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IMPORTANCE Advances in perioperative cardiac management and an increase in the number
of endovascular procedures have made significant contributions to patients and postoperative
myocardial infarction (POMI) risk following high-risk vascular procedures. Whether these
changes have translated into real-world improvements in POMI incidence remain unknown.

OBJECTIVE To examine the temporal trends of myocardial infarction (MI) following high-risk
vascular procedures.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study was performed using data
collected from January 1, 2005, to December 31, 2013, in the American College of Surgeons
National Surgery Quality Improvement Program database, to which participating hospitals
across the United States report their preoperative, operative, and 30-day outcome data.
A total of 90 303 adults who underwent a high-risk vascular procedure—open aortic surgery
or infrainguinal bypass—during the study period were identified. Patients were divided into
cohorts based on their year of operation, and their baseline cardiac risk factors and incidence
of POMI were compared. Cases from 2005 to 2014 in the database were eligible for inclusion
if one of their Current Procedural Terminology codes matched any of the operations identified
as a high-risk vascular procedure. Data analysis took place from August 1, 2016, to November
15, 2016.

EXPOSURES The main exposure was the year of the operation. Other variables of interest
included demographics, comorbidities, and other risk factors for MI.

MAIN OUTCOMES AND MEASURES Primary outcome of interest was the incidence of POMI.

RESULTS Of the 90 303 patients included in the study, 22 836 (25.3%) had undergone open
aortic surgery and 67 467 (74.7%) had had infrainguinal bypass. The open aortic cohort
comprised 16 391 men (71.9%), had a mean (SD) age of 69.1 (11.5) years, and was predominantly
white (18 440 patients [80.8%] self-identified as white race/ethnicity). The infrainguinal
bypass cohort included 41 845 men (62.1%), had a mean (SD) age of 66.7 (11.7) years, and had
51 043 patients (75.7%) who self-identified as white race/ethnicity. During the study period,
patients who underwent open aortic procedures were more likely to be classified as American
Society of Anesthesiologists class IV (7426 patients [32.6%] vs 15 683 [23.3%] for the
infrainguinal bypass cohort) or class V (1131 [5.0%] vs 206 [0.3%]; P < .001) and to undergo
emergency procedures (4852 [21.3%] vs 4954 [7.3%]; P < .001). The open aortic procedure
cohort also experienced significantly higher actual incidence of POMI (464 [3.0%] vs 1270
[1.9%]; P < .001). From 2009 to 2014, the incidence of POMI demonstrated no substantial
temporal change (2.7% in 2009 to 3.1% in 2014; P = .64 for trend). Postoperative MI was
consistently associated with poor prognosis, with a 3.62-fold (95% CI, 2.25-5.82) to 11.77-fold
(95% CI, 6.10-22.72) increased odds of cardiac arrest and a 3.01-fold (95% CI, 2.08-4.36) to
6.66-fold (95% CI, 4.66-9.52) increased odds of mortality.

CONCLUSIONS AND RELEVANCE The incidence of MI did not significantly decrease in the past
decade and has been consistently associated with worse clinical outcomes. Further inquiry
into why advanced perioperative care did not reduce cardiac complications is important to
quality improvement efforts.
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M ajor surgery is associated with increased myocar-
dial oxygen demand and risk of coronary plaque rup-
ture resulting in myocardial infarction (MI). Postop-

erative MI (POMI) occurs in 1% of the 230 million patients
undergoing major surgery each year1 and remains the leading
cause of mortality and morbidity in patients undergoing vas-
cular surgery,2,3 with a reported incidence ranging from 5% to
20%.4,5 Among vascular procedures, infrainguinal arterial by-
pass and open aortic surgery are categorized as procedures with
the highest cardiac risk according to the 2014 American Col-
lege of Cardiology/American Heart Association guidelines.6

The past decade has seen a number of important changes
in patient demographics, perioperative cardiac care, and sur-
gical technique for vascular surgery. The efficacy of preopera-
tive statins,7 β-blockers,8-10 angiotensin-converting enzyme
inhibitors,11 and antiplatelet agents11,12 in reducing postopera-
tive cardiac complications remain controversial, but routine
use of these agents has gained wide acceptance13 and has sub-
stantially affected the patient cardiac risk profile. Con-
versely, incorporation of high-sensitivity troponin values into
the definition of POMI has resulted in the diagnosis of many
more MIs, the importance of which remains controversial.

Moreover, widespread use of endovascular technologies
has yielded major changes in the practice of vascular surgery.
Most abdominal aortic aneurysms are now treated using en-
dovascular aneurysm repair,14 although its association with
the POMI incidence of open aortic operations remains ill-
defined. Conversely, the availability of endovascular proce-
dures and thrombolysis has reduced the need for emergency
infrainguinal bypass procedures. One study demonstrated sig-
nificant reductions in infrainguinal bypasses owing to the de-
creased incidence of acute limb ischemia and increased use
of endovascular interventions.15 Our present study used the
American College of Surgeons National Surgical Quality Im-
provement Program (ACS NSQIP) database to examine trends
in the incidence and prognostic implications of POMI among
patients undergoing high-risk vascular operations. Given the
aforementioned changes, we hypothesized a shift in aortic
surgery toward more emergency and complex cases and a
reduction in emergency infrainguinal bypass procedures.
In addition, with the broadened definition of POMI, we
anticipated an increase in POMI with a reduction in POMI-
associated mortality.

Methods
A retrospective cohort study using data from the ACS NSQIP
database was performed of cases collected from January 1,
2005, to December 31, 2013. Patients undergoing a high-risk
vascular procedure, defined as any open surgery involving the
abdominal aorta or an infrainguinal arterial bypass, were di-
vided into cohorts based on their year of operation. Baseline
cardiac risk factors and incidence of POMI, cardiac arrest, and
mortality were then compared. Because of the deidentified na-
ture of preexisting data, this study was deemed exempt from
review by the institutional review board of the UCLA (Univer-
sity of California, Los Angeles). Patient informed consent

was deemed unnecessary by the UCLA institutional review
board. Data analysis took place from August 1, 2016, to
November 15, 2016.

Database and Sample Selection
The ACS NSQIP database contains clinician-collected preop-
erative, operative, and 30-day outcome variables for sampled
cases in participating hospitals throughout the United States.
The number of hospitals reporting their data has increased from
121 in 2005 to 517 in 2014.

Cases from January 1, 2005, to December 31, 2014, in the
ACS NSQIP database were eligible for inclusion if one of the
Current Procedural Terminology codes matched any of the op-
erations identified as a high-risk vascular procedure (Table 1).
The definition of a high-risk procedure was based on the 2014
American College of Cardiology and American Heart Associa-
tion guidelines.6

Variables of Interest
Preoperative patient characteristics of interest included sex,
age, body mass index (calculated as weight in kilograms di-
vided by height in meters squared), race/ethnicity, smoking sta-
tus, presence of diabetes requiring insulin, anemia status (he-
matocrit reading <37% [to convert to a proportion of 1, multiply
by 0.01]), renal insufficiency status (creatinine level >1.5 mg/
dL; to convert to millimoles per liter, multiply by 88.4), dialy-
sis status, history of congestive heart failure, history of MI, his-
tory of stroke, American Society of Anesthesiologists (ASA)
Physical Status classification,16 and preoperative functional sta-
tus. Operative variables included procedure type as open aor-
tic surgery or as infrainguinal bypass procedure and case sta-
tus as emergent or as nonemergent. A cardiac risk summary
statistic was calculated using the myocardial infarction and car-
diac arrest (MICA) risk estimate.17 The MICA risk estimate is a
validated prediction tool for intraoperative or postoperative
MI and cardiac arrest that was developed using data from the
2007 ACS NSQIP database and validated using data from the
2008 ACS NSQIP database and that has performance compa-
rable to the Revised Cardiac Risk Index.18 The MICA risk esti-
mate uses 5 POMI risk factors: age, ASA classification, creati-
nine level, functional status, and procedure type. Functional

Key Points
Question What are the temporal trends of postoperative
myocardial infarction incidence following high-risk vascular
procedures in the past decade?

Findings In this cohort study of 90 303 adults who underwent
either open aortic surgery or infrainguinal bypass, the incidence
of postoperative myocardial infarction remained stable following
the procedure. However, increasing rates of cardiac arrest and
mortality were observed for those who had undergone an open
aortic procedure and mortality improved for those who had
undergone an infrainguinal bypass.

Meaning Despite major advances in perioperative cardiac care in
the past decade and the availability of an endovascular surgical
approach, high-risk vascular procedures were not associated with
lower rates of postoperative myocardial infarction.
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status, as defined in the ACS NSQIP, was classified as totally
independent, partially dependent, and totally dependent.
Procedure type was classified into 21 categories (including
anorectal, aortic, bariatric, brain, breast, and cardiac, to
name a few), and a specific coefficient was assigned for each
category.

The primary outcome for this study was POMI. From 2005
to 2011, POMI was defined in the ACS NSQIP as a new trans-
mural acute MI occurring during surgery or within 30 days of
surgery as manifested by new Q waves on electrocardiogram.
Since 2012, this definition has been revised as the documen-
tation of electrocardiogram changes indicative of acute MI and
one or more of the following: ST segment elevation greater than
1 mm in 2 or more contiguous leads, new left bundle branch,
new Q wave in 2 or more contiguous leads, and new elevation
in troponin values greater than 3 times the upper level of the
reference range. Secondary outcomes included 30-day mor-
tality and cardiac arrest, defined in the ASC NSQIP as the ab-
sence of cardiac rhythm or presence of chaotic cardiac rhythm
resulting in loss of consciousness and requiring the initiation
of any component of basic and/or advanced cardiac life sup-
port in accordance with the 2012 ACS NSQIP Participant Use
Data File user guide.19

Statistical Analysis
Patient characteristics and outcomes were first tabulated af-
ter stratification by procedure category and operative year. Each
variable was then compared by procedure types using the χ2

test for categorical variables and unpaired, 2-tailed t test for
continuous variables. The statistical significance of temporal
relationships was examined by use of a modified Wilcoxon rank
sum test for trend across ordered groups.20 To identify impor-
tant risk factors for cardiac complications and to assess the in-
dependent contribution of the operation year in estimating the
association with adverse cardiac outcomes, logistic regres-
sion models were constructed to adjust for other confound-
ers. A backward stepwise elimination algorithm was adopted

for selection of the most parsimonious set of variables by using
.01 as the alpha-to-remove value.

Finally, to assess the temporal shift in severity of diag-
nosed POMI’s during the study period, a subgroup analysis was
performed using only patients who experienced POMI. Logis-
tic regression analyses were performed for each yearly cohort
to quantify the odds of developing cardiac arrest or mortality
following POMI after adjusting for other noncardiac compli-
cations, including stroke, acute renal failure, thromboembo-
lism, bleeding, and infectious complications. A 2-sided P < .05
was considered statistically significant. Statistical analyses
were performed using Stata, version 13.0 (StataCorp LLC).

Results
Open Aortic vs Infrainguinal Bypass
From January 1, 2005, to December 31, 2014, a total of
90 303 patients were identified as undergoing high-risk vas-
cular procedures, comprising 22 836 open aortic procedures
(25.3%) and 67 467 infrainguinal bypasses (74.7%). The open
aortic cohort comprised 16 391 men (71.9%), had a mean (SD)
age of 69.1 (11.5) years, and was predominantly white (18 440
patients [80.8%] self-identified as white). The infrainguinal
bypass cohort was composed of 41 845 men (62.1%), had a
mean (SD) age of 66.7 (11.7) years, and had 51 043 patients
(75.7%) who reported white as their race/ethnicity. A gradual
decrease in the sampled proportion of open aortic cases was
observed across the years (36.2% in 2005 vs 19.9% in 2014;
P < .001). (Because of the large sample sizes in this study,
the P values for these comparisons involve multiple digits
behind the decimal point. To maintain readability, we sim-
plified the P values.)

Considerable differences in both cardiac risk factor and out-
come profile were observed between open aortic and infrain-
guinal bypass procedures (Table 2). Patients undergoing open
aortic procedures were less likely than those with infraingui-
nal bypass to have insulin-dependent diabetes (972 [4.3%] vs
13 445 [19.9%]; P < .001), be receiving dialysis (776 [3.4%] vs
3401 [5.0%]; P < .001), or have dependent functional status
(2192 [9.6%] vs 7770 [11.5%]; P < .001). However, patients who
had open aortic surgery were more likely to be classified as ASA
class IV (7426 [32.6%] vs 15 683 [23.3%] of patients in the in-
frainguinal bypass cohort) or class V (1131 [5.0%] vs 206 [0.3%];
P < .001) and undergo more emergent procedures (4852 [21.3%]
vs 4954 [7.3%]; P < .001). The mean (SD) MICA risk estimate
among open aortic procedures was nearly 3-fold higher than
that for infrainguinal bypass procedures (3.8% [4.8%] vs 1.3%
[1.3%]; P < .001). Compared with the infrainguinal bypass
cohort, the open aortic procedure cohort was associated
with substantially higher actual incidence of POMI (464 [3.0%]
vs 1270 [1.9%]; P < .001), cardiac arrest (732 [3.2%] vs 789
[1.2%]; P < .001), and mortality (1995 [8.7%] vs 1930 [2.9%];
P < .001).

Open Aortic Procedure
The sample size for open aortic procedures displayed a steady
growth, from 540 cases in 2005 to 2464 cases in 2014 (eTable

Table 1. CPT Codes Used for Patient Identification

Procedures CPT Codes

Open aortic

Suture repair of aorta or great
vessels

33320, 33321, 33322

Insertion of graft, aorta or
great vessels

33330, 33332, 33335, 33875

Aortic aneurysm repair 33877, 34830, 34831, 34832, 35081,
35082, 35091, 35092, 35102, 35103

Thromboendarterectomy
of aorta

35331

Bypass graft with vein
involving the aorta

35526, 35531, 35541, 35546, 35548,
35549, 35551, 35560

Bypass graft with conduit other
than vein involving the aorta

35626, 35631, 35641, 35646, 35647,
35651

Infrainguinal arterial bypass

Bypass graft with veins 35521, 35533, 35556, 35558, 35563,
35565, 35571, 35681, 35682, 35683

Bypass graft with conduit
other than vein

35621, 35623, 35654, 35656, 35661,
35663, 35665, 35666, 35671

Abbreviation: CPT, Current Procedural Terminology.
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1 in the Supplement). There were significant decrements in re-
nal insufficiency prevalence (157 [29.1%] in 2005 vs 508
[20.6%] in 2014; P < .001) and dependent functional status (86
[15.9%] in 2005 vs 70 [2.8%] in 2014; P < .001), which were
countered by an increase in emergent procedures and ASA class
IV or V patients. The mean (SD) MICA risk estimate showed no
significant change over the 10-year period (4.3% [6.2%] in 2005
vs 3.6% [3.6%] in 2014; P = .14]).

A dramatic increase in the incidence of POMI, from 1.2%
to 3.5%, was observed from the fourth quarter of 2008 to the
first quarter of 2009. The abrupt nature of the increase and
the steady POMI incidence both before and after this junc-
tion led us to hypothesize that the observed increase was likely
associated with a change in the data sampling algorithm rather
than a disruptive epidemiological change in POMI incidence.
Thus, we performed subsequent analyses involving POMI in-
cidence using only data after 2008. The observed POMI inci-
dence from 2009 to 2014 demonstrated no significant tem-
poral change (P = .64 for trend), ranging from 2.7% to 3.1%.
However, the rates of cardiac arrest and mortality increased,

from 2.3% in 2009 to 4.7% in 2014 and from 8.4% in 2009 to
10.2% in 2014, respectively (eFigure in the Supplement).

A logistic regression model was created to identify POMI
risk factors. After adjustment for known risk factors, no sig-
nificant association was found between temporal year and MI
(odds ratio [OR], 0.99; 95% CI; 0.95-1.02; P = .36 [not shown
in Table 3]). The most significant risk factors were emergent
case status, ASA class, renal insufficiency, and age greater than
75 years (Table 3).

Infrainguinal Bypass Procedure
The sample number for the infrainguinal bypass procedure has
been steadily growing, from 952 cases in 2005 to 9921 cases
in 2014 (eTable 2 in the Supplement). However, a smaller per-
centage of patients in 2014 had anemia (446 [46.9%] in 2005
vs 4191 [42.2%] in 2014; P < .001), had renal insufficiency (230
[24.2%] vs 1662 [18.8%]; P < .001), were undergoing dialysis
(52 [5.5%] vs 405 [4.1%]; P < .001), had dependent functional
status (174 [18.3%] vs 613 [6.2%]; P < .001), and underwent
emergent procedures (93 [9.8%] vs 634 [6.4%]; P = .005). On

Table 2. Comparison of Preoperative Cardiac Risk Factors and Postoperative Outcomes
Between Open Aortic Surgery and Infrainguinal Bypass

Factor

No. (%)

P Value
Open Aortic Surgery Total
(n = 22 836)

Infrainguinal Bypass Total
(n = 67 467)

Preoperative characteristics

Male 16 391 (71.9) 41 845 (62.1) <.001

Age, mean (SD), y 69.1 (11.5) 66.7 (11.7) <.001

Race/ethnicity

White 18 440 (80.8) 51 043 (75.7)

<.001
Black or African American 1701 (7.5) 9503 (14.1)

Asian or Native American 497 (2.2) 1093 (1.6)

Others/Unknown 2198 (9.6) 5828 (8.6)

BMI, mean (SD) 27.6 (5.9) 27.2 (6.2) <.001

Diabetes requiring insulin 972 (4.3) 13 445 (19.9) <.001

Hypertension 17 803 (78.0) 55 109 (81.7) <.001

Anemia 8801 (38.5) 30 381 (45.0) <.001

Renal insufficiency 5139 (22.5) 12 910 (19.1) <.001

Dialysis 776 (3.4) 3401 (5.0) <.001

History of CHF 506 (2.2) 1771 (2.6) .001

History of MIa 354 (2.4) 842 (2.2) .20

History of strokea 2234 (12.5) 2712 (7.1) <.001

ASA class16

I 94 (0.4) 186 (0.3)

<.001

II 1665 (7.3) 3858 (5.7)

III 12 472 (54.7) 47 479 (70.4)

IV 7426 (32.6) 15 683 (23.3)

V 1131 (5.0) 206 (0.3)

Dependent functional status 2192 (9.6) 7770 (11.5) <.001

MICA risk estimate, mean (SD), % 3.8 (4.8) 1.3 (1.3) <.001

Emergent procedure 4852 (21.3) 4954 (7.3) <.001

Postoperative outcomes

MI 464 (3.0) 1270 (1.9) <.001

Cardiac arrest 732 (3.2) 789 (1.2) <.001

Mortality 1995 (8.7) 1930 (2.9) <.001

Abbreviations: ACS NSQIP, American
College of Surgeons National Surgical
Quality Improvement Program;
ASA, American Society of
Anesthesiologists; BMI, body mass
index (calculated as weight in
kilograms divided by height in meters
squared); CHF, congestive heart
failure; MI, myocardial infarction;
MICA, myocardial infarction and
cardiac arrest.
a Only containing data from 2005 to

2012. The ACS NSQIP did not collect
data on these variables from 2013
onward.
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the other hand, diabetes prevalence has increased from 2005
to 2014 (174 [18.3%] vs 2118 [21.4%]; P < .001), and a steady shift
of patients from ASA class II and III into ASA class IV was ob-
served. The mean (SD) MICA risk estimate during the study pe-
riod remained unchanged (1.3% [1.4%] in 2005 vs 1.2% [1.1%]
in 2014; P = .07 for trend).

Similar to open aortic cases, POMI incidence increased
from 2008 to 2009, with a jump from 1.02% to 2.72% over a
single quarter. For reasons explained earlier, we performed the
following analyses using data from 2009 and later and found
no consistent temporal shifts in the incidence of POMI (P = .52
for trend) or cardiac arrest (P = .64 for trend). Of interest, the
MICA risk estimate remained consistently below the actual
MICA incidence after 2008. However, a gradual decrease in 30-
day mortality was observed (P < .001 for trend) (eFigure in the
Supplement).

The logistic regression model identified the most signifi-
cant risk factors associated with MI following infrainguinal by-
pass procedures as hypertension, ASA class, emergent case, re-

nal insufficiency, diabetes, age greater than 75 years, and
preoperative hematocrit level less than 37%.

POMI Prognosis
A subgroup analysis was performed that included only
patients who experienced POMI. The incidence of cardiac
arrest ranged from 8.9% (OR, 3.62; 95% CI, 2.25-5.82) to
23.2% (OR, 11.77; 95% CI, 6.10-22.72) and mortality ranged
from 16.4% (OR, 3.14; 95% CI, 2.13-4.63) to 30.4% (OR, 4.99;
95% CI, 2.68-9.28) (Table 4). No consistent trend was
observed in cardiac arrest or mortality among POMI patients.
In addition, logistic regression models were constructed to
quantify the association of POMI with subsequent cardiac
arrest and death using the entire study population. Postop-
erative MI was consistently associated with poor prognosis,
with a 3.62-fold (95% CI, 2.25-5.82) to 11.77-fold (95% CI,
6.10-22.72) increased odds of cardiac arrest and a 3.01-fold
(95% CI, 2.08-4.36) to 6.66-fold (95% CI, 4.66-9.52)
increased odds of mortality.

Table 4. Association of Myocardial Infarction With Cardiac Arrest and Mortality

Year of Operation Incidence, % Odds Ratio (95% CI) P Valuea

Cardiac Arrest

2005 11.1 8.11 (0.77-85.86) .08

2006 17.5 6.45 (2.56-16.24) <.001

2007 23.2 11.77 (6.10-22.72) <.001

2008 12.3 3.78 (1.74-8.20) <.001

2009 8.9 3.62 (2.25-5.82) <.001

2010 10.8 5.52 (3.23-8.87) <.001

2011 12.7 5.81 (3.76-8.98) <.001

2012 10.3 3.84 (2.43-6.07) <.001

2013 11.1 5.59 (3.58-8.72) <.001

2014 11.3 6.15 (4.07-9.29) <.001

Mortality

2005 22.2 2.54 (0.25-25.46) .43

2006 30.0 5.78 (2.46-13.60) <.001

2007 30.4 4.99 (2.68-9.28) <.001

2008 24.7 3.52 (1.87-6.63) <.001

2009 19.7 3.01 (2.08-4.36) <.001

2010 23.1 5.03 (3.44-7.34) <.001

2011 25.0 6.66 (4.66-9.52) <.001

2012 16.4 3.14 (2.13-4.63) <.001

2013 22.5 5.68 (4.00-8.07) <.001

2014 20.2 5.68 (4.04-7.98) <.001

a Because of the large sample sizes in
this study, the P values for these
comparisons involve multiple digits
behind the decimal point. To
maintain readability, we simplified
the P values.

Table 3. Risk Factors for Postoperative Myocardial Infarction, 2009-2014

Risk Factor

Open Aortic Surgery Infrainguinal Bypass

Odds Ratio (95% CI) P Valuea Odds Ratio (95% CI) P Valuea

Age >75 y 1.32 (1.15-1.78) <.001 1.36 (1.18-1.56) <.001

Diabetes requiring insulin NA 1.43 (1.25-1.64) <.001

Hypertension 1.79 (1.45-2.21) <.001

Renal insufficiency 1.43 (1.15-1.78) <.001 1.47 (1.28-1.68) <.001

Emergent case status 1.67 (1.32-2.12) <.001 1.48 (1.21-1.80) <.001

Anemia NA 1.28 (1.12-1.45) <.001

ASA class 1.44 (1.23-1.69) <.001 1.53 (1.36-1.72) <.001

Abbreviations: ASA, American
Society of Anesthesiologists; NA, not
applicable.
a Because of the large sample sizes in

this study, the P values for these
comparisons involve multiple digits
behind the decimal point. To
maintain readability, we simplified
the P values.
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Discussion

The past 2 decades have seen substantial improvements in the
perioperative care of patients undergoing major surgery. None-
theless, cardiovascular complications remain a major cause of
mortality following vascular operations. In the present study,
we evaluated the temporal changes in the incidence of car-
diac complications in high-risk cardiac procedures.6 Of note,
our study results showed that patients undergoing infraingui-
nal bypass procedures often had severe chronic conditions
while those undergoing open aortic procedure were healthier
at baseline but had surgery under more emergent conditions.
Consequently, open aortic procedures were associated with a
higher incidence of POMI, cardiac arrest, and mortality in more
recent years, whereas the opposite was noted in the infrain-
guinal bypass cohort.

On the surface the incidence of POMI for either proce-
dure has remained stable since 2009, but a gradual shift in the
patient population and their implied cardiac risk has oc-
curred. Patients who underwent open aortic procedures ap-
peared to have fewer measurable baseline comorbidities but
a higher incidence of emergent procedures, which likely re-
sulted from the availability of endovascular procedures.21 This
trend was most evident as the persistent increase in patients
belonging to ASA class IV or V (eg, those with severe systemic
conditions posing a constant threat to life or moribund pa-
tients). The cumulative effect of such opposing trends was no
change in the MICA risk estimate or incidence of POMI. How-
ever, substantial increases in cardiac arrest incidence and mor-
tality were found. Even after adjusting for all known cardiac
risk factors, ASA classification was still independently asso-
ciated with increased odds of POMI. Simply, there was a dis-
crepancy between illness severity as subjectively perceived by
the anesthesiologists rather than objectively quantified by pre-
determined cardiac risk factors. The causes of such a discrep-
ancy and the association of factors, including frailty as a
potential risk factor, with cardiac events deserve further
investigation.

We found a more encouraging trend in infrainguinal by-
pass procedures. A persistent decrease in most baseline co-
morbidities, except diabetes, and fewer emergency opera-
tions led to the decline of overall mortality during the study
period. Similar trends have been previously ascribed to the
availability of percutaneous interventions for acute limb
ischemia.15 However, there was an increase in patients
with ASA class IV status. Shifts in patient and operative
risk profiles resulted in a stable incidence for POMI and car-
diac arrest.

After adjusting for various characteristics, we identified
several independent risk factors associated with POMI (which
are in agreement with those in previous reports), including ad-
vanced age,22 obesity,23 renal insufficiency,24 diabetes,25,26

anemia,27 and underlying cardiac diseases.28-30 Several risk es-
timate models attempted to summarize these variables into a
single risk statistic, including the Revised Cardiac Risk Index,31

Vascular Study Group of New England Cardiac Risk Index,32

and the MICA Risk Calculator.17 However, much controversy

exists regarding the applicability of such models to patients
undergoing high-risk vascular operations.31-34 The MICA risk
estimate correlates with the occurrence of POMI, but it con-
sistently underestimates absolute incidence of these cardiac
complications in data year 2009 and later. Likely reasons for
the increase in the incidence of POMI in 2009 were the meth-
odological changes in ACS NSQIP sampling and documenta-
tion, but we believe that a revised MICA score using more re-
cent data will update this parsimonious cardiac risk prediction
model.

The definition of POMI, both in clinical practice and ACS
NSQIP data, has undergone a major revision since the intro-
duction of high-sensitivity troponin assay. Its heightened sen-
sitivity led to an increase in the incidence of diagnosed
POMI.35,36 A systematic review37 demonstrated that elevated
troponin T or I level was consistently associated with el-
evated hazards for mortality following vascular surgery.
However, in our study, we found that diagnosed POMI sever-
ity did not significantly decrease with liberalization of diag-
nostic criteria. In fact, the occurrence of POMI was consis-
tently associated with elevated odds for subsequent cardiac
arrest or mortality after adjustment for all other postopera-
tive complications.

There are several practical and clinical implications to our
findings. First, the stable rate of POMI with improving pa-
tient baseline risk should further stimulate strategies to re-
duce the chance of myocardial events in both emergency and
elective settings. No particular interventions have been shown
to reduce POMI in randomized trials, but several measures, in-
cluding invasive hemodynamic monitoring and continuous te-
lemetry, have been suggested as potential strategies.38-40 Sec-
ond, accurate determination of the absolute risk of POMI and
cardiac arrest may be helpful in patient counseling and de-
ployment of resource-intensive measures. Limited data are
available on the efficacy of preoperative coronary revascular-
ization in reducing cardiovascular events after major surgery.41

Given significant improvements in the short- and long-term
outcomes of surgical and percutaneous coronary interven-
tions, revascularization of hemodynamically significant coro-
nary lesion may prove beneficial.

Limitations
We acknowledge several limitations including those inherent
to the data’s retrospective nature. The NSQIP database was de-
signed for quality improvement rather than survey purposes,
and our conclusions may not be nationally representative.
Discrepancy in outcomes has been reported for vascular
procedures between the ACS NSQIP and Vascular Quality
Initiative.42,43 In addition, the ACS NSQIP made several revi-
sions to the cardiac-related variable definition over the years,
including the 2013 change in the POMI definition and elimi-
nation of the history of MI and stroke variables. The combi-
nation of these factors led to a limited sample size during cer-
tain analyses and may have introduced sampling error.
Furthermore, the ACS NSQIP did not consistently collect in-
formation on perioperative medical management, such as pre-
operative revascularization; statin or β-blocker usage; and po-
tentially relevant intraoperative anatomic information, such
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as the use of suprarenal cross-clamping during open aortic pro-
cedures. These factors could be candidate confounders affect-
ing cardiac outcomes.

Conclusions
Over the past decade, the cumulative sea changes in patient
selection criteria and perioperative cardiac care have re-
sulted in no significant improvement in the incidence of POMI
among patients undergoing high-risk vascular procedures. For
open aortic surgery, an increase in postoperative cardiac ar-
rest and mortality was observed in parallel with a higher pro-

portion of patients with ASA class IV or V status and emer-
gent cases. For infrainguinal bypass, there was a decline in
mortality associated with improved patient baseline health and
decreasing emergent cases. Despite changes in postoperative
care, POMI was consistently associated with significantly el-
evated odds of cardiac arrest and mortality after adjusting for
other confounders. Postoperative MI following these high-
risk vascular procedures represents a high-value target for qual-
ity improvement efforts not only because of its costly se-
quelae but also because of the anticipated growth in such cases
in the aging US population. Strategies to reduce MIs, such as
preoperative coronary revascularization and intensive hemo-
dynamic monitoring, deserve further evaluation.
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