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ABSTRACT
Background: Myocardial injury after noncardiac surgery (MINS) is
associated with an increased incidence of cardiac morbidity and
mortality. Little is known about how these patients are managed.
Methods: We performed a single-centre retrospective chart review of
patients referred to a postoperative clinic with the diagnosis of MINS.
Patients were included if they attended the clinic at least once be-
tween September 2018 and December 2019. We extracted preoper-
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R�ESUM�E
Contexte : Les l�esions myocardiques après une intervention chir-
urgicale non cardiaque (LMIN) augmentent le risque de morbidit�e
cardiaque et de mortalit�e. On ne sait pas grand-chose sur la manière
dont ces patients sont pris en charge.
M�ethodologie : Nous avons proc�ed�e à une �etude r�etrospective des
dossiers de patients d’un seul centre qui avaient �et�e orient�es vers une
clinique postop�eratoire après avoir reçu un diagnostic de LMIN. Les
Myocardial injury after noncardiac surgery (MINS) is defined
as an elevation in troponin level deemed to be ischemic in
nature within the first 30 days after noncardiac surgery.1,2

Routine postoperative monitoring has demonstrated that
MINS is common after inpatient noncardiac surgery (up to
18%) and, even when it is not associated with ischemic
symptoms or electrocardiographic changes, is associated with
increased risks of both short-term and long-term morbidity
and mortality.1 A survey of physicians involved in the care of
patients with MINS showed that substantial variability was
present in provider preferences for using cardiac risk-
stratification testing and prescribing cardiovascular preventa-
tive medications.3 Furthermore, although 90% of survey re-
spondents agreed that a follow-up visit with a specialist within
1 to 2 months was appropriate for patients with MINS, a lack
of consensus had been reached regarding the need for a
longer-term follow-up.3 Variabilities in practice preferences
could reflect a lack of certainty regarding how patients with
MINS should be managed optimally, or different perceptions
of the long-term risk of adverse outcomes of these patients.

Few studies in the literature have described how patients with
MINS are managed while they are in the hospital; even less is
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ative, in-hospital, and postdischarge data on cardiac investigations and
medication use.
Results: Of the 152 patients with MINS who were included, 34% had a
history of coronary disease before MINS. The median peak high-
sensitivity troponin I (hsTnI) level was 122 ng/L (interquartile range,
51e259), and 78% had no associated ischemic symptoms or elec-
trocardiographic changes. Patients underwent echocardiography and
nuclear stress imaging in 87% and 30% of cases, respectively. Of
those who had cardiac investigations performed and no prior history of
coronary artery disease, 23% (19 of 84) had � 1 regional wall-motion
abnormality on echocardiogram, and 39% (13 of 34) had evidence of
ischemia on nuclear stress imaging. More patients were prescribed an
antithrombotic and lipid-lowering drug at discharge (79%) and at their
final clinic visit (86%), compared to the number before surgery (30%).
A total of 57% of patients had changes made to � 1 cardiovascular
medication during clinic follow-up.
Conclusions: Patients with MINS followed in a postoperative clinic
frequently had abnormal cardiac investigations and received medical
optimization. Our findings suggest that postoperative clinics may
represent an opportunity for risk mitigation after MINS, a possibility
that deserves further evaluation.

patients retenus devaient avoir fr�equent�e la clinique au moins une fois
entre septembre 2018 et d�ecembre 2019. Nous avons extrait les
donn�ees sur les examens cardiaques et la m�edication avant l’inter-
vention, à l’hôpital et après le cong�e de l’hôpital.
R�esultats : Parmi les 152patients de l’�etude pr�esentant une LMIN, 34%
avaient des ant�ec�edents de coronaropathie avant la LMIC. Le taux
maximal m�edian de troponine I hypersensible �etait de 122 ng/L (�ecart
interquartile : 51e259), et 78 % des patients ne pr�esentaient aucun
symptôme isch�emique ni aucun changement à l’�electrocardiogramme.
De plus, 87 % des patients se sont prêt�es à une �echocardiographie et 30
%, à un examen d’imagerie nucl�eaire à l’effort. Parmi les patients qui se
sont prêt�es à des examens cardiaques et qui n’avaient pas d’ant�ec�edents
de coronaropathie, 23 % (19 patients sur 84) pr�esentaient� 1 anomalie
localis�ee du mouvement pari�etal à l’�echocardiogramme, et 39 % (13
patients sur 34), des signes d’isch�emie à l’examen d’imagerie nucl�eaire à
l’effort. Les patients ont �et�e plus nombreux à se voir prescrire un antith-
rombotique et un hypolipid�emiant au moment du cong�e de l’hôpital (79
%) et lors de leur dernière visite en clinique (86 %) qu’avant l’intervention
chirurgicale (30 %). Au moins un m�edicament cardiovasculaire a �et�e
chang�e pendant le suivi clinique chez 57 % des patients au total.
Conclusions : Les patients pr�esentant une LMIN suivis dans une
clinique postop�eratoire ont souvent obtenu des r�esultats anormaux
aux examens cardiaques et leur traitement m�edicamenteux a �et�e
optimis�e. Les r�esultats de notre �etude indiquent que les cliniques
postop�eratoires offrent la possibilit�e d’att�enuer les risques en cas de
LMIN, ce qui m�erite une �evaluation plus pouss�ee.
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known about the care they receive after they are discharged.4-6

To further elucidate this subject, we performed a retrospective
chart review of patients who were diagnosed with MINS and
referred to a postoperative clinic at a tertiary-care hospital in
Hamilton, Canada. The primary objective of our study was to
describe the use of cardiac investigations and medications in
patients with MINS, both at the time of their hospital discharge
and during their follow-up at the postoperative clinic. A sec-
ondary objective was to explore the yield of cardiac investigations
for evidence of cardiac ischemia or infarction.
Methods
We undertook a single-centre retrospective chart review of

patients with MINS who were referred to a postoperative
medicine clinic established at the Juravinski Hospital (Ham-
ilton, Ontario, Canada) in September 2018 and had attended
the clinic at least once. At the time of this study, the clinic
most typically received referrals for patients with MINS;
however, patients could be referred for other common post-
operative medical complications also (eg, atrial fibrillation,
hypertension, diabetes optimization).

Patients diagnosed with MINS at the Juravinski Hospital
were referred routinely by treating physicians to the post-
operative clinic as part of a clinical care pathway. A minority
of patients also were referred to the clinic from another
tertiary-care facility, the Hamilton General Hospital. Patients
at the postoperative care clinic were managed by cardiologists
and general internists who had an interest and competencies
in perioperative medicine; however, they were not required to
follow any institutional protocol for the management of
MINS.
We excluded from our analyses patients who were referred
to our clinic for reasons other than MINS, including non-
ischemic troponin-level elevations. We limited our chart re-
view to those patients who were referred to the clinic before
December 2019, and we collected data until February 2020,
to remove the possible effects of systemic changes that
occurred during the COVID-19 pandemic, including the
transition of patient visits to virtual assessments, and alter-
ations in the timing and availability of clinical investigations.

The study received ethics approval from the Hamilton
Integrated Research Ethics Board.

Data extraction

We extracted data from hospital electronic medical records
using standardized data collection forms, including data on
medical history, characteristics of the index MINS event
(including peak levels of high-sensitivity troponin I [hsTnI]),
use of cardiac medications, and use of cardiac investigations,
including the findings they yielded. The hsTnI levels were
measured using the Abbott ARCHITECT STAT hsTnI assay
(99th percentile: female, 17 ng/L; male, 35 ng/L; Chicago,
IL). All data extractors underwent standardized training dur-
ing an initial pilot phase. Data were extracted in duplicate. We
extracted data related to the baseline history before surgery,
the hospitalization during which the index MINS event
occurred, and each visit to the postoperative clinic. For each
patient, we also extracted data on all cardiac investigations
performed after the final postoperative clinic visit, until
February 2020.

Patients were considered to have a preoperative history of
coronary disease if they had a history of � 1 of the following:
coronary artery disease; myocardial infarction; coronary artery
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revascularization (either coronary artery bypass surgery or
percutaneous coronary angioplasty); coronary stenosis > 50%
on coronary angiogram; positive cardiac stress test demon-
strating ischemia; or any regional wall-motion abnormality
(rWMA) on echocardiogram. We determined the proportion of
cardiac investigations with new evidence of coronary disease,
based on whether findings were consistent with coronary ste-
nosis > 50%, myocardial ischemia, or rWMA across any
cardiac testing done after MINS, or a coronary revasculari-
zation performed after MINS. These findings were deter-
mined among the following 2 subsets of patients: (i) those
who had no preoperative history of known coronary disease
according to the a priori definition (that is, based on pre-
MINS cardiac investigation or any clinical record); and (ii)
those who had pre-MINS cardiac testing, demonstrating no
signs of coronary disease.

Statistical analyses

We used proportions and percentages to describe cate-
gorical variables, and median and interquartile range (IQR)
to describe continuous variables. We used the Manne
Whitney U test to compare the troponin value distribu-
tion between groups. We conducted exploratory post hoc
analyses using the ManneWhitney U test, and the c2 test
to determine whether age and sex were associated with � 1
changes in cardiac medication made in the postoperative
clinic. We considered findings with P < 0.05 to be sta-
tistically significant. All statistical analyses were performed
using STATA, version 16.1 (StataCorp LLC, College
Station, TX).
Results

Patient population

Of the 252 patients referred to the postoperative clinic,
152 met our eligibility criteria, after the exclusion of 72
patients who were referred for a reason other than MINS
and 28 patients with MINS who never attended the clinic.
The median time to follow-up between discharge and the
first clinic visit was 23 days (IQR, 13-35). A total of 71
patients (47%) attended the postoperative clinic � 2 times.
Of these 71 patients, the median follow-up time
between the first and last clinic visits was 63 days (IQR,
35e105).

Baseline characteristics

The baseline patient characteristics are summarized in
Table 1. The median age of included patients was 74 years
(IQR, 66-81), and 46% were male. The most represented
type of surgery after which MINS occurred was orthopedic
(43%); MINS occurred after urgent or emergent procedures
in 48% of cases. Patients had a known history of coronary
artery disease before MINS in 34% of cases. The median peak
troponin level was 122 ng/L (IQR, 51e259; range, 31e
8576), and 78% of patients had no ischemic symptoms or
electrocardiographic changes associated with MINS. The
baseline characteristics of patients with MINS who did not
attend the postoperative clinic are shown in Supplemental
Table S1.
Cardiac investigations

A total of 139 patients (91%) had �1 cardiac in-
vestigations performed during their postsurgical follow-up.
Supplemental Table S2 provides the distribution of patient
characteristics in those who did vs did not undergo cardiac
testing. The most common cardiac investigations performed
were resting transthoracic echocardiograms (132 patients;
87%) and nuclear stress imaging (45 patients; 30%). Of the
patients who had at least 1 echocardiogram, the first echo-
cardiogram was done during the index hospitalization in 63
cases (48%). Ten of all the other 119 stress or perfusion
noninvasive cardiac investigations performed (8%), and 2 of
the 16 coronary angiograms (13%), were done during the
index hospitalization.

Among patients who underwent � 1 cardiac test, 49
(35%) had � 1 test with findings suggestive of either preex-
isting or new coronary disease (Table 2).

The median peak hsTnI level was 120 ng/L (IQR, 55e
258) in those who underwent echocardiography, compared to
146 ng/L (IQR, 46e414) in those who did not undergo
echocardiography (ManneWhitney U test, P ¼ 0.99). The
median peak hsTnI level was 111 ng/L (IQR, 47e242) in
those who did undergo other cardiac testing (ie, excluding
echocardiography), compared to 137 ng/L (IQR, 64e277) in
those who did not undergo other testing (ManneWhitney U
test, P ¼ 0.26). The percentage of patients who had an
echocardiogram or other cardiac testing performed, stratified
by peak troponin level, is shown in Supplemental Figure S1.

Among the 132 patients who underwent echocardiogra-
phy, 26 (20%) had � 1 rWMA detected. Among the subset
of 84 patients who underwent echocardiography after MINS
and had no known history of coronary disease, 19 (23%) had
� 1 rWMA. Among the 45 patients who underwent nuclear
stress imaging, 17 (38%) had evidence of cardiac ischemia.
Among the subset of 34 patients who underwent nuclear stress
imaging after MINS and had no known history of coronary
disease, 13 (39%) had evidence of ischemia. When we
considered only those patients with � 1 pair of preoperative
cardiac tests, and a cardiac test in the same modality per-
formed after MINS (n ¼ 53), 8 (15%) had new findings
consistent with coronary artery disease or myocardial ischemia
(Table 3).

The median peak hsTnI levels in patients with vs without
� 1 rWMA at the post-MINS echocardiogram were 158 ng/L
(IQR, 67e1169) and 102 (IQR, 51e244), respectively
(ManneWhitney U test, P ¼ 0.09). The median peak hsTnI
levels in patients with vs without evidence of ischemia on
nuclear stress imaging were 192 ng/L (IQR, 73e512) and 96
ng/L (IQR, 46e228), respectively (ManneWhitney U test,
P ¼ 0.08).

Cardiovascular medications

Cardiovascular medication use before surgery, at hospital
discharge, and at the final clinic visit is shown in Figure 1. The
combined use of an antithrombotic drug (ie, either antiplatelet
or anticoagulant) and a lipid-lowering agent (ie, either statin
or ezetimibe) increased from 30% before surgery to 79% at
the time of hospital discharge, and to 86% by the final
postoperative clinic visit. A total of 96% of patients were



Table 1. Preoperative patient characteristics, characteristics of the
index myocardial injury after a noncardiac surgery event, and clinic
attendance

N ¼ 152 n (%) or median (IQR)

Sex, male 70 (46)
Age, y 74 (66e81)
Medical history

Hypertension 112 (74)
Atrial fibrillation 27 (18)
Chronic obstructive pulmonary

disease
11 (7)

Asthma 12 (8)
Active cancer 47 (31)
Chronic kidney disease 15 (10)
Diabetes 45 (30)
Vascular disease 75 (49)

Coronary artery diseasey 52 (34)
Previous myocardial infarction 28 (18)
Previous coronary stent or
bypass surgery

21 (14)

Stroke or transient ischemic
attack

24 (16)

Peripheral arterial disease 18 (12)
Congestive heart failure 7 (5)

Current or ex-smoker 82 (54)
Current 22 (14)
Ex 60 (40)

Preoperative creatinine, mmol/L 82 (69e105)
Preoperative hemoglobin, g/L 129 (114e139)
Revised Cardiac Risk Index score* 1 (1e2)
Functional dependence (� 1 BADL or

IADL)
25 (16)

Surgical characteristics
Urgent and/or emergent surgery 73 (48)
Type of surgery

Orthopedic surgery 66 (43)
General surgery 44 (29)
Urologic or gynecologic surgery 22 (15)
Vascular surgery 14 (9)
Other surgery 6 (4)

Myocardial injury
Peak high-sensitivity troponin I

level, ng/L
122 (51e259)

Ischemic symptoms or ECG changes 33 (22)
Length of hospital stay, d 5 (3e8)
Length between discharge and first

clinic visit, d
23 (13e35)

� 2 visits to the postoperative clinic 71 (47)

bADL, basic activities of daily living; ECG, electrocardiogram; hsTnI,
high-sensitivity troponin I; iADL, instrumental activities of daily living; IQR,
interquartile range.

* Preoperative laboratory data on the following are missing: hemoglobin
(n ¼ 9); creatinine (n ¼ 10). For a missing revised cardiac risk index score,
n ¼ 10.

yCoronary artery disease was defined as follows: any of history of coronary
artery disease; history of myocardial infarction; previous coronary artery
bypass surgery or cardiac stent; coronary stenosis > 50% on coronary
angiogram; positive cardiac stress test; or any regional wall-motion abnor-
mality on echocardiogram.

Table 2. Cardiac investigations performed following the occurrence of
myocardial injury after noncardiac surgery

N ¼ 152 n (%)

Patients with � 1 test performed
Echocardiogram 132 (87)
LVEF < 50% 15 (11)
Regional wall-motion abnormalities 26 (20)

Nuclear stress test 45 (30)
EMI 17 (38)

Cardiac PET 9 (6)
EMI 5 (56)

Cardiac CT 4 (3)
Evidence of coronary disease 2 (50)

Exercise stress test 3 (1)
EMI 2 (66)

Echocardiogram stress test 2 (1)
EMI 0

Coronary angiogram 16 (11)
Evidence of coronary artery disease

of any extent and severity
16 (100)

Coronary stenosis > 70% 12 (75)
Stenosis treated with PCI 2 (13)
Cardiac surgery recommended 4 (25)

Data include investigations performed during the index hospitalization
after the occurrence of myocardial injury after noncardiac surgery and during
the outpatient follow-up period.

CT, computed tomography; EMI, evidence of myocardial ischemia;
LVEF, left ventricular ejection fraction; PCI, percutaneous coronary inter-
vention; PET, positron emission tomography.
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taking at � 1 antithrombotic drug or lipid-lowering agent at
the final clinic visit. The number of patients using � 3
medications from 4 major cardiovascular medication classes
(ie, an antithrombotic drug, a lipid-lowering agent, an
angiotensin-converting enzyme inhibitor, or an angiotensin
receptor blocker or beta-blocker) increased from 42% before
surgery to 67% at the time of discharge, and to 73% by the
final postoperative clinic visit.
Changes made to cardiovascular medications at the post-
operative clinic visits are shown in Figure 2. A total of 49% of
patients had a drug initiation or dose intensification, 25% had
a drug discontinuation, 1% had a dose reduction, and 5% had
a medication change within the same drug class. No statisti-
cally significant associations occurred between either age (P ¼
0.91) or sex (P ¼ 0.73) and having � 1 change in cardiac
medication at the postoperative clinic.
Discussion
In this single-centre retrospective chart review of 152 pa-

tients with MINS who were referred to and attended a
postoperative clinic at least once after discharge, we found that
91% of patients underwent � 1 type of cardiac testing, with
echocardiography being the type performed most commonly.
Among patients with no known history of coronary disease,
23% of those who underwent echocardiography had rWMAs,
and 39% of those who underwent nuclear stress testing had
evidence of ischemia. During the postoperative hospital stay
and subsequent clinic visits, 57% had modifications to their
cardiovascular therapy, and 73% were receiving � 3 medi-
cations from major cardiovascular drug classes by the end of
the follow-up period, compared to only 41% before surgery.

The role of cardiac testing in patients with MINS has not
been well established.7 In particular, currently, no clear evi-
dence or guidance is available on how patients with MINS
should undergo risk stratification. Even when MINS does not
meet the universal definition of myocardial infarction, it is
associated with future cardiovascular complications, and risk
stratification may be useful for guiding short-term and long-
term risk reduction in this population. In our study, echo-
cardiography was performed in most patients and



Table 3. Findings suggestive of new coronary disease or myocardial ischemia on postoperative cardiac investigations

Definition of new myocardial ischemia on
postoperative cardiovascular investigations

Patients with preoperative
and postoperative

investigation available
Patients with
new findings

Patients with no previous
history of coronary artery
disease and investigations

available
Patients with
new findings

New regional wall-motion abnormalities on
echocardiography

47 6 (13) 28 4 (14)

New abnormality at the myocardial perfusion or
functional cardiac test

10 3 (33) 7 3 (43)

New coronary stenosis > 50% at the angiogram 3 0 0 d
� 1 type of evidence of new coronary disease or

myocardial ischemia on postoperative cardiovascular
investigations*

53 8 (15) 31 6 (19)

Values are n or n (%).
LVEF, left ventricular ejection fraction.
* The analyses included all patients with � 1 pair of a normal preoperative cardiac test and a matching (ie, same modality) postoperative cardiac test.
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demonstrated new rWMAs, in 13%-23% of cases, depending
on the definition we used and the subset of patients we
analyzed (ie, patients with a preoperative echocardiogram
available vs patients with no preoperative history of known
coronary disease). This frequency is higher than that reported
previously in the literature.6,8 In a single-centre Spanish
cohort study of high-risk patients undergoing noncardiac
surgery, patients who had postoperative myocardial injury that
was identified through systematic troponin-level monitoring
demonstrated a new rWMA on echocardiogram in 11% of
cases.6 This difference could be real, and possibly can be
explained by differences in the case mix. For instance, our
cohort had greater representation of patients with MINS who
had undergone urgent or emergent procedures, which may be
associated with greater stress than elective surgery and may
increase the risk of a more severe myocardial injury in the
presence of underlying coronary artery disease of the same
extent.9 Alternatively, the difference could be due to a
different case selection. Whether echocardiography needs to
be performed in all patients with MINS is unclear. Echocar-
diography could identify MINS events that are more likely to
represent a major coronary event, and that might convey a
higher risk of clinical deterioration, due to reduced heart
function. We found that the troponin-level elevation in pa-
tients with � 1 rWMA was numerically greater than that in
patients without an rWMA; our findings were similar for
patients with vs without evidence of ischemia on nuclear stress
testing. In our study, the extent of troponin-level elevation did
not seem to be a criterion that could be used appropriately to
decide whether to perform echocardiography.

The initiation of new cardiovascular medications was more
common in our population than it was in previous
studies.4,5,10,11 The proportion of patients receiving both an
antithrombotic drug and a lipid-lowering agent increased from
30% preoperatively to 79% at hospital discharge, despite the
median length of hospital stay being only 5 days. Half of
patients had further modifications made to their cardiovas-
cular medications during subsequent visits to the post-
operative clinic, including dose titration and delayed drug
initiation. For some patients, modifications did not include
drug intensification but rather discontinuation or dose
adjustment. Although our study was not designed to assess the
benefits of these therapeutic changes, our findings do suggest
that an opportunity exists for further medical optimization
during the follow-up of these high-risk patients after their
discharge. Continuing to follow these patients after they are
discharged may offer the opportunity to optimize their long-
term outcomes, as patients are less vulnerable to hemody-
namic compromise or bleeding later on, compared to in the
immediate postoperative state, and the level of concern for the
initiation of medications with antihypertensive or antith-
rombotic effects likely is lower during postdischarge clinic
visits.

Our study has important limitations. First, our study re-
flects the management of only a selected population of pa-
tients with MINS at a single institution, where most patients
already had been seen in the hospital by a perioperative care
service, after surgery. The use of cardiac investigations and
medications in our study may not reflect the practice patterns
at other centres, especially where perioperative specialists are
not available. Second, patients with high-risk features may
have been underrepresented in our clinic, as the greater
severity of their condition could have impeded their ability to
attend the clinic. Indeed, patients that never attended the
clinic tended to be older, were more likely to have undergone
nonelective surgery, and had longer (and possibly more
complicated) hospital stays (Supplemental Table S1). Third,
the retrospective design, with possible underreporting in pa-
tient records, and the small sample size, limited our ability to
either reliably determine the results of cardiac testing in pa-
tients with MINS or identify potential predictors of ischemia
on cardiac testing that could guide risk stratification. In
particular, for the calculation of the frequency of new coro-
nary artery disease or myocardial ischemia, we used 2
different approaches, both of which have limitations and have
either overestimated or underestimated that frequency.
Moreover, in patients with a previous history of coronary
artery disease or positive cardiac testing, we could not rely
accurately on historic records related to the anatomic site and/
or extent of preexisting disease when ascertaining new cases of
coronary disease or myocardial ischemia. Therefore, our
calculation of the diagnostic yield of post-MINS cardiac
testing could not account fully for the relevance of post-
MINS cardiac testing in such patients. Finally, although we
found that many patients with MINS had changes in their
medications following cardiac investigations, whether these
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Figure 1. Medication use before surgery, at hospital discharge, and at the final clinic visit. ACEI, angiotensin-converting enzyme inhibitor;
ARB, angiotensin-receptor blocker; LLA, lipid lowering agent.
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Figure 2. Medication changes during follow-up at the postoperative clinic. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor
blocker; LLA, lipid lowering agent.
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changes made in the postoperative clinic led to better clinical
outcomes remains unknown. Larger interventional studies are
needed to determine whether care delivered in postoperative
clinics improves long-term cardiovascular outcomes for
patients with MINS.

Conclusion

Patients with MINS who are followed in a postoperative
clinic often have findings suggestive of ischemia on cardiac
testing, even without having any preoperative history of car-
diovascular disease, and they may benefit from medical opti-
mization. Dedicated postoperative clinics may be useful for
the follow-up and management of this high-risk patient
population.
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