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Abstract
Background: Acute myocardial infarction (AMI) patients are frequently transferred to tertiary care facilities for
advanced procedures. Exclusion of transferred patients can result in biased estimates, especially if the focus is on a
population-based cohort. The potential magnitude of this bias remains unknown. We assessed the impact of
excluding transferred patients on 30-day AMI mortality estimates, over a 10-year period.
Methods: All AMI hospitalizations to acute care hospitals in British Columbia, from 2000 to 2009, were captured.
Transfers were defined as a discharge from the index AMI hospitalization to another hospital. We compared transfer
rates by sex, age and year using logistic regression models. Age- and sex-specific 30-day AMI mortality rates and
the sex odds ratios (OR) were estimated, regardless of transfer status, and for the sub-cohort excluding transferred
patients.
Results: Of 63,310 AMI patients, 40.6% had at least one transfer out of the index AMI hospital. Men and younger
patients were more likely to be transferred. Transfer rates increased over time in all age groups regardless of sex.
Overall, when transfers were excluded, 30-day AMI mortality rates were overestimated (absolute difference of 5.5%
in women and 6.7% in men). Furthermore, the 30-day mortality OR (women vs. men) was underestimated: transfer
outs excluded (OR=1.25, 95% CI: 1.19, 1.31) vs. all patients included (OR=1.49, 95% CI: 1.42, 1.56).
Conclusions: 30-day mortality may be overestimated in population-based analyses when transfers are excluded,
while the sex difference is underestimated. The observed bias is strongly affected by the magnitude and time trends
of transfer rates.

Keywords: Myocardial infarction; Bias; Inter-hospital transfers;
Mortality

Introduction
Patients hospitalized for an acute myocardial infarction (AMI) are
often transferred to tertiary care facilities to receive advanced cardiac
care and procedures, such as percutaneous coronary intervention
(PCI) or coronary artery bypass grafting (CABG), if these procedures
are not available at the admitting hospitals. In the literature, the
reported proportion of AMI patients who are transferred varies widely
due to a number of factors including the population of interest, the
definition of patient transfer and the structure of the health care
system (i.e. presence/absence of a regional cardiac care model).
Anywhere from 7% to more than 40% of all AMI patients admitted to
hospital can be transferred out to other hospitals at least once during
their care [1-3]. Similarly, there are varying findings with respect to the
temporal changes in patient transfer rates, with rising rates in some
settings and stable or declining rates in others [2,4].
In AMI outcomes research, patient transfers can introduce a
methodological challenge in settings where ascertaining patient
outcomes across multiple hospitals is not feasible. Transferred patients
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are commonly excluded from the analyses of registries or populationbased epidemiological studies if unique patient identifiers cannot be
linked across multiple data holdings. For instance, in a large, national
AMI registry in the United States, focused on assessing the sex
differences in 30-day AMI mortality, as many as 40% of patients were
identified as being transferred out and were subsequently excluded
from all analyses [2]. The main finding of this study was that the excess
mortality risk observed among women had diminished over time.
Similarly, based on the findings of Acute Coronary Syndrome
Treatment and Intervention Outcomes Network (ACTION) registry
and AHA’s Get With the Guidelines (GWTG), transfers out of the
index hospital ranged from 2% of the top performing hospital to 21%
among the lowest performing hospitals [3].
What are the implications of such exclusions of transferred patients
on the estimates of AMI outcomes? Does it introduce bias? What is the
direction and extent of such bias? Would the impact vary by sex and/or
by age? Would it influence the estimated magnitude of women’s excess
mortality risk, post AMI? Despite the fact that hospital transfers affect
a significant proportion of AMI patients, the answers to these
important questions largely remain unknown. Addressing these
questions can guide future study designs, as well as interpretation and
comparison of findings from AMI outcomes research and hospital
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performance studies where the proportion of transferred patients vary
or where transferred patients are handled differently across analyses.

important patient variables such as socioeconomic status or ethnicity
were not available in our data sources.

In British Columbia (BC), we are able to access and link
administrative, clinical, and outcome data on all AMI patients
admitted to acute care hospitals regardless of their transfer status. We,
therefore, aimed to assess the impact of excluding transferred out
patients on estimates of 30-day mortality post AMI. Specifically, our
objectives were to: 1) determine whether inter-hospital transfer rates
vary by sex, age and over time, 2) determine whether excluding
transferred patients impacts the estimated age- and sex- specific 30day mortality rates, and 3) determine the impact, if any, on the
magnitude of the excess mortality risk often observed among women,
compared to men.

We excluded 713 hospitalizations (1.1%) that were either nonurgent or non-emergent (potentially invalid AMI coding), or records
with no reported sex, as well as those for which data linkage could not
be performed (i.e., non-BC residents).

Methods
Study population and data sources

To evaluate the impact of excluding transfers on estimates of 30-day
mortality, we created three groups of patients based on their transfer
status: 1) the ‘combined’ cohort which includes all AMI patients with
or without hospital transfers, 2) the ‘non- transferred’ sub-cohort
which includes only patients without any hospital transfers and is
analogous to the type of cohort often used in outcome evaluation
studies that cannot link information across hospitals, and 3) the
‘transferred’ sub-cohort which includes only patients who were
transferred out to other hospitals during their episode of care (Figure
1).

This is a population-based, retrospective cohort study of AMI
patients ≥ 20 yrs of age admitted to acute care hospitals in BC, between
January 1, 2000 and December 31, 2009. We identified these patients
using the BC Ministry of Health's Discharge Abstract Database (DAD)
[5] and linked their records to the BC Vital Statistics Deaths registry
[6]. The DAD is an administrative database, which contains clinical
information on all hospitalizations and transfers as well as diagnosis
codes and some patient demographics. The identification of AMI
diagnosis and comorbidities based on DAD data has been previously
validated [7-10]. The Vital Statistics Deaths registry provided dates for
all deaths in BC. Since cause of death is not reliably coded, we used allcause mortality for our analysis. We obtained approval from the
University of British Columbia Clinical Research Ethics Board to
conduct this study.
Using the DAD, we defined AMI based on the International
Classification of Disease (ICD) codes, 410 (ICD-9, prior to April 2001)
and I21, I22 (ICD-10), found in any diagnostic field, excluding any
admission for which AMI was a post-admission complication. The
ICD-10 coding for differentiating ST-segment elevation MI (STEMI)
vs. Non-ST-segment elevation MI (NSTEMI) diagnosis was not
available for the entire study period, and therefore not used in the
analysis. The study cohort was limited to index AMI hospitalizations,
which were defined as any AMI hospitalization with no previous AMI
hospitalization within the prior 365 days. We defined an inter-hospital
patient transfer (henceforth referred to as hospital transfer) as a
discharge from the index AMI admission hospital to another acute
care hospital (i.e. transfer out). Linking all hospitals transfers together
defined a single episode of care for a given patient. AMI
hospitalizations with transfers to multiple hospitals within the same
episode of care were counted only once.
We defined 30-day mortality following an AMI as any death, either
in-hospital or out-of-hospital, within 30 days of a patient’s index AMI
hospitalization. We characterized the study population based on sex,
age and year of hospitalization, and comorbidities including diabetes,
heart failure, cerebrovascular disease, chronic renal failure, pulmonary
edema, cardiac dysrhythmias, and cancer. We also used the Charlson
Index score as an overall measure of burden of comorbidities. The
predictive performance of the Charlson Index score (based on ICD-9
and ICD-10 diagnostic codes in administrative data) for short- and
long-term mortality has been previously validated [11,12]. Other
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Figure 1: Study population. *Transfer refers only to transfers out
from the index AMI hospital and not transfers.

Statistical analysis
Demographics and baseline comorbidities were summarized by
transfer status using median and interquartile range for age, and
counts and percentages for categorical variables. Time trends were
based on combining two years intervals. Age was grouped into four
categories, 20-55, 56-64, 65-74 and ≥ 75 yrs old. Transfer rate was
estimated as the proportion of patients being transferred from the
index AMI hospitalization and was compared across age groups using
a chi-square test. Since the ‘transferred’ and ‘non-transferred’ groups
are sub-cohorts of the ‘combined’ cohort, and thus not independent of
each other, no testing between the ‘combined’ cohort and either of the
sub-cohorts was done.
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Logistic regression models were constructed for the odds of being
transferred to examine the impact of age, sex and time (i.e. AMI
hospitalization year); all two- and three-way interactions for age, sex
and time were explored, however, the final model included only the
two-way interactions because the three-way interaction was not
significant. Thirty-day morality rates were described using percentages
by sex, age and transfer status and sex differences were tested for each
age and transfer group with a chi- square test. The bias in the estimated
30-day mortality rates of the ‘non-transferred’ sub-cohort was
calculated as its difference from the estimated mortality rates of the
‘combined’ cohort.
To understand the impact of the transferred patients on the
estimated sex gap, the 30-day mortality odds ratio (OR) and 95%
confidence intervals (CI) for women vs. men were estimated using
logistic regression models for sex only and additionally adjusting for
age, time, and the significant 2-way interactions among age, sex and
year, based on data from the ‘combined’ cohort and the ‘nontransferred’ sub- cohort, respectively. All analyses were conducted
using SAS version 9.4 (Cary, NC).

Results

index AMI hospitalizations were included in our study and formed the
‘combined’ cohort, which includes all hospitalizations regardless of
transfer status. Among AMI cases in the ‘combined’ cohort, 37,613
(59.4%) had no hospital transfers during their episode of care (i.e. the
‘non-transferred’ sub-cohort).
The remaining 25,697 (40.6%) patients had at least one interhospital transfer during their episode of care (i.e. the ‘transferred’ subcohort).
The baseline characteristics of these three groups, ‘combined’, ‘nontransferred’ and ‘transferred’, are summarized in Table 1. Overall, the
median age of the patients in the ‘combined’ cohort was 72 yrs with
35.0% being women. The ‘transferred’ patients were younger (median
age: 65 yrs), and less likely to be women (28.6%).
Additionally, irrespective of sex, transferred patients had fewer
baseline comorbid conditions than non-transferred patients. Thus, the
exclusion of the transferred patients resulted in a cohort of patients
(i.e. ‘non-transferred’ sub-cohort) who were older (median age: 76 yrs),
more likely to be women (39.4%) and with more comorbidities at their
index hospitalization, as compared to the ‘combined’ cohort.
It is important to note that women who were not transferred were
the oldest and had the greatest burden of comorbidities compared to
all other patients.

Study population
During our 10-year study period, there were 64,023 AMI
hospitalizations in BC. After exclusions (n=713), a total of 63,310
Combined

Non-transferred

Transferred

n=63,310

n=37,613

n=25,697

Women

Men

Women

Men

Women

Men

n=22,187

n=41,123

n=14,831

n =22,782

n=7,356

n=18,341

Median Age (Q1, Q3)

78 (67, 84)

68 (57, 78)

81 (73, 86)

73 (60, 82)

70 (60, 78)

63 (54, 72)

Shock, n (%)

465 (2.1)

778 (1.9)

323 (2.2)

516 (2.3)

142 (1.9)

262 (1.4)

Diabetes, n (%)

5621 (25.3)

9454 (23)

3738 (25.2)

5565 (24.4)

1883 (25.6)

3889 (21.2)

Heart Failure, n (%)

5287 (23.8)

6626 (16.1)

4131 (27.9)

4687 (20.6)

1156 (15.7)

1939 (10.6)

Cancer, n (%)

539 (2.4)

1094 (2.7)

455 (3.1)

864 (3.8)

84 (1.1)

230 (1.3)

Cerebrovascular Disease, n (%)

684 (3.1)

955 (2.3)

573 (3.9)

720 (3.2)

111 (1.5)

235 (1.3)

Pulmonary Edema, n (%)

156 (0.7)

172 (0.4)

114 (0.8)

117 (0.5)

42 (0.6)

55 (0.3)

Acute Renal Failure, n (%)

1083 (4.9)

1694 (4.1)

901 (6.1)

1311 (5.8)

182 (2.5)

383 (2.1)

Chronic Renal Failure, n (%)

1285 (5.8)

2191 (5.3)

1054 (7.1)

1671 (7.3)

231 (3.1)

520 (2.8)

Cardiac Dysrhythmias, n (%)

3802 (17.1)

5989 (14.6)

2886 (19.5)

3894 (17.1)

916 (12.5)

2095 (11.4)

Charlson Index ≥ 5, n (%)

1147 (5.2)

1729 (4.2)

962 (6.5)

1402 (6.2)

185 (2.5)

327 (1.8)

Note: ‘Combined’ cohort includes all AMI patients with or without hospital transfers within an episode of care, ‘Non-transferred’ sub-cohort includes only patients
without any hospital and ‘Transferred’ sub-cohort includes only patients who were transferred to other hospitals during their episode of care.

Table 1: Baseline patient characteristics.

Trends in hospital transfer rates
The proportion of AMI patients who were transferred at least once
during their episode of care decreased with increasing age, from 58.1%
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in the 20-55 age group to 23.2% in the ≥ 75 age group (Table 2). The
transfer rates differed by sex, with older men (>65 yrs) transferred
more than older women (>65 yrs), (age-sex interaction p-value<0.001).
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Furthermore, over the 10-year study period, similar increases in
transfer rates were observed across all age groups (age-year interaction

p-value=0.06), and for both men and women (sex-year interaction pvalue=0.85) (Figure 2).

Transfer Rate n (%)
P-value for sex difference*

Age groups (years)
Overall

Women

Men

n=25,697

n=7,356

n=18,341

20-55

6,498 (58.1)

1,244 (58.7)

5,254 (58.0)

0.51

56-64

6,196 (56.0)

1,408 (55.3)

4,788 (56.2)

0.42

65-74

6,752 (48.0)

2,048 (46.5)

4,704 (48.7)

0.01

≥ 75

6,251 (23.2)

2,656 (20.3)

3,595 (25.9)

<0.001

*Logistic

regression model for transfer status was fit adjusting for sex, age, hospitalization year and all 2-way interactions with sex, age and hospitalization year. Only
the sex-age interaction was significant (p<0.001). P-value for sex-hospitalization year interaction was 0.86 and for age-hospitalization year interaction was 0.06.

Table 2: Distribution of hospital transfers in the combined cohort, according to age and sex.

Figure 2: Time trends for hospital transfer rates, according to age
and sex. Logistic regression model for transfer status was fit
adjusting for sex, age, hospitalization year and all 2- way
interactions. P-values for interactions were: sex-age, p<0.001; sexhospitalization year, p=0.85; age-hospitalization year, p=0.06.

Impact of excluding transferred patients on 30-day mortality
rate estimates
Overall, the estimated 30-day mortality rate for the ‘nontransferred’ sub-cohort was higher than the estimate for the ‘combined’
cohort, 19.8% vs. 13.3%, respectively (Figure 3).
This higher estimated 30-day mortality rate in the ‘non-transferred’
sub-cohort, compared to the overall ‘combined’ cohort, was consistent
across all sex and age groups.
However, the overestimation was greater in women in the younger
age groups, while in the older age groups, the overestimation was
greater in men (Figure 3).
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Figure 3: Thirty-day mortality rates based on the ‘Combined’ cohort
and the ‘Non-transferred’ sub-cohort and the magnitude of the
overestimation*, according to age and sex. *Overestimation is the
difference in 30-day mortality rate estimates between the nontransferred sub-cohort and the combined cohort (percent in Nontransferred subcohort - percent in combined cohort). ‘Combined’
cohort includes all AMI patients with or without hospital transfers
within an episode of care and ‘Non-transferred’ subcohort includes
only patients without any hospital transfer.
Over the study period, the magnitude of this overestimation
increased for both men and women (Figure 4). In the most recent year,
the 30-day mortality post AMI was overestimated by 7.2% in men and
6.9% in women. Furthermore, when estimating the 30-day mortality
odds ratio for women vs. men, the sex gap was attenuated when the
transferred patients were excluded, in contrast to when transferred
patients were not excluded [OR (women vs. men)=1.25, (95% CI: 1.19,
1.31) in the ‘non-transferred’ sub-cohort compared to OR=1.49, (95%
CI: 1.42, 1.56) in the ‘combined’ cohort]) (Figure 5).
The estimates of age-specific odds ratio for 30-day mortality were
consistently underestimated using the ‘non-transferred’ sub-cohort, as
compared to the ‘combined cohort’, except for the 20-55 age group.
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30-day mortality (%) post AMI
Age
grou
p

Figure 4: Time trends for the magnitude of the 30-day mortality rate
overestimation*, according to hospitalization year and sex.
*Overestimation is estimated as the difference in 30-day mortality
rate estimates between the non-transferred subcohort and the
combined cohort (percent in non-transferred subcohort - percent in
combined cohort).

Women

Men

NonTransferre
transferred d

pvalue

NonTransferre
transferred d

pvalue

20-55

8.1

1.7

<0.00
1

5.7

1.1

<0.001

56-64

11.2

2.8

<0.00
1

9.1

2

<0.001

65-74

17

5.7

<0.00
1

15.2

3.8

<0.001

≥ 75

25.4

8

<0.00
1

28

7.5

<0.001

‘Non-transferred’ sub-cohort includes only patients without any hospital
transfers; ‘Transferred’ sub-cohort includes only patients who were transferred
from their index hospital to another hospital during their episode of care.

Table 3: Thirty-day Post AMI mortality rates, according to transfer
status and sex.

Discussion

Figure 5: Odds ratios* (Women vs. Men) for 30-day mortality
according to transfer status and age. X-axis is plotted on a
logarithmic scale. *The OR (95% CI) estimates for each age group
are based on the 30-d mortality logistic regression model with sex,
age, hospitalization year, sex-age interaction and hospitalization
year-age interaction. The OR (95% CI) for the overall is based on
the 30-day logistic model for sex only.

Transferred patients
In order to gain a better understanding of the observed
overestimation of the 30-day mortality rates, and hence the
underestimation of the sex gap in 30-day mortality, the characteristics
of the transferred patients (i.e. excluded patients) were assessed.
As previously described in Table 1, transferred patients were more
likely to be men, younger and less likely to have comorbid conditions.
As well, transferred patients had a lower 30-day mortality rate, as
compared to non-transferred patients (3.9% vs. 19.8%, p<0.001), which
is likely a reflection of their younger age and presence of fewer
comorbid conditions.
This observed difference in mortality rates was present in all age
groups (Table 3).
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In this large, population-based study of AMI patients, we found that
40% of patients had at least one hospital transfer during their episode
of care and the proportion of transferred patients increased over time
for both men and women and across all age groups. Overall,
transferred patients were younger, more likely to be male, less likely to
have comorbid conditions and thus had lower 30-day mortality rates
than the patients who were not transferred. Excluding the transfers
from the analysis resulted in an overestimation of 30-day mortality
post AMI, in both men and women, and across all age groups with a
more pronounced bias observed among younger women, as compared
to younger men, and older men, as compared to older women.
Importantly, the magnitude of this overestimation has increased over
time. Furthermore, the overall sex difference in 30-day mortality was
underestimated in the cohort that excluded the transferred patients,
erroneously implying a smaller sex gap than what would be observed
in a cohort that included both transferred and non-transferred
patients.
Several studies have examined the proportion of hospital transfers
among AMI patients, their characteristics as well as the organizational
structure and patterns of transfers [13]. Methodologically, excluding
transferred patients in the analysis is an approach that is commonly
used in outcomes research when linking hospitalization records is not
feasible; however, very few studies have addressed the consequences of
excluding this group of patients. Our study is the first comprehensive
assessment of the magnitude of the resulting bias in 30-day post AMI
mortality rates by sex, age when such exclusions are undertaken.
Our finding that a large proportion of AMI patients are transferred
during their hospitalization is also consistent with prior studies in the
United States. Based on the nationwide Medicare data, Iwashyna et al.
found that 44% of all AMI patients admitted to non-revascularization
hospitals were transferred to hospitals with revascularization
capabilities [13]. Similarly, Roe et al. observed that among NSTEMI
patients in the CRUSADE (Can Rapid Risk Stratification of Unstable
Angina Patients Suppress Adverse Outcomes with Early
Implementation of the ACC/AHA Guidelines) registry, 46% were
transferred to tertiary care hospitals and that this proportion has
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increased over time [14]. The American College of Cardiology/
American Heart Association (AHA) guidelines provide a class I
recommendation for early invasive management of STEMI as well as
NSTEMI patients with high risk of mortality and recurrent ischemia
[15,16]. This, coupled with the fact that majority of hospitals in Canada
and the US do not have revascularization capabilities, it is expected
that a large proportion of AMI patients would be transferred to tertiary
care hospitals with a more specialized cardiac care.
Given the potentially large proportion of AMI patients who are
transferred out to other hospitals during their episode of care, it is
important to understand the impact of their inclusion/exclusion when
assessing or comparing population-based patient outcomes, or hospital
rankings, across multiple sites/studies. As highlighted in our findings,
excluding transfers can result in an overestimation of 30-day post AMI
mortality rates. It is important to note that the larger the proportion of
transfers, the greater the magnitude of this bias will be. Our findings,
as well as those in prior studies [14,17] have consistently shown that
transferred patients have lower 30-day mortality rates and as such
removing this group of patients, results in a cohort of patients with
higher mortality. The reasons for the lower 30-day mortality rates
among transferred patients are multifactorial. Transferred patients are
more likely to have a lower cardiac risk profile, have fewer
comorbidities, are younger and more likely to be men, which
contribute to a lower risk for 30-day mortality post AMI.
Among younger adults, the bias was greater in women than in men,
resulting in an overestimation of the sex gap in 30-day mortality rates.
In contrast, among older adults, the bias was greater in men. The
magnitude and direction of the bias for each age-sex stratum is not
only a function of the proportion of transfers, but also on the
difference in the 30-day mortality rates in the non-transferred and
transferred patients in that stratum [i.e. bias=proportion of transfers x
(30-day mortality rate of the non-transferred cohort 30-day mortality
rate of the transferred cohort]. For instance, the larger bias observed
among younger women seems to be driven by the particularly high
mortality rates in the non-transferred cohort and not by the
proportion of transfers which were similar to that observed among
younger men. Furthermore, we observed that the overestimation of 30day mortality is in fact increasing over time, which is most likely a
reflection of the increasing trend in transferring AMI patients to
hospitals with more advanced cardiac treatments.

available in our study and therefore we were not able to measure their
impact on the observed transfer rates and post AMI mortality.
Furthermore, we were not able to capture factors related to hospital
characteristics such as revascularization capacity as well as rural vs.
urban. We would expect that the transfer rates would be higher in the
rural areas and as such the magnitude of the observed bias in 30-day
AMI mortality estimates would be greater.
We were also unable to distinguish STEMI and NSTEMI. Given the
current guidelines for the immediate transfer of STEMI patients to a
PCI-capable hospital to undergo primary PCI, we speculate that a
larger proportion of transferred patients are those with STEMI
presentation admitted to hospitals without revascularization
capabilities rather than NSTEMI patients. This would be in line with
our current finding of lower 30-day mortality among transferred
patients, as STEMI patients are shown to have lower short-term
mortality rates than NSTEMI patients [19].
The strength of our study lies in its 10-year population-based cohort
with access to outcomes information on both transferred and nontransferred AMI patients. This provided a unique opportunity to
identify and quantify the impact of the exclusion of transferred
patients on commonly reported 30-day mortality outcomes post AMI.

Summary and Conclusion
The observed difference in the characteristics and outcomes of
transferred and non-transferred AMI patients has implications for
outcomes research, especially in population-based studies, where the
focus is on all patients admitted with AMI. When the proportion of
transferred AMI patients is high, failure to include their outcomes in
the evaluation will likely result in an overestimation of the 30-day
mortality rate. This finding also highlights the need for caution when
comparing conclusions across studies with varying methods for
handling transferred patients.
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Our finding of an underestimation of the sex gap in 30-day
mortality is intriguing and highlights the caution required when
comparing conclusions across studies with varying methods for
handling transferred patients. For instance, a prior study on sex
differences in 30-day mortality post AMI, based on the US National
Registry of Myocardial infarction (NRMI), reported a narrowing of the
mortality gap between men and women over the years. In this study,
41% of women and 48% of men were excluded due to limitations in
establishing outcomes of transferred patients [2]. On the other hand, in
a recent population based analysis of the sex gap in 30-day mortality
post AMI, which did not exclude transferred patients, a persistent
difference in mortality rates in women as compared to men was
observed over a 10-year study period [18]. Based on our current
findings, it is reasonable to speculate that the differences in the patient
populations, in terms of exclusion of transferred patients, may have
contributed to these inconsistent findings and the apparent closing of
the sex gap in the NRMI registry.
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