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BRIEF SUMMARY

We performed a survey using real cases to deterthenaccuracy of physician’s judgment in the
etiology of myocardial infarction (M) using intraxonary optical coherence tomography (OCT)
as the gold standard. Among 308 physicians, ovacalliracy to classify Ml as type 1 versus
type 2 was 60%. Overall chance-corrected agreebenieen physicians’ assessment and
intracoronary OCT was poor (kappa=0.05). Physiciabsity to differentiate type 1 versus type

2 Ml based on clinical information is limited.



ABSTRACT

Background: Physicians commonly judge whether a myocardiakatian (Ml) is type 1
(thrombotic) versus type 2 (supply/demand mismabeised on clinical information. Little is
known about the accuracy of physicians’ clinicalgament. We aimed to determine the
accuracy of physician’s judgment in the classifamabf type 1 versus type 2 Ml in perioperative

and non-operative settings.

Methods: We performed an online survey using cases fronOR&IMUS Study, which
investigated the prevalence of a culprit lesiomthibus based on intracoronary optical coherence
tomography (OCT) in patients experiencing MI. Fblircases, 2 perioperative and 2 non-
operative, were selected randomly, stratified igl@gy. Physicians were provided with the
patient’'s medical history, laboratory parametens] @electrocardiograms. Physicians did not have
access to intracoronary OCT results. Primary ouecwaas the accuracy of physicians'

judgement of Ml etiology as raw agreement betwedgysigians and intracoronary OCT findings.

Fleiss’ kappa and Gwet’s AC1 were calculated toestrfor chance.

Results: The response rate was 57% (308/536). Respondents62% male, median age was
45 years (SD+11), 45% had been in practice foryess. Respondents’ overall accuracy for Ml
etiology was 60% (95% confidence interval [Cl] 5B3#6), including 63% (95% CI 60%-68%)
for non-operative cases, and 56% (95% CI 52%-6@¥a)périoperative cases. Overall chance-

corrected agreement was poor (kappa=0.05), consesteoss specialties and clinical scenarios.



Conclusion: Physicians’ accuracy to determine Ml etiology lahse clinical information is
poor. Physicians should consider results from o&ting, such as invasive coronary

angiography, when determining Ml etiology.
INTRODUCTION

Myocardial infarction (M) is one of the leadingusses of mortality worldwidé&? In the
perioperative setting, Ml is one of the most comralmcal complications after noncardiac
surgery>* There is debate regarding the pathophysiologyedbperative M. Patients
undergoing noncardiac surgery are susceptiblertgpathetic nervous system activation,
tachycardia, bleeding, hypertension, and hypotensibich can lead to cardiac oxygen supply-
demand mismatch. Surgery also causes hypercodgylabd inflammation, which can trigger
platelet activation, plaque destabilization, ernsio rupture, leading to thrombus formation.
These mechanisms fall within different categoriethe Universal Definition of Ml, type 1

(thrombotic), or type 2 (supply-demand mismatth).

In the perioperative and non-operative setting, ithclear how accurate physicians are at
determining whether a non-ST segment elevationNBTEMI) is type 1 versus 2 based only on
clinical information. Physician’s judgment about &tiology often has implications for patient’s
management and may influence whether physician®optconservative versus an invasive

treatment strateg.

We previously conducted the OPtical coherence Toapddc IMaging of thrombUS
(OPTIMUS) Study to determine the prevalence oflar@uesion thrombus in patients
experiencing a perioperative NSTEMI as comparea ttatched cohort of patients experiencing

a non-operative NSTEMI, using intracoronary optimatherence tomography (OCTPCT is an



accurate intravascular imaging technique for thea®n of thrombus, and thus classification of
MI etiology.”® The main objective of this current study was ttetfaine the accuracy of
physicians’ judgment in the classification of NSTEiology (i.e., type 1 versus 2) in patients
diagnosed with NSTEMI in both perioperative and-operative scenarios using cases from the

OPTIMUS Study.

MATERIAL AND METHODS

Study Design

We undertook a cross sectional online survey stidtevaluated physicians' accuracy for

judgment of MI etiology using real cases from tHeTIMUS Study database.
Participants

From July 2017 to January 2018, we recruited aesgilogists, non-invasive and invasive
cardiologist, and general internists (i.e., thecgdists most commonly involved with
perioperative MIs) from 7 centres in Brazil, Canaalad Italy (Supplemental Table S1). We
excluded investigators involved in the design efshrvey, physicians originally involved in the
cases, physicians whose scope of practice didwhtde management of Ml and physicians on
leave (i.e., out-of-office message for more thandihths). Representatives of each specialty
were contacted by email and invited to participatde survey. Individuals were sent electronic
reminders every two weeks. To maximize the respoatgewe used a short questionnaire,
emphasized the relevance of the topic, offereddwige the survey results, and assured

confidentiality’®** Local leaders directly contacted non-respondenéitourage participation.

Data source



We developed cases for the survey from the OPTINBtifsly. The OPTIMUS Study was a
prospective cohort study of 60 patients (i.e., 80gmts who had a perioperative Ml and 30
patients who had a non-operative Ml) that used @GAging to determine the presence of
intracoronary thrombus. Full methods of the OPTIMSI8dy are published elsewhé&ria brief,
eligible patients were >18 years of age, experiéraeeMI| after noncardiac surgery or non-
operative Ml that fulfilled the Universal Definitioof MI° and underwent cardiac angiography
within 3 days of the event. For each includedquerative Ml patient, a non-operative Mi
patient was matched based on gender, age, and $G&mic changes. Patients were excluded
if they had an ST segment elevation myocardiakatian (STEMI), cardiac revascularization in

the prior 6 months, cardiogenic shock, or estimgtetherular filtration rate <35 mL/min.

After angiography, the culprit artery was identifior OCT imaging. OCT images were
evaluated by a core laboratory (Cardiovascular IntaGore Laboratory, case Western Reserve
University, Canada). Two independent interventi@aadiologists, blinded to whether patients
had suffered a perioperative or non-operative ENjawed all images and decided on the

presence or absence of intracoronary thrombus.

We randomly selected four cases from the OPTIMUSI\sthat underwent successful OCT
imaging and for which we had all the clinical pregs notes and consults, ECGs and troponin
results. We divided the OPTIMUS cases into fowmugs according to clinical scenario
(perioperative and non-operative MI) and accordmthe final Ml etiology based on OCT
results (type 1 and type 2 MI). We defined type liclses as the presence of thrombus at the
culprit lesion based on OCT, and type 2 Ml casdah@asbsence of thrombus or plaque rupture
in the culprit artery based on OCT. Then, we rangaualected one case from each group. We

pre-specified that in the event the selected caseat had complete clinical information, serial



troponin measurements, or an ECG, we would randgeiBct another case in that specific
subgroup. All four cases selected were considevatptete. Case details are provided in the
supplement material.

Primary outcome

The primary outcome was the accuracy of physicjadgiement of Ml etiology (type 1
versus type 2) based on the clinical informatiothaut knowledge of the OCT results. The

OCT findings were used as the gold standard.

Case assessment

Invited physicians received a login linked to aqu@ token to access the survey with full
documentation for all cases. Each token could led osly once. We used lime survey

(https://surveys.mcmaster.ca/limesurvey), which fiee access internet-based survey platform.

Each physician was invited to evaluate the caseshwirere presented in a random order unique
to each token. Respondents were blinded to caatigiography and OCT results. For each
case, physicians were provided with the originaistdting physicians’ progress and consultation
notes, ECG images and laboratory results, incluttmgpnins, until the day of cardiac
angiography. Physicians were invited to indicatetbr they believed the case was a type 1 or
type 2 MI. They were also asked to provide datéheir demographics including their clinical

practice. Details on consent form and questionraaieepresented in the Supplemental Material.

Survey development and testing

The questionnaire was developed by a multi-disegplf group of physicians who
planned, discussed, and built the final questiaerizased on the results of survey testing.

Feedback was collected to evaluate the contentismecto complete the questionnaire. Fourteen



out of seventeen invited physicians (including #mesiologists, cardiologists, and internists)
participated in the survey development. All surgengstions were presented and the group was
asked to judge the adequacy of documentation pedvidr the sample cases. Based on the
information obtained through the development prece® expected respondents could complete

a case within 5 minutes.

Statistical Analysis

We report number of physicians invited, reasonsf@lusion and response rate (number of
respondents/total invited who were eligible). Resfents’ characteristics are presented as
proportions for categorical variables, mean anddsded deviation (SD) for normally distributed
continuous variables and median and interquaditges (IQRs) for non-normally distributed
variables. We report overall clinical judgment@@cy as proportion of physicians’ answers
that were concordant with OCT findings, and its 9&8nfidence interval (Cl). A priori we
specified that we would report accuracy accordinglinical scenarios (i.e., perioperative and
non-operative), and the following physician chagastics: specialty (anesthesia; internal
medicine; and cardiology); years of clinical wofteacompleting training (<5; 5-15; >15); and
proportion of time dedicated to clinical practie20%, 21-50%, >50%). To estimate overall
accuracy and the accuracy by subgroup, and comdspp95% CI, we used log-binomial
generalized estimating equations (GEES) to accmumepeated measures per respondent. We
report the accuracy by single clinical scenaridh@i$% CI using generalized linear models
based on log-binomial distribution. We also expibifephysician and scenario characteristics
independently predicted the accuracy of clinicdigement in univariate and multivariable GEE
models. Variables included in the model definediarpwere the following: clinical scenario,

clinical specialty, years of clinical experienceddime dedicated to clinical practice. We



performed a post-hoc multivariate analysis inclgdime number of MI cases per year managed
by physiciansn the last 12 months. Additionally, we reporteihiclal judgment accuracy by

type 1 and type 2 MI.

Fleiss’ kappax) statistic was calculated for overall chance-atreggreement between
physicians and OCT findings on the determinatioMbgtiology? Fleiss’ k is the chance-
correct agreement measure for multiple raters, @/kalues close to zero indicate agreement no
better than by chance, and values close to onecargdered perfect agreement. Fleiss’ k values
were interpreted as follows: values greater th@b,0strong agreement; between 0.40 and 0.75
fair to good agreement; values less than 0.40, agrement; and less than 0, no agreertient.
We determined Kappa by specialty and by clinicahseio (perioperative and non-operative).

We reportk value and 95% CI.

To overcome the kappa paradox, when high ratergesgent can be translated into
misleading smaller kappa values, we also determ@wdt's AC1 analysi&.*® We interpreted

Gwet's AC1 analysis using the same parameterseissFk’>

Analyses were completed using SPSS version 17.G&Ad A version 12. We considered a

two-tailed p-value <0.05 statistically significant.

Ethical Considerations

The study protocol was approved by the Hamiltoedrated Research Ethics Board and all
participants signed an electronic informed congamb. All patient information was kept
confidential and all patient identifiers were reradvrom the source documents provided to
physicians. Physicians were not linked to theipoeses. All information was obtained using a

secure web-based system, and stored in anonynguegate form.



RESULTS

Survey respondents’ characteristics

Among 592 potential participants, 56 (9.5%) wereeigible. Figure 1 shows reasons for
exclusion. Response rate was 308 (57%). The priopast respondents by country and by
clinical specialty are presented in Supplementald&2. There were 1144 assessed cases, with
an average of 3.7 cases (minimum 1; maximum 4jgsgondent. Most physicians completed all
cases (88%). Respondents were 62% male, had amegkaof 45 years (SD+11). With respect
to specialty, 44% were anesthesiologists, 35% weeenists, and 21% were cardiologists.

Respondents’ characteristics are presented in Table

Accuracy of clinical assessment of Ml etiology

Figure 2 presents distribution of physicians' resgs by OCT-based Ml etiology and
physicians’ level of confidence in their judgeméorteach case. Overall accuracy of clinical
judgement (i.e., agreement between physicians &ib) @cross 1144 cases was 60% (95% CI
57%-63%). Accuracy was 63% (95% CIl 59.5%-67.5%nfam-operative Ml and 56% (95% CI
52%-60%) for perioperative MI. The majority of resigents were confident about their
assessments. Table 2 presents overall accuragcandacy according to Ml type by training
level and specialty. Overall Ml accuracy was simaacording to physician’s experience. Details
are provided in the supplemental material. In thiwariate analysis to predict physicians’
accuracy, only clinical setting (perioperative wsrsion-operative) was statistically significant
[Risk Ratio (RR) 0.88; 95% CI 0.80-0.97; p=0.018¢ne of the physician characteristics (i.e.,
clinical specialty, years of clinical experienceddime dedicated to clinical practice) were

associated with the level of accuracy, either endhivariate or in the multivariable model. The
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post-hoc analysis including the number of MIs mablgy physicians in the last 12 months did
not demonstrated different results. Details ofrthdtivariate analysis are presented in the

Supplemental material.

Fleiss’k statistic was 0.05 for overall chance-correct egrent between physicians and
OCT findings on the determination of Ml etiologyeiss’ k agreement was consistently poor by
clinical specialty, and by clinical scenario. Gvge8C1 values confirmed low chance-adjusted

agreement (Table 3).

DISCUSSION

This multicenter international survey demonstrg@iesr physicians’ overall accuracy (i.e.,
60%) for judging type 1 versus type 2 Ml based limcal data compared to OCT. Although
physicians’ accuracy to determine MI etiology wawér in the setting of perioperative Ml as
compared to non-operative Ml (RR 0.88; 95% CI 008®7), accuracy for non-operative Ml was
also poor (accuracy 63%). Our study demonstratgsaitcuracy to classify type 2 Ml is lower
than for type 1 MI (51% vs. 69%; p<0.001). Ovechlance-correct agreement between
physicians and OCT findings on the determinatioMbegtiology (type 1 versus 2) was poor
(k=0.05; Gwet’'s AC1 = 0.11), consistent acrossritie-operative and perioperative settings, and
different clinical specialties. Despite the lowcaracy and agreement beyond chance, most

physicians were confident in their judgment.

Interpretation

These findings demonstrated that physicians wergdd in their ability to predict beyond
chance the underlying etiology of NSTEMI based atigmts' clinical history, ECGs and

troponin levels. Indeed, studies have shown theggorce of ischemic features (e.g., ischemic

11



symptoms, ischemic ECG findings), and even trop&els are not predictive of NSTEMI

etiology?®

During the perioperative period, patients are eggds sympathetic activation that can
trigger hypertension, tachycardia, hyper-cataboksmmh subsequent increase in cardiac demand.
Moreover, surgery is associated with bleeding, bgpsion, and anemia resulting in a supply and
demand imbalanc&However, surgery also leads to hypercoagulabitifyfammation and
endothelial dysfunction, predisposing patientditombotic events. Several studies have
demonstrated the occurrence of type 1 MI, in 26%0% of patients with perioperative MT?°
Yet, some of these studies are limited by the iggaolequate methods to detect intracoronary
thrombus. The OPTIMUS Study used OCT and identifiedmbus at the culprit lesion in 13%
of patients who have experienced a perioperativadvtompared to 67% of those who
experienced a non-operative RMPhysicians should take into account prevalenddladtiology
in different clinical settings to guide diagnostigproachs and medical treatments. However, our
study demonstrated that even among specialiststiedmary care academic hospitals, a
significant proportion of patients suffering an Mére incorrectly classified without information

from an invasive coronary assessment.

Physician’s belief of whether an Ml is type 1 veyQuoften has important therapeutic
implications® If an Ml is thought to be type 1, the patientlwilore likely receive dual
antiplatelet therapy and anticoagulation. Convgrsiean Ml is deemed to be type 2, the patient
is more likely to receive general treatment forraige hypotension or the triggers believed to be
contributing to the ischemia process. In the penapve setting in particular, mostly as a result
of concerns for bleeding, patients with myocardiahemia are discharged from hospital with

limited cardiovascular secondary prevention treatiffeMoreover, if a physician assumes that a

12



perioperative Ml has occurred as a result of suggiynand mismatch, patients may not be
advanced for further risk stratification (i.e., @gyaphy and possible detection of plaques

required treatmenty’

The Coronary CTA VISION Study demonstrated that agnpatients experiencing a
perioperative Ml, 72% had >50% coronary obstructlisease, and only 4% had normal
coronaries on computed tomographic angiographyiimgefg A perioperative MI, regardless of
type 1 or type 2, might be an opportunity to idigndit risk patients with asymptomatic coronary
artery disease and offer medications with evidéaceecondary cardiovascular prevention, such
as aspirin, statins and ACE inhibitors. Recentig, MANAGE Triaf>?°demonstrated that an
intermediate-dose anticoagulation with dabigatféer @ perioperative myocardial injury
(including type 1 and type 2 MI) prevented majamdoavascular outcomes without increasing

major bleedings at a mean of 16 months of follow-up

Accuracy of diagnosing type 1 MI was significarttigher as compared to type 2 MI. These
results suggest physicians should be even moréutareen making the diagnosis of type 2 MI.
Physicians should not underestimate the impactps 2 Ml on short and long term outcomes in
both non-operative and perioperative settings.cd&mesystematic review and meta-analyses has
shown that among 25,872 patients, type 2 MI patibat almost 3 times higher inpatient, 30-
day and one year mortality, compared to those typie 1 MI. Operative stress was the most
common trigger of type 2 MI. Patients labeled gt MI were less likely referred to cardiac

angiography as compared with type 1 ¥1.

Strengths and Limitations

13



To our knowledge, this is the first study asses#egaccuracy of physicians’ judgment for
MI etiology in non-operative and perioperative isgfs. The strength of this study is the use of
real cases and the ability to compare physiciardggément based on clinical information with
OCT results. Physicians were exposed to scendnokasto those to which they are exposed in
daily clinical practice, where they commonly maleeidions on Ml etiology and determine next
steps in investigation and treatment. This is aicrritre study, in 7 institutions, with a
reasonable response rate, and most physicians etadg@ll survey cases. We randomized the

order of the cases to keep response rates similas®all cases.

This study has limitations. To minimize the lengftthe survey and increase the response
rate, only 4 cases were included. It is possikd¢ thses presented may not be representative of
the variety of patients seen in practice causingeasurement effect; however, we selected
random cases from the OPTIMUS Study. Also, in otdenclude perioperative and non-
operative settings, and type 1 and 2 etiologiesc#se prevalence in our sample (50% and 50%)
was different from the actual prevalence of types type 2 Ml in the perioperative setting. Some
physicians believe type 2 MI is more common thgrety Ml after noncardiac surget¥?’
Physicians were not aware of the stratificationt, given the low number of cases and the
purpose of the survey, they may have guessed eedistribution of cases in the survey across
settings and etiologies. This would have given ta®% probability to guess the etiology by
chance, which is close to the accuracy we eventt@lind. The reported confidence in their
responses, however, is a signal that they wersingdly guessing, but based their responses on a
believed knowledge. A substantial proportion of pihgsicians had not managed a considerable
number of Mis in the preceding year before the surtiowever, when our results were

restricted to just cardiologists, or to physiciani® had managed over than 30 Mis in the last

14



year, the overall accuracy of physicians’ judgem@atmpared to OCT did not improve

compared to the overall cohort.

Non-response effect could be an issue; however stody had a higher response rate than
many survey studies. Although OCT is arguably thst lobjective assessment of the Ml
etiology, it is not 100% accurate. Thrombus cowdsidhalready been dissolved in patients
classified as having had a type 2 MI; in the OPTI®M&tudy the mean days from Ml diagnosis to
OCT was 1.9 (standard deviation [SD], £1.1) dayshaperioperative MI group and 1.5 (SD
+0.7) days in the non-operative MI group. Some eesidhay believe that the Universal
Definition of MI angiography criteria for type 1 Mi.e., identification of a coronary artery
thrombus) is too restrictive and should be expandedclude identification of plaque rupture.
Although the definition of type 1 MI used in thisidy was identification of coronary artery
thrombus, none of the cases of type 2 MI usedignsitrvey had evidence of plaque rupture.

Finally, we measured the chance-corrected agreenased on Fleiss’ kappa that could
underestimate the agreement when there is a higlofagreement in one specific category.
However, Gwet's AC1 should be a more stable measiuagreement, as it is less affected by
prevalence and marginal probabiltOur survey demonstrated similar results with the t

measures, as expected when the prevalence of daegpe 1 and 2 Ml in our case) was 0.5.

CONCLUSIONS

Physicians’ capacity to accurately determine typersus type 2 Ml based on clinical
information is poor, consistent across differer@csglties, and for both perioperative and non-
operative MI. Physicians should take this informatinto account when making treatment
decisions based upon clinical assessment of tygeslis 2 MI. There is a need for additional

strategies to better define Ml etiology and to guitinical management.
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FIGURE LEGENDS

Figure 1. Participants flowchart.

Figure 2. Distribution of physicians’ responses (Panel A) skl of confidence (Panel B) by

case (%).
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Table 1. Participants’ characteristics

Respondent profile

Respondents (n=308)

Male (%)

Age - mean (SD)

Specialty (%)

Anesthesia

Cardiology

Interventional Cardiology

Internal Medicine

Years practicing specialty (%)

<5

5-15

>15

Country practicing medicine (%)

Brazil

Canada

Italy

Perioperative MIs managed in the last 12

190 (62)

45 (+11.1)

137 (44)

51 (17)

13 (4)

107 (35)

51 (17)

117 (38)

140 (45)

84 (27)

148 (48)

76 (25)




months (%)

None 75 (24)
1-9 142 (46)
10- 30 63 (21)
>30 28 (9)

Non-operative MIs managed in the last 12

months (%)

None 102 (33)
1-9 67 (22)
10- 30 65 (21)
>30 74 (24)

Time devoted to clinical practice (%)

<20% 41 (13)
20- 50% 49 (16)
>50% 218 (71)

Abbreviations: Ml — myocardial infarction



Table 2. Accuracy of physicians’ judgement comparedo intracoronary optical coherence

tomography.
Overall Type | Ml Type Il Ml p value
Accuracy % Accuracy %  Accuracy %
(95% CI) (95% Cl) (95% Cl)
Overall cases 60 (57 - 63) 69 (65 — 73) 51 (4755 <0.001
By clinical scenario
Non-operative 63 (60 - 68) 77 (73 - 82) 49 (&5 <0.001
Perioperative 56 (52 -60) 60 (54—66) 52 (&B) 0.057
By Specialty
Anesthesia 63 (58 - 69) 84 (76 — 91) 42 (32 -52) <0.001
Cardiology 59 (55-63) 61(55-67) 56 (50-62) 0.308
Internal Medicine 60 (55 - 65) 73 (67 —79) 40 (454) <0.001
By Years practicing specialty
<5 58 (51-66) 63(53—73) 53 (43-63) 0.161
5-15 60 (56 - 65)  75(69—81) 45 (39 -52) <0.00
>15 60 (56 - 65) 66 (60 -72) 54 (48 — 61) 0.010

By Time devoted to clinical




practice

<20% 60 (51-70) 58 (47-65) 62 (51— 73) 0.501
20- 50% 61(55-68) 75(66-84) 47(37-58) .08
>50% 60 (56 - 65) 69 (65— 74) 49 (44— 54) <0.00

Abbreviations: CI, confidence interval.



Table 3. Fleiss’ kappa (k) and Gwet's AC1 agreement

Group K (95% ClI) Gwet's AC1 (95% CI)
All 0.05 (-0.05, 0.16) 0.11 (-0.24, 0.46)
Specialty
General Cardiology 0.11 (-0.18, 0.39) 0.37 30100)
Interventional Cardiology 0.01 (-0.12, 0.13) 3(0.31, 0.57)
Internal Medicine 0.05 (-0.05, 0.15) 0.16 (-0.2649)
Anesthesia 0.04 (-0.05, 0.12) 0.04 (-0.07, 0.14)

Clinical setting
Perioperative cases 0.01 (0.01, 0.02) 0.027;@%62)

Non-perioperative cases 0.07 (-0.09, 0.24) 0200, 1.00)

Abbreviations: CI, confidence interval.



Potential Participants

N=592 Causes for non-eligibility

N =56 (9.5%)
15 Other specialty practice

v

\ 4

Eligible Participants 13 Local leaders

11 Not active/on leave > 6 months

N= 536 (90.5%)

8 Outpatient practice only
l 6 Research /administrative only

Respondents 3 Imaging/procedure practice only

N= 308 (57%)
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