 3168 (10.8) 177 (26.4)

Psychiatric/behavioural 
comorbidity

    Absent 16 135 (68.4) 353 (71.9) 20 691 (70.7) 500 (74.7)

    Present 7441 (31.6) 138 (28.1) 8560 (29.3) 169 (25.3)

Fiscal year(s)

    2002/03 4109 (17.4) 108 (22.0) 4847 (16.6) 137 (20.5)

    2004/05 4384 (18.6) 97 (19.8) 5180 (17.7) 123 (18.4)

    2006/07 3762 (16.0) 95 (19.4) 4827 (16.5) 131 (19.6)

    2008/09 6642 (28.2) 104 (21.2) 7678 (26.2) 138 (20.6)

    2010/11–2011/12 4679 (19.8) 87 (17.7) 6719 (23.0) 140 (20.9)
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Figure 2: Cumulative length of acute care episode for the specific and extended case definition cohorts, by fiscal 
year. Proportion of length of stay spent in an alternate-level-of-care (ALC) bed is shown. Data for 2012 were 
excluded because of truncation of the study period, which resulted in incomplete data for that fiscal year.
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Predictors of no alternate-level-of-care days (i.e., binary 
process of zero-inflated multivariable models) for the spe-
cific case definition cohort were rurality, special care unit 
hours, discharge disposition and psychiatric/behavioural 
comorbidity; predictors for the extended case definition 
cohort were discharge disposition and psychiatric/behav-
ioural comorbidity (Table 3). The strongest predictor of 
having no alternate-level-of-care days was discharge dispo-
sition. Patients expected to be released home or transferred 
to other acute care had substantially lower likelihoods of 
spending time in an alternate-level-of-care bed than did 
those destined for palliative, continuing or long-term care. 
Last, having psychiatric/behavioural comorbidity was signif-

icantly associated with any alternate-level-of-care days for 
both cohorts.

Interpretation

We found that nearly 1 in 2 patients with hypoxic–ischemic 
brain injury who survived the acute care episode had at least 1 
alternate-level-of-care day, with a median of 20 days. Signifi-
cant predictors of having more alternate-level-of-care days 
relative to length of stay included being younger, spending no 
time in a special care unit and having an acute care episode 
earlier in the study period. This last predictor suggests that 
care for this population has become more efficient in recent 

Table 2: Zero-inflated negative binomial multivariable-adjusted incidence rate ratios of alternate-level-of-
care per length of stay for the 2 cohorts

Variable

Specific case definition Extended case definition

Rate ratio (95% CI) p trend Rate ratio (95% CI) p trend

Age, yr 0.02 0.01

    20–34 1.38 (1.02–1.88) 1.44 (1.05–1.97)

    35–49 1.20 (0.94–1.52) 1.30 (1.02–1.64)

    50–64 1.12 (0.90–1.38) 1.14 (0.93–1.40)

    65–79 (reference) 1.00 1.00

    ≥ 80 0.99 (0.73–1.35) 1.09 (0.82–1.43)

Sex

    Male (reference) 1.00 1.00

    Female 1.00 (0.84–1.19) 0.99 (0.83–1.17)

Adjusted Clinical Groups 
Resource Utilization Bands

0.15 0.22

    None 0.94 (0.66–1.35) 0.92 (0.64–1.32)

    Low 0.56 (0.37–0.84) 0.78 (0.53–1.15)

    Moderate 0.95 (0.77–1.18) 0.93 (0.76–1.14)

    High 1.08 (0.86–1.36) 1.07 (0.86–1.33)

    Very high (reference) 1.00 1.00

Special care hours 0.001 0.002

    0 1.57 (1.21–2.03) 1.49 (1.15–1.92)

    1–99 1.10 (0.78–1.56) 1.15 (0.83–1.57)

    100–399 1.13 (0.91–1.40) 1.11 (0.89–1.37)

    ≥ 400 (reference) 1.00 1.00

Psychiatric/behavioural 
comorbidity

    Absent (reference) 1.00 1.00

    Present 1.12 (0.93–1.34) 1.10 (0.92–1.32)

Fiscal year 0.06 0.06

    2002/03 1.29 (0.97–1.72) 1.23 (0.93–1.62)

    2004/05 1.34 (1.01–1.78) 1.31 (1.00–1.71)

    2006/07 1.07 (0.82–1.40) 1.13 (0.87–1.46)

    2008/09 1.18 (0.92–1.52) 1.06 (0.84–1.34)

    2010/11–2011/12 (reference) 1.00 1.00
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years. Spending any time in an alternate-level-of-care bed was 
most strongly associated with waiting for subsequent care and 
having a psychiatric/behavioural comorbid condition.

Our rate of nearly 50% of survivors of hypoxic–ischemic 
brain injury with an alternate-level-of-care day is a dispropor-
tionately higher rate than reported in previous research. The 
Canadian Institute for Health Information found that 2% (in 
Prince Edward Island) to 7% (in Ontario) of hospital stays in 
2007–2008 involved alternate-level-of-care use.1 Chen and col-
leagues4 found that, from 2007 to 2009, 14% of patients with 
nontraumatic brain injury and 17% of those with traumatic 
brain injury in Ontario had at least 1 alternate-level-of-care day. 
In both studies, the median length of stay was 10 days.1,4 Higher 
rates of alternate-level-of-care use among patients with hypoxic–
ischemic brain injury than among patients with traumatic or 
other acquired brain injuries are concerning, given that care 
guidelines currently used by clinicians to manage these injuries 
are based on best practices for traumatic brain injury.10

Even compared to other subpopulations of patients with 
brain injury waiting for discharge to similar post-acute-care 
settings, patients with hypoxic–ischemic brain injury show a 
remarkably higher likelihood of being placed in an alternate-
level-of-care bed and remaining there for a significant period. 
Although this may be partially due to a lack of appropriate 
models of care or care resources, these patients may also repre-
sent a patient population with severe functional and cognitive 
impairments that render them resistant to treatment and func-
tional improvement. This is potentially exacerbated by the fact 
that patients such as these, with a most responsible diagnosis of 
anoxic brain damage, are suspected to constitute a more severe 
case mix. Even in the rehabilitation setting, patients with 
anoxic brain injury have shown slower functional and cognitive 
recovery than those with traumatic brain injury.9 Among acute 
care patients in alternate-level-of-care beds waiting for dis-
charge to nursing care in a large Ontario health region, most 
common diagnoses included those associated with reduced 
capacity in performing activities associated with daily living as 
well as cognitive impairment,20 conditions perhaps highly 
prevalent among survivors of hypoxic–ischemic brain injury.

The consequences of this finding for resources and patient 
outcomes are immense. The Ontario Hospital Association 
estimates a cost of $450 per alternate-level-of-care day, which 
suggests an average per-patient cost of $9000 associated with 
alternate-level-of-care use.21 More important, delayed dis-
charge prolongs patient exposure to an environment prone to 
avoidable adverse events and is associated with poor patient 
outcomes.2,22 The greater likelihood of, and greater time 
spent in, alternate-level-of-care settings among patients with 
hypoxic–ischemic brain injury may therefore partly explain 
why they have a slower rate of recovery and poorer functional 
outcomes after rehabilitation than do patients with traumatic 
brain injury.7,9,23,24 As such, policies targeted at accelerating 
discharge and decreasing alternate-level-of-care use in the 
hypoxic–ischemic brain injury population are crucial.

Consideration of predictors of alternate-level-of-care days 
in patients with hypoxic–ischemic brain injury can help 
address this issue. In line with previous research,1 we found 
that the strongest predictor of any alternate-level-of-care days 
was discharge disposition. This further supports the need for 
policies aimed at improving the efficiency of transfer from 
acute care. Most patients with alternate-level-of-care days in 
our study were waiting for placement in long-term care. As in 
other studies,1,4 psychiatric/behavioural comorbidity was sig-
nificantly predictive of having any alternate-level-of-care days, 
which is particularly important because recent research has 
shown that patients with nontraumatic brain injury are highly 
susceptible to mental health diagnoses.24,25 Given that mental 
health diagnoses are predictive of delayed discharge and that 
both delayed discharge and mental health diagnoses predict 
poor outcomes after brain injury,2,26,27 attention to this issue in 
acute care is needed.

Unique predictors of increased alternate-level-of-care days in 
our study included less severity (as measured by special care unit 
hours) and younger age. This is in contrast to previous studies, 
which have consistently shown that increasing age is predictive 

Table 3: Zero-inflated negative binomial multivariable-
adjusted odds ratios of excess zero alternate-level-of-care 
days

Predictor

Adjusted odds ratio (95% CI)

Specific case 
definition

Extended 
case 

definition

Rurality

Urban (reference) 1.00 NR

Rural 2.11
(0.96–4.63)

Special care hours

None 2.14
(1.15–3.99)

NR

1–99 1.74
(0.73–4.15)

100–399 1.44
(0.85–2.42)

≥ 400 (reference) 1.00

Discharge disposition

Home 6.11
(3.25–11.5)

7.21
(4.32–12.0)

Rehabilitation 1.51
(0.87–2.63)

1.59
(0.97–2.63)

Long-term care (reference) 1.00 1.00

Other 16.8
(8.17–34.5)

24.3
(12.8–46.2)

Psychiatric/behavioural 
comorbidity

Absent (reference) 1.00 1.00

Present 0.56
(0.34–0.93)

0.59
(0.38–0.92)

Note: CI = confidence interval, NR = not retained in model.
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of alternate-level-of-care days or delayed discharge.1,4,5 This dis-
crepancy may be largely due to the fact that our patients had 
more complex care needs, psychiatric/behavioural comorbidity 
or compromised social support structures, which make the next 
step in care or discharge more complicated. However, the causes 
of the observed inverse associations with age and severity are 
unknown. Although prior work has suggested that younger 
brain-injured patients are less likely than older patients to be in 
long-term care, which indicates a preference to retain younger 
patients in hospital,28 patterns of care specific to younger 
hypoxic–ischemic brain injury populations and their determi-
nants have yet to be identified. Nevertheless, the unique predic-
tors in our study emphasize that policies specific to hypoxic–
ischemic brain injury are needed to address the propensity of 
this group for alternate-level-of-care use. Effective care strate-
gies for less severe injury and younger patients may be particu-
larly lacking.

Strengths and limitations
Our findings are representative of the population of Ontario 
and may or may not be generalizable outside of this province. 
In addition, a quality assessment of the Discharge Abstract 
Database indicated perfect or near-perfect agreement for 
nonclinical variables and moderate to substantial agreement 
for the most responsible diagnosis.29 Furthermore, use of mul-
tivariable zero-inflated count outcome regression permitted a 
more informative assessment of predictors explaining alter-
nate-level-of-care rates among patients with hypoxic–ischemic 
brain injury likely to have any alternate-level-of-care days. In 
particular, without the use of zero-inflated regression, we 
would not have been able to detect increased rates of alternate-
level-of-care days among younger patients.

Limitations included that fact that our study relied on admin-
istrative health data. Although reporting of alternate-level-of-
care days was recently found to be 100% reliable,30 there is con-
cern that alternate-level-of-care use may be underreported, 
which may result in misclassification of the outcome; this may 
potentially attenuate effect sizes for some of the predictors. Also, 
some variables of interest (e.g., ethnicity) were not available in 
the Discharge Abstract Database. Although there is no widely 
accepted validated measure of severity of hypoxic–ischemic brain 
injury, measures that may more directly capture variation in this 
construct, such as duration and intensity of acute cerebral 
hypoxia, may have resulted in more accurate independent effect 
estimates from multivariable models. Furthermore, there may be 
other important patient-level factors associated with increased 
alternate-level-of-care use, such as availability of social support 
and caregiver distress,20 that may be prevalent among survivors of 
hypoxic–ischemic brain injury. Moreover, there is no empirically 
validated clinical case definition or formal diagnostic criterion for 
hypoxic–ischemic brain injury. The ICD-10-CA code for anoxic 
brain damage (G93.1) connotes too strongly its severity, which 
may exclude less severe injuries that do not involve anoxia but, 
rather, hypoxia or hypoxia–ischemia.8 We attempted to increase 
the sensitivity of our outcome by including the broader extended 
case definition. However, a substantial proportion of milder, 
clinically relevant cases of hypoxic–ischemic brain injury may 

have been missed. This limitation could explain why our data did 
not corroborate the previously reported increase in survival over 
the study period.10–12

Conclusion
Our study provides important information regarding the like-
lihood of alternate-level-of-care use within the subgroup of 
patients with hypoxic–ischemic brain injury and the unique 
predictors of this outcome. The finding that these patients 
tend to wait in alternate-level-of-care beds, primarily for 
long-term care placement, shows that resource allocation and 
appropriate discharge options for this group are limited. The 
identified potential predictors of alternate-level-of-care use 
suggest that extrapolating data from other acquired brain 
injury populations has not and will not satisfactorily address 
delayed discharge, and acute care deficits in general, in 
patients with hypoxic–ischemic brain injury.
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