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Abstract 

Background:  Acute myocardial infarction (AMI) is an uncommon but fatal complication among patients undergoing 
elective spinal fusion surgery (SF), total hip arthroplasty (THA), and total knee arthroplasty (TKA). Our objective was 
to estimate the incidence of AMI among adults undergoing elective SF, THA, and TKA in different post-operative risk 
windows and characterize high-risk sub-populations in the United States.

Methods:  A retrospective cohort study was conducted using data from a longitudinal electronic healthcare record 
(EHR) database from January 1, 2007 to June 30, 2018. ICD codes were used to identify SF, THA, TKA, AMI, and selected 
clinical characteristics. Incidence proportions (IPs) and 95% confidence intervals were estimated in the following risk 
windows: index hospitalization, ≤ 30, ≤ 90, ≤ 180, and ≤ 365 days post-operation.

Results:  A total of 67,533 SF patients, 87,572 THA patients, and 167,480 TKA patients were eligible for the study. 
The IP of AMI after SF, THA, and TKA ranged from 0.36, 0.28, and 0.25% during index hospitalization to 1.05, 0.93, and 
0.85% ≤ 365 days post-operation, respectively. The IP of AMI was higher among patients who were older, male, with 
longer hospital stays, had a history of AMI, and had a history of diabetes.

Conclusion:  The IP of post-operative AMI was generally highest among the SF cohort compared to the THA and 
TKA cohorts. Additionally, potential high-risk populations were identified. Future studies in this area are warranted to 
confirm these findings via improved confounder control and to identify effect measure modifiers.

Keywords:  Myocardial infarction, Spinal fusion, Total hip arthroplasty, Total knee arthroplasty, Epidemiology, 
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Background
Cardiovascular disease (CVD) is one of the top causes of 
morbidity and mortality globally [1]. Within the United 
States (US), the 2019 Heart Disease and Stroke Statistics 
report from the American Heart Association concluded 
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that the prevalence of overall CVD (i.e., coronary heart 
disease, heart failure, stroke, and hypertension) in adults 
greater than 20  years of age was 48.0% (121.5 million 
Americans in 2016) [2]. Myocardial infarction (MI) is a 
key component to the burden of CVD [3]. Annually, over 
800,000 people in the US experience an acute MI (AMI), 
of which 27% die [4].

Although AMI is an uncommon but fatal complica-
tion among elective surgical populations [5–7], the 
recognition of this adverse event is critical given the 
increased age of the population undergoing elective sur-
gical procedures and the increased volume of surger-
ies in general. For example, recent research has shown 
that the frequency and utilization of spinal fusion (SF) 
have increased at a higher rate than other notable inpa-
tient procedures (including laminectomy, percutaneous 
transluminal coronary angioplasty, and coronary artery 
bypass graft) over the period from 1998 to 2008 in the 
US; additionally, the authors found that the average age 
for SF increased over the study period [8]. Furthermore, 
an analysis of National Inpatient Sample (NIS) data from 
2000 to 2014 determined that primary total hip arthro-
plasty (THA) is projected to grow 71% by 2030 and pri-
mary total knee arthroplasty (TKA) is projected to grow 
85% by 2030 [9].

It is important to have background epidemiology data 
about post-operative AMI during various risk windows 
and among different sub-groups to contextualize safety 
data in clinical trials and the general population. This 
cohort study built on previous research [10], and it was 
designed to estimate the incidence of AMI among adults 
undergoing elective SF, THA, or TKA using a large elec-
tronic healthcare record (EHR) database in the US. The 
objectives of this study were to estimate the incidence of 
AMI among adults undergoing elective SF, THA, or TKA 
in different post-operative periods and to characterize 
high-risk sub-populations in the US.

Methods
Study design
A retrospective cohort study of adults undergoing elec-
tive SF, THA, or TKA using Optum EHR, a longitudinal 
US EHR database, was performed. Optum EHR partners 
directly with several multi-specialty medical groups, inte-
grated delivery networks, and hospital chains throughout 
the US to extract their EHR data. By normalizing, validat-
ing, and aggregating the de-identified data, the database 
generates a longitudinal view of patient care and captures 
a comprehensive collection of demographic, clinical, 
operational, and financial information. As of June 2018, 
Optum EHR reported having data on approximately 
94.4 million unique patients. Furthermore, about 40% of 
the patient population was aged 50  years or older, with 

approximately 15% of patients 65  years of age or older. 
About one quarter of the patients had at least 6 years of 
observation time within the database.

The study period was January 1, 2007 to June 30, 2018 
with a length of follow-up equating to 365  days. The 
index date was defined as the first date after January 1, 
2007 that an adult had undergone an elective SF, THA, 
or TKA during the study period. To incorporate a 183-
day look-back window prior to the index surgery (for the 
purpose of obtaining medical history and excluding prev-
alent conditions as necessary), the earliest possible index 
surgical date was July 1, 2007. The latest index surgical 
date possible was June 30, 2017.

Cohort formation
Eligible patients were 18 to 85  years of age at the time 
of their first elective SF, THA, or TKA in the database. 
Furthermore, patients had 183 days of continuous enroll-
ment within the database prior to their first elective SF, 
THA, or TKA (i.e., the baseline period) as well as this 
index surgery being performed on the day of admission 
to the healthcare facility or the day after admission. Elec-
tive SF, THA, and TKA (i.e., the exposures) were iden-
tified using the International Classification of Diseases 
(ICD), Ninth Revision, Procedure Classification System 
(ICD-9-PCS) codes listed in Table 1.

To select for a relatively healthy cohort that underwent 
inpatient elective surgeries, patients were excluded if they 
1) underwent a major surgical procedure that occurred 
within 90  days prior to the index surgery; 2) had a sur-
gical indication that was for an emergency procedure; 3) 
were pregnant; or 4) had cancer or end stage renal dis-
ease during the baseline period. AMI (i.e., the outcome) 
was defined based on the ICD, Ninth Revision, Clinical 
Modification (ICD-9-CM) codes listed in Table 2.

All ICD-9-PCS and ICD-9-CM codes were mapped to 
corresponding ICD, Tenth Revision (ICD-10) codes using 
General Equivalence Mapping techniques in order to 
account for the switch to ICD-10 coding in 2015.

Data management and analysis
All analyses were descriptive and conducted in SAS (ver-
sion 9.4, SAS Institute, Cary, NC, USA). Descriptive 
statistics were performed to characterize the cohort in 
terms of demographic and clinical characteristics at the 
baseline. Patients were followed from the cohort entry 
index date until the occurrence of AMI, death, loss to fol-
low-up, or end of study period, whichever occurred first.

IPs were defined as the number of new cases of 
AMI during each specified post-surgical time interval 
divided by the total (AMI-free) population at the start 
of each time interval. Crude IPs were calculated over-
all, and in the following stratifications: age, sex, race, 
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length of hospital stay, and selected clinical character-
istics. IPs were also estimated in the following risk win-
dows: index hospitalization (defined as the time interval 
from index surgery to discharge), ≤ 30  days (i.e., 0 to 
30 days), ≤ 90 days (i.e., 0 to 90 days), ≤ 180 days (i.e., 0 to 
180 days), and ≤ 365 days (i.e., 0 to 365 days) post-opera-
tion. For each post-operation period, incidence was cal-
culated cumulatively; therefore, persons at risk and AMI 

events that were included in the preceding risk window 
were not excluded in the incidence calculation for the fol-
lowing risk window. All IPs were estimated with associ-
ated 95% confidence intervals (CIs), assuming a Poisson 
distribution.

Incidence rates were calculated as the number of 
new cases of AMI during each specified post-surgical 
time interval divided by the summed person-time of 

Table 1  International Classification of Diseases (ICD), Ninth Revision, Procedure Classification System (ICD-9-PCS) codes used to define 
exposures

Surgery Type ICD-9-PCS Code Code Description

Spinal fusion (SF) 81.01 Atlas-axis spinal fusion

81.02 Other cervical fusion of the anterior column, anterior technique

81.03 Other cervical fusion of the posterior column, posterior technique

81.04 Dorsal and dorsolumbar fusion of the anterior column, anterior technique

81.05 Dorsal and dorsolumbar fusion of the posterior column, posterior technique

81.06 Lumbar and lumbosacral fusion of the anterior column, anterior technique

81.07 Lumbar and lumbosacral fusion of the posterior column, posterior technique

81.08 Lumbar and lumbosacral fusion of the anterior column, posterior technique

81.31 Refusion of atlas-axis spine

81.32 Refusion of other cervical spine, anterior column, anterior technique

81.33 Refusion of other cervical spine, posterior column, posterior technique

81.34 Refusion of dorsal and dorsolumbar spine, anterior column, anterior technique

81.35 Refusion of dorsal and dorsolumbar spine, posterior column, posterior technique

81.36 Refusion of lumbar and lumbosacral spine, anterior column, anterior technique

81.37 Refusion of lumbar and lumbosacral spine, posterior column, posterior technique

81.38 Refusion of lumbar and lumbosacral spine, anterior column, posterior technique

81.39 Refusion of spine, not elsewhere classified

81.62 Fusion or refusion of 2–3 vertebrae

81.63 Fusion or refusion of 4–8 vertebrae

81.64 Fusion or refusion of 9 or more vertebrae

84.51 Insertion of interbody spinal fusion device

Total hip arthroplasty (THA) 00.70 Revision of hip replacement, both acetabular and femoral components

00.71 Revision of hip replacement, acetabular component

00.72 Revision of hip replacement, femoral component

00.73 Revision of hip replacement, acetabular liner and/or femoral head only

00.85 Resurfacing hip, total, acetabulum and femoral head

00.86 Resurfacing hip, partial, femoral head

00.87 Resurfacing hip, partial, acetabulum

81.51 Total hip replacement

81.52 Partial hip replacement

81.53 Revision of hip replacement, not otherwise specified

Total knee arthroplasty (TKA) 00.80 Revision of knee replacement, total (all components)

00.81 Revision of knee replacement, tibial component

00.82 Revision of knee replacement, femoral component

00.83 Revision of knee replacement, patellar component

00.84 Revision of total knee replacement, tibial insert (liner)

81.54 Total knee replacement

81.55 Revision of knee replacement, not otherwise specified
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observation for the total (AMI-free) population at the 
start of each time interval. Although incidence rates are 
preferred over incidence proportions when there is long-
term follow up (i.e., > 30  days), nearly all the literature 
identified in this area presented information in the form 
of incidence proportions; thus, only IPs are presented in 
the Results in order to facilitate better comparisons with 
the literature. However, incidence rate information is 
contained in the Additional file 1.

Results
A total of 67,533 SF patients, 87,572 THA patients, and 
167,480 TKA patients were eligible for the study. The 
median age at the index date was 59, 65, and 66  years 
for SF, THA, and TKA patients, respectively; there were 
more white patients (> 88.00%) across all surgical types, 
slightly more females undergoing THA (53.23%) and 
TKA (59.73%), and slightly more males undergoing SF 
(56.95%). Some of the most prevalent medical condi-
tions included type 2 diabetes (13.91% for SF, 12.17% for 
THA, and 16.22% for TKA), cardiac dysrhythmias (9.12% 
for SF, 12.45% for THA, and 13.09% for TKA), chronic 
ischemic disease (8.86% for SF, 8.91% for THA, and 9.36% 
for TKA), hypothyroidism (7.06% for SF, 9.56% for THA, 
and 10.80% for TKA), and anemia (7.14% for SF, 15.14% 
for THA, and 12.84% for TKA). Within all three surgi-
cal cohorts, a history of AMI was rare (i.e., between 0.52 

and 0.62% across cohorts). Dementia, deep vein throm-
bosis, and pulmonary embolism were also rare among 
all three surgical cohorts. The average length of hospital 
stay (LHS) (for the index hospitalization) was 3.41, 2.69, 
and 2.89 days for SF, THA, and TKA, respectively. Lastly, 
although less than 1.00% of SFs were revisional, 39.88% 
of THAs and 37.66% of TKAs were revisional surgeries. 
Table  3 shows the baseline demographics and clinical/
surgical characteristics of the elective SF, THA, and TKA 
patient population.

The IP of AMI following elective SF was 0.36% 
(95% CI: 0.31%, 0.41%) during initial hospitaliza-
tion, 0.48% (95% CI: 0.43%, 0.54%) ≤ 30  days, 0.62% 
(95% CI: 0.56%, 0.68%) ≤ 90  days, 0.79% (95% CI: 
0.72%, 0.86%) ≤ 180  days, and 1.05% (95% CI: 0.97%, 
1.12%) ≤ 365  days post-operation. The IP of AMI fol-
lowing elective THA was 0.28% (95% CI: 0.24%, 0.31%) 
during initial hospitalization, 0.37% (95% CI: 0.33%, 
0.41%) ≤ 30 days, 0.50% (95% CI: 0.45%, 0.55%) ≤ 90 days, 
0.65% (95% CI: 0.60%, 0.70%) ≤ 180  days, and 0.93% 
(95% CI: 0.87%, 0.99%) ≤ 365  days post-operation. 
The IP of AMI following elective TKA was 0.25% 
(95% CI: 0.22%, 0.27%) during initial hospitaliza-
tion, 0.34% (95% CI: 0.31%, 0.36%) ≤ 30  days, 0.43% 
(95% CI: 0.40%, 0.46%) ≤ 90  days, 0.56% (95% CI: 
0.53%, 0.60%) ≤ 180  days, and 0.85% (95% CI: 0.80%, 
0.89%) ≤ 365 days post-operation. Tables 4, 5, and 6 show 

Table 2  International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes used to define acute 
myocardial infarction (AMI)

ICD-9-CM Code Code Description

410.00 Acute myocardial infarction of anterolateral wall, episode of care unspecified

410.01 Acute myocardial infarction of anterolateral wall, initial episode of care

410.10 Acute myocardial infarction of other anterior wall, episode of care unspecified

410.11 Acute myocardial infarction of other anterior wall, initial episode of care

410.20 Acute myocardial infarction of inferolateral wall, episode of care unspecified

410.21 Acute myocardial infarction of inferolateral wall, initial episode of care

410.30 Acute myocardial infarction of inferoposterior wall, episode of care unspecified

410.31 Acute myocardial infarction of inferoposterior wall, initial episode of care

410.40 Acute myocardial infarction of other inferior wall, episode of care unspecified

410.41 Acute myocardial infarction of other inferior wall, initial episode of care

410.50 Acute myocardial infarction of other lateral wall, episode of care unspecified

410.51 Acute myocardial infarction of other lateral wall, initial episode of care

410.60 True posterior wall infarction, episode of care unspecified

410.61 True posterior wall infarction, initial episode of care

410.70 Subendocardial infarction, episode of care unspecified

410.71 Subendocardial infarction, initial episode of care

410.80 Acute myocardial infarction of other specified sites, episode of care unspecified

410.81 Acute myocardial infarction of other specified sites, initial episode of care

410.90 Acute myocardial infarction of unspecified site, episode of care unspecified

410.91 Acute myocardial infarction of unspecified site, initial episode of care
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Table 3  Baseline demographics, clinical characteristics, and surgical characteristics of the elective spinal fusion, total hip arthroplasty, 
and total knee arthroplasty cohorts

Characteristic, N (%) except where specified Spinal fusion Total hip replacement Total knee replacement

Number of patients % Number of patients % Number of patients %

Total 67,533 87,572 167,480

Demographic characteristics
  Age at index date

    Mean (SD) 58.27 (13.37) 64.45 (11.00) 65.79 (9.48)

    Median (Min, Max) 59 (18,85) 66 (18,85) 66 (18,85)

     ≥ 18–55 26,790 39.67 17,639 20.14 23,876 14.26

    56–65 18,559 27.48 28,302 32.32 56,810 33.92

    66–75 16,114 23.86 26,419 30.17 58,340 34.83

    76–< 86 6,070 8.99 15,212 17.37 28,454 16.99

  Sex

    Male 38,457 56.95 40,938 46.75 67,397 40.24

    Female 29,053 43.02 46,611 53.23 100,028 59.73

    Unknown 23 0.03 23 0.03 55 0.03

  Race

    White 59,936 88.75 78,802 89.99 148,096 88.43

    Black or African American 4,417 6.54 5,757 6.57 11,466 6.85

    Asian 372 0.55 228 0.26 1,110 0.66

    Other/Unknown 2,808 4.16 2,785 3.18 6,808 4.06

Clinical characteristics in 183-day baseline
  Acute myocardial infarction 418 0.62 490 0.56 869 0.52

  Anemia 4,819 7.14 13,262 15.14 21,504 12.84

  Angina 3,533 5.23 3,533 4.03 8,063 4.81

  Asthma/wheezing/bronchospasm 5,284 7.82 6,382 7.29 13,425 8.02

  Bronchitis/chronic obstructive pulmonary disease 3,849 5.70 4,722 5.39 8,212 4.90

  Cardiac dysrhythmias 6,157 9.12 10,900 12.45 21,923 13.09

  Chronic ischemic disease 5,984 8.86 7,807 8.91 15,669 9.36

  Deep vein thrombosis 592 0.88 949 1.08 2,080 1.24

  Dementia 218 0.32 380 0.43 516 0.31

  Diabetes, type 1 480 0.71 331 0.38 774 0.46

  Diabetes, type 2 9,392 13.91 10,659 12.17 27,164 16.22

  Heart failure 1,458 2.16 2,400 2.74 4,657 2.78

  Hyperthyroidism 191 0.28 381 0.44 731 0.44

  Hypothyroidism 4,765 7.06 8,375 9.56 18,094 10.80

  Intracranial hemorrhage 139 0.21 83 0.09 140 0.08

  Liver disease and cirrhosis (excluding hepatitis, 
alcoholic liver disease)

1,023 1.51 1,206 1.38 2,347 1.40

  Liver failure 50 0.07 67 0.08 111 0.07

  Malignant neoplasms 0 0.00 0 0.00 0 0.00

  Multiple sclerosis 186 0.28 172 0.20 282 0.17

  Peripheral vascular disease 2,626 3.89 3,007 3.43 5,306 3.17

  Psoriatic arthroplasty 72 0.11 87 0.10 197 0.12

  Pulmonary embolism 247 0.37 402 0.46 1,015 0.61

  Reactive arthritis 830 1.23 253 0.29 154 0.09

  Renal failure 2,442 3.62 4,229 4.83 8,157 4.87

  Respiratory failure 922 1.37 862 0.98 1,712 1.02

  Spondyloarthritis, including ankylosing spondylitis 2,031 3.01 771 0.88 554 0.33

  Stroke 529 0.78 580 0.66 1,094 0.65
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the IP information for AMI among patients undergoing 
elective SF, THA, and TKA, respectively.

Stratified analyses revealed that the IP of AMI was 
higher among patients who were older, male, had a his-
tory of AMI, and had a history of diabetes across the 
three types of surgery at each risk window. For example, 
the IP of post-operative AMI among elective SF patients 
during index hospitalization was 0.10% (95% CI: 0.06%, 
0.14%) among those aged ≥ 18 to 55  years, 0.31% (95% 
CI: 0.23%, 0.40%) among those aged 56 to 65 years, 0.60% 
(95% CI: 0.48%, 0.72%) among those aged 66 to 75 years, 
and 1.01% (95% CI: 0.76%, 1.26%) among those aged 76 
to < 86  years. Moreover, the IP of post-operative AMI 
among elective THA patients ≤ 365  days post-operation 
was 1.16% (95% CI: 1.06%, 1.27%) for men and 0.72% 
(95% CI: 0.65%, 0.80%) for women. Additionally, the IP 
of AMI was higher among patients who had greater LHS 
across the three types of surgery at each risk window; 
however, it should be noted that these longer hospital 
stays could be a result of AMI instead of a reverse rela-
tionship (i.e., where AMI is the consequence of a longer 
hospital stay).

The IP of AMI was slightly higher among black patients 
for TKA in most risk windows and for SF up to 90 days 
post-operation compared to white patients, while the 
IP of AMI was higher among white patients for THA at 
each risk window. For instance, the IP of post-operative 
AMI among elective TKA patients ≤ 30 days post-opera-
tion was 0.37% (95% CI: 0.26%, 0.48%) for black patients 
and 0.33% (95% CI: 0.30%, 0.36%) for white patients. 
Generally, SF patients with same day revisional surgery 
had higher IPs of AMI across risk windows compared to 
patients who did not have same day revisional surgery; 
however, the opposite association was observed for THA 
and TKA patients (i.e., the IP of AMI was lower for those 
with same day revisional surgery compared to those 
who did not have same day revisional surgery across risk 
windows).

Detailed incidence rate information can be found 
in the Additional file  1 (i.e., Table  S1, Table  S2, and 
Table  S3). The incidence rate of AMI per 1000 person-
years (PYs) following elective SF was 18.12 (95% CI: 
16.64, 19.73) ≤ 180  days post-operation and 12.82 (95% 
CI: 11.90, 13.80) ≤ 365  days post-operation. The inci-
dence rate of AMI per 1000 PYs following elective THA 
15.03 (95% CI: 13.83, 16.32) ≤ 180  days post-operation 
and 11.45 (95% CI: 10.69, 12.27) ≤ 365  days post-opera-
tion. The incidence rate of AMI per 1000 PYs following 
elective TKA was 12.77 (95% CI: 11.97, 13.61) ≤ 180 days 
post-operation and 10.17 (95% CI: 9.66, 10.72) ≤ 365 days 
post-operation. It should be highlighted that the inci-
dence rate of AMI following elective surgery decreased 
consistently from index hospitalization to ≤ 365  days 
post-operation across all three surgical cohorts.

Discussion
Summary
This study identified 67,533 SF patients, 87,572 THA 
patients, and 167,480 TKA patients who underwent elec-
tive surgeries within the Optum EHR database. The IP of 
AMI following these elective procedures was generally 
highest among the SF cohort compared to the THA and 
TKA cohorts. When stratified by relevant demographic 
and clinical characteristics, we found that the IP of post-
operative AMI was higher among patients who were 
older, male, with longer hospital stays, had a history of 
AMI, and had a history of diabetes.

Spinal fusion cohort
Adogwa et al. performed a retrospective database study 
using the American College of Surgeons (ACS) National 
Surgical Quality Improvement Program (NSQIP) data-
base from January 2008 through December 2014 and 
analyzed 23,102 patients undergoing lumbar decom-
pression and fusion procedures; the authors found that 
patients with extended LHS had a higher incidence of 

Table 3  (continued)

Characteristic, N (%) except where specified Spinal fusion Total hip replacement Total knee replacement

Number of patients % Number of patients % Number of patients %

Surgical characteristics for index surgery
  Allogenic blood transfusion during surgery 16 0.02 32 0.04 22 0.01

  Existing permanently implanted device or prosthesis 1,839 2.72 2,149 2.45 3,470 2.07

  Revisional surgery 538 0.80 34,924 39.88 63,065 37.66

  Total length of hospital stay

    Mean (SD) 3.41 (3.93) 2.69 (2.42) 2.89 (2.21)

    Median (Min, Max) 3 (1,90) 2 (1,90) 3 (1,90)

  Use of implanted material during surgery 3,840 5.69 1,401 1.60 1,784 1.07
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post-operative MI: 0.16% for those with normal LHS 
and 1.29% for those with extended LHS [11]. Similarly, 
another investigation by Adogwa et  al. of adult patients 
aged 65 and older in the ACS NSQIP database who 
underwent certain SF procedures (n = 4730) from 2008 
through 2014 also found that patients with extended 
LHS had a higher incidence of post-operative MI: 0.06% 
for those with normal LHS and 1.18% for those with 
extended LHS [12]. In both studies, the authors stressed 
that much of the variation in LHS after spinal surgery 
was most likely due to differences in practice style or sur-
geon preference (as opposed to in-hospital complications 
or baseline comorbidities). In the same vein, Shen et al. 
conducted a retrospective cohort analysis of 254,640 
patients undergoing elective SF in the Nationwide Inpa-
tient Sample (NIS) from 2001 to 2005 and found that the 
IP of cardiovascular complications during hospitalization 
increased with age: 0.52% for those aged 20 to 24 years, 
0.52% for those aged 35 to 49 years, 1.06% for those aged 
50 to 64 years, 2.32% for those aged 64 to 74 years, and 
3.20% for those aged 75 years or more [13]; although we 
used different age categorizations, we too found a similar 
relationship between age and the incidence of post-oper-
ative AMI.

Moreover, Chung et  al. performed a retrospective 
cohort study of 15,618 patients undergoing elective SF in 
the ACS NSQIP between 2006 and 2013 and concluded 
that patients with metabolic syndrome had increased 
incidence of post-operative MI (0.5%) compared to those 
without metabolic syndrome (0.3%) [6]. Likewise, Mem-
stoudis et al. also investigated the relation between post-
operative MI and metabolic syndrome, but these authors 
used the NIS database from 1998 to 2008 and patients 
undergoing primary posterior lumbar fusion; nonethe-
less, Metmstoudis et  al. also found that patients with 
metabolic syndrome had increased incidence of post-
operative MI (0.6%) compared to those without meta-
bolic syndrome (0.3%) [14]. Although we did not look at 
this condition explicitly, metabolic syndrome is a com-
posite condition that includes diabetes; we found that 
patients with type 2 diabetes had increased incidence of 
post-operative AMI compared to those without type 2 
diabetes, so our finding is in line with the Chung et  al. 
and Memstoudis et al. studies. Lastly, Basques et al. per-
formed a retrospective cohort study of the ACS NSQIP 
database from 2005 to 2013 and examined post-oper-
ative MI among patients that underwent primary and 
revisional posterior lumbar fusion; the authors found 
the 30-day incidence of MI was similar among patients 
who underwent primary posterior lumbar fusion (0.3%) 
compared to patients who underwent revision posterior 
lumbar fusion (0.2%) [15]. This finding somewhat aligns 
with the association that we found: the 30-day incidence 

of AMI was 0.75% among patients who underwent revi-
sional SF and 0.48% among patients who did not undergo 
revisional SF. However, less than 600 patients underwent 
revisional SF in our cohort; therefore, the IP estimate 
may not be stable.

Total hip arthroplasty and total knee arthroplasty cohorts
Kreder et  al. evaluated 26,320 patients who underwent 
primary THA and TKA by performing a retrospective 
cohort study of administrative data in Ontario, Canada; 
the authors reported that the incidence of AMI increased 
with age among both THA patients (0.47% for those 
aged 65 to 79 years and 1.28% for those aged 80 years or 
greater) and TKA patients (0.45% for those aged 65 to 
79  years and 1.09% for those aged 80  years or greater) 
[16]. Likewise, Koenig et  al. performed a retrospective 
review of 306 patients who underwent revision THA; the 
authors found that the 90-day incidence of post-operative 
MI was 0.0% for those aged less than 65 years and 1.6% 
for those aged 65 to 79 years [17]. As was the case with 
SF cohort, we also found that the incidence of post-oper-
ative AMI increased with age in both the THA and TKA 
cohorts.

Moreover, Blum et al. conducted a retrospective cohort 
study of 17,385 patients that underwent primary TKA 
within the Pennsylvania Health Care Cost Containment 
Council data from 2001 to 2007; the authors found the 
30-day incidence of post-operative MI was 0.5% for white 
patients and 0.2% for black patients [7]; their finding runs 
slightly counter to our own as we found that 30-day IP 
of post-operative AMI was 0.33% for white patients and 
0.37% for black patients. However, it should be noted 
that these authors used only one ICD-9 code to define 
TKA (81.54), and that their analysis focused on one state 
as opposed to the entire US (which was the case in our 
study); nonetheless, we used virtually the same MI defi-
nitions [7]. With regards to sex-specific differences, 
Basques et al. performed a retrospective cohort study of 
elective THA and TKA patients using the NIS from 2002 
to 2011 and concluded that the odds of MI among males 
were 1.6 times the odds among females [18]; we found a 
similar relationship in that the men in our study gener-
ally had higher incidences of AMI compared to women 
across all risk windows for both THA and TKA.

Furthermore, Pulido et  al. performed an institu-
tional review of their prospective database of patients 
undergoing elective joint arthroplasty and identified 
15,383 patients who had THA or TKA; the authors 
found that the incidence of in-hospital MI was higher 
among revisional surgery than among primary surgery 
patients for both THA (0.35 vs. 0.16%) and TKA (0.62 
and 0.33%) [19]. We found an opposite association for 
both TKA (0.23% for revisional surgery and 0.26% for 
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non-revisional surgery) and THA (0.21% for revisional 
surgery and 0.32% for non-revisional surgery) during 
index hospitalization. However, it should be noted that 
their analysis comprised of one institution (as opposed to 
our hospital network-based analysis). Still, Khatod et al. 
performed a retrospective review of 17,080 primary and 
revisional TKAs at Southern California Kaiser Perma-
nente between 1995 and 2004 and found that the post-
operative incidences of MI were approximately the same 
for revisional and primary TKA [20], which is roughly 
in accordance with what was found for our TKA popu-
lation. Nonetheless, Mohamed et  al. conducted a retro-
spective cohort study of Medicare claims data in the year 
2000 to identify patients undergoing primary and revi-
sion TKA and determined that the 90-day incidence of 
post-operative MI was 0.8% for primary TKA and 1.0% 
for revisional TKA [21]. We again see that our 90-day 
incidence finding (0.39% for revisional TKA compared to 
0.43% for primary TKA) is not in line with the literature. 
Although Mohamed et al. also used a national database, 
they used both ICD-9 and Current Procedural Terminol-
ogy (CPT) codes to identify TKA and only looked at data 
for the year 2000 (as opposed to the eleven-year period 
analyzed here) [21].

Recurrent AMI
Although no studies looked at the incidence of post-
operative AMI among patients with a history of AMI, it 
is well-established that patients who survive an AMI epi-
sode have an increased risk of a future AMI [22]. Thus, 
our analysis (among those with a history of AMI) agree 
with such a relationship as we found that patients with 
a history of AMI had a drastically higher incidence than 
those without such a history; for example, the IP of post-
operative AMI during index hospitalization among the 
TKA cohort was 10.76% for those with a medical his-
tory of AMI compared to 0.19% for those without such 
a history.

Database considerations
It is noteworthy that our study used Optum EHR data-
base while most studies in the literature used NSQIP or 
NIS. Because of differences in these data sources, it may 
not be surprising that our results would not exactly align 
with the incidence information found in the literature. 
For instance, a 2016 study evaluated the variability in 
standard outcomes of posterior lumbar fusion between 
the University HealthSystem Consortium (UHC) and 
the NIS and found that the databases had similar patient 
populations undergoing posterior lumbar fusion, but that 
the UHC database reported significantly higher MI rates 
as well as longer lengths of hospital stay [23]. Another 
study by Jain et al. compared similar patient populations 

between a multicenter, surgeon-maintained database 
(SMD) and a Centers for Medicare & Medicaid Services 
claims database (MCD); the authors ultimately found 
that the incidence of post-operative AMI was slightly 
higher in the SMD (2.0%) than in the MCD (1.8%) [24].

Additionally, recent studies have also shown that cer-
tain variables have changed over time within both NIS 
and NSQIP [25–28]; thus, even comparisons within the 
same database can be fraught. For example, Shultz et al. 
reported that the 30-day incidence of post-operative MI 
among patients who underwent elective posterior lum-
bar fusion surgery with or without interbody fusion in 
the ACS NSQIP database changed from 0.25% over the 
period of 2005 to 2010 to 0.31% over the period of 2011 
to 2014 [26]. Moreover, Wolf et  al. conducted a retro-
spective review of Medicare beneficiaries who underwent 
primary or revisional THA between 1991 and 2008 and 
reported that the 90-day incidence of post-operative MI 
changed from 0.4% over the period of 1991 to 1993 to 
0.7% over the period of 2006 to 2008; the authors spec-
ulated that this elevation was likely due to an increase 
in medical comorbidities among patients as well as an 
increase in surgical complexity [29].

Strengths and limitations
The Optum EHR database has both inpatient and outpa-
tient data as well as a large sample size that enabled us to 
generate real-world incidence estimates that are general-
izable to a segment of the commercially insured US pop-
ulation (i.e., those in the Optum network). However, our 
patient population was selected to be relatively healthy, 
so this selection may affect the overall generalizability.

Nonetheless, this study provides additional informa-
tion about AMI in a variety of risk windows. Most studies 
identified in the literature analyzed AMI events during 
index hospitalization or in the 30- or 90-day risk win-
dows. Our study thus builds on previous work by not 
only estimating AMI incidences during index hospitali-
zation and the 30- and 90-day risk windows but also by 
generating data on AMI incidence in the 180- and 365-
day risk windows; it is important to have data in these 
longer risk windows to ensure no incident AMI events 
are missed (even though it is more likely for AMI to 
occur in the shorter risk windows). Lastly, our study adds 
to the existing literature about AMI incidence by pre-
senting such information in the form of incidence rates; 
most of the AMI incidence information in the literature 
is presented in the form of IPs (which can be more biased 
due to censoring for longer follow-up periods), and thus 
there is a paucity of data in the form of incidence rates.

Still, it must be noted that EHR data were originally 
developed to improve patient care/modernize bill-
ing procedures and thus were not designed as research 



Page 18 of 19Arena et al. Patient Saf Surg           (2021) 15:30 

resources. As a result, EHR data tend to have more miss-
ing data (when compared to data obtained from clini-
cal trials and/or prospective studies with primary data 
collection), and this missingness can potentially bias 
results [30]. However, given that elective surgery and 
AMI events generally require medical encounters, they 
would have been recorded in Optum EHR; therefore, the 
likelihood of missing information for these key variables 
would be very low. Like other studies utilizing second-
ary data sources without validation (e.g., medical chart 
review), exposure and outcome misclassification are pos-
sible. Furthermore, patients may have sought healthcare 
outside Optum EHR prior to the index surgery, so it is 
possible that a patient developed an AMI prior to the 
index surgery; similarly, some incident events may have 
been missed if a patient sought care outside the system 
after surgery.

Lastly, this study employed a descriptive analysis 
approach; thus, comparisons within stratified analy-
ses may be subject to confounding factors that were not 
properly controlled. As a result, these comparisons must 
be interpreted with caution. Future studies in this area 
should consider multiple regression modeling and/or 
multivariable stratification techniques to better account 
for potential confounding. Future researchers should also 
consider the impact of effect measure modification on 
their results.

Conclusion
This study estimated the incidence of AMI using an EHR 
database among adults undergoing elective SF, THA, and 
TKA during various post-operative risk windows and 
among different sub-groups. The IP of AMI following 
these elective procedures was generally highest among 
the SF cohort compared to the THA and TKA cohorts. 
When stratified by relevant demographic and clinical 
characteristics, we found that the IP of post-operative 
AMI was higher among patients who were older, male, 
with longer hospital stays, had a history of AMI, and had 
a history of diabetes. Future studies are warranted to 
confirm these findings via improved confounder control 
and to identify effect measure modifiers.
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