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BACKGROUND: There are limited contemporary data on the use of emergent coronary artery bypass grafting (CABG) in acute
myocardial infarction.

METHODS AND RESULTS: Adult (aged >18 years) acute myocardial infarction admissions were identified using the National
(Nationwide) Inpatient Sample (2000-2017) and classified by tertiles of admission year. Outcomes of interest included tem-
poral trends of CABG use; age-, sex-, and race-stratified trends in CABG use; in-hospital mortality; hospitalization costs;
and hospital length of stay. Of the 11 622 528 acute myocardial infarction admissions, emergent CABG was performed in
1 071 156 (9.2%). CABG utilization decreased overall (10.5% [2000] to 8.7% [2017]; adjusted odds ratio [OR], 0.98 [95% Cl,
0.98-0.98]; P<0.001), in ST-segment—elevation myocardial infarction (10.2% [2000] to 5.2% [2017]; adjusted OR, 0.95 [95% Cl,
0.95-0.95]; P<0.001) and non-ST-segment—elevation myocardial infarction (10.8% [2000] to 10.0% [2017]; adjusted OR, 0.99
[95% CI, 0.99-0.99]; P<0.001), with consistent age, sex, and race trends. In 2012 to 2017, compared with 2000 to 2005, ad-
missions receiving emergent CABG were more likely to have non—-ST-segment-elevation myocardial infarction (80.5% versus
56.1%), higher rates of noncardiac multiorgan failure (26.1% versus 8.4%), cardiogenic shock (11.5% versus 6.4%), and use of
mechanical circulatory support (19.8% versus 18.7%). In-hospital mortality in CABG admissions decreased from 5.3% (2000)
to 3.6% (2017) (adjusted OR, 0.89; 95% ClI, 0.88-0.89 [P<0.001]) in the overall cohort, with similar temporal trends in patients
with ST-segment-elevation myocardial infarction and non-ST-segment—elevation myocardial infarction. An increase in lengths
of hospital stay and hospitalization costs was seen over time.

CONCLUSIONS: Utilization of CABG has decreased substantially in acute myocardial infarction admissions, especially in patients
with ST-segment—elevation myocardial infarction. Despite an increase in acuity and multiorgan failure, in-hospital mortality
consistently decreased in this population.
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especially in the subset of patients presenting with brinolysis and/or primary percutaneous coronary inter-

In patients with acute myocardial infarction (AMI), prompt and timely reperfusion is essential, making fi-
ST-segment-elevation myocardial infarction (STEMI), vention (PCI) the preferred revascularization strategy."?
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CLINICAL PERSPECTIVE

What Is New?

e Utilization of emergent coronary artery bypass
grafting (CABG) decreased among acute myo-
cardial infarction hospitalizations between 2000
and 2017, with a more pronounced decrease
in ST-segment—elevation myocardial infarction
compared with non-ST-segment-elevation my-
ocardial infarction hospitalizations.

e Qver time, admissions receiving CABG had in-
creasing incidence of noncardiac acute organ
failure and cardiogenic shock.

e A steady and significant decline in in-hospital
mortality after CABG was identified over the 18-
year study period.

What Are the Clinical Implications?

e |mprovement in outcomes of percutaneous
coronary intervention has resulted in the decline
of emergent CABG use for acute myocardial
infarction, especially for ST-segment—elevation
myocardial infarction.

e In recent years, patients receiving emergent
CABG are those with more advanced disease
and those likely unsuitable for catheter-based
management.

Nonstandard Abbreviations and Acronyms

HCUP Healthcare Cost and Utilization Project
NIS National (Nationwide) Inpatient Sample

In the past 40 years, improvements in technology and
pharmacotherapy in patients undergoing primary PCI
for AMI have resulted in improved success rates and
lower complication rates.®* As a result, there have been
notable reductions in the need for emergent coronary
artery bypass grafting (CABG).* The demographics of
patients undergoing PCI for AMI have also changed,
as patients are now older and have multiple comorbid
conditions that place them at higher risk from CABG
procedures.® We previously reported a 90% reduction
in the need for emergency CABG as compared with
an earlier period where only percutaneous transluminal
coronary angioplasty was performed.®

The need for CABG remains in patients with AMI,
however, especially in patients with non—-ST-segment-—
elevation myocardial infarction (NSTEMI). Previous
studies reporting on CABG utilization were derived
from single-center, regional registry data or do not in-
clude the contemporary era.>-° Moreover, the data
are scant, especially relating to the temporal trends of
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the need for CABG as it relates to patients with AMI.
This is relevant as the patterns of AMI have favored
increases in the incidence of NSTEMI.'® The temporal
trends and in-hospital outcomes, therefore, need to be
better defined from a contemporary, national sample
stratified based on presentation with STEMI versus
NSTEMI. Therefore, we sought to evaluate contempo-
rary trends in CABG use and associated outcomes in
the United States using a large nationally representa-
tive population.

METHODS

Study Population, Variables, and
Outcomes

The National (Nationwide) Inpatient Sample (NIS) is the
largest all-payer database of hospital inpatient stays in
the United States. NIS contains discharge data from
a 20% stratified sample of community hospitals and
is a part of the Healthcare Cost and Utilization Project
(HCUP), sponsored by the Agency for Healthcare
Research and Quality (AHRQ)."" Information regard-
ing each discharge includes patient demographics,
primary payer, hospital characteristics, principal diag-
nosis, up to 39 secondary diagnoses, and procedural
diagnoses. Institutional review board approval was
not sought because of the publicly available nature of
this deidentified database. These data are available
to other authors via the HCUP-NIS database with the
AHRQ."

Using HCUP-NIS data from 2000 to 2017, a retro-
spective cohort study of admissions with AMI in the
primary diagnosis field (International Classification
of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] 410.x and International Classification of
Diseases, Tenth Revision, Clinical Modlification [ICD-
10-CM] 121.x-22.x) were identified. Admissions under-
going inpatient CABG were identified using /CD-9-CM
36.10-36.16, 36.19 and International Classification of
Diseases, Tenth Revision, Procedure Coding System
(ICD-10-PCS) 0210x-0213x. A CABG procedure at
any time during the AMI hospitalization was consid-
ered emergent in our study because of the urgency
in planning the procedure, the inability to perform it
electively, and the mortality implications of not per-
forming acute revascularization in AMI. This is con-
sistent with the American College of Cardiology’s
National Cardiovascular Data Registry definition of
emergent coronary revascularization.”” Longitudinal
temporal trends were used to identify CABG utilization
during this 18-year study period. The study population
was divided into tertiles of study period (2000-2005,
2006-2011, and 2012-2017) to compare their base-
line, in-hospital, and clinical characteristics. The bur-
den of comorbid diseases was identified using Deyo
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modification of the Charlson Comorbidity Index."®
Demographic characteristics, hospital characteristics,
acute organ failure, temporary mechanical circula-
tory support devices, cardiac procedures, and non-
cardiac procedures were identified for all admissions
using previously used methodologies from our group
(Table S1).14-'8

The primary outcome was the temporal trends in
the utilization of CABG among AMI hospitalizations.
Secondary outcomes included temporal trends of: (1)
CABG use stratified by patient (age, sex, and race) and
hospital (location/teaching status, bed size, and re-
gion) characteristics; and (2) in-hospital mortality. This
study also analyzed hospital length of stay, hospitaliza-
tion costs, and discharge disposition among tertiles of
study period.

Statistical Analysis

As recommended by HCUP-NIS, survey procedures
using discharge weights provided with the HCUP-NIS
database were used to generate national estimates.®
Using the trend weights provided by the HCUP-NIS,
samples from 2000 to 2011 were reweighted to ad-
just for the 2012 HCUP-NIS redesign.!® Chi-square test
and 1-way ANOVA were used to compare categorical
and continuous variables, respectively. Multivariable
logistic regression was used to analyze trends over
time (with 2000 being the reference year). Univariable
analysis of temporal trends and outcomes was per-
formed and is represented as odds ratio (OR) with 95%
CI. Multivariable logistic regression for CABG utilization
was performed, incorporating age, sex, race, primary
payer, socioeconomic status, comorbidity, hospital lo-
cation/teaching status, hospital bed size, and hospital
region. Temporal trends of CABG utilization were eval-
uated among subgroups of age, sex, race, and hos-
pital characteristics. Multivariable logistic regression
analysis incorporating age, sex, race, socioeconomic
stratum, hospital characteristics, weekend admission,
comorbidities, acute organ failure, cardiogenic shock,
cardiac arrest, type of AMI, cardiac procedures, non-
cardiac procedures, do-not-resuscitate status, and
palliative care referral was performed for assessing
temporal trends of in-hospital mortality. For multivari-
able modeling, regression analysis with purposeful
selection of statistically (liberal threshold of P<0.20 in
univariate analysis) and clinically relevant variables was
conducted.

The inherent restrictions of the HCUP-NIS data-
base related to research design, data interpretation,
and data analysis were reviewed and addressed.'®2°
Pertinent considerations include not assessing indi-
vidual hospital-level volumes (because of changes to
sampling design detailed above), treating each entry
as an “admission” as opposed to individual patients,
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restricting the study details to inpatient factors since
the HCUP-NIS does not include outpatient data, and
limiting administrative codes to those previously vali-
dated and used for similar studies. Two-tailed P<0.05
was considered statistically significant. All statistical
analyses were performed using SPSS version 25.0
(IBM).

RESULTS

From January 1, 2000, to December 31, 2017, there
were 11 622 528 admissions with a primary diagnosis
of AMI, and among these, 1 071 156 (9.2%) received
emergent inpatient CABG. Over the 18-year study pe-
riod, CABG utilization decreased among AMI admis-
sions from 10.5% in 2000 to 8.7% in 2017, with a more
pronounced decrease in STEMI compared NSTEMI
(Figure 1A and 1B). There was a decrease in CABG
utilization over the study period in several subgroups
of patient age, sex, and race, and those admitted to
urban and large hospitals (Figures 2A through 2F).
Higher utilization of CABG was noted in admissions
with age <75 years, men, those receiving care at urban
teaching hospitals, and large hospitals. Over time, AMI
admissions receiving CABG were more often men,
of White race, and of lower socioeconomic status (all
P<0.001) (Table 1). When stratified by tertiles of time
period, AMI admissions more often received a CABG
at urban teaching hospitals in recent years (57.7% in
2000-2005 to 71.6% in 2012-2017) (Table 1). When
admissions receiving CABG were stratified by age and
AMI presentation, there was a slight increase in CABG
use for STEMI and NSTEMI in the 55- to 74-year age
group over the 18-year period, while a slight decline
was identified among other age subgroups (Figure S1).

Over time, admissions receiving CABG were more
likely to have been admitted with NSTEMI (56.1% in
2000-2005 to 80.5% in 2012-2017, P<0.001) and
had increasing incidence of noncardiac acute organ
failure (8.4% in 2000-2005 to 26.1% in 2012-2017)
and cardiogenic shock (6.5% in 2000-2005 to 11.5%
in 2012-2017) (Table 2). Concomitant PCl use was
seen in 9% of 12% of the population receiving CABG.
An increase in the use of mechanical circulatory sup-
port and invasive and noninvasive mechanical ven-
tilation was identified, whereas use of pulmonary
artery catheterization decreased (Table 2). A slight
increase in both palliative care referral and do-not-
resuscitate status use was seen in the latter third of
the study period (Table 2).

In-hospital mortality in AMI admissions receiv-
ing CABG decreased from 5.2% in 2000 to 2005
to 3.5% in 2012 to 2017 (Table 3). While unad-
justed temporal trends demonstrated a relatively
stable percentage of in-hospital mortality among
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Figure 1. Temporal trends in coronary artery bypass grafting (CABG) utilization and in-hospital mortality (IHM) of acute

myocardial infarction (AMI) admissions receiving CABG.

A, Unadjusted temporal trends in CABG utilization stratified by type of AMI (P<0.001 for trend over time). B, Adjusted temporal trends
in CABG utilization (with 2000 as the referent year); adjusted for age, sex, race, primary payer, socioeconomic status, comorbidity,
hospital location/teaching status, hospital bed size, and hospital region (all P<0.001 for trend over time). C, Unadjusted temporal trends
in in-hospital mortality of AMI admissions receiving CABG (P<0.001 for trend over time). D, Adjusted temporal trends in in-hospital
mortality of AMI admissions receiving CABG (2000 as referent year); adjusted for age, sex, race, primary payer, socioeconomic status,
comorbidity, hospital location/teaching status, hospital bed size, and hospital region, weekend admission, cardiogenic shock, cardiac
arrest, acute organ failure, coronary angiography, percutaneous coronary intervention, pulmonary artery catheterization, mechanical
circulatory support, invasive mechanical ventilation, noninvasive ventilation, acute hemodialysis, palliative care referral, and do-not-
resuscitate status (all P<0.001 for trend over time). NSTEMI indicates non-ST-segment-elevation myocardial infarction; and STEMI,
ST-segment-elevation myocardial infarction.

STEMI admissions, a decline was seen among
those with NSTEMI (Figure 1C). Patient-, hospital-,
and severity-adjusted analysis, however, showed a
steady decline in in-hospital mortality among both
STEMI and NSTEMI admissions receiving CABG
(Figure 1D). A similar decline in in-hospital mortal-
ity was seen in subgroups of age, sex, race, hospi-
tal bed size, hospital location/teaching status, and
hospital region (Figures 3A through 3F). In multi-
variable logistic regression analysis, advanced
age, female sex, lower socioeconomic status,
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admission to small hospitals, STEMI, cardiogenic
shock, cardiac arrest, acute noncardiac organ
failure, use of mechanical circulatory support, in-
vasive mechanical ventilation, and acute hemodial-
ysis were all independently predictive of in-hospital
mortality (Table 4). During the study period, there
was an increase in lengths of hospital stay (median
length of 9 days in 2000-2005 to 10 days in 2012—
2017) and hospitalization costs. In recent years,
admissions receiving CABG were less frequently
discharged home (53.8% in 2000-2005 to 39.5%
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Figure 2. Temporal trends of coronary artery bypass grafting (CABG) utilization among various subgroups of patient and

hospital characteristics.

Eighteen-year temporal trends of acute myocardial infarction (AMI) admissions receiving CABG stratified by age (A), sex (B), race (C),
hospital location and teaching status (D), hospital region (E), and hospital bed size (F) (all P<0.001 for trend). Other indicates Hispanic,

Asian, and Native American.

in 2012-2017) and more often to skilled nursing
facilities (18.7% in 2000-2005 to 26.1% in 2012-
2017) (Table 3).

DISCUSSION

During the 18-year study period, there was a de-
crease in the number of AMI hospitalizations receiv-
ing CABG, with a more significant decline among
those with STEMI. Higher rates of CABG were seen
among younger patients, men, and those receiv-
ing care at urban, teaching, and large hospitals.
Over the study period, AMI admissions receiving
CABG had higher rates of acute noncardiac organ
failure, cardiogenic shock, and mechanical circu-
latory support use. There was a steady decrease
in in-hospital mortality, and an increase in hospital
lengths of stay and hospitalization costs over the
study period.

J Am Heart Assoc. 2021;10:e020517. DOI: 10.1161/JAHA.120.020517

Consistent with prior data on AMI,'© temporal
trends for CABG utilization in patients in our study
presenting with AMI clearly demonstrated a decline
in STEMI with a corresponding increase in NSTEMI
(80% of all AMI) in the past 2 decades. Frequent
changes in the diagnostic biomarker criteria of AMI
poses significant challenges in the interpretation of
the observed trends.?"?> However, changes in de-
mographics, especially as cardiovascular disease
and AMI now disproportionately affect sicker, older
adults with higher comorbidity burden, improve-
ment in adherence to evidence-based medications
and advances in therapeutic approaches might
have contributed to this shift.® Although we did not
observe a meaningful increase in age in the con-
temporary era, there was an increase in CABG use
for both STEMI and NSTEMI among patients in the
56- to 74-year age subgroup over the study period
compared with younger age groups. Further, CABG
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Table 1. Baseline Characteristics of AMI Admissions Receiving CABG
Baseline Characteristics 2000-2005 (n=427 825) 2006-2011 (n=322 620) 2012-2017 (n=320 711) P Value
Age, y 65.4+11.5 64.8+11.4 65.1+10.9 <0.001*
Women 30.3 28.5 27.3 <0.001"
Race/ethnicity
White 58.0 61.3 71.2 <0.001"
Black 4.4 5.8 7.7
Other* 37.6 32.9 2141
Quartile of median household income for zip code
0-25th 15.3 28.2 30.7 <0.001"
26th-50th 26.6 27.9 27.8
51st-75th 26.0 24.4 23.6
75th—100th 32.0 19.6 18.0
Primary payer
Medicare 52.4 49.5 52.2 <0.001"
Medicaid 5.1 6.4 8.8
Private 35.0 33.1 29.3
Other® 7.5 1.0 9.7
Charlson Comorbidity Index
0-3 39.4 36.9 38.8 <0.001"
4-6 54.0 49.8 43.0
>7 6.7 13.3 18.2
Comorbidities
Hypertension 58.5 69.6 66.8 <0.001f
Hyperlipidemia 39.4 57.0 61.1 <0.001f
Cancer 5.3 6.4 4.8 <0.001"
Heart failure 29.4 30.7 28.1 <0.001"
Chronic lung disease 22.3 23.6 19.0 <0.001"
Weekend admission 215 22.8 2341 <0.001f
Hospital teaching status and location
Rural 4.0 4.4 3.6 <0.001"
Urban nonteaching 38.3 39.3 24.8
Urban teaching 57.7 56.3 71.6
Hospital bed size
Small 4.6 6.4 8.9 <0.001"
Medium 18.4 19.0 25.0
Large 76.9 74.6 66.1
Hospital region
Northeast 19.3 16.3 15.7 <0.001"
Midwest 22.2 23.3 22.2
South 43.2 43.4 441
West 16.4 17.0 18.0
Values are represented as percentage or mean+SD. AMI indicates acute myocardial infarction; and CABG, coronary artery bypass grafting.
*ANOVA test.
%2 test.

*Hispanic, Asian, Native American, other.
SUninsured, no charge, other.

use increased significantly in those with the high-
est comorbidity burden and doubled in high-risk
groups such as admissions from lowest income
quartile. The rates of coronary angiography and

PCI observed in our study were lower than those
reported in the contemporary data. It is important
to note that a PCI during the same hospitalization
is unlikely in patients receiving CABG and this is

J Am Heart Assoc. 2021;10:e020517. DOI: 10.1161/JAHA.120.020517
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Table 2. In-Hospital Course and Management of AMI Admissions Receiving CABG
Characteristics 2000-2005 (n=427 825) 2006-2011 (n=322 620) 2012-2017 (n=320 711) P Value
AMI type
STEMI 43.9 31.6 19.5 <0.001*
NSTEMI 56.1 68.4 80.5 <0.001*
Acute organ failure
Multiorgan 8.4 16.8 26.1 <0.001*
Respiratory 7.3 11.3 17.0 <0.001*
Renal 9.8 17.4 24.7 <0.001*
Hepatic 0.6 1.7 2.4 <0.001*
Hematologic 7.2 11.8 19.0 <0.001*
Neurologic 21 4.7 6.6 <0.001*
Cardiac arrest 5.2 5.6 5.6 <0.001*
Cardiogenic shock 6.4 10.0 1.5 <0.001*
Coronary angiography 83.8 83.2 77.8 <0.001*
PCI 9.9 121 9.4 <0.001*
Pulmonary artery catheterization 5.7 5.6 4.8 <0.001*
Mechanical circulatory support
Total 18.7 22.9 19.8 <0.001*
IABP 18.5 22.8 19.2 <0.001*
pLVAD 0.0 0.1 0.7 <0.001*
ECMO 0.0 0.1 0.4 <0.001*
Invasive mechanical ventilation 7.9 11.6 12.2 <0.001*
Noninvasive ventilation 0.5 1.9 3.4 <0.001*
Acute hemodialysis 1.0 1.7 1.0 <0.001*
Do-not-resuscitate status 0.0 0.1 1.3 <0.001*
Palliative care referral 0.0 0.3 0.7 <0.001*

Values are represented as percentage. AMI indicates acute myocardial infarction; CABG, coronary artery bypass grafting; ECMO, extracorporeal membrane
oxygenation; IABP, intra-aortic balloon pump; NSTEMI, non-ST-segment—elevation myocardial infarction; PCI, percutaneous coronary intervention; pLVAD,
percutaneous left ventricular assist device; and STEMI, ST-segment-elevation myocardial infarction.

*X? test.

reflected in our results (<10% of patients receiving
CABG have PCI during the same hospitalization).
The lower rates of coronary angiography are possi-
bly the result of these patients having angiography
performed during a different hospitalization. Since
the NIS captures only one specific hospitalization,

we are unable to establish this temporal relationship
to evaluate this hypothesis.

In patients receiving CABG, the rates of concomi-
tant PCI (either before or after CABG), cardiac arrest,
invasive monitoring, and mechanical circulatory sup-
port have changed relatively slightly over the course

Table 3. Clinical Outcomes of AMI Admissions Receiving CABG

Outcomes 2000-2005 (n=427 825) 2006-2011 (=322 620) 2012-2017 (n=320 711) P Value
In-hospital mortality 5.2 4.0 3.5 <0.001f
Length of stay, d 9 (7-13) 9 (7-13) 10 (7-13) <0.001*
Hospitalization costs (x1000 US$) 74 (53-113) 123 (86-187) 172 (121-262) <0.001*
Disposition

Home 53.8 43.7 39.5 <0.001t

Transfer 1.1 1.2 1.2

Skilled nursing facility 18.7 22.8 261

Home with home health care 26.3 32.2 33.0

Against medical advice 0.1 0.1 0.1

Values are represented as percentage or median (interquartile range). AMI indicates acute myocardial infarction; and CABG, coronary artery bypass grafting.

*ANOVA.
% test.

J Am Heart Assoc. 2021;10:e020517. DOI: 10.1161/JAHA.120.020517
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Figure 3. Temporal trends of in-hospital mortality in coronary artery bypass grafting (CABG) recipients among various

subgroups of patient and hospital characteristics.

Eighteen-year temporal trends of in-hospital mortality in CABG recipients stratified by age (A), sex (B), race (C), hospital location and
teaching status (D), hospital bed size (E), and hospital region (F) (all P<0.001 for trend). Other indicates Hispanic, Asian, and Native

American.

of the present study. There has, however, been a
significant increase in shock and multiorgan failure in
patients receiving CABG with longer lengths of stay,
higher costs, and more frequent disposition to a skilled
care facility. This is likely because of the treatment of
sicker patients presenting with higher comorbidity
burden and shock and willingness of cardiac sur-
geons to perform emergent CABG in sicker patients
presenting with AMI. Importantly success of catheter-
based management has reduced the need for emer-
gent CABG in the majority of AMI cases with PCI
being increasingly used in high-risk and acute clinical
presentations.® As such, patients not suitable for PCI
such as those with advanced disease or greater co-
morbidity are likely to receive CABG. Similar findings
of an increase in comorbidity burden in patients un-
dergoing CABG were seen in reports from Medicare
and Veterans Affairs databases.?®?* These studies
also documented a decline in in-hospital mortality in
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recent years.?>?* Indeed, in our study, we observed
that the in-hospital mortality continued to decline,
with the most notable 77% reduction displayed in
the most recent era despite the increase in acuity.?®
Further, the improvements in medical care, refine-
ment in supportive therapies along with improved
surgical revascularization techniques, preoperative
and postoperative management, quality metrics, and
an increasing proportion of patients receiving PCI
before CABG have improved patients’ ability to sur-
vive the AMI and postcardiac surgical course during
the hospitalization. The in-hospital mortality in the
last tertile declined only slightly and this was consis-
tent with observations from the Society of Thoracic
Surgeons Adult Cardiac Surgery Database updates
on outcomes and quality over the past few years.?®
The increasing acuity in patients receiving CABG and
standardization of care may be the cause for the ob-
served plateauing.
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The data on utilization of CABG during index hos-
pital admissions following AMI are largely derived
from older patients or from single-center registries.??°
The rate of in-patient CABG decreased from 14.4%
to 10.2% over a 20-year period among Medicare
beneficiaries, similar to our study.?” One major lim-
itation of our study is our inability to delineate the
indications of CABG in patients with AMI. The need
for emergency CABG has plummeted following failed
PCl to <0.5%.5 PCI and/or pharmacoinvasive ap-
proaches are preferred in patients with STEMI as
time-to-perfusion is critical®?®; however, a minority of
patients with mechanical complications or with un-
treated left main/3-vessel disease may still be candi-
dates for urgent CABG if their symptoms or ischemia
continue. In our study, we observed a 56% reduction
in CABG utilization in patients who had STEMI, with
significant increased need in patients with NSTEMI.
These trends correspond to general trends in AMI
with an increase in NSTEMI and a decline in STEMI.
It is conceivable that most patients in our study with
NSTEMI waited longer for clinical/hemodynamic sta-
bilization or antiplatelet therapy—free interval before
they underwent CABG.

Limitations

The HCUP-NIS attempts to mitigate potential errors
by using several internal and external quality-control
measures. However, this study has several limitations
that are inherent to using a large administrative da-
tabase. The use of previously validated administra-
tive codes reduces the inherent errors in the study.
Important clinical data including angiographic find-
ings such as lesion classification, presence of multi-
vessel disease, degree of stenosis, revascularization
failure, and other operative characteristics that may
significantly influence outcomes were not available in
this database. There are limited data on patient- and
family-specific limitations to therapeutic options that
may influence the clinical outcomes in this popula-
tion. Other factors such as the delay in presentation
from time of onset of AMI symptoms, timing of car-
diogenic shock and/or cardiac arrest, timing of mul-
tiorgan failure, and treatment-limiting decisions of
organ support could not be reliably identified in this
database. The inability to identify the timing of CABG
in relation to these events may have influenced the
observed results and trends. Despite accounting for
confounding using extensive covariate adjustment
and analyses appropriate for survey data, it is pos-
sible that observed results are influenced by residual
confounding from unmeasured covariates which
may, in part, be related to the changes in hospitaliza-
tion inclusion criteria in the HCUP-NIS samples over
time. Our data are reflective of in-hospital outcomes
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and we are unable to comment on the postdischarge
or long-term outcomes of these patients. Despite
these limitations, this study provides important infor-
mation as the largest contemporary epidemiological
study of CABG utilization, characteristics of patients
receiving CABG, other concomitant management
strategies, and outcomes in AMI admissions.

CONCLUSIONS

CABG was utilized in 9.2% of all AMI admissions, with
a significant decrease for STEMI admissions over the
study period. An increase in rates of concomitant non-
cardiac organ failure and cardiogenic shock was noted
in AMI admissions treated with CABG. A steady and
significant decline in in-hospital mortality with a con-
comitant increase in hospital lengths of stay and hos-
pitalization costs was identified.
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Table S1. Administrative codes used for identification of diagnoses and procedures.

Comorbidity

International Classification of Diseases 9.0 Clinical Modification Codes

Coronary artery bypass grafting

36.10, 36.11, 36.12, 36.13, 36.14, 36.15, 36.16, 36.19

Cardiogenic shock

785.51

Cardiac arrest

427.5,427.4,427.41, 427.42, 99.60, 99.63

Coronary angiography

37.22, 37.23, 88.53-88.56

Percutaneous coronary intervention

00.66, 36.01, 36.02, 36.05, 36.06, 36.07, 88.57

Invasive hemodynamic assessment

89.63, 89.64, 89.66, 89.67, 89.68

Mechanical circulatory support

37.61, 37.68, 39.65

Invasive mechanical ventilation

96.7, 96.70, 96.71, 96.72

Hemodialysis

39.95

Multi-organ failure

570.0,572.2,573.3,573.4

518.81, 518.82, 518.85, 786.09, 799.1, 96.7, 96.70, 96.71, 96.72

584, 584.5, 584.6, 584.7, 584.8, 584.9

286.6-286.9, 287.4, 287.5

293, 293.0, 293.1, 293.8, 293.81-293.84, 293.89, 293.9, 348.1, 348.3, 348.30,

348.81, 348.39, 780.01, 780.09, 89.14

Tracheostomy

311, 312, 3121, 3129




Figure S1. Temporal trends of admissions receiving CABG across various sub-groups of

age stratified by AMI type.
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