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Quality and Outcomes

Management Strategies and Outcomes of
ST-Segment Elevation Myocardial Infarction
Patients Transferred After Receiving
Fibrinolytic Therapy in the United States
Nish Patel, MD; Nileshkumar J. Patel, MD; Badal Thakkar, MD; Vikas Singh, MD;
Shilpkumar Arora, MD, MPH; Nilay Patel, MD; Chirag Savani, MD; Abhishek Deshmukh,
MD; Udho Thadani, MD; Apurva O. Badheka, MD, FACP, CCDS; Carlos Alfonso, MD;
Gregg C. Fonarow, MD; Mauricio G. Cohen, MD
Department of Cardiology (Nish Patel, Nileshkumar J. Patel) and Department of Cardiovascular
Medicine (Singh, Alfonso, Cohen), University of Miami Miller School of Medicine, Miami, Florida;
Department of Internal Medicine (Thakkar), Tulane School of Public Health and Tropical
Medicine, New Orleans, Louisiana; Department of Internal Medicine (Arora), Mount Sinai St.
Luke’s Roosevelt Hospital, New York, New York; Department of Internal Medicine (Nilay Patel),
Saint Peter’s University Hospital, New Brunswick, New Jersey; Department of Internal Medicine
(Savani), New York Medical College, Valhalla, New York; Department of Cardiology (Deshmukh),
Mayo Clinic, Rochester, Minnesota; Cardiovascular Section/Internal Medicine (Thadani), VA
Medical Center, University of Oklahoma Health Sciences Center, Oklahoma City, Oklahoma;
Department of Cardiology (Badheka), Heart and Vascular Center, Everett Clinic, Everett,
Washington; Department of Cardiology (Fonarow), Ahmanson-UCLA Cardiomyopathy Center,
University of California, Los Angeles, California

Fibrinolytic therapy is still used in patients with ST-segment elevation myocardial infarction (STEMI) when the
primary percutaneous coronary intervention cannot be provided in a timely fashion. Management strategies
and outcomes in transferred fibrinolytic-treated STEMI patients have not been well assessed in real-world
settings. Using the Nationwide Inpatient Sample from 2008 to 2012, we identified 18 814 patients with
STEMI who received fibrinolytic therapy and were transferred to a different facility within 24 hours. The
primary outcome was in-hospital mortality. Secondary outcomes included gastrointestinal bleeding, bleeding
requiring transfusion, intracranial hemorrhage (ICH), length of stay, and cost. The patients were divided
into 3 groups: those who received medical therapy alone (n = 853; 4.5%), those who underwent coronary
artery angiography without revascularization (n = 2573; 13.7%), and those who underwent coronary artery
angiography with revascularization (n = 15 388; 81.8%). Rates of in-hospital mortality among the groups were
20% vs 6.6% vs 2.1%, respectively (P < 0.001); ICH was 8.5% vs 1.1% vs 0.6%, respectively (P < 0.001); and
gastrointestinal bleeding was 1.1% vs 0.4% vs 0.4%, respectively (P = 0.011). Multivariate analysis identified
increasing age, higher Charlson Comorbidity Index score, cardiogenic shock, cardiac arrest, and ICH as the
independent predictors of not performing coronary artery angiography and/or revascularization in patients
with STEMI initially treated with fibrinolytic therapy. The majority of STEMI patients transferred after receiving
fibrinolytic therapy undergo coronary angiography. However, notable numbers of patients do not receive
revascularization, especially patients with cardiogenic shock and following a cardiac arrest.
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Introduction
Acute coronary syndrome is one of the leading discharge
diagnoses in the United States, accounting for approximately
700 000 patients discharged with this diagnosis each
year.1 ST-segment elevation myocardial infarction (STEMI)
comprises 33% to 40% of acute coronary syndrome
patients.2,3 Previous studies have shown a significant
decrease in the incidence of STEMI in the last decade,
but the case fatality rate has remained unchanged.2,4,5

Successful early reperfusion of the culprit artery in
STEMI patients is the most important intervention, which
determines short-term and long term outcomes regardless
of which reperfusion strategy (fibrinolysis or percutaneous
coronary intervention [PCI]) is used.6,7 However, meta-
analysis comparing primary PCI with fibrinolytic therapy in
STEMI patients showed reduction in mortality, reinfarction,
and stroke with primary PCI.8 Early administration
of fibrinolytic therapy, when primary PCI cannot be
delivered in a timely fashion, followed by angiographic
evaluation and intervention if indicated, may result in
similar outcomes as with primary PCI.9,10 A management
strategy for patients who receive fibrinolytic therapy
and are subsequently transferred to another hospital for
further invasive evaluation, although evaluated in trials and
recommended in guidelines, has not been well studied
in real-world settings in the United States. Therefore,
we sought to evaluate the management and outcomes of
STEMI patients transferred to a different facility for invasive
evaluation after receiving fibrinolytic therapy, using patient
cases from the Nationwide Inpatient Sample (NIS).

Methods
We used the NIS to determine the therapeutic strategies and
outcomes of patients with STEMI transferred to a different
facility after receiving fibrinolytic therapy. The NIS is part of
the Agency for Healthcare Research and Quality’s (AHRQ)
Healthcare Cost and Utilization Project (HCUP) and
contains information on all discharges from a 20% stratified
sample of community hospitals in the United States. Each
hospitalization is de-identified and maintained in the NIS as
a unique entry with 1 primary discharge diagnosis and <24
secondary diagnoses during that hospitalization. Each entry
also carries information on demographic details, insurance
status, comorbidities, primary and secondary procedures,
hospitalization outcome, length of stay, and cost of care.
The NIS contains the clinical and resource-use information
included in a typical discharge summary, with safeguards
to protect the privacy of individual patients, physicians,
and hospitals (as required by the data sources). Each
record also includes a discharge weight to allow for national
estimates.

Annual data quality assessments of the NIS are performed
that assure the internal validity of the database. Further-
more, comparisons against the following data sources
strengthen the external validity of the NIS: the Amer-
ican Hospital Association Annual Survey Database, the
National Hospital Discharge Survey from the National
Center for Health Statistics, and the MedPAR inpa-
tient data from the Centers for Medicare & Medicaid
Services.11,12

Study Design and Cohorts

We queried HCUP’s NIS between 2008 and 2012 using Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) diagnostic codes 410.0–410.6 and
410.8 for STEMI patients (n = 833 807) who had ICD-9-CM
code of V45.88 (n = 19 062) to identify patients who received
fibrinolytic therapy as the initial reperfusion strategy in a
different facility within the previous 24 hours. We decided
to use data from 2008, as the V45.88 code was introduced
in October 2008. To restrict our evaluation to a typical adult
population, only patients age ≥18 years were included.
Exclusion Criteria: To avoid the inclusion of the patients
undergoing fibrinolytic therapy for other indications,
we excluded patients having a secondary diagnosis of
pulmonary embolism (ICD-9 codes 415.11, 415.12, 416.2;
n = 53) and stroke (ICD-9 codes 434.00, 434.01, 434.10,
434.11; n = 185). We further excluded all the observations
with missing data for sex (n = 5) and admission type for
trauma (n = 5). The final study sample consisted of 18 814
patients (Figure 1). Because this study involved de-identified
data, it was exempt from institutional review board approval.
Outcome Measures: To determine the patients who
underwent coronary angiography, we used ICD-9-CM codes
88.55, 88.56, 88.57, 00.24, 00.59, and 37.22. The ICD-9-
CM codes of 36.06 (insertion of non–drug-eluting coronary
artery stent) or 36.07 (insertion of drug-eluting coronary
artery stent) were used to identify patients who underwent
PCI, and codes 36.10–36.17 and 36.19 were used to identify
patients who underwent coronary artery bypass grafting
(CABG). Patients with ICD-9-CM codes for coronary
angiography without codes for PCI or CABG were placed in
the group coronary angiography without revascularization,
and patients with codes for coronary angiography plus
codes for PCI or CABG were put in the group coronary
angiography with revascularization. Patients without any of
these codes were placed in the group medical therapy alone.

The primary outcome was in-hospital mortality. The ICD
codes for the secondary outcomes, which included gas-
trointestinal (GI) bleeding, bleeding requiring transfusion,
and intracranial hemorrhage (ICH), are listed in Supporting
Information, Table 1, in the online version of this article.
Length of stay (LOS) and health care cost were also mea-
sured.
Definitions of Variables: We used NIS variables to identify
patient age, sex, and race. We divided race into white, black,
Hispanic, and other. We divided age into 5 subgroups: 18 to
34 years, 35 to 49 years, 50 to 64 years, 65 to 79 years, and
≥80 years. We defined the severity of comorbid conditions
using the Deyo modification of the Charlson Comorbidity
Index (CCI). This index contains 17 comorbid conditions
with differential weights. The score ranges from 0 to 33,
with higher scores corresponding to a greater burden of
comorbid diseases (see Supporting Information, Table 2, in
the online version of this article). Facilities were considered
to be teaching hospitals if they had an American Medical
Association–approved residency program, were a member
of the Council of Teaching Hospitals, or had a full-time
equivalent interns and residents to patients ratio of ≥0.25.
Hospital location (rural/urban) and number of beds were
also recorded. The bed-size cutoff points divided into small,
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18,814 patients 

18,824 patients remaining after
excluding patients with stroke and

pulmonary embolism   

19,062 patients were transferred
after receiving fibrinolytic therapy

to another facility

814,745 patients were
excluded because of direct  

238 patients were excluded: 

185 had stroke 

53 had pulmonary embolism 

10  patients were excluded: 

5 had information missing
on gender  

5 had admission type -
trauma  

833,807 total patients with
primary diagnosis of STEMI in NIS

from 2008-12

Figure 1. Flowchart of study population. Abbreviations: NIS, Nationwide Inpatient Sample; STEMI, ST-segment elevation myocardial infarction.

medium, and large have been done so that approximately
one-third of the hospitals in a given region, location, and
teaching-status combination would fall within each bed-size
category.

Statistical Analysis

Stata IC version 11.0 (StataCorp, College Station, TX) and
SAS version 9.4 (SAS Institute Inc., Cary, NC) were used for
analysis, which accounted for the complex survey design
and clustering. We stratified our study population into 3
groups: medical therapy alone, patients who underwent
coronary artery angiography without revascularization, and
patients who underwent coronary artery angiography and
revascularization during the hospitalization. Differences
in baseline characteristics were examined using 1-way
analysis of variance for continuous variables (reported
as mean ± SD/SE) and χ2 test for categorical variables
(reported as percentages). A P value <0.05 was considered
significant.
Hierarchical Modeling: Hierarchical mixed-effects models
were generated to identify the independent multivariate
predictors of in-hospital mortality and also factors avoiding
invasive strategy. Hierarchical modeling is designed to
analyze data with nested observations and is more
appropriate to simple regression modeling for an available
dataset. The NIS dataset is inherently hierarchical, that is to
say the data have the group (ie, hospital)-specific attributes,
and within each group there are patients who contribute
specific patient attributes to the data. Hierarchical models
take into consideration the effect of nesting. Two-level
hierarchical models (with patient-level factors nested within
hospital-level factors) were created with the unique hospital
identification number incorporated as random effects within
the model (meaning that patients treated at the same
hospital may experience similar outcomes as a result of
other processes of care).

We excluded race from the multivariate models, as
nearly 19.5% of the observations were missing. In all
multivariate models, we included hospital-level variables
such as hospital region (Northeast, South, Midwest, with
West as referent), hospital bed size, and teaching vs
nonteaching status; and patient-level variables such as
age, sex, Deyo modification of CCI, admission over the
weekend, median household income, and primary payer
(with Medicare/Medicaid considered as referent). Model
discrimination was assessed using the C-index. Subgroup
analyses were carried out in patients with cardiogenic shock
and cardiac arrest.

Results
From 2008 to 2012, 18 814 patients with STEMI who received
fibrinolytic therapy as the initial reperfusion strategy were
transferred to a different facility within 24 hours for coronary
artery angiography and revascularization, if indicated.

Baseline Patient Characteristics
Of 18 814 consecutive patients with STEMI initially treated
with fibrinolytic therapy and transferred to a different
facility, 853 (4.5%) did not undergo angiographic evaluation
and were considered to be treated with medical therapy
alone, 2573 (13.7%) underwent coronary angiography
without revascularization, and 15 388 (81.8%) underwent
coronary angiography with revascularization, either PCI
or CABG. Patients of older age, of female sex, with
Medicare/Medicaid as primary insurance payer, and those
with higher comorbidities (CCI ≥2), cardiogenic shock, and
cardiac arrest were less likely to receive revascularization
(Table 1).

Primary Outcome
There was a significant difference in mortality among the 3
groups (Table 2). Compared with the group who received
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Table 1. Baseline Characteristics of STEMI Patients Transferred to a Different Facility After Receiving Fibrinolytic Therapy

Overall
Medical Therapy

Alone
CA Without

Revascularization
CA With

Revascularization P Value

No. of observations (%) 18 814(100.0) 853(4.5) 2573(13.7) 15 388(81.8)

Patient age, y, % <0.001

18–34 1.1 0.6 3.9 0.7

35–49 18.8 8.2 20.3 19.1

50–64 44.5 30.5 40.5 45.9

65–79 28.5 28.2 26.1 28.9

≥80 7.2 32.5 9.1 5.4

Sex, % <0.001

M 73.5 61.3 66.2 75.4

F 26.5 38.7 33.8 24.6

Race, % <0.001

White 65.9 67.5 69.0 65.3

Black 3.2 4.7 4.4 2.9

Hispanic 6.1 5.3 4.9 6.4

Other 5.3 5.9 5.0 5.3

Missing 19.5 16.6 16.7 20.1

Comorbidities, %

Deyo modification of CCI scorea <0.001

≤ 1 53.1 35.2 49.7 54.6

2 29.7 29.2 30.8 29.6

≥ 3 17.2 35.6 19.4 15.8

Obesity 14.7 9.2 17.3 14.6 <0.001

HTN 60.0 63.5 61.0 59.7 0.045

DM 24.3 27.0 25.3 24.0 0.058

CHF 13.4 22.5 14.6 12.6 <0.001

COPD (Chronic Obstructive
Pulmonary Disease)

15.1 22.4 17.8 14.2 <0.001

PVD 6.5 13.4 5.2 6.4 <0.001

Fluid-electrolyte abnormalities
and renal failure

15.4 31.8 16.2 14.3 <0.001

Neurological disorder or
paralysis

3.3 12.6 4.2 2.6 <0.001

Anemia or coagulopathy 9.5 16.7 8.9 9.2 <0.001

Solid tumors, metastatic
cancers, or lymphoma

1.1 1.2 0.8 1.1 0.220

Depression, psychosis, or
substance abuse

7.4 7.6 10.8 6.8 <0.001

Median HHI category for patient
Zip code, %b

0.002
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Table 1. continued

Overall
Medical Therapy

Alone
CA Without

Revascularization
CA With

Revascularization P Value

0–25 42.4 43.7 42.4 42.3

26–50 30.7 27.7 30.4 31.0

51–75 14.3 17.2 15.8 13.8

76–100 8.2 7.3 7.0 8.4

Primary payer, % <0.001

Medicare/ Medicaid 43.6 64.5 46.5 41.9

Private insurance (including
HMOs)

40.3 24.0 36.7 41.8

Other/self-pay/no charge 15.9 11.0 16.6 16.1

Hospital characteristics

Bed size, % 0.052

Small 8.2 10.5 8.2 8.0

Medium 21.6 20.2 22.6 21.5

Large 69.4 69.3 67.7 69.7

Teaching status, % <0.001

Nonteaching 39.6 48.8 39.9 39.0

Teaching 59.6 51.2 58.6 60.2

Region, % <0.001

Northeast 11.6 13.5 7.7 12.2

Midwest 18.1 17.2 16.7 18.3

South 36.0 32.3 39.7 35.6

West 22.9 19.5 24.2 22.9

Admission day, % 0.523

Weekday 70.3 71.7 70.8 70.2

Weekend 29.7 28.3 29.2 29.8

Disposition of survivors, % <0.001

Home 85.6 48.0 80.7 88.5

Transfer to short-term
hospital/other facilities/HHC

10.3 29.2 11.52 9.03

Against medical advice (AMA) 0.64 2.8 1.25 0.4

In-hospital mortality, % 3.51 20.0 6.6 2.1 <0.001

LOS, d, median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–6.0) 3.0(2.0–4.0) 3.0 (2.0–4.0) 0.323

Adjusted cost, $, median (IQR) 17 479 (12 912–24 619) 7701 (3 936–14 001) 10 892 (7868–15 461) 18 773 (14 516–26 124) <0.001

Cardiac arrest, % 2.9 6.5 4.2 2.4 <0.001

Cardiogenic shock, % 7.4 16.3 7.7 6.8 <0.001
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Table 1. Continued

Overall
Medical Therapy

Alone
CA Without

Revascularization
CA With

Revascularization P Value

Wall involved <0.001

Anterolateral 8.5 12.6 8.5 8.2

Anterior 28.9 33.3 32.5 28.0

Inferolateral 8.0 8.3 6.9 8.1

Inferoposterior 5.6 5.7 5.4 5.7

Inferior 45.6 36.5 41.0 47.0

Lateral 2.5 1.8 4.5 2.2

Posterior 0.4 1.3 0.2 0.4

Other specified 0.5 0.6 1.0 0.4

Type of stent

≥1 DES 49.9 — — 61.1

Only BMS 23.5 — — 28.8

Abbreviations: AMA, against medical advice; BMS, bare-metal stent; CA, coronary angiography; CCI, Charlson Comorbidity Index; CHF, congestive heart
failure; DES, drug-eluting stent; DM, diabetes mellitus; F, female; HHC, home health care; HHI, household income; HMO, health maintenance organization;
HTN, hypertension; Hx, history; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; IQR, interquartile range; LOS,
length of stay; M, male; PVD, peripheral vascular disease; STEMI, ST-segment elevation myocardial infarction.
aCharlson/Deyo Comorbidity Index was calculated as per Deyo classification. Comorbidities were identified by ICD-9-CM code mentioned in any of the
diagnostic fields. bThis represents a quartile classification of the estimated median HHI of residents in the patient’s Zip code. These values are derived
from Zip code demographic data obtained from Claritas. The quartiles are identified by values of 1 to 4, indicating the poorest to wealthiest populations.
Because these estimates are updated annually, the value ranges vary by year (http://www.hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nisnote.jsp).

medical therapy alone and did not undergo coronary artery
angiography, the group who underwent coronary artery
angiography but no revascularization and the group who
underwent coronary artery angiography and revasculariza-
tion had significantly lower in-hospital mortality (20% vs
6.6% vs 2.1%, respectively; P < 0.001). Multivariate analysis
identified age, female sex, cardiogenic shock, and cardiac
arrest as significant predictors of death, and the adjusted
odds ratio (OR) significantly favored coronary angiography
and/or revascularization compared with medical therapy
alone: the OR for coronary angiography and/or revascu-
larization was 0.12 (95% confidence interval [CI]: 0.08-0.18,
P < 0.001).

Secondary Outcomes

The frequency of bleeding events was low across the
entire study population. However, ICH and GI bleeds
were significantly more frequent in the medical-therapy-
only group compared with the coronary angiography
and revascularization groups (ICH, 8.5% vs 1.1% vs 0.6%,
respectively, P < 0.001; GI bleeds, 1.1% vs 0.4% vs 0.4%,
respectively, P = 0.011; Table 2). There were no significant
differences among the groups in the incidence of bleeding
requiring transfusion.

Length of Stay and Cost

There was no difference in the LOS among the 3
groups (Table 2). However, adjusted cost of hospital-
ization was significantly higher in the revascularization

group (medical therapy alone, $7701 [interquartile range
{IQR}, $3936–$14 001] vs coronary angiography with-
out revascularization, $10 892 [IQR, $7868–$15 461] vs
coronary angiography with revascularization,$18 773 [IQR,
$14 516–$26 124]; P < 0.001).

Predictors of Avoiding Coronary Angiography and/or
Revascularization in ST-Segment Elevation Myocardial
Infarction Patients Initially Treated With Fibrinolytic
Therapy

As the predictors of avoiding coronary angiography and/or
revascularization in STEMI patients initially treated with
fibrinolytic therapy, multivariate analysis identified age (OR:
1.97, 95% CI: 1.77-2.20, P < 0.001), higher CCI score (OR:
2.03, 95% CI: 1.56-2.63, P < 0.001), cardiogenic shock (OR:
1.66, 95% CI: 1.21-2.27, P = 0.002), cardiac arrest (OR: 3.42,
95% CI: 2.16-5.42, P < 0.001), and ICH (OR: 13.96, 95% CI:
8.28-23.54, P < 0.001; Table 3).

Subgroup Analysis of Patients With Cardiogenic Shock

Of 1382 patients with cardiogenic shock, 139 (10.1%)
received medical therapy alone, 197 (14.3%) received
coronary angiography without revascularization, and 1046
(75.7%) received coronary angiography with revasculariza-
tion. There was a very significant difference in mortality
among the 3 groups, favoring the revascularization group
(56.6% vs 44.3% vs 20%, respectively; P < 0.001). There
was no difference in GI bleeding or bleeding requiring
transfusion. However, incidence of ICH was higher in the
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Table 2. Outcomes of Different Strategies in STEMI Patients Transferred to a Different Facility After Receiving Fibrinolytic Therapy

Variable Overall
Medical

Therapy Alone
CA Without

Revascularization
CA With

Revascularization P Value

Overall, n (%) 18 814 (100.0) 853 (4.5) 2573 (13.7) 15 388 (81.8)

Primary outcome, %

In-hospital mortality 3.5 20.0 6.6 2.1 <0.001

Secondary outcomes, %

GI bleed 0.4 1.1 0.4 0.4 0.011

Bleeding requiring transfusion 0.4 0.6 0.4 0.4 0.769

ICH 1 8.5 1.1 0.6 <0.001

LOS, d, median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–6.0) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 0.323

Adjusted cost, $, median (IQR) 17 479 (12 912 –24 619) 7701 (3936–14 001) 10 892 (7868–15 461) 18 773 (14 516–26 124) <0.001

Abbreviations: CA, coronary angiography; GI, gastrointestinal; ICH, intracranial hemorrhage; IQR, interquartile range; LOS, length of stay; STEMI,
ST-segment elevation myocardial infarction.

medical-therapy-only group (3.6% vs 0% vs 1.3%; P = 0.02).
Regarding LOS and adjusted hospital cost (see Supporting
Information, Table 3, in the online version of this article),
there was no significant difference in LOS, and adjusted
hospital cost was significantly higher in the revascular-
ization group ($13 735 [IQR, $5565–$33 345] vs $21 182
[IQR, $11 607–$35 091] vs $32 511 [IQR, $21 433–$49 899],
respectively, P = 0.004).

Subgroup Analysis of Patients With Cardiac Arrest

Of 536 patients with cardiac arrest, 55 (10.3%) received med-
ical therapy alone, 109 (20.2%) received coronary angiog-
raphy without revascularization, and 372 (69.5%) received
coronary angiography with revascularization. Similar to the
cardiogenic shock subgroup, there was a very significant
difference in mortality favoring the revascularization group
(79.5% vs 45.4% vs 15.6%, respectively; P < 0.001). There
was no significant difference in bleeding complications.
The LOS was higher in the revascularization group (0 days
[IQR, 0–4 days] vs 5 days [IQR, 2–9 days] vs 5 days
[IQR, 3–9 days], P < 0.001). Similarly, cost of hospital-
ization was higher in the revascularization group ($4482
[IQR, $1569–$17 363] vs $17 411 [IQR, $12 773–$30 053] vs
$27 475 [IQR, $18 966–$43 359], respectively, P < 0.001; see
Supporting Information, Table 3, in the online version of this
article).

Trends and Regional Variation

Only a small number of STEMI patients did not undergo
coronary angiography after initial treatment with fibrinolytic
therapy and transfer to the different facility. However, we
observed an increased trend of not performing coronary
angiography in these patient populations in all regions
except the South from 2009 to 2012. The proportion of
patients who did not receive coronary angiography in the
Northeast was 1.9% in 2009, which increased to 7.1% in
2012 (P for trend < 0.001); over the same time period,
the increases were from 3.6% to 6.0% in the Midwest (P
for trend < 0.008), from 4.1% to 5.0% in the South (P for

trend = 0.083), and from 3.1% to 6.0% in the West (P for
trend < 0.001; see Supporting Information, Figure 1, in the
online version of this article).

Discussion
Our study investigated the contemporary therapeutic strate-
gies and in-hospital outcomes in STEMI patients initially
treated with fibrinolytic therapy and who were subsequently
transferred to a different facility for coronary angiogra-
phy and possible revascularization in the real-world setting.
Compared with medical therapy alone and coronary angiog-
raphy without revascularization, the invasive strategy of
coronary angiography with revascularization was associated
with a marked decrease in mortality, especially in patients
with cardiogenic shock and cardiac arrest. Although only a
small number of patients did not receive the invasive strat-
egy, the trend increased from 2009 to 2012 in all regions
except South.

Current evidence suggests that fibrinolytic therapy alone
could result in suboptimal outcomes in STEMI patients.
Wijeysundera et al concluded in their meta-analysis that
routine early invasive strategy was superior to ischemia-
guided treatment after fibrinolytic therapy.13 Subsequently,
D’Souza et al demonstrated in their meta-analysis the
efficacy and safety of routine early PCI within the first
24 hours of fibrinolytic therapy, with significant reduction
in the primary composite endpoint of mortality, reinfarction,
and ischemia compared with conservative management.14

Moreover, real-world data from the French Registry on
Acute ST-elevation Myocardial Infarction (FAST-MI), the
Global Registry of Acute Coronary Events (GRACE), and the
Canadian Registry of Acute Coronary Events (CANRACE)
suggested better outcomes with routine angiography
and revascularization after fibrinolytic therapy.15,16 The
American College of Cardiology Foundation/American
Heart Association STEMI Guidelines also recommend
angiography within 3 to 24 hours for patients who have
received fibrinolytic therapy as an initial revascularization
strategy.1
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Our data are also consistent with previously reported
findings suggesting benefit with routine angiography and
revascularization if indicated after fibrinolytic therapy.15,16

A recent study from the Acute Coronary Treatment
and Intervention Outcomes Network (ACTION) registry
demonstrated that 97.1% of fibrinolytic-treated STEMI
patients received coronary angiography after transfer.17

In our study, 95.5% of patients underwent coronary
angiography after being transferred. Only 4.5% of patients
did not receive coronary angiography, but the trend of

Table 3. Predictors of Avoiding Invasive Strategy in STEMI Patients
Transferred to Different Facility After Receiving Fibrinolytic Therapy

Variable OR 95% CI P Value

Cardiogenic shock 1.66 1.21-2.27 0.002

Cardiac arrest 3.42 2.16-5.42 <0.001

ICH 13.96 8.28-23.54 <0.001

Age (per 10-unit change) 1.97 1.77-2.20 <0.001

Sex

M Ref

F 1.07 0.86-1.33 0.571

Deyo modification of CCI
scorea

0–1 Ref

2 1.46 1.14-1.88 0.003

≥3 2.03 1.56-2.63 <0.001

Hospital bed size

Small Ref

Medium 0.85 0.26-2.78 0.783

Large 0.89 0.31-2.52 0.820

Hospital teaching status

Nonteaching Ref

Teaching 0.81 0.43-1.53 0.513

Hospital region

Northeast Ref

Midwest 0.82 0.29-2.28 0.697

South 0.93 0.37-2.37 0.882

West 0.70 0.25-1.93 0.488

Median HHI category for
patient Zip code, %b

0–25 Ref

26–50 1.11 0.85-1.45 0.444

51–75 0.77 0.53-1.12 0.174

76–100 0.70 0.44-1.12 0.136

Table 3. continued

Variable OR 95% CI P Value

Primary payer

Medicare/Medicaid Ref

Private insurance
(including HMOs)

0.93 0.70-1.24 0.628

Other/self-pay/no
charge

1.13 0.76-1.67 0.551

Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence
interval; F, female; HHI, household income; HMO, health maintenance
organization; ICD-9-CM, International Classification of Diseases, Ninth
Revision, Clinical Modification; ICH, intracranial hemorrhage; M, male;
OR, odds ratio; Ref, referent; STEMI, ST-segment elevation myocardial
infarction.
aCharlson/Deyo Comorbidity Index was calculated as per Deyo
classification. Comorbidities were identified by ICD-9-CM code
mentioned in any of the diagnostic fields. bThis represents a quartile
classification of the estimated median HHI of residents in the patient’s
Zip code. These values are derived from Zip code demographic data
obtained from Claritas. The quartiles are identified by values of
1 to 4, indicating the poorest to wealthiest populations. Because
these estimates are updated annually, the value ranges vary by year
(http://www.hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nisnote.jsp).

not receiving angiography increased significantly in all
regions except South from 2009 to 2012. This patient
population who did not undergo coronary angiography had
a high prevalence of ICH, and 32% were age >80 years
and had a higher prevalence of comorbidities. Moreover,
ICH and major bleeding after fibrinolytic therapy could
be the potential reasons for not performing coronary
angiography. These findings suggest the cautious use of
coronary angiography and revascularization, with avoidance
in patient populations more susceptible to harm.

Our study also noted that 13.7% of patients did not receive
revascularization after angiography and had less favorable
outcomes. Additionally, our findings demonstrate real-
world therapeutic and outcomes disparities in transferred
fibrinolytic-treated STEMI patients. An aggressive invasive
strategy with revascularization is already established to have
a significant survival benefit.18–20 Despite this fact, 24.3%
of patients with cardiogenic shock and 30.5% of patients
with cardiac arrest did not undergo revascularization.
Furthermore, cardiogenic shock and cardiac arrest were
independent predictors of avoiding the invasive therapeutic
strategy, and those patients had a marked increase in
mortality without revascularization. Moreover, higher CCI
score was also a predictor for avoiding the invasive strategy.
Possible reasons include fear of bleeding complications and
unfavorable outcomes. This hesitation may be explained
in Northeast region, where New York, Massachusetts,
Pennsylvania, and New Jersey implement public reporting
of PCI outcomes, which has been well established in
previous studies.21–23 However, results are consistent in
other regions where public reporting is not mandated.

Interestingly, 73.1% of the study population had a median
household income at <50th percentile of the median
household income in the patient’s residential zip code. This
suggests that the majority of the fibrinolytic-treated STEMI
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patients are from the area with lower socioeconomic status
(SES). It is already established that patients from the area
with lower SES have decreased timely reperfusion following
STEMI, compared with patients from higher SES.24 Our
findings may propose a lack of resources, such as PCI-
capable hospitals, in areas with lower SES. The number
of PCI-capable hospitals has been increasing consistently
since 2001.25,26 Previous reports have also demonstrated
that access to PCI in the population held steady, even
with the increasing number of PCI-capable hospitals.26 This
may suggest a tendency to establish new PCI programs in
neighborhoods with high SES, where PCI programs already
exist, and not where they are needed.

Fibrinolytic-treated patients who underwent coronary
angiography with or without revascularization after transfer
to the different facility had no difference in LOS but a
higher total hospital cost of coronary angiography with
revascularization. It is been well established that patients
treated with fibrinolytic therapy alone have a high risk
of death, reinfarction, and stroke.27 Our study does not
have long-term outcomes, which precludes cost-effective
analysis. However, previous studies have demonstrated
the cost-effectiveness of an early invasive strategy with
revascularization in patients treated with fibrinolytic therapy
by reducing mortality, reinfarction, and stroke.28

Study Limitations

Several limitations of our study merit consideration. First,
the timing of fibrinolytic therapy from first medical
contact, the fibrinolytic agent used (alteplase, reteplase,
or tenecteplase) and dose (full dose or half-dose with
glycoprotein IIb/IIIa receptor antagonist), the failure or
success of fibrinolytic therapy, and transfer times are not
captured and would not be represented in the findings
of our study. Second, timing of revascularization after
transfer is not known. Third, reasons for not performing
angiography and/or revascularization in individual patients
would be difficult to ascertain. Fourth, information about
the use of anticoagulation agents and antiplatelet agents
is not available. Firth, residual measured and unmeasured
confounding may influence these findings. Also, the NIS
is primarily an administrative dataset based on hospital
claims and not on medical-chart review. We addressed
this limitation by including only those patients who had
a principal discharge diagnosis of STEMI, which has a
high positive predictive value (95%) compared with medical
chart reviews.29 Coding errors are always a limitation
with the NIS database. Our analysis only pertains to
inpatient outcomes; long-term outcomes are not known.
Another potential limitation is that the NIS does not
provide clinical data for a more detailed explanation of
outcomes.

Conclusion
In this large observational study, we found that the
majority of transferred fibrinolytic-treated STEMI patients
undergo coronary angiography. However, notable numbers
of patients do not receive revascularization, especially
patients with cardiogenic shock and following a cardiac
arrest.
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