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ABSTRACT

M

YOCARDIAL infarction (MI) is a common and
serious complication after noncardiac surgery.1–3 Perioperative MI is associated with significant mortality that often
exceeds mortality after acute MI in a nonsurgical setting.4–6
Acute myocardial infarction often presents as acute coronary
syndrome, a syndrome that encompasses several distinct entities, namely MI and unstable angina, but with similar clinical
signs and symptoms (e.g., chest pain). The etiology of acute coronary syndrome in a nonsurgical setting is generally well understood and involves either a thrombotic cause (plaque rupture,
type 1 MI, or stent thrombosis, type 4B) or demand ischemia
(type 2 MI) or a combination of the two factors.7,8 In contrast,
etiology and pathophysiology of acute coronary syndrome in
the context of noncardiac surgery are incompletely understood,
and there is ongoing controversy regarding whether thrombosis
or demand ischemia is the dominant cause.9–13
The objective of this investigation was to determine the
etiology of perioperative acute coronary syndrome with a
particular emphasis on thrombosis versus demand ischemia.
We studied a cohort of surgical patients who underwent

What We Already Know about This Topic
• Myocardial infarction is a common and serious complication
after noncardiac surgery.
• This study determined the etiology of perioperative acute
coronary syndrome with a particular emphasis on thrombosis
versus demand ischemia.

What This Article Tells Us That Is New
• The dominant mechanism of perioperative acute coronary
syndrome in this cohort was demand ischemia. A subset of
patients had no evidence of obstructive coronary artery disease,
but findings were consistent with stress-induced cardiomyopathy.

diagnostic coronary angiography after presenting with acute
coronary syndrome within 30 days after noncardiac surgery.
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Background: The objective of this investigation was to determine the etiology of perioperative acute coronary syndrome with
a particular emphasis on thrombosis versus demand ischemia.
Methods: In this retrospective cohort study, adult patients were identified who underwent coronary angiography for acute coronary syndrome within 30 days of noncardiac surgery at a major tertiary hospital between January 2008 and July 2015. Angiograms
were independently reviewed by two interventional cardiologists who were blinded to clinical data and outcomes. Acute coronary
syndrome was classified as ST–elevation myocardial infarction, non–ST–elevation myocardial infarction, or unstable angina; myocardial infarctions were adjudicated as type 1 (plaque rupture), type 2 (demand ischemia), or type 4b (stent thrombosis).
Results: Among 215,077 patients screened, 146 patients were identified who developed acute coronary syndrome: 117 were
classified as non–ST–elevation myocardial infarction (80.1%); 21 (14.4%) were classified as ST–elevation myocardial infarction, and 8 (5.5%) were classified as unstable angina. After coronary angiography, most events were adjudicated as demand
ischemia (type 2 myocardial infarction, n = 106, 72.6%) compared to acute coronary thrombosis (type 1 myocardial infarction, n = 37, 25.3%) and stent thrombosis (type 4B, n = 3, 2.1%). Absent or only mild, nonobstructive coronary artery
disease was found in 39 patients (26.7%). In 14 patients (9.6%), acute coronary syndrome was likely due to stress-induced
cardiomyopathy. Aggregate 30-day and 1-yr mortality rates were 7 and 14%, respectively.
Conclusions: The dominant mechanism of perioperative acute coronary syndrome in our cohort was demand ischemia. A
subset of patients had no evidence of obstructive coronary artery disease, but findings were consistent with stress-induced
cardiomyopathy. (Anesthesiology 2018; 128:1084-91)

Materials and Methods
Study Design and Population
This was a retrospective cohort study of adult patients
undergoing noncardiac surgery between January 2008 and
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Measurements and Angiographic Assessment
Records were reviewed for all subjects who underwent a
coronary angiogram within 30 days of noncardiac surgery
and used to identify demographics, medical history, symptoms, electrocardiographic changes, cardiac biomarkers concentrations, echocardiography findings, medications, and
transfusion requirements. Noncardiac surgeries were categorized as vascular versus nonvascular surgery. Acute coronary syndrome events were categorized as ST–elevation MI,
non–ST–elevation MI, or unstable angina. The 30-day mortality and 1-yr mortality were obtained reviewing the social
security registry and from the https://www.familysearch.org
website (accessed July 1, 2017).
Coronary angiograms were independently reviewed by
two blinded interventional cardiologists (P.L. and A.A.). In
cases of discordant angiogram interpretation, angiogram
findings were jointly reviewed by the interventionalists
and a consensus was reached. Myocardial infarction was
classified by type according to the Third Universal Definition.15 All lesions resulting in more than 50% stenosis
were analyzed and characterized by angiographic features
of complexity adapted from Goldstein et al.16 A lesion
was considered complex if it exhibited any of the following features: (1) an intraluminal filling defect suggestive
of thrombus as defined by abrupt vessel occlusion with
contrast persistence; (2) plaque ulceration defined by the
extension of contrast beyond but contiguous to the vessel lumen; or (3) two or more of the following: fissuring,
evidenced by intraplaque dye penetration not fulfilling the
definition of ulceration; irregular margins or overhanging
edges; or hazy appearance. A spontaneous MI (type 1) was
considered to have occurred by the presence of at least one
complex lesion.
Anesthesiology 2018; 128:1084-91
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Outcomes
Primary study outcomes included types of MI: type 1 (plaque
rupture, coronary occlusion), type 2 MI (demand ischemia),
and type 4B (stent thrombosis); acute coronary syndrome was
also classified per electrocardiogram and biomarker presentation as ST–elevation MI, non–ST–elevation MI, or unstable
angina. Secondary outcomes included hospital length of stay,
as well as 30-day and 1-yr mortality rates. Significant bleeding was defined as more than 1 l of blood loss.
Statistical Methods
We included a statistical analysis plan in the study protocol
that was submitted and approved by the institutional review
board. Primary outcomes were established a priori, but several additional analyses were performed post hoc and have
been identified as such in this article. The data are presented
as means and SD or medians and interquartile range for nonnormally distributed data. Univariate comparisons were made
with a Mann–Whitney U test, chi-square test, or Fisher exact
test. We calculated unadjusted odds ratios from 2 × 2 tables.
Kaplan–Meier survival analyses were performed to compare
survival probabilities between types of MI and MI presentation as ST–elevation MI, non–ST–elevation MI, or unstable
angina. A log-rank test was used to determine statistical significance. There was no formal sample size estimation, because
the goal was to capture all patients who developed acute coronary syndrome after noncardiac surgery in our institution.
Analyses were performed using SPSS 23.0 (IBM, USA) or
JMP 13.2 (SAS Institute, USA). All analyses were two-sided,
and P < 0.05 was considered statistically significant.

Results
Study Population
After screening 215,077 patients who underwent noncardiac surgery in our hospital during the study period, the
final study population of patients who underwent coronary
angiography due to acute coronary syndrome within 30 days
after noncardiac surgery was 146 patients (0.07%; fig. 1;
table 1). More than 50% of the patients had a diagnosis of
coronary artery disease, and 19% had a diagnosis of heart
failure. Acute coronary syndrome after emergent surgery
accounted for 8.2% of cases in this cohort (n = 12). Median
estimated intraoperative blood loss was modest (150 ml,
interquartile range of 0 to 405 ml), although 11.0% (n = 16)
experienced significant intraoperative hemorrhage.
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July 2015 at Barnes–Jewish Hospital (St. Louis, Missouri)
who developed acute coronary syndrome and received a
coronary angiogram within 30 days of surgery. We screened
the Barnes–Jewish Hospital billing database for patient
records meeting inclusion criteria, reviewed the tentative
list of patients case by case for potential exclusion criteria,
and then matched the 146 identified patients with the local
CathPCI Registry of the National Cardiovascular Data Registry, which captures all patients who undergo diagnostic
angiography and percutaneous coronary intervention at our
institution.14 The study was approved by the Washington
University School of Medicine Institutional Review Board
(St. Louis, Missouri) and granted a waiver of informed consent, and it was not registered at a registry.
Inclusion criteria were age more than 18 yr; noncardiac
surgery requiring monitored anesthesia care, general, or
regional anesthesia; and the diagnosis of acute coronary syndrome. Exclusion criteria were cardiac surgery or related procedures (such as pacemaker insertion), surgery under local
anesthesia, age less than 18 yr, and indications for cardiac
catheterization other than acute coronary syndrome.

Acute Coronary Syndrome Events
More than 80% of acute coronary syndrome events were
classified as non–ST–elevation MI (n = 117); smaller fractions were classified as ST–elevation MI (n = 21, 14.4%) and
unstable angina (n = 8, 5.5%, table 2). Approximately half of
events presented with clinical symptoms such as chest pain
or shortness of breath; 22% of events were clinically silent.
Electrocardiogram changes consistent with myocardial ischemia were observed in more than 90% of patients. Eight
Helwani et al.
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percent of patients presented in cardiogenic shock (n = 11).
The majority of patients developed acute coronary syndrome
within the first 3 postoperative days (63%, n = 92); 16%
of patients (n = 23) developed acute coronary syndrome in
the intraoperative period. On average, a median of 3 days
passed between acute coronary syndrome presentation and
coronary angiography, except for patients with acute stent
thrombosis (type 4B MI; n = 3), who were taken to the catheterization laboratory on the same day.
Patients with type 1 MI received medical management
in 68% of cases (n = 25), underwent coronary artery bypass
grafting surgery surgery in 30% of cases (n = 11), and
received a percutaneous coronary intervention (coronary
stent) in 3% of cases (n = 1). Patients with type 2 MI were
predominantly managed medically (94%; n = 100).

β-blocker therapy (n = 67; 3%) compared to 12 patients
who did not take β-blockers (n = 79; 15%; odds ratio, 0.17;
95% CI, 0.03 to 0.78; P = 0.02).

Coronary Angiography Findings
Among all acute coronary syndrome events, 73% were
adjudicated as type 2 MI (demand ischemia; n = 106,) after
review of angiography films. Acute coronary thrombosis
(type 1 MI) was adjudicated in 25% of patients (n = 37),
and acute coronary stent thrombosis (type 4B) was adjudicated in 2% of patients (n = 3; table 3). There was no association between type 1 and type 2 MI and clinical presentation
as ST–elevation MI or non–ST–elevation MI (P = 0.97).
Absent or only mild (nonobstructive) coronary artery disease
was found in 27% of patients (n = 39), 5% of with type 1
MI (n = 2), and 35% of patients with type 2 MI (n = 37).
In 10% of events (n = 14), acute coronary syndrome was
likely caused by stress-induced cardiomyopathy and not by
an intracoronary event. In a post hoc analysis, stress-induced
cardiomyopathy was observed in two patients on chronic

Findings from this investigation in 146 surgical patients who
developed perioperative acute coronary syndrome within 30
days after surgery and who underwent coronary angiography show that: (1) three of four events were due to demand
ischemia (type 2 MI) and presented as non–ST–elevation
MI, (2) more than 90% had electrocardiogram changes consistent with myocardial ischemia, (3) one in four patients
had no evidence of obstructive coronary artery disease, (4)
10% of events were likely due to stress-induced cardiomyopathy, and (5) acute coronary syndrome was associated with
marked short- and long-term mortality (7% 30-day mortality and 14% 1-yr mortality).
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Short- and Long-term Outcomes
Unadjusted 30-day and 1-yr mortality rates for all patients
were 7 and 14%. Survival rates were not statistically significant between type 1 MI, type 2 MI, and type 4B MI (fig. 2;
P = 0.52) but were statistically significant between patients
who experienced an ST–elevation MI versus non–ST–
elevation MI (fig. 3; P = 0.02). Additional results are available as Supplemental Digital Content (http://links.lww.com/
ALN/B628).

Discussion
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Fig. 1. Study flow diagram. The diagram shows the numbers of patients screened and the final study population. BJH = Barnes–
Jewish Hospital.

Demand Ischemia versus Thrombosis
The results of our study suggest that most cases of perioperative acute coronary syndrome are triggered by demand
Helwani et al.
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Table 1. Baseline Characteristics of Patients
Type 1 MI,
n = 37 (25.3%)

Type 2 MI,
n = 106 (72.6%)

Type 4B MI*,
n = 3 (2.1%)

67 [60, 74]
81 (55.5)
130 (89.0)

70 [62, 79]
28 (75.7)
33 (89.2)

67 [60, 74]
50 (47.2)
94 (88.7)

62 [59, 63]
3 (100)
3 (100)

75 (52.4)
43 (29.5)
30 (20.5)
43 (29.5)
27 (18.5)

19 (51.4)
9 (24.3)
7 (18.9)
12 (32.4)
4 (10.8)

53 (50)
33 (31.1)
22 (20.8)
28 (26.4)
22 (20.8)

3 (100)
1 (33.3)
1 (33.3)
3 (100)
1 (33.3)

126 (86.3)
51 (34.9)
91 (62.3)
54 (37.8)
105 (71.9)
25 (17.1)
19 (13)

35 (94.6)
10 (27.0)
24 (64.9)
13 (36.1)
27 (73.0)
7 (18.9)
4 (11.4)

88 (86.3)
40 (37.7)
65 (61.3)
39 (37.5)
77 (72.6)
18 (17.0)
15 (14.7)

3 (100)
1 (33.3)
2 (66.7)
2 (66.7)
1 (33.3)
0
0

67 (45.9)
77 (52.7)
92 (63.0)
74 (50.7)

19 (51.4)
20 (54.1)
29 (78.4)
17 (45.9)

45 (42.5)
55 (51.9)
60 (56.6)
55 (51.9)

3 (100)
2 (66.7)
3 (100)
2 (66.7)

2.5 [1.3, 3.7]
32 (21.9)
12 (8.2)
16 (11.0)
150 [0, 405]
135 (92.5)

3.0 [1.9, 4.3]
14 (37.8)
4 (10.8)
7 (18.9)
200 [20, 700]
35 (94.6)

2.5 [1.5, 3.7]
17 (16.0)
8 (7.5)
9 (8.5)
100 [0, 400]
97 (91.5)

1.7 [1.7, 1.9]
1 (33.3)
0
0
150 [150, 500]
3 (100)

*Median values in this column are reported as median and range, not interquartile range due to the small number of observations.
ACE = angiotensin-converting enzyme; BMI = body mass index; EBL = estimated blood loss; IQR = interquartile range; MI = myocardial infarction.

ischemia, and only a small proportion are due to an acute
thrombotic event, such as coronary plaque rupture. Acute
coronary syndrome events captured in our cohort probably
represent one of the most severe phenotypes of perioperative
cardiac events, because nearly all of them were clinically readily apparent and triggered a cardiology consultation before
coronary angiography. It was a priori unclear whether the
dominant cause was acute thrombosis or demand ischemia.
Mechanistically both mechanisms seemed equally probable:
surgery causes acute inflammation and a prothrombotic
state, whereas hypoxemia, surgical stress, hyper- or hypotension, and anemia increase demand and reduce supply.
Autopsy studies of fatal MI after noncardiac surgery report
about half the cases as caused by plaque rupture and acute
thrombosis.17,18 A larger proportion of thrombotic events
was also reported in two separate angiography studies of
nonfatal MI after noncardiac surgery: Berger et al.19 found a
63% rate (n = 48), and Gualandro et al.20 found a 50% rate
(n = 120). Conversely, a recent angiography study reported
a 22% percutaneous coronary intervention rate due to a
thrombotic event among 1,093 patients with acute coronary
Anesthesiology 2018; 128:1084-91
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syndrome after noncardiac surgery.21 Duvall et al.11 found a
55% rate of type 2 MI versus a 26% type 1 MI rate (n = 66).
In a recent study among 103 veterans with coronary artery
disease and previously implanted stents who developed perioperative MI, 48% were found to have demand ischemia
(stable obstructive coronary artery disease), and 46% were
caused by a thrombotic event.22 It is important to note that
several independent lines of evidence strongly suggest that
most events of myocardial ischemia after noncardiac surgery
are silent and caused by demand ischemia, as detected by
Holter electrocardiogram monitoring or postoperative cardiac troponin elevation.23–28
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Demographics
 Age (median [IQR])
 Male sex, n (%)
 White race, n (%)
Cardiac history, n (%)
 Coronary artery disease
 Previous MI
 Coronary artery bypass grafting surgery
 Percutaneous coronary intervention
 Congestive heart disease
Comorbidities, n (%)
 Hypertension
 Diabetes mellitus
 Hyperlipidemia
 Obesity (BMI > 30)
 Smoking history
 Chronic kidney disease
 Anemia, hemoglobin < 10, n (%)
Preoperative medications, n (%)
 
β-blockers
 Statins
 Antiplatelets
 ACE inhibitor
Surgery
 Duration, h (median [IQR])
 Vascular surgery, n (%)
 Emergent surgery, n (%)
 Significant bleeding, n (%)
 Intraoperative EBL, ml (median [IQR])
 General anesthesia, n (%)

All Patients,
n = 146 (100%)

Non–ST–elevation MI versus ST–elevation MI
The electrocardiogram presentation of acute coronary syndromes typically falls into one of two main categories: ST–
elevation MI or non–ST–elevation MI (some patients have
unspecific electrocardiogram changes). Transmural myocardial ischemia caused by a type 1 MI often presents as
ST–elevation MI. Demand ischemia (type 2 MI) causing subendocardial ischemia presents mostly as non–ST–elevation
Helwani et al.
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Table 2. Characteristics of Acute Coronary Syndrome Events
All Events, n = 146
(100%)

Type 2 MI, n = 106
(72.6%)

Type 4B MI*, n = 3
(2.1%)

21 (14.4)
117 (80.1)
8 (5.5)

5 (13.5)
31 (83.8)
1 (2.7)

14 (13.2)
85 (80.2)
7 (6.6)

2 (66.7)
1 (33.3)
0

64 (43.8)
23 (15.8)
22 (15.1)
19 (13)
14 (9.6)
132 (90.4)

18 (48.6)
6 (16.2)
4 (10.8)
4 (10.8)
1 (2.7)
33 (89.2)

43 (40.6)
17 (16.0)
18 (17)
15 (14.2)
13 (12.3)
96 (90.6)

3 (100)
0
0
0
0
3 (100)

23 (15.8)
119 (81.5)
4 (2.7)

1 (2.7)
34 (91.1)
2 (5.4)

22 (20.8)
82 (77.4)
2 (1.9)

0
3 (100)
0

1 [0, 2]
2 [1, 3]
4 [2, 7]
3 [1, 5]
3.2 [0.9, 8.6]

1 [0, 2]
1.5 [1, 3]
4.5 [2, 7]
3 [1, 5]
5.1 [0.9, 16.0]

1 [0, 3]
2 [1, 3]
4 [2, 7]
2 [1, 5]
2.5 [0.8, 6.9]

1 [1, 1]
1.0 [1, 1]
1 [1, 4]
1 [0, 3]
36.3 [18.2, 39.4]

127 (87.0)
5 (3.4)
14 (9.6)

25 (67.6)
1 (2.7)
11 (29.7)

100 (94.3)
3 (2.8)
3 (2.8)

2 (66.7)
1 (33.3)
0 (0)

9 [6, 14]
10 (7.1)
20 (14.2)

10 [7, 14]
2 (5.6)
5 (13.9)

9 [6, 14]
8 (7.8)
15 (14.7)

5 [5, 6]
0
0

Signs and symptoms were extracted from clinical notes and not based on specific diagnostic criteria. *Median values in this column are reported as median
and range, not interquartile range due to the small number of observations. †Of 141 patients.
cTnI = cardiac troponin I; IQR = interquartile range; LOS = length of stay; MI = myocardial infarction; NSTEMI = non–ST–elevation myocardial infarction;
PCI = percutaneous coronary intervention; STEMI = ST–elevation myocardial infarction.

MI. Our data showed that there was no association between
type 1 and 2 MI and presentation as ST–elevation MI versus non–ST–elevation MI. Only acute stent thrombosis
appeared to present mostly as ST–elevation MI. Therefore,
it may clinically not be feasible to speculate about the underlying etiology of a perioperative acute coronary syndrome
event based on its electrocardiogram presentation.
Absent or Mild Coronary Artery Disease and
Stress-induced Cardiomyopathy
A surprising finding of this investigation was that in 27% of
coronary angiographies after perioperative acute coronary
syndrome, neither a culprit lesion nor obstructive coronary artery disease was found, with some patients having
a normal coronary anatomy. In a small angiography study,
Ellis et al.29 also found evidence for postoperative acute
coronary syndromes occurring in the absence of obstructive
coronary artery disease. In 10% of our patients, the angiographic findings were most consistent with stress-induced
cardiomyopathy (Takotsubo syndrome) and not a coronary
process.
Anesthesiology 2018; 128:1084-91
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Limitations
This study had several limitations. First, the study population
was highly selective and does not represent the full spectrum
of postoperative MI or acute coronary syndrome. On the
one hand, the most severe cases of postoperative acute coronary syndromes are associated with sudden cardiac death and
fatal MI—patients we did not capture. On the other hand,
the majority of ischemic events in the postoperative period are
silent and often missed clinically. Second, the initial identification of patients was by the hospital billing database, a method
with significant limitations. Although we reviewed each case
and matched it with the prospectively designed National
Cardiovascular Data Registry, there is a possibility we missed
patients. For example, if patients presented with acute coronary syndrome to an outside hospital that was not part of our
hospital network, we would have been unable to capture the
event and thus missed the patient. Third, although the sample
size of 146 patients represents one of the largest thus far in
the literature and has been collected from more than 215,000
noncardiac surgeries at our hospital, it is still rather small and
prone to bias. In addition, we cannot exclude temporal trends
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Type of event, n (%)
 STEMI
 NSTEMI
 Unstable angina
Presentation signs and symptoms, n (%)
 Chest pain
 Shortness of breath
 Hypotension
 Tachycardia
 Hypoxemia
 Electrocardiogram changes
Time of presentation, n (%)
 Intraoperative
 Postoperative
 Postdischarge
Time intervals, days (median [IQR])
 Surgery to event
 Surgery to peak cTnI
 Surgery to angiogram
 Event to angiogram
Peak cTnI, ng/ml (median [IQR])
Management, n (%)
 Medical
 PCI/stent
 Coronary artery bypass grafting
surgery
 Hospital LOS (median [IQR])
 30-day mortality, n (%)†
 1-yr mortality, n (%)†

Type 1 MI, n = 37
(25.3%)

Helwani et al.
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Table 3. Coronary Angiography Findings

Normal or mild disease, n (%)
Calcification, n (%)
Haziness, n (%)
Ulceration, n (%)
Thrombus, n (%)
Stress-induced c
 ardiomyopathy, n (%)

All Events,
n = 146 (100%)

Type 1 MI,
n = 37 (25.3%)

Type 2 MI,
n = 106 (72.6%)

Type 4B MI,
n = 3 (2.1%)

39 (26.7)
78 (53.4)
77 (52.7)
28 (19.2)
5 (3.4)
14 (9.6)

2 (5.4)
25 (67.6)
33 (89.2)
25 (67.6)
2 (5.4)
0

37 (34.9)
53 (50)
41 (38.7)
1 (0.9)
0
14 (13.2)

0
0
3 (100)
2 (66.7)
3 (100)
0

MI = myocardial infarction.
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Fig. 2. One-yr mortality by type of myocardial infarction (MI). Unadjusted Kaplan–Meier survival curves compare type 1 MI
(type I, thrombotic cause), type 2 MI (type II, demand ischemia), and type 4B (type IV, stent thrombosis). Survival probability is
not statistically significant between groups (log-rank test, P = 0.51).

Fig. 3. One-yr mortality comparing ST–elevation myocardial infarction (MI) to non–ST–elevation MI (NSTEMI) and unstable angina (UA). Unadjusted Kaplan–Meier survival curves show a statistically significantly different survival probability between the
three groups (log-rank test, P = 0.02).
Anesthesiology 2018; 128:1084-91
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Conclusions and Potential Clinical Implications
Evidence from this investigation suggests that the dominant
mechanism of acute coronary syndrome after noncardiac
surgery is demand ischemia and that a sizable proportion of
patients develop acute coronary syndrome without evidence
for obstructive coronary artery disease, with some of these due
to stress-induced cardiomyopathy. Thus, it appears plausible
that strategies that reduce myocardial oxygen demand (e.g.,
β-blocker therapy, adequate pain control) and increase myocardial oxygen supply (e.g., adequate oxygenation and coronary
blood flow, correction of anemia [if hemoglobin was less than
8 g/dl], adequate intravascular volume status, correction of
hypotension) will likely have the biggest impact in preventing
and treating acute coronary syndrome in patients undergoing
noncardiac surgery compared to antithrombotic therapy.
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