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Abstract

Background: Interhospital transfer of ST-elevation myocardial in-
farction (STEMI) patients can lead to greater access to percutaneous 
coronary intervention (PCI) and reduce mortality. However, it is un-
clear how the characteristics of the transferring and receiving hospi-
tals impacts mortality of transferred STEMI patients.

Methods: In this retrospective cohort study, we estimated differences 
in mortality among STEMI patients undergoing interhospital transfer 
using Kaplan-Meier survival curves and adjusted hazard ratios de-
rived from Cox proportional hazard models.

Results: We found that partial PCI capability (i.e., retaining some 
patients while transferring others for PCI) of the transferring hospital 
and lower quality of the receiving hospital were associated with lower 
survival.

Conclusions: Interhospital transfers driven by factors other than dis-
tance and quality can negatively affect patient outcomes.
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Introduction

Ten percent of patients with ST-elevation myocardial infarc-

tion (STEMI) die within 30 days, but timely percutaneous 
coronary intervention (PCI) can reduce mortality [1]. Interhos-
pital transfers have been associated with greater access to PCI 
and lower 30-day mortality for STEMI patients [2]. Existing 
studies suggest that interhospital transfer decisions depend on 
a variety of factors including PCI capabilities of the transfer-
ring hospital [3], quality of receiving hospitals [4], and finan-
cial relationships between hospitals [5], such as system status.

In this study, we estimated differences in mortality among 
STEMI patients undergoing interhospital transfer, based on the 
characteristics of the transferring and receiving hospitals.

Materials and Methods

This study was approved by the Institutional Review 
Board (IRB) of the University of Minnesota (IRB ID: 
STUDY00011056). This study was conducted in compliance 
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

We identified hospital stays in 100% fee-for-service (FFS) 
Medicare inpatient and outpatient data (2011 - 2020) for pa-
tients with 12 months of preceding FFS coverage, non-follow-
up, and a primary, secondary, or tertiary diagnosis code for 
STEMI. We identified interhospital transfers following vali-
dated methods [6]. We defined three types of hospitals: non-
PCI capable transferring hospitals, which only transferred 
STEMI patients; partially PCI-capable transferring hospitals, 
which both transferred and received STEMI patients; and 
receiving hospitals, which only received transferred STEMI 
patients. We assessed system membership and rural location 
using American Hospital Association data and 30-day risk 
adjusted acute myocardial infarction (AMI) mortality rates of 
receiving hospitals using Centers for Medicare and Medicaid 
Services Hospital Compare data.

Our primary outcome was time-to-death from the start 
of the hospital stay through 1 year. Explanatory variables in-
cluded PCI capability, rural location, and system status of the 
transferring hospital, and decile of receiving hospital quality. 
We present Kaplan-Meier survival curves and adjusted hazard 
ratios (HRs) from Cox proportional hazard models adjusted 
for patient sex, age, and Elixhauser comorbidity index, and 
year. We performed sensitivity analyses limiting to patients 
who ultimately received PCI after transfer. All analyses were 
performed using R 4.0.4.

Our final analytic sample included 56,489 patients un-
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dergoing transfer. Seventeen percent were transferred from a 
partially PCI capable hospital, 62% were transferred from a 
system-member hospital, and 69% were transferred from a ru-
ral hospital. Quality of the receiving hospital was in the fifth 
decile on average. The average patient was 76 years old, had 
3.0 comorbidities, and was more likely to be male.

Results

The adjusted HR for partial PCI capability of the transferring 

hospital was 1.18 (95% confidence interval (CI): 1.09 - 1.29) 
(Fig. 1). The adjusted HR for system status of the transfer-
ring hospital was 1.11 (95% CI: 1.04 - 1.18). The adjusted HR 
for rural status of the transferring hospital was 1.02 (95% CI: 
0.95 - 1.09). Finally, the adjusted HR for 30-day AMI mortal-
ity decile of the receiving hospital was 1.028 (95% CI: 1.017 
- 1.039).

Restricting to patients who received PCI (n = 30,342), re-
sults were qualitatively similar except for system status (HR = 
1.10; 95% CI: 0.98 - 1.24). The adjusted HRs for partial PCI 
capability (HR = 1.29; 95% CI: 1.11 - 1.49), rural status (HR 

Figure 1. Estimated Kaplan-Meier survival curves and estimated Cox proportional hazard ratios (HRs) by characteristics of 
transferring and receiving hospitals (2011 - 2020). Source: 100% FFS Medicare Claims, 2011 - 2020. The figure displays the 
Kaplan-Meier survival curves for STEMI patients who were transferred during a hospital stay. (a) Comparison of survival for 
patients transferred from PCI-capable and non-PCI-capable hospitals. (b) Comparison of survival for patients transferred from 
system and non-system hospitals. (c) Comparison of survival for patients transferred from rural and non-rural hospitals. (d) 
Comparison of survival for patients transferred to hospitals in the bottom and top deciles of 30-day risk-adjusted mortality among 
acute myocardial infarction patients. Each panel also shows the estimated adjusted HRs and 95% confidence intervals. HRs are 
adjusted for patient sex, age, Elixhauser comorbidity count, and a set of indicators for the year in which the stay occurred. FFS: 
fee-for-service; STEMI: ST-elevation myocardial infarction; PCI: percutaneous coronary intervention.
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= 1.01; 95% CI: 0.89 - 1.14), and destination hospital quality 
(HR = 1.04; 95% CI: 1.02 - 1.06) were similar to the primary 
analysis.

Discussion

Among Medicare STEMI patients undergoing interhospital 
transfers, partial PCI capability of the transferring hospital and 
lower quality of the receiving hospital were associated with 
lower survival. These results suggest that patient outcomes 
could be worsened when interhospital transfer is driven by 
factors other than distance and quality. However, some statisti-
cally significant associations were not clinically meaningful.

Technological advances like PCI have made medical treat-
ment more effective but also more complex, leading to large 
benefits from being treated at a high-volume, specialized hos-
pitals and drawing patients away from smaller, lower-resource 
hospitals. Our results are consistent with this dynamic, given 
the survival advantage of patients transferred to high-quality 
hospitals and the relatively high survival rates of patients who 
were transferred away from non-PCI hospitals. This dynamic 
raises several avenues for policymaking. First, it is crucial that 
non-PCI hospitals can create transfer relationships with high-
quality PCI hospitals. One option for incentivizing transfer 
relationships is regionalization of care [7]. Second, consolida-
tion of care into fewer, specialized hospitals will draw patients 
and revenues away from smaller hospitals, which are already 
struggling with financial distress. Policymakers could consider 
financial models that support limited service at smaller hospi-
tals, as in the Rural Emergency Hospital program. Policymak-
ers could also consider options for antitrust policy, since con-
solidating care into a smaller number of specialized hospitals 
may give those hospitals increased market power to negotiate 
higher commercial prices.

Limitations

Our study had a number of limitations. First, our study may be 
limited because we cannot ascertain why STEMI patients are 
transferred from partially PCI-capable hospitals, which could 
include transient lack of availability of PCI, unobserved clini-
cal complexity or clinician or patient preference. Moreover, 
our results are limited since we were unable to assess acute 
clinical severity of the infarction nor the comprehensive medi-
cal characteristics of the patient using the FFS Medicare data, 
which may also have impacted transfer decisions. While we 
controlled for patient characteristics using the Elixhauser co-
morbidity index, this was a summary measure rather than a 
comprehensive one.
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