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GLOSSARY
AIC = Akaike Information Criteria; ASA = American Society of Anesthesiologists; AUC = area under 
the curve; BALANCED = A Prospective, Randomized Clinical Trial of 2 Levels of Anesthetic Depth 
on Patient Outcome After Major Surgery; CCS = Clinical Classifications Software; CI = confidence 
interval; ENIGMA-II = Nitrous oxide and perioperative cardiac morbidity-II; HCUP = Healthcare 
Cost and Utilization Project; ICD-9 = International Classification of Diseases, Ninth Revision; MAP = 
mean arterial pressure; MINS = myocardial injury after noncardiac surgery; PACE = Preoperative 
Assessment Clearance Education; POD = postoperative day; POISE-2 = Perioperative Ischemia 
Evaluation-2; SD = standard deviation; TWA = time-weighted average; VISION = Vascular Events in 
Noncardiac Surgery Patients Cohort Evaluation Study

KEY POINTS
• Question: Is postoperative pain associated with myocardial injury after noncardiac surgery?
• Findings: In this retrospective cohort analysis of 2892 adults who had noncardiac surgery, 

higher time-weighted average pain score was associated with increased odds (estimated odds 
ratio for 1-unit increase in pain scores were 1.22; 95% confidence interval [CI], 1.09–1.38;  
P < .001) of myocardial injury.

• Meaning: Effective postoperative analgesia may reduce postoperative cardiovascular risk.

BACKGROUND: Uncontrolled pain after noncardiac surgery activates the sympathetic ner-
vous system, which causes tachycardia, hypertension, and increased cardiac contractility—all 
of which may increase myocardial oxygen demand. We therefore determined whether time-
weighted average pain scores over the initial 72 postoperative hours are associated with myo-
cardial injury after noncardiac surgery (MINS).
METHODS: We conducted a retrospective cohort analysis of adults with routine postoperative 
troponin monitoring after noncardiac surgery under general, regional, or combined anesthesia at 
tertiary level centers in Cleveland from January 2012 to December 2015. Time-weighted aver-
age pain scores were calculated from all the available pain scores, typically at 4-hour intervals, 
until a troponin elevation was detected. MINS was defined as peak troponin T concentrations 
exceeding 0.03 ng/mL within 72 hours after surgery. We used a generalized linear mixed model 
to assess the association between pain and MINS with 3 hospitals as clusters, adjusting for 
potential confounders.
RESULTS: Among 2892 eligible patients, 4.5% had myocardial injury within 72 hours after 
surgery. Higher time-weighted average pain scores were associated with increased hazard of 
myocardial injury. The estimated hazard ratio for a 1-unit increase in pain score was 1.12 (95% 
confidence interval [CI], 1.02–1.22; P = .013), adjusting for confounding variables.
CONCLUSIONS: Among patients undergoing noncardiac surgery, time-weighted average pain 
scores within 72 hours after surgery were significantly associated with myocardial injury.  
(Anesth Analg 2020;131:822–9)
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About 320 million surgeries are performed each 
year worldwide.1 Despite advances in clinical 
monitoring and perioperative care, 1%–2% of 

these patients die within the first 30 days after sur-
gery, making mortality in the month after surgery 
the third-leading cause of death in the United States.2 
Peak postoperative cardiac troponin is strongly asso-
ciated with 30-day mortality, and risk is nearly as 
great without as with clinical symptoms.3,4 Hence, 
elevated troponin concentrations in patients who do 
not fulfill traditional diagnostic criteria of myocardial 
infarction are designated as having myocardial injury 
after noncardiac surgery (MINS).

Surgical stress activates the sympathetic nervous 
system, which increases plasma catecholamine con-
centrations5,6 and provokes tachycardia and myocar-
dial oxygen demand. Studies using serial troponin 
measurements demonstrate that 94% of MINS occurs 
within the initial 2 postoperative days (POD),4 coin-
ciding with the time of greatest postoperative stress.7 
Uncontrolled pain also contributes to postoperative 
sympathetic nervous system activation, and conse-
quent tachycardia and hypertension may impair cor-
onary perfusion by unbalancing oxygen supply and 
demand or by rupturing coronary plaque via shear 
stress.8

There are thus multiple mechanisms by which 
uncontrolled postoperative pain might provoke 
cardiovascular complications, including MINS.8–14 
However, the association between acute postopera-
tive pain and postoperative cardiovascular complica-
tions has yet to be formally evaluated. We therefore 
tested the hypothesis that time-weighted average 
(TWA) pain scores over the initial 72 postoperative 
hours are associated with MINS.

METHODS
This is a retrospective observational study. The 
Cleveland Clinic Institutional Review Board waived 
the requirement for written informed consent and 
approved this study. We evaluated electronic medical 
records of Cleveland Clinic Main Campus, Hillcrest 
Hospital, and Fairview Hospital in-patients who had 
routine postoperative troponin monitoring after non-
cardiac surgery from January 2012 to December 2015 
with general, regional, or combined anesthesia. Each 
of the 3 hospitals is located in greater Cleveland and 
serve similar populations.

Our analysis was restricted to patients who 
had scheduled postoperative troponin monitor-
ing, rather than troponin sampling in response to 
symptoms or clinical signs. Specifically, we included 
patients enrolled in 4 large prospective studies: 
Vascular Events in Noncardiac Surgery Patients 
Cohort Evaluation Study (VISION),3 Perioperative 
Ischemia Evaluation-2 (POISE-2),15 Nitrous Oxide and 

Perioperative Cardiac Morbidity-II (ENIGMA-II),16 
and A Prospective, Randomized Clinical Trial of 2 
Levels of Anesthetic Depth on Patient Outcome After 
Major Surgery (BALANCED).17 All patients were 
≥45 years of age and had at least overnight hospital 
admission after noncardiac surgery. Participants in 
the BALANCED trial were ≥60 years old, American 
Society of Anesthesiologists (ASA) physical status 
III or IV, and stayed at least 2 nights after noncardiac 
surgery lasting ≥2 hours. All participants had known 
or suspected cardiovascular disease. All patients 
enrolled in ENIGMA-II and BALANCED trial had 
general anesthesia, but regional and combined anes-
thesia was otherwise permitted. The protocols for 
VISION, POISE-2, and ENIGMA-II required that all 
participants had fourth-generation troponin T test-
ing 6–12 hours after surgery and on the first, second, 
and third PODs. Participants of BALANCED trial 
had fourth-generation troponin T drawn on first and 
second days after surgery. We also included patients 
from the colorectal database of the Cleveland Clinic 
Health System. Starting 2015, moderate-to-high risk 
patients having colorectal surgery at the Cleveland 
Clinic have been routinely screened for MINS with 
fourth-generation troponin T on the first and second 
days after surgery.

We excluded patients who had fourth-generation 
troponin T exceeding 0.03 ng/mL within 3 days before 
surgery and those who had nonischemic reasons for 
troponin elevation (Supplemental Digital Content, 
Appendix, Table 1, http://links.lww.com/AA/D130).  
We also excluded patients who had incomplete base-
line data or did not have pain scores recorded in the 
electronic medical record.

Measurements
Postoperative pain was evaluated using a discrete 
scale 0–10 (0 = no pain, 10 = worst pain imagin-
able) every 15 minutes up to 2 hours after surgery 
in the postanesthesia recovery unit and then every 4 
hours for 48 hours by ward nurses. TWA pain scores 
were calculated by trapezoidal method from all the 
available pain scores until a troponin elevation was 
detected or discharge, whichever came first. The gap 
between the last assessment and MINS/discharge 
time was not included in TWA calculation. For the 
primary outcome of postoperative MINS, we defined 
MINS as any available troponin T concentration ≥0.03 
ng/mL occurring within 72 hours after surgery or 
discharge, whichever occurred earlier. When patients 
were discharged before 72 hours without an abnor-
mal troponin, we assumed that myocardial injury did 
not occur.

Baseline characteristics and surgery information 
were all retrieved from electronic medical records. 
We defined preexisting medical conditions using 
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International Classification of Diseases, Ninth Revision 
(ICD-9), billing codes and included only those fulfilling 
at least one of the following: (1) appeared in the patient 
“problem list” with a date preceding the date of sur-
gery, (2) appeared in an ICD-9 list before the index sur-
gery, or (3) were flagged as a chronic  ICD-9 condition 
based on the Healthcare Cost and Utilization Project 
(HCUP) definitions. Comorbidities were further sum-
marized using Elixhauser Comorbidity Software (ver-
sion 3.7; Agency for Healthcare Research and Quality, 
Rockville, MD) as a part of HCUP tool from ICD-9-CM 
diagnosis codes for all patients. Intrinsic cardiac risk 
was defined as the odds ratio relative to the statisti-
cally estimated average procedure.18

Preoperative medication was defined as any 
medication used within 30 days before the sur-
gery. We searched both records from pharmacy at 
Cleveland Clinic and information from Preoperative 
Assessment Clearance Education (PACE) Clinic to 
retrieve medication data. Surgery type was summa-
rized using Clinical Classifications Software (CCS), 
as a part of HCUP, from ICD-9-CM procedure codes. 
Intraoperative hypotension was measured as area 
under the curve (AUC) of mean arterial pressure 
(MAP) <65 mmHg.

Statistical Analysis
As we originally planned, we used a generalized linear 
mixed model to assess the association between pain 
and MINS with 3 hospitals as clusters, adjusting for 
all variables listed in the Table. The full model results, 
including odds ratios and P values, for all covariates 
in the model are in Supplemental Digital Content, 
Appendix, Table 2, http://links.lww.com/AA/D130. 
Because the relationship between TWA pain score and 
the probability of MINS could be nonlinear, we added 
cubic spline term with 3 knots at 25th, 50th, and 75th 
percentiles in the regression model. If the model fit 
was not improved based on Akaike Information 
Criteria (AIC) or if the predicted values showed an 
approximately linear trend, we would assume a lin-
ear relationship between TWA pain score and MINS 
by fitting a logistic regression model with TWA pain 
score as a linear term. Otherwise, we would report 
the results from logistic regression model with cubic 
spline term of TWA pain scores. Furthermore, we used 
a fractional polynomial model, which accommodates 
different forms of curvilinear relationships, to inves-
tigate a possible nonlinear functional relationship in 
a closed test procedure (RA2 algorithm).19 We set a 
backward selection level of 0.1 and allowed a maxi-
mum power of 2 for the function of TWA pain score.20

However, considering that the follow-up time of 
pain scores was different among patients with and 
without MINS, we used a survival model to analyze 
the association between pain and MINS to address the 

potential bias and presented this result as our primary 
finding. Specifically, we used the TWA pain score on 
each day before any MINS as a time-varying covariate 
in a Cox proportional hazard survival model under 
the framework of competing risks.21,22 For patients 
with MINS within 72 hours after surgery, we used 
the earliest time of MINS as their event time; patients 
without MINS and discharged before 72 hours after 
surgery were censored at discharge time as hav-
ing competing risk; patients who did not experience 
MINS and remained in hospital were censored at POD 
3. Daily TWA pain score was included in the model 
as a time-varying covariate, while other confounding 
variables were included as fixed covariates. We used 
a shared frailty model for hospitals as clusters. The 
cause-specific hazard ratio was reported to assess the 
association between pain and MINS.

As a sensitivity analysis, we assessed the associa-
tion between the highest pain score and postoperative 
MINS using the same method.

All analyses were completed using a significance 
level of 0.05. SAS software version 9.4 (SAS Institute, 
Cary, NC) was used for this analysis.

Power Consideration
A priori, we expected to have 90% power at the 0.05 
significance level to detect an odds ratio of at least 
1.10 for MINS for every 1-unit increase in TWA pain 
score. We calculated this assuming that 3000 patients 
would be available for analysis, an incidence of 8% for 
MINS, and mean (standard deviation [SD]) of TWA 
pain score of 6 (3) during the first 72 hours.

RESULTS
A total of 4068 surgeries met study inclusion criteria 
from 2012 to 2015, of which 2892 were eligible for our 
analysis (Figure  1). The mean number of pain mea-
surements across all patients was 20, with an SD of 8. 
Troponin was measured 2–4 times for 87% patients, 
while 8% of patients had only 1 troponin measure-
ment and 5% of them had more than 4 measurements. 
Overall, 130 (4.5%) included patients had MINS 
within 72 hours after surgery. Specifically, 35 patients 
developed MINS on the day of surgery; 44 developed 
MINS on POD 1; 37 developed MINS on POD 2; and 
14 developed MINS on POD 3. There were 454 (16%) 
patients who were discharged without MINS before 
POD 3. Patients are summarized on potentially con-
founding baseline and procedural characteristics with 
or without postoperative MINS in the Table. The mean 
of TWA pain scores was 4.1 (SD = 1.8) among patients 
without postoperative MINS and 4.5 (SD = 2.0)  
among patients with MINS. Figure 2 presents the dis-
tribution of TWA pain scores.

We modeled the association between TWA pain 
scores and postoperative MINS with cubic splines 
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Table. Patient Characteristics

Factor
Total  

(N = 2892)
Without MINS  

(N = 2762)
With MINS  
(N = 130)

Age (y) 60 ± 15 59 ± 15 70 ± 11
Gender, female (%) 1389 (48) 1338 (48) 51 (39)
Race (%)    
 Caucasian 2556 (88) 2444 (88) 112 (86)
 African American 247 (9) 235 (9) 12 (9)
 Other 89 (3) 83 (3) 6 (5)
BMI (kg/m2) 29 ± 7 29 ± 7 29 ± 7
ASA physical status (%)    
 I, II 809 (28) 799 (28) 10 (8)
 III 1907 (66) 1814 (66) 93 (72)
 IV 176 (6) 149 (5) 27 (21)
Comorbidity    
 Congestive heart failure (%) 133 (5) 114 (4) 19 (15)
 Peripheral vascular disease (%) 215 (7) 180 (7) 35 (27)
 Hypertension (%) 1660 (57) 1552 (56) 108 (83)
 Chronic pulmonary disease (%) 472 (16) 449 (16) 23 (18)
 Diabetes without chronic complications (%) 609 (21) 560 (20) 49 (38)
 Renal failure (%) 117 (4) 98 (4) 19 (15)
 Metastatic cancer (%) 194 (7) 185 (7) 9 (7)
 Coagulopathy (%) 105 (4) 93 (3) 12 (9)
 Depression (%) 472 (16) 450 (16) 22 (17)
 Fibromyalgia (%) 288 (10) 269 (10) 19 (15)
 Chronic pain (%) 300 (10) 283 (10) 17 (13)
 Substance abuse (%) 166 (6) 160 (6) 6 (5)
History of    
 Coronary artery disease (%) 578 (20) 509 (18) 69 (53)
 Myocardial infarction (%) 130 (4) 92 (3) 38 (29)
 Cardiac surgery (%) 254 (9) 225 (8) 29 (22)
Preoperative medication for    
 Cardiac disease (%) 1509 (52) 1414 (51) 95 (73)
 Pain (%) 1852 (64) 1758 (64) 94 (72)
Preoperative laboratory    
 Hemoglobin (g/dL) 13 ± 2 13 ± 2 13 ± 2
 Creatinine (mg/dL) 0.9 ± 0.3 0.9 ± 0.2 1.0 ± 0.4
Surgery year (%)    
 2010 50 (2) 46 (2) 4 (3)
 2011 263 (9) 252 (9) 11 (8)
 2012 718 (25) 680 (25) 38 (29)
 2013 511 (18) 477 (17) 34 (26)
 2014 93 (3) 83 (3) 10 (8)
 2015 1257 (43) 1224 (44) 33 (25)
Facility (%)    
 Main campus 2797 (97) 2676 (97) 121 (93)
 Fairview 20 (0.7) 17 (0.6) 3 (2)
 Hillcrest 75 (3) 69 (2) 6 (5)
Surgery type by organ (%)    
 Digestive system 1737 (60) 1676 (61) 61 (47)
 Musculoskeletal system 605 (21) 565 (20) 40 (31)
 Nervous system 173 (6) 165 (6) 8 (6)
 Urinary system 166 (6) 156 (6) 10 (8)
 Other 211 (7) 200 (7) 11 (8)
Surgery duration (min) 234 [173, 316] 233 [172, 314] 264 [181, 362]
Cardiac risk (%)    
 Low 259 (9) 248 (9) 11 (8)
 Intermediate 455 (16) 432 (16) 23 (18)
 High 1572 (54) 1498 (54) 74 (57)
 Unknown 606 (21) 584 (21) 22 (17)
Intraoperative information    
 AUC MAP <65 mmHg (mmHg*min) 15 [0, 65] 14 [0, 63] 45 [4, 114]
 Transfusion (%) 224 (8) 189 (7) 35 (27)
 Epidural use (%) 121 (4) 113 (4) 8 (6)
 Steroids use (%) 1363 (47) 1322 (48) 41 (32)

Summary statistics presented as mean ± SD, median [P25, P75], or N (%).
Abbreviations: ASA, American Society of Anesthesiologists; AUC, area under the curve; BMI, body mass index; MAP, mean arterial pressure; MINS, myocardial 
injury after noncardiac surgery; SD, standard deviation.
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of TWA pain scores in a logistic regression model, 
adjusted for confounding variables in the Table. As 
presented in Figure 2, the major relationship between 
TWA pain scores and the predicted value of MINS 
showed a monotonic increase, which was approxi-
mately linear. The spline model showed a decreasing 
trend from 0 to 1 in pain scores and a rapid increase 
from 9 to 10. Considering that the trends at each end 
were likely random events due to limited sample size, 
we assumed an overall linear trend. Moreover, only 
the linear form of TWA pain scores was selected in 
the fractional polynomial model. Finally, to better 
interpret the relationship and avoid overfitting, we 
simplified the model by using a linear form of TWA  
pain scores.

Primarily, we found higher daily TWA pain score 
was associated with increased hazard of postopera-
tive MINS. One unit increase in TWA pain score on 
each day was associated with an estimated hazard 
ratio of 1.12 (95% confidence interval [CI], 1.02–1.22;  
P = .013), adjusted for all confounding variables.

The conclusion was consistent with our original 
planned logistic regression model. Higher TWA pain 
score was associated with increased odds of MINS. 
The estimated odds ratio for 1-unit increase in pain 
score was 1.22 (95% CI, 1.09–1.38; P < .001), adjusting 
for all variables in the Table.

As an alternative method to characterize pain 
scores, we grouped TWA pain scores into 6 bins and 
estimated the odds ratios of MINS comparing higher 

pain groups to the lowest pain group. Supplemental 
Digital Content, Appendix, Figure 1, http://links.
lww.com/AA/D130, shows the estimated probabil-
ity of MINS for each group and Supplemental Digital 
Content, Appendix, Table 3, http://links.lww.com/
AA/D130, presents the estimated odds ratio of MINS, 
adjusted for confounding variables listed in the Table. 
The variability of the odds ratios was high due to the 
limited number of events in each category. But we still 
observed a positive association between postopera-
tive pain and MINS overall. The patients with TWA 
pain scores between 5 and 6 and above 6 both had 
significantly higher odds of MINS comparing to the 
patients with pain lower than 2.

We did a sensitivity analysis to assess whether 
extreme pain is associated with MINS by using the 
highest recorded pain score for each patient in a 
logistic regression model. The association between 
highest pain score and postoperative MINS was not 
significant (OR = 0.96; 95% CI, 0.87–1.05; P = .36), 
after adjusting for confounding variables. We did an 
additional analysis to assess the association between 
AUC of pain score >5 per pain monitoring hour and 
postoperative MINS. The adjusted OR of MINS asso-
ciated with 1-unit increase in pain was 1.29 (95% CI, 
0.99–1.68; P = .062). Higher level of pain score >5 was 
not significantly associated with MINS but showed an 
increasing trend.

DISCUSSION
The surgical stress response and consequent physi-
ological derangements pose a unique challenge to 
postoperative patients. Most clinicians and patients 
expect some degree of acute pain after surgery. Our 
results suggest that the consequences of postoperative 

Figure 1. Study flow diagram. ASA indicates American Society of 
Anesthesiologists; BMI, body mass index; ICU, intensive care unit.

Figure 2. Relationship between TWA pain scores and the predicted 
value of MINS and the distribution of TWA pain scores. MINS indi-
cates myocardial injury after noncardiac surgery; TWA, time-weighted 
average.

http://links.lww.com/AA/D130
http://links.lww.com/AA/D130
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pain may extend beyond patient comfort. High TWA 
pain scores over the first 3 PODs were associated with 
greater risk of myocardial injury compared to lower 
pain scores. After adjusting for known confounders, 
each 1-point increase in average pain score increased 
the odds of myocardial injury by 22%—an amount 
that is of considerable clinical importance.

Our results are generally consistent with Beattie et 
al,23 who reported that patients who requested paren-
teral morphine for pain had 4 times the risk of myo-
cardial ischemia and tachyarrhythmias than those 
whose pain was well controlled with epidural analge-
sia. A Cochrane review of 15 trials conducted between 
1987 and 2009, which included a total of 1498 partici-
pants, also demonstrated that epidural analgesia low-
ered pain scores and reduced the risk of myocardial 
infarction in patients recovering from abdominal 
aortic repair.24 Similarly, a trial by Mohamad et al25 
showed that thoracic epidural analgesia significantly 
reduced the incidence of myocardial injury and ame-
liorated pain compared with parental analgesia after 
major abdominal surgery. Thus, while these studies 
show that patients with well-controlled postoperative 
pain are less likely to experience myocardial injury, 
it remains unclear whether the apparent benefit can 
be attributed to the direct sympatholytic effect of epi-
dural analgesia on myocardium or to analgesia per 
se. Epidural analgesia controls heart rate and MAP 
during and after surgery better than general anesthe-
sia, consequently improving coronary blood flow.25 
Our results extend previous findings by showing 
that good analgesia is associated with a substantially 
reduced risk of myocardial infarction.

That postoperative pain contributes to MINS 
is perhaps unsurprising since pain activates the 
sympathetic nervous system and stress response. 
Hypertension,26 tachycardia,27,28 and increased con-
tractility28—all of which are consequent to pain—also 
increase myocardial work and oxygen consumption. 
Sympathetic nervous system activation provokes 
alpha-mediated coronary vasoconstriction, which 
decreases myocardial oxygen supply.29,30 Increased 
ventricular contractility may augment shear stress 
on preexisting coronary plaques, which could prop-
agate the risk of plaque rupture, thrombosis, and 
myocardial injury.8 The sympathetic nervous system 
also activates coagulation substrates (fibrinogen, 
Von-Willebrand factor) and platelets, while simulta-
neously decreasing fibrinolytic activity to produce 
a net hypercoagulable state,9,10 increasing the risk of 
coronary thrombosis. Pain also activates the renin–
aldosterone–angiotensin system, potentially lead-
ing to myocardial injury.11–14 Angiotensin II increases 
heart contractility and peripheral vasoconstriction, 
which increases cardiac workload but simultaneously 
decreases myocardial perfusion by inducing direct 

coronary vasoconstriction,31 resulting in oxygen 
demand and supply imbalance. Angiotensin II also 
causes direct endothelial injury,32 which is linked to 
acute myocardial events.33

Aside from postoperative pain activating the sym-
pathetic nervous system and the renin–aldosterone–
angiotensin system, it is undoubtedly an unpleasant 
experience that can cause anxiety and emotional 
stress, which may also contribute to acute myocar-
dial events.30,34 These proposed mechanisms suggest a 
possible link between pain, sympathetic nervous sys-
tem activation, and MINS.

Our sensitivity analysis, somewhat surprisingly, 
did not identify an association between each patient’s 
highest pain score and myocardial injury. This lack 
of association is in distinct contrast to the highly sta-
tistically significant and clinically important associa-
tion between average pain scores and MINS. It thus 
appears that a single episode of extreme breakthrough 
pain is less harmful than poorly managed pain over 
some days. Alternatively, patients with low average 
pain scores may never have experienced even a single 
high-pain episode.

Our sample consisted of patients who had surgery 
at 3 hospitals within the Cleveland Clinic system and 
included patients with ASA physical status I–IV who 
had a wide range of surgeries. Our results are thus 
more generalizable than previous studies that were 
restricted to high-cardiac risk patients. Importantly, all 
of our patients had routine troponin screening, thus 
minimizing the risk of undiagnosed myocardial injury, 
which is asymptomatic in more than 90% of cases.4

As with all observational studies, there is surely 
a degree of unobserved confounding. For example, 
some unadjusted confounding variables, includ-
ing opioid use, postoperative hypotension, changes 
in blood pressure and heart rate, use of nonsteroi-
dal analgesics, and use of beta blockers might have 
impacted our results. Additionally, the protocol for 
postoperative pain management varied among sur-
gical services and by type of surgery. However, most 
patients experiencing pain after surgery were man-
aged by a multimodal approach, including a combi-
nation or neuraxial blocks, peripheral nerve blocks, 
patient-controlled analgesia, intravenous and oral 
opioids, and nonsteroidal anti-inflammatory drugs. 
Although we adjusted for cardiovascular risk factors 
and excluded patients with nonischemic reasons for 
troponin elevation, some residual bias from uncon-
trolled variables surely remains. Another limitation 
of our study is that we included MINS but no other 
postoperative cardiovascular complications as an 
outcome. Furthermore, our follow-up period was 
restricted to the hospital period, which precluded 
identifying late cases of MINS. However, 94% of MINS 
occurs within the first 48 hours after surgery.35 As in 
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any registry analysis, misclassification of exposures 
and inaccuracies in billing codes may have degraded 
our results.

Another limitation is related to our statistical mod-
eling of the relationship between pain and MINS. 
The trajectory of pain score might be associated with 
postoperative MI, but we considered only average 
and peak levels. Moreover, as troponin was measured 
daily, MINS was actually observed in an interval-cen-
sored manner. Thus our survival model might have 
potential bias to the extent that underlying conditions 
or clinical responses prompted more frequent tropo-
nin assessments in some patients. We cannot establish 
a causal relationship between pain and MINS.

A randomized trial would be ideal to control for 
the extensive array of baseline and confounding fac-
tors that might confound the observed association 
between postoperative pain and myocardial injury. 
But from an ethical perspective, it will be difficult 
or impossible to randomize thousands of patients to 
well- or poorly controlled postoperative pain.

In summary, we observed an association between 
postoperative pain scores and probability of MINS 
within the first 72 hours after noncardiac surgery, after 
adjustment for many potential confounding factors. 
Pain is a largely preventable consequence of surgery, 
with numerous pain control and prevention measures 
being available. Additional benefit of effective postop-
erative pain control on postoperative cardiovascular 
risk needs to be investigated in larger clinical trials. E
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