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Use of linked data to assess the impact of including
out-of-hospital deaths on 30-day in-hospital mortality
indicators: a retrospective cohort study
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Background: The Canadian Institute for Health Information (CIHI) annually reports on health system performance indicators,
including various 30-day in-hospital mortality rates. We aimed to assess the impact of including out-of-hospital deaths on 3 CIHI
indicators: 30-day acute myocardial infarction (AMI) in-hospital mortality, 30-day stroke in-hospital mortality and hospital deaths
following major surgery.

Methods: We followed national cohorts of patients admitted to hospital in 1 of 9 Canadian provinces for AMI, stroke and major
surgery for 30-day all-cause mortality in 2 fiscal years (2011/12 and 2016/17). We calculated descriptive statistics to characterize the
cohorts. The CIHI Discharge Abstract Database was linked with the Canadian Vital Statistics Death Database using a probabilistic
algorithm to identify out-of-hospital deaths. We calculated absolute numbers, relative proportions and 30-day mortality rates for
in-hospital, out-of-hospital and all deaths. We compared results between fiscal years.

Results: We found that hospital admissions increased between fiscal years for each indicator; however, cohort characteristics
remained consistent. In 2016/17, the number of out-of-hospital deaths that occurred was 325 for AMI, 545 for stroke and 820 for
major surgery. The relative proportions of out-of-hospital deaths ranged from 12.3% for AMI to 14.9% for major surgery in 2016/17
(an increase from 10.6% and 13.1%, respectively, from 2011/12). In-hospital mortality rates improved over time for all 3 indicators,
while out-of-hospital mortality rates remained consistent between fiscal years at 0.8% for AMI, 1.9%—2.0% for stroke and 0.2%—-0.3%
for major surgery.

Interpretation: Improvements between fiscal years were attributable to reductions in in-hospital mortality, rather than deaths
occurring outside of hospitals. Trends over time were the same for each indicator irrespective of whether in-hospital mortality or all
deaths were measured.

he Canadian Institute for Health Information

(CIHI) supports national data collection, analysis

and reporting to accelerate improvements in
health system performance across Canada.! As part of this
work, CIHI annually reports on health system performance
indicators, including various 30-day in-hospital mortality
rates.”? The accuracy of 30-day mortality rates is depen-
dent on the completeness and quality of the available data.
The 30-day mortality rates measure in-hospital deaths
documented in administrative health databases, such as the
Discharge Abstract Database (DAD), based on the availabil-
ity of timely data.*

"This approach has been shown to underestimate overall
30-day mortality rates in other countries, as it does not
include deaths that occur outside of the hospital.>* To report
more comprehensive measures, administrative health data
have been linked with national death registries to capture
out-of-hospital deaths.” In Canada, inclusion of both in- and
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out-of-hospital deaths may provide a more comprehensive
and patient-centred assessment of health system performance,
which is becoming increasingly important as hospital lengths
of stay are becoming shorter as care shifts from inpatient to
other settings. We aimed to assess the impact of including
out-of-hospital deaths on 3 of CIHI’s key mortality indica-
tors: 30-day acute myocardial infarction (AMI) in-hospital
mortality, 30-day stroke in-hospital mortality and hospital
deaths following major surgery.
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Study design
We conducted a pan-Canadian study that followed cohorts of
patients with AMI, stroke and those who had major surgery
for 30 days after the index hospital date for all-cause mortal-
ity. Cohorts were constructed using the same inclusion and
exclusion criteria documented in the denominator description
for each indicator in the CIHI Indicator Library.!°

Each cohort included Canadian residents aged 20 years
and older who met the respective inclusion and exclusion cri-
teria. The AMI and stroke indicators were patient-based, with
the index date as the date of hospital admission for the first
AMI or stroke within the measurement period. The stroke
indicator included subarachnoid hemorrhage, intracerebral
hemorrhage, ischemic stroke, stroke not specified as hemor-
rhage or infarction and venous sinus or cortical vein thrombo-
sis.!! The major surgery indicator was admission-based and
included all major surgery episodes within the measurement
period. The index date for the major surgery indicator was the
date of surgery. If more than 1 major surgery was performed
during the same admission, we used the date of the last major
surgery. We defined major surgery by the list of CIHI case-
mix groups meeting at least 2 of the following criteria: average
operating room time greater than 2 hours, more than 75% of
procedures using general anesthesia and less than 10% of pro-
cedures performed in a day-surgery setting.!? The cohorts
used to calculate the 3 indicators were not mutually exclusive;
patients may have been included in multiple cohorts if they
had more than 1 exposure of interest (i.e., AMI, stroke and
major surgery), as described by CIHI indicator definitions."

We used fiscal years 2011/12 and 2016/17 based on the
availability of linked data at the time of analysis. We restricted
cohorts to acute care hospital admissions with an index date
between April 1 and March 1 of the fiscal year to allow for the
30-day follow-up period, and with a discharge from the hos-
pital on or before March 31 to be documented in the DAD
for the fiscal year.

Data sources

We conducted this study using administrative health data
from CIHI’s DAD linked with data from the Canadian Vital
Statistics Death Database (CVSD). The databases were linked
by Statistics Canada using a probabilistic linkage algorithm
based on nonunique identifiers (e.g., name, sex, date of birth
and postal code) and estimates of the likelihood that records
could be attributed to the same patient.!?

The DAD included administrative, clinical and demo-
graphic information on all hospital discharges including
in-hospital deaths from all provinces and territories, except
Quebec. The DAD provided near perfect coverage of acute
care discharges.* The CVSD, a census of all deaths that
occurred in Canada each year, provided demographic charac-
teristics of the deceased and cause of death. The reporting of
deaths to provincial and territorial Vital Statistics Registries
and providing these data to Statistics Canada are mandatory.'*
Data for the Yukon were not available owing to differences in

OPEN

data-sharing agreements, and data for Nunavut and the North-
west Territories were not shown owing to small numbers.

Measurement of 30-day mortality rates

The primary outcomes were additional deaths identified
through linkage with the CVSD, relative proportions of out-
of-hospital deaths and the impact on the overall 30-day all-
cause mortality rates. The analyses reported 3 metrics of
30-day mortality. In-hospital deaths were measured accord-
ing to inpatient acute care hospital admissions (Facility Type
Code = 1)"* documented in the DAD with a discharge dispo-
sition of death. We used the same inclusion and exclusion
criteria as documented in the numerator description for each
indicator.!® Out-of-hospital deaths after admission to hos-
pital included additional deaths identified through the link-
age of acute care hospital admissions from the DAD to a
death record from the CVSD. Linked records without a
documented in-hospital death in the DAD were considered
to indicate an out-of-hospital death. All deaths included in-
and out-of-hospital deaths.

Statistical analysis

We calculated descriptive statistics to characterize the socio-
demographic information of the AMI, stroke and major sur-
gery cohorts for fiscal years 2011/12 and 2016/17. Absolute
numbers and relative proportions of in- and out-of-hospital
deaths were reported. Thirty-day mortality rates were calcu-
lated based on in-hospital, out-of-hospital and all deaths to
quantify the impact of including out-of-hospital deaths in
CIHT’s indicators. We calculated cumulative mortality in 3-day
intervals to assess whether the distributions of in-hospital
deaths, occurring either during the index hospital stay or upon
readmission, and outside-of-hospital deaths changed over the
30-day follow-up. We compared results between fiscal years.

We assessed the performance of the probabilistic linkage
algorithm (i.e., coverage rate) by calculating the percentage
of the DAD in-hospital deaths confirmed by linkage to a
CVSD death record.

We conducted all statistical analyses using SAS 9.4 (SAS
Institute Inc.). To meet the requirements for publication
using CVSD records from Statistics Canada, we applied
vetting rules: all counts were rounded to the nearest 5, and
rates and proportions were calculated based on the rounded
counts.

Ethics approval

Research ethics board review was not required by the
Government of Canada Panel on Research Ethics as the
research involved secondary use of routinely collected, clinical
administrative health information and was not re-identifiable.

The sociodemographic characteristics of the AMI, stroke and
major surgery cohorts are presented in Table 1. We found
that the number of acute care hospital admissions increased
from 2011/12 to 2016/17 for each indicator; however, cohort
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deaths and associated 30-day mortality rates are reported in
Table 2.

characteristics were consistent over time. The absolute
numbers and relative proportions of in- and out-of-hospital

Table 1: Sociodemographic characteristics of cohorts of acute myocardial infarction, stroke and major surgery patients for
2 fiscal years (2011/12 and 2016/17)

No. (%)* of patients

AMI Stroke Major surgery
2011/12 2016/17 2011/12 2016/17 2011/12 2016/17

Characteristic n =37 255 n =40 680 n=23680 n =27 330 n=272705 n =304 515
Age, yr, mean + SD 68 + 14 68 + 14 72+ 14 72+ 14 62 + 16 63 + 16
Sex, female 12 435 (33.4) 13 245 (32.6) 11 640 (49.2) 12 965 (47.4) 153 480 (56.3) 169 360 (55.6)
Rural or remote residence 8830 (23.7) 9395 (23.1) 4595 (19.4) 5210 (19.1) 57 025 (20.9) 62 030 (20.4)
Province of servicet

Alberta 4645 (12.5) 4990 (12.3) 2835 (12.0) 3335 (12.2) 37 565 (13.8) 42 885 (14.1)

British Columbia 5920 (15.9) 6750 (16.6) 4420 (18.7) 5130 (18.8) 46 860 (17.2) 52 560 (17.3)

Manitoba 2050 (5.5) 1995 (4.9) 1070 (4.5) 1065 (3.9) 13 430 (4.9) 13 890 (4.5)

New Brunswick 1585 (4.3) 1835 (4.5) 805 (3.4) 905 (3.3) 9730 (3.6) 10 805 (3.6)

Newfoundland 1135 (3.0) 1360 (3.3) 560 (2.4) 650 (2.4) 6275 (2.3) 6985 (2.3)

Nova Scotia 2000 (5.4) 2180 (5.4) 955 (4.0) 1065 (3.9) 11 925 (4.3) 12 825 (4.2)

Ontario 18 050 (48.4) 19 725 (48.5) 11 865 (50.1) 13 860 (50.7) 133 840 (49.1) 150 270 (49.3)

Prince Edward Island 270 (0.7) 225 (0.5) 140 (0.6) 210 (0.8) 1120 (0.4) 1250 (0.4)

Saskatchewan 1600 (4.3) 1620 (4.0) 1030 (4.3) 1110 (4.0) 11 960 (4.4) 13 045 (4.3)

*Unless specified otherwise.

Note: AMI = acute myocardial infarction, SD = standard deviation.

TWe did not include data from Quebec, Northwest Territories, Nunavut and Yukon.

Table 2: Absolute numbers and relative proportions of in- and out-of-hospital deaths and associated 30-day mortality rates for
2 fiscal years (2011/12 and 2016/17)

Mortality indicator

AMI Stroke Major surgery
2011/12 2016/17 201112 2016/17 2011/12 2016/17

Outcome n =37 255 n =40 680 n =23 680 n =27 330 n=272705 n =304 515
Absolute no. of deaths

In-hospital deaths 2540 2315 3320 3275 4395 4700

Out-of-hospital deaths 300 325 455 545 660 820

All deaths* 2840 2640 3775 3820 5055 5520
Relative proportion of all deaths, %

In-hospital deaths 89.4 877 879 85.7 86.9 85.1

Out-of-hospital deaths 10.6 12.3 12.1 14.3 13.1 14.9
30-day mortality rate, %

In-hospital deaths 6.8 5.7 14.0 12.0 1.6 1.5

Out-of-hospital deaths 0.8 0.8 19 2.0 0.2 0.3

All deaths 76 6.5 15.9 14.0 1.9 1.8

Note: AMI = acute myocardial infarction.
*All deaths include in- and out-of-hospital deaths.
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Thirty-day acute myocardial infarction mortality

In 2016/17, the 30-day AMI in-hospital mortality rate was
5.7% (2315 deaths). Linkage with the CVSD identified
325 out-of-hospital deaths. Overall, 87.7% of deaths within
30 days were captured in the DAD, and 12.3% occurred out-

side of the hospital. Including out-of-hospital deaths increased
the 30-day mortality rate by 0.8% (from 5.7% to 6.5%).
Cumulative mortality over the 30-day follow-up period is
presented in Figure 1A and B and showed changes in the
distributions of deaths occurring during the index hospital

A Thirty-day acute myocardial infarction mortality B Thirty-day acute myocardial infarction mortality
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Figure 1: Proportions of deaths that occurred during the index hospital stay, upon readmission and outside of the hospital over the 30-day follow-

up period for each indicator, by fiscal year: acute myocardial infarction in (A) 2011/12 and (B) 2016/17; stroke in (C) 2011/12 and (D) 2016/17;
and major surgery in (E) 2011/12 and (F) 2016/17.
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stay, upon readmission and outside of the hospital over
follow-up for both fiscal years. In general, deaths in early
follow-up occurred during the index hospital stay, with the
proportions of deaths upon readmission and outside of the
hospital increasing over the follow-up period.

We found that the relative proportion of out-of-hospital
deaths increased from 10.6% in 2011/12 to 12.3% in
2016/17. This change was attributable to the decreasing rate
of in-hospital mortality over time. The 30-day out-of-hospital
mortality rate remained constant at 0.8% for both fiscal years
(Table 2).

Thirty-day stroke mortality

Similar patterns emerged with the 30-day stroke mortality
rates (Table 2). In 2016/17, the in-hospital mortality rate was
12.0% (3275 deaths). We identified an additional 545 deaths
through linkage with the CVSD, which accounted for 14.3%
of all deaths and increased the overall 30-day mortality rate by
2.0% (from 12.0% to 14.0%).

Cumulative proportions of in-hospital and out-of-hospital
deaths over follow-up are presented in Figure 1C and D and
showed similar patterns to the AMI indicator. The relative
proportion of out-of-hospital deaths increased from 12.1% to
14.3% between fiscal years. This change was a result of lower
in-hospital mortality. The 30-day out-of-hospital mortality
rate remained consistent at 1.9% and 2.0% across both fiscal

years (Table 2).

Deaths following major surgery

We found that all 30-day mortality rates for major surgery
remained consistent over time, with in-hospital mortality
rates of 1.6% and 1.5%, out-of-hospital rates of 0.2% and
0.3% and overall 30-day mortality rates of 1.9% and 1.8% for
fiscal years 2011/12 and 2016/17, respectively (Table 2). The
relative proportion of out-of-hospital deaths increased from
13.1% in 2011/12 to 14.9% in 2016/17 owing to small varia-
tions in relatively low mortality rates. Cumulative percentages

of in-hospital and out-of-hospital deaths over the follow-up
period are presented in Figure 1E and F and showed similar
patterns to the AMI and stroke indicators.

Coverage rates
We found that the coverage rates were more than 95% in
both fiscal years (Table 3), for each indicator.

The inclusion of out-of-hospital deaths had differential impacts
on 3 indicators of 30-day mortality. In 2016/17, the number of
out-of-hospital deaths was 325 for AMI, 545 for stroke and
820 for major surgery, which increased the overall unadjusted
30-day mortality rates by 14.0%, 16.7% and 20.0%, respec-
tively, compared with in-hospital mortality rates. The relative
proportion of out-of-hospital deaths ranged from 12.3% to
14.9% in 2016/17, increasing from 10.6% to 13.1% in 2011/12.
These increases in mortality rates are important because they
are patient-centred and sensitive to all care received during the
critical time after AMI, stroke or major surgery, and more accu-
rately reflect the outcomes of these major conditions.

One constant across all indicators was that 30-day out-of-
hospital mortality rates remained consistent between the
2 fiscal years. Observed improvements between fiscal years
were mainly attributable to reductions in in-hospital mortal-
ity. The trends for each of the indicators were the same over
time irrespective of whether in-hospital mortality or all
deaths were measured.

The probabilistic linkage algorithm showed excellent per-
formance. Only a small percentage of in-hospital deaths
documented in the DAD (range 3.2%-4.5%) were not
matched to a CVSD record. These findings suggest that the
algorithm also matched more than 95% of out-of-hospital
deaths with acute care hospital admissions in the DAD, pro-
viding near-perfect coverage of all deaths occurring within
the 30-day follow-up period.

Table 3: Acute care hospital admissions from the Discharge Abstract Database with a documented in-hospital death that were
matched with a Canadian Vital Statistics Death Database record
Mortality indicator
AMI Stroke Major surgery
2011/12 2016/17 2011/12 2016/17 2011/12 2016/17

Outcome n = 2540 n=2315 n = 3320 n = 3275 n =4395 n =4700
Absolute no. of in-hospital deaths

Matched to a CVSD death record 2430 2210 3180 3130 4220 4550

Not matched to a CVSD death record 110 105 140 145 175 150
Relative proportion of in-hospital deaths, %

Matched to a CVSD death record 95.7 95.5 95.8 95.6 96.0 96.8

Not matched to a CVSD death record 4.3 4.5 4.2 4.4 4.0 3.2
Note: AMI = acute myocardial infarction, CVSD = Canadian Vital Statistics Death Database.
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Similar analyses have been conducted for other countries.
The Organisation for Economic Co-operation and Develop-
ment released the Health at a Glance 2019: OECD indicators
report that compared health system performance across
23 member countries.” This report provided information
about AMI and ischemic stroke with 30-day in-hospital mor-
tality rates for deaths that occurred within the same hospital
as the index admission and overall 30-day mortality rates
including deaths that occurred at other hospitals or outside
of the hospital. Overall, deaths that occurred in other hos-
pitals or outside of the hospital accounted for 24.2% of the
30-day mortality for AMI and 37.4% for ischemic stroke.
The overall 30-day mortality rates reported for Canada did
not include out-of-hospital deaths.

Estimates from an Australian government report and research
conducted using hospital data in Norway, and the United States
showed that out-of-hospital deaths ranged from 18% to 35% for
AMI and from 21% to 43 % for stroke;”® however, there were no
direct comparisons for the major surgery indicator. A 2018 study
that evaluated in- and out-of-hospital deaths involving adult
patients who were admitted for elective and nonelective inpatient
surgery reported that out-of-hospital deaths after inpatient sur-
gery accounted for 18% of 30-day mortality.”® Other studies
have shown how the proportions of out-of-hospital deaths were
dependent on the type of surgery, with out-of-hospital deaths
ranging from 8% (bladder) to 50% (breast) after cancer sur-
geries,'® and 53% after hip fracture surgeries.’

We found lower proportions of out-of-hospital deaths com-
pared with the literature. A substantial contributor to this varia-
tion was the difference in definitions for out-of-hospital deaths
among studies. Most of these studies defined out-of-hospital
deaths as those that occurred after discharge from the index
hospital admission such as deaths that occurred during hospital
readmissions.>”#151¢ This supported CIHI’s measurement
approach, which included deaths that occurred during subse-
quent hospital admissions within 30 days of the index hospital
admission date. Figure 1 shows the additional deaths captured
by the CIHI indicators using this approach. The variation
could also be explained by different outcome specifications
(e.g., the Australian government report differentiated between
ischemic and hemorrhagic stroke, and reported on 30-day mor-
tality after the last hospital admission in the measurement
period);’ uncertainty around estimates (proportions of out-of-
hospital deaths were calculated based on reported point esti-
mates and did not consider uncertainty around these estimates);
and older data (despite being published in the last decade, many
studies analyzed data from the early to mid-2000s).

Limitations

Our analysis did not capture data during the COVID-19
pandemic when trends of in- and out-of-hospital deaths
may have been different. We did not risk adjust the
reported 30-day mortality rates; we assessed the impact of
including out-of-hospital deaths on crude 30-day mortality
rates. Although the probabilistic linkage algorithm per-
formed well overall, it is possible that out-of-hospital deaths
were undercounted in cases where relevant CVSD records
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were not matched with corresponding hospital admissions
in the DAD. These results may not be generalizable to less
severe conditions with lower mortality rates, where relative
proportions of in- and out-of-hospital deaths may differ.
This study did not include hospital admissions from Que-
bec, Northwest Territories, Nunavut and Yukon, and the
findings may not be generalizable to these parts of Canada.

Future research could evaluate the impact of including
out-of-hospital deaths on CIHI’s indicators of health system
performance. In particular, reporting all deaths may be
important for programs with late complications, where insti-
tutions are shifting care to other settings and for chronic con-
ditions. This work could also be expanded to assess the impact
of out-of-hospital deaths on other indicators, such as CIHI’s
30-day readmission rates, where it may be appropriate to
censor patients when deaths occur outside of the hospital.

Additional work could focus on improving the probabilistic
linkage algorithm to match all in-hospital deaths with a
CVSD record. Alternatively, efforts could focus on the imple-
mentation of unique patient identifiers to link between
CIHI’s administrative health databases and the CVSD to
facilitate reporting of overall 30-day mortality rates.’

Conclusion

The CIHI 30-day in-hospital mortality indicators for AMI,
stroke and major surgery provide a reasonable approximation
of the overall 30-day mortality rate including out-of-hospital
deaths in Canada. The trends over time remained the same
whether measuring in-hospital mortality or both in- and out-
of-hospital deaths. These findings support CIHI’s measure-
ment approach and are generalizable to international health
system performance indicators that leverage administrative
heath data and use similar methodology.

Including out-of-hospital deaths would provide a more
comprehensive and patient-centred assessment of 30-day
mortality; however, the timeliness of CVSD data could nega-
tively affect CIHDs ability to provide actionable information
to accelerate improvements in health system performance. It
will be important to continue monitoring the proportions of
out-of-hospital deaths over time, particularly if substantial
improvements are realized for in-hospital mortality and con-
sider modifying the measurement approach given timely
access to CVSD records.
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