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Up to 10% of non-ST-segment elevation myocardial infarction (NSTEMI) patients
require coronary artery bypass graft (CABG) surgery during their hospitalization.
Contemporary, real-world, data regarding CABG utilization and safety in NSTEMI
patients are lacking. Our objectives were to investigate the contemporary trends in
utilization and outcomes of CABG in patients admitted for NSTEMI. Using the 2003
to 2015 National Inpatient Sample data, we identified hospitalizations for NSTEMI,
during which a CABG was performed. Patients’ sociodemographic and clinical char-
acteristics, incidence of surgical complications, length of stay, and mortality were
analyzed. Multivariate analyses were performed to identify predictors of in-hospital
complications and mortality. An estimated total of 440,371 CABG surgeries, during a
hospitalization for NSTEMI, were analyzed. The utilization of CABG was steady over
the years. The data show increasing prevalence of individual co-morbidities as well as
cases with Deyo Co-morbidity Index ≥2 (p <0.001). High, 26.4%, complication rate
was driven mainly by cardiac and pulmonary complications. The mortality rate
declined from 3.6% in 2003 to an average of 2.4% during 2010 to 2015. Older age,
female gender, heart failure, and delayed CABG timing were independent predictors
of adverse outcomes. In conclusion, utilization of in-hospital CABG as the primary
revascularization strategy in patients with NSTEMI remained steady over the years.
These data reveal the raising prevalence of co-morbidities during the study. High
complication rate was recorded; however, the mortality declined over the years to
about 2.4%. Delaying CABG was associated with small but statistically significant
worsening in outcomes. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol
2020;134:32−40)
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A routine invasive strategy in non-ST-segment elevation
myocardial infarction (NSTEMI) has been shown to
improve clinical outcomes.1,2 Furthermore, previous studies
have proven that an early intervention is safe and associated
with an improved mortality,3 lower risk of refractory
ischemia,1 and shorter duration of hospital stay1, compared
with a delayed invasive strategy.1,3 Approximately 5% to
10% of NSTEMI patients undergo CABG during their
index hospitalization.4 Selecting the appropriate timing for
CABG in NSTEMI patients must carefully balance ische-
mic risk, associated with delays, and bleeding risks, related
to recent antiplatelets and anticoagulant use.5 In the absence
of randomized data, the ESC/EACTS guidelines recom-
mend that the timing for revascularization in NSTEMI
patients, via percutaneous coronary intervention (PCI) or
coronary artery bypass graft (CABG) surgery, should be
guided by the individual patient risk stratification to imme-
diate, early and delayed invasive or noninvasive strategies.5

Contemporary, large-scale, real-world data regarding the
utilization, timing, and safety of in-hospital CABG, in
patients admitted for NSTEMI, can help us to identify the
predictors of adverse outcomes and guide to improved
patients’ selection as well as the optimal timing for inter-
vention. Using the National Inpatient Sample (NIS) data-
base, our objective was to assess the trends in utilization
and safety of in-hospital CABG surgery, identify the predic-
tors of complications and mortality and the real-world
relationship between the timing of in-hospital CABG and
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in-hospital outcomes, in patients who were admitted with
NSTEMI.
Methods

The data were drawn from the NIS, the Healthcare Cost
and Utilization Project, and Agency for Healthcare
Research and Quality (AHRQ).6 The NIS datasets include
only de-identified data; therefore, this study was deemed
exempt from institutional review by the Human Research
Committee.

The NIS is the largest collection of all-payer data on in-
patient hospitalizations in the United States. The dataset
represents an approximate 20% stratified sample of all inpa-
tient discharges from US hospitals.7 This information
includes patient-level and hospital-level factors such as
patient demographic characteristics, primary and secondary
diagnoses and procedures, AHRQ co-morbidities, length of
stay (LOS), hospital region, hospital teaching status, hospi-
tal bed size, and cost of hospitalization. National estimates
can be calculated using the patient-level and hospital-level
sampling weights that are provided by NIS.

For the purpose of this study, we obtained data for the
years 2003 to 2015. International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM) was used
for reporting diagnoses and procedures in the NIS database
during the study period. Of note, ICD-10-CM coding was
introduced in the last quarter of 2015. For this reason, and
to avoid any possible cross-coding issues during the transla-
tion, we only included the first three quarters of 2015. For
each index hospitalization, the database provides a principal
discharge diagnosis and a maximum of 14 or 24 additional
diagnoses (depending on the year), in addition to a maxi-
mum of 15 procedures.

We identified patients 18 years of age or older with a pri-
mary diagnosis of NSTEMI based on ICD-9-CM code
410.7£, who underwent in-hospital CABG, based on ICD-
9-CM procedure codes 36.1£: 36.10-36.19, 36.2, 36.91,
and 36.99. We excluded the patients who had a percutane-
ous coronary intervention (PCI); ICD-9-CM codes 36.0£
(excluding 36.03) in-hospital and before CABG during the
index hospitalization. Furthermore, we excluded patients
who underwent any concomitant cardiac surgery and/or
additional valve surgery (ICD-9 codes 35.0-35.99), leaving
NSTEMI patients, undergoing isolated CABG procedure.
“Time to CABG” was defined as the time interval from hos-
pital admission to the day of the procedure. LOS was
defined as the time interval from hospital admission to hos-
pital discharge.

The following patient demographics were collected from
the database: age, gender, and race. Previous co-morbidities
were identified by measures from the AHRQ. For the pur-
poses of calculating Deyo-Charlson Co-morbidity Index
(Deyo-CCI), additional co-morbidities were identified from
the database using ICD-9-CM codes. Deyo-CCI is a modifi-
cation of the Charlson Co-morbidity Index, containing 17
co-morbidities conditions with differential weights, with a
total score ranging from 0 to 33. (Detailed information on
Deyo-CCI provided in the Appendix Table 1.) Higher
Deyo-CCI scores indicate to greater burden of co-morbid
diseases and are associated with mortality 1 year after
admission.8 The index has been used extensively in studies
from administrative databases, with proved validity in pre-
dicting short- and long-term outcomes.9,10

The primary outcome in this study was in-hospital mor-
tality. The secondary outcome of interest consisted of previ-
ously reported, known in-hospital CABG-related
complications11,12 including: (1) pericardial complications
(defined as tamponade, hemopericardium, pericarditis, and
pericardiocentesis); (2) cardiac complications (during or
resulting from procedure: defined as cardiac block, myocar-
dial infarction, cardiac arrest, congestive heart failure, and
others); (3) pulmonary complications (defined as pneumo-
thorax/hemothorax, diaphragm paralysis, postoperative
respiratory failure, and other iatrogenic respiratory compli-
cations); (4) hemorrhage/hematoma complications (defined
as hemorrhage/hematoma complicating a procedure, acute
posthemorrhagic anemia and hemorrhage requiring transfu-
sion); (5) vascular complications (defined as accidental
puncture or laceration during a procedure, injury to blood
vessels, arteriovenous fistula, injury to retroperitoneum,
vascular complication requiring surgical repair, re-open,
and other vascular complications); (6) infection (defined as
fever, septicemia, and postprocedural aspiration pneumo-
nia); (7) neurological (defined as nervous system complica-
tion, unspecified, central nervous system complication,
iatrogenic cerebrovascular infarction or hemorrhage cere-
brovascular effect, and transient ischemic attack); (8) dia-
phragmatic paralysis. Detailed information on all ICD-9
CM codes, used to identify in-hospital complications, is
summarized in the Appendix Table 2.

The chi-square (x2) test and Wilcoxon Rank Sum test
were used to compare categorical variables and continuous
variables, respectively. The NIS provides discharge sample
weights that are calculated within each sampling stratum as
the ratio of discharges in the universe to discharges in the
sample.13 Before 2012, a 20% sample of all long-term acute
care hospitals in the United States, and 100% of discharges
from those hospitals were retained. Beginning in 2012,
however, the NIS was redesigned to construct 20% of dis-
charge records from all (100%) hospitals in the sampling
frame. These design changes, however, do not limit multi-
year analysis. To account for these revisions while perform-
ing trend analysis, AHRQ developed new patient-level
discharge trend weights for the years before 2012. The new
trend weights (called “TRENDWT”) are intended to be
used instead of the earlier NIS weights (called “DISCWT”)
in years before 2012, while performing a multiyear analysis
spanning year 2012. Utilizing the new weights results in
improved national estimates, in addition to allowing for
multiyear analysis of trends. For calculation of national
estimates and correct variances, trend weight files (called
‘TRENDWT”) provided by AHRQ were used to reflect
national estimates. We generated a weighted logistic regres-
sion model (using “TRENDWT”) to identify independent
predictors of in-hospital complications and of in-hospital
mortality. Congruent with the Healthcare Cost and Utiliza-
tion Project NIS design, the hospital identification number
was used as a random effect with patient-level factors clus-
tered within hospital-level factors. We retained all predictor
variables that were associated with our primary and second-
ary outcome with p <0.05 in our final multivariable
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regression model. For all analyses, we used SAS software
version 9.4 (SAS Institute Inc., Cary, NC.) A p value <0.05
was considered statistically significant.
Results

Out of 98,754,774 unweighted hospitalizations in the
NIS database during the 1/2003 to 9/2015 period, a total of
91,673 hospitalizations were included in the analysis based
on the inclusion criteria described above. After implement-
ing the weighting method, these represented an estimated
total of 440,371 hospitalizations for NSTEMI, in patients
who underwent in-hospital CABG during the index hospi-
talization. The majority of patients (70.7%) were male and
the mean age of the cohort was 65 years. Full demographic
and clinical characteristics of the study population are pre-
sented in Table 1. About 62.9% of the patients were white,
with high prevalence of diabetes mellitus (42.2%) and
hypertension (72.1%). The prevalence of chronic
obstructive pulmonary disease was 24.6%, chronic renal
failure—15.3% and of history of previous myocardial
infarction—9.7%.

The data reveal a relatively steady utilization of CABG
in NSTEMI patients during the study period (About 34,000
surgeries a year on average). Temporal trends in baseline
characteristics between the years 2003 and 2015 are shown
Table 1

Comparison of baseline characteristics of coronary bypass grafting surgery during

and 2015

Total

Coronary bypass grafting surgery, n

Total numbery 91,673

Weighted total numberz 440,371 (100.0%)

Age (years)

18−44 3.6%

45−59 27.7%

60−74 45.5%

≥75 23.3%

Men 70.7%

White* 62.9%

Non-white* 16.2%

Prior ischemic heart disease 93.5%

Hypertension 72.1%

Diabetes mellitus 42.2%

Chronic obstructive lung disease 24.6%

Smoker 23.6%

Obesity 19.2%

Renal failure 15.3%

Peripheral vascular disease 13.9%

Prior myocardial infraction 9.7%

Prior percutaneous coronary intervention 9.5%

Prior coronary bypass grafting 1.1%

Congestive heart failure 1.0%

Prior valve surgery 0.4%

Deyo-Comorbidity index, %

1 27.7%

≥2 72.3%

Mortality 2.81%

yRepresents the number of observations in the NIS database.
zRepresents total national estimates after applying sampling weights.

* 20% missing data.
in Appendix Table 3. A significant upward trend was
observed for the majority of co-morbidities. The severity of
co-morbid diseases in the study population, as indicated by
Deyo-CCI, showed a steady increase over the study period
(Appendix Table 3).

The “time to CABG” (3.6 days in 2003 to 3.7 in 2015, p
<0.0001) and the LOS (11.4 days in 2003 to 11.18 days at
2015, p <0.001) did not change much during the study
period; however, these small differences were statistically
significant due to the large study population (Table 2,
Figure 1).

At least 1 periprocedural complication following the
CABG surgery occurred in 26.4% of the patients. Patients
with 1 or more complication were older, had a higher preva-
lence of co-morbidities such as congestive heart failure,
chronic obstructive pulmonary disease, peripheral vascular
disease, and renal failure and had higher Deyo-CCI scores
compared with patients without an in-hospital complication
(Table 1, Figure 2).

Among the 26.4% of patients with at least 1 in-hospital
complication, cardiac complications were the most com-
mon (10.1%) followed by pulmonary (9.5%) and infectious
complications (4.1%). The rate of at least 1 complication
increased in the overall population during the study period
from 24.9% at 2003 to 28.4% at 2015 (p <0.001; Table 2,
Figure 3). Although cardiac and neurological complications
a non-ST-segment elevation myocardial infarction between the years 2003

At least one complication No complications p value

24,151 (26.3%) 67,522 (73.7%)

116,318 (26.4%) 324,053 (73.6%)

<0.0001
2.5% 4.0%

22.2% 29.6%

46.2% 45.2%

29.0% 21.2%

69.1% 71.3% <0.0001
63.1% 62.9% <0.0001
17.0% 15.9%

88.4% 95.3% <0.0001
67.6% 73.7% <0.0001
39.6% 43.2% <0.0001
26.5% 23.9% <0.0001
19.1% 25.2% <0.0001
17.9% 19.7% <0.0001
18.6% 14.2% <0.0001
16.8% 12.9% <0.0001
8.6% 10.1% <0.0001
8.0% 10.1% <0.0001
1.0% 1.1% 0.16

2.7% 0.5% <0.0001
0.8% 0.3% <0.0001

<0.0001
23.8% 29.1%

76.2% 70.9%

6.33% 1.56% <0.0001
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decreased over the study period (p <0.001), they were off-
set by increasing trends in the rates of pulmonary and infec-
tious complications (p <0.001). An upward trend for
hemorrhagic complications was observed until 2009,
decreasing thereafter. No uniform trend was observed for
other in-hospital complications such as vascular or pericar-
dial complications (Table 2).

The rate of in-hospital mortality during the study period
was 2.8%. The in-hospital mortality rate decreased from
2003 to 2010 (3.6% to 2.2%) and plateaued from 2010 to
2015 (average of 2.4%; Figure 4, Table 2).

In unadjusted analysis, we found that older age, female
gender, chronic obstructive pulmonary disease, renal fail-
ure, peripheral vascular disease, congestive heart failure,
and increasing Deyo-CCI score were all associated with
increased in-hospital complications and mortality (p
<0.001). In addition, “time to CABG” in NSTEMI patients
increased the odds of in-hospital complications (odds ratio
1.02, 95% confidence interval: 1.01 to 1.03) and in-hospital
mortality (odds ratio 1.03, 95% confidence interval: 1.03 to
1.04; Appendix Table 4). The multivariate regression model
analysis, adjusted for potential confounders is presented in
Table 3. Various individual co-morbidities as well as Deyo
CCI and “time to CABG” remained independent predictor
of both in-hospital complications and in-hospital mortality.
Interestingly, some known co-morbidities, including diabe-
tes mellitus, essential hypertension and obesity were shown
to have protective effect from the adverse outcomes, includ-
ing in a multivariate analysis (p <0.001). After adjusting for
potential confounders, “time to CABG” remained indepen-
dent predictor of both in-hospital complications and in-hos-
pital mortality (Table 3).
Discussion

Utilizing data from the NIS, the largest all-payer inpa-
tient database in the United States, we identified a weighted
total of 440,371 patients, who underwent CABG during
their hospitalization for NSTEMI. The data show a rela-
tively steady utilization of CABG in NSTEMI patients dur-
ing the study period (2003 to 2015). That trend is consistent
with previous studies that demonstrated modest increases in
utilization of in-hospital CABG in NSTEMI patients during
the early 1990s, remaining relatively stable thereafter.14

Our study reveals the raising prevalence of co-morbid-
ities in NSTEMI patients that required an in-hospital
CABG surgery over the years. Albeit the high complication
rate of 26.4%, mortality rate declined over the years to
about 2.4%. Older age, female gender, congestive heart fail-
ure, and delayed CABG timing were independent predictors
of adverse outcomes.

We noted a 26.4% complications rate during the study
period, with an increasing trend for in-hospital periopera-
tive complications in our study population over the years.
The high incidence of periprocedural complications was
driven by a 10.1% cardiac and 9.2% pulmonary complica-
tions rate, in our study population, higher than previously
reported. The in-hospital complications rate reported in the
literature for patients who underwent CABG was usually
lower than in our report.15,16 Brown et al reported at least 1
complication in 13.6% of 114,233 Medicare beneficiaries,



Figure 1. Time to CABG mean § SEM between the years 2003 and 2015.

Figure 2. (A) Overall in-hospital complications by age group. (B) Overall in-hospital complication by Deyo-CCI score.
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who underwent CABG in 2005 in the United States, but
only 21.9% of these patients had a CABG surgery during
an acute MI hospitalization.15 Given that the outcomes of
patients who underwent CABG in the setting of an acute
MI are known to be less favorable,17 higher rate of compli-
cations was expected in our study. In a more recent cross-
sectional analysis of 500 patients who underwent CABG,
Safaie et al reported complications rate of 21.4%, much
closer to the rates shown in our study.16 Another possible
explanation for the higher complications rate in the more
recent and in this study lies in the raising prevalence of
patients’ co-morbidities over the years. Our data show a
significant increase in the prevalence of individual co-mor-
bidities as well as cases with Deyo Co-morbidity Index ≥ 2
(65.8% in 2003, vs 77.6% in 2015) in the study population
over the years that could have contributed to the high com-
plications rate reported.

Complications are known to be an independently associ-
ated with increased periprocedural CABG mortality.11,18
−21 Interestingly, despite the higher CABG complications
along with higher co-morbidities of our patients, the mortal-
ity rate was 2.8%, declining from 3.6% in 2003 to an aver-
age of 2.4% during 2010 to 2015. The observed downtrend
of the mortality in our study is consistent with other
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Figure 3. Types and frequencies of complication following CABG post-NSTEMI.

Figure 4. Mortality rate (%) during the years 2003 to 2015.
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reports.11,22 Improvements in anesthesia and surgical tech-
niques for myocardial and brain preservation as well as bet-
ter imaging and handling of the postoperative
complications23,24 have likely prevented at least some of
the potential periprocedural CABG patients’ mortality
causes.

Furthermore, we found that delaying CABG in the index
NTEMI admission was associated with small but statisti-
cally significant worsening in both periprocedural compli-
cations and mortality in this study. To our knowledge, this
is the largest published cohort of NSTEMI patients that was
treated in the contemporary era of aggressive pharmacolog-
ical and interventional approach, in which the relationship
between timing of CABG and in-hospital outcomes was
analyzed. While current guidelines recommend delaying
CABG in acute ST-segment elevation myocardial infarction
patients for a few days or until patients are “stabilized” after
their presentation,5,25 no time reference is mentioned for
NSTEMI patients due to scarcity of data.2,5

There are only few small studies which specifically
assessed the timing of CABG surgery in NSTEMI patients
with conflicting results. Some reported no differences in
mortality, when comparing early versus late in-hospital
CABG following NSTEMI,26,27 whereas others have dem-
onstrated higher mortality related to early timing of the sur-
gery.28,29 The data from our large, nationwide, real-world



Table 3

Multivariate analysis for predictors of In-hospital complications and in-hospital mortality, 2003 to 2015

In-hospital complications In-hospital mortality

Predictors Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Age, (years) <0.001 <0.001
18-44 1.00 (reference) N/A 1.00 (reference) N/A

45-59 1.18 (1.13-1.23) <0.001 0.85 (0.73-0.98) <0.001
60-74 1.57 (1.51-1.64) <0.001 1.63 (1.42-1.88) <0.001
≥75 2.12 (2.03-2.22) <0.001 3.65 (3.18-4.19) <0.001
Deyo-Comorbidity index <0.001 <0.001
1 1.00 (reference) N/A 1.00 (reference) N/A

≥2 1.24 (1.22-1.26) <0.001 2.17 (2.06-2.28) <0.001
Gender <0.001 <0.001
Men 1.00 (reference) N/A 1.00 (reference) N/A

Female 1.03 (1.02-1.05) <0.001 1.33 (1.28-1.38) <0.001
Chronic obstructive lung disease <0.001 <0.001
No 1.00 (reference) N/A 1.00 (reference) N/A

Yes 1.09 (1.07-1.11) <0.001 0.96 (0.92-1.00) <0.001
Congestive heart failure <0.001 <0.001
No 1.00 (reference) N/A 1.00 (reference) N/A

Yes 5.03 (4.72-5.35) <0.001 6.49 (6.01-7.02) <0.001
Diabetes mellitus <0.001 <0.001
No 1.00 (reference) N/A 1.00 (reference) N/A

Yes 0.72 (0.71-0.74) <0.001 0.60 (0.58-0.63) <0.001
Hypertension <0.001 <0.001
No 1.00 (reference) N/A 1.00 (reference) N/A

Yes 0.69 (0.68-0.70) <0.001 0.52 (0.50-0.54) <0.001
Obesity <.001 <0.001
No 1.00 (reference) N/A 1.00 (reference) N/A

Yes 0.91 (0.89,0.92) <0.001 0.75 (0.71-0.79) <0.001
Peripheral vascular disease <0.001 <0.001
No 1.00 (reference) N/A 1.00 (reference) N/A

Yes 1.23 (1.21-1.26) <0.001 1.37 (1.31-1.44) <0.001
Renal failure <0.001 <0.001
No 1.00 (reference) N/A 1.00 (reference) N/A

Yes 1.20 (1.18-1.22) <0.001 1.90 (1.82-1.99) <0.001
Time to coronary artery bypass grafting (days) 1.01 (1.00-1.01) <0.001 1.01 (1.01-1.02) <0.001
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cohort of NSTEMI patients who underwent in-hospital sur-
gical revascularization, showed a minimal, yet statistically
significant increase in complications rate and mortality with
delayed CABG timing, after controlling confounders such
as patients’ sociodemographic and clinical characteristics.

Our study should be interpreted in the contexts of several
limitations. First, the NIS database is a retrospective admin-
istrative database that contains discharge-level records and
as such is susceptible to codding error and reporting may
not be consistent across different institutions. Second, the
NIS does not include detailed clinical information, and
wherefore cannot rule out residual confounding of the asso-
ciation we observed. In addition, the NIS precluded using
follow-up beyond the same index hospitalization. These
limitations are counterbalanced by the real world, nation-
wide nature of the data, as well as mitigation of reporting
bias introduced by selective publication of results from spe-
cialized centers.

In conclusion, the utilization of CABG as the primary
revascularization strategy in patients with NSTEMI
remained steady over the years. Our study reveals the rais-
ing prevalence of co-morbidities NSTEMI patients that
required an in-hospital CABG surgery. High complication
rate was recorded; however, the mortality declined over the
years to an average of 2.4% between 2010 and 2015. Delay-
ing CABG was associated with small but statistically signif-
icant worsening in outcomes in this study.
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