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Association Between Hospital Postoperative Troponin
Use and Patient Outcomes After Vascular Surgery
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BACKGROUND: Acute myocardial injury after noncardiac surgery, which is most often symptom-
atically silent, is associated with increased mortality and morbidity. However, it is not known if
routine postoperative troponin testing will affect patient outcomes.

METHODS: We assembled a cohort of patients who underwent carotid endarterectomy or
abdominal aortic aneurysm repair in Ontario, Canada, from 2010 to 2017. Hospitals were cate-
gorized into high, medium, and low troponin testing intensity based on the proportion of patients
who received postoperative troponin testing. Cox proportional hazards modeling was used to
assess the association between hospital-specific testing intensity and 30-day and 1-year major
adverse cardiovascular events (MACEs) while adjusting for patient-, surgery-, and hospital-level
factors.

RESULTS: The cohort consisted of 18,467 patients from 17 hospitals. Mean age was 72 years,
and 74.0% were men. Rates of postoperative troponin testing were 77.5%, 35.8%, and 21.6%
in the high-, medium-, and low-testing intensity hospitals, respectively. At 30 days, 5.3%, 5.3%,
and 6.5% of patients in high-, medium-, and low-testing intensity hospitals experienced MACE,
respectively. Higher troponin testing rate was associated with lower adjusted hazard ratios
(HRs) for MACE at 30 days (0.94; 95% confidence interval [Cl], 0.89-0.98) and at 1 year (0.97;
95% Cl, 0.94-0.99) for each 10% increase in hospital troponin rate. Hospitals with high-testing
intensity had higher rates of postoperative cardiology referrals, cardiovascular testing, and rates
of new cardiovascular prescriptions.

CONCLUSIONS: Patients undergoing vascular surgery at hospitals with higher postoperative
troponin testing intensity experienced fewer adverse outcomes than patients who had surgery
at hospitals with lower testing intensity. (Anesth Analg 2023;137:629-37)
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KEY POINTS

- Question: Is increased postoperative troponin surveillance after vascular surgery associated
with better patient outcomes?

- Findings: Patients who had vascular surgery at high-intensity troponin testing hospitals had
fewer major adverse cardiovascular events (MACEs) after surgery.

- Meaning: Increased postoperative troponin testing practices may be associated with reduced
adverse, possibly mediated through increased physician referrals and medication changes.
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GLOSSARY

AAA = abdominal aortic aneurysm; ACC = American College of Cardiology; ACEi = angiotensin-con-
verting enzyme inhibitor; AHA = American Heart Association; ARB = angiotensin receptor blocker;
CABG = coronary artery bypass grafting; CCS = Canadian Cardiovascular Society; Cl = confidence
interval; CIHI-DAD = Canadian Institute for Health Information Discharge Abstract Database; ESA =
European Society of Anaesthesiology; ESC = European Society of Cardiology; HR = hazard ratio;
ICD-10 = International Classification of Diseases Tenth Revision; IQR = interquartile range; MACE =
major adverse cardiovascular event; MANAGE = Management of myocardial injury After NoncArdiac
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surGEry; MI = myocardial infarction; MINS = myocardial injury after noncardiac surgery; ODB =
Ontario drug benefit; OLIS = Ontario Laboratory Information System; PCI = percutaneous coronary
intervention; POISE = Perioperative Ischemic Evaluation Study; RCRI = Revised Cardiac Risk Index;
RPDB = Registered Persons Database; SD = standard deviation; TIA = transient ischemic attack

going major noncardiac surgery experience myo-

cardial injury after noncardiac surgery (MINS),
which is associated with increased morbidity and
mortality.!* These events are often asymptomatic and
missed without routine postoperative troponin testing.
In vascular surgery, perioperative myocardial infarction
(MI) and myocardial injury after noncardiac surgery
(MINS) occur more frequently as patients often have
more cardiac risk factors. It is estimated that up to a
fifth of vascular surgery patients will experience MINS,
which is consequently associated with up to a 10-fold
increase in mortality.>® International perioperative
guidelines have had different recommendations on how
routine postoperative troponin testing should be used
to detect postoperative troponin levels after noncardiac
surgery. The Canadian Cardiovascular Society (CCS)
guidelines and the joint European Society of Cardiology
(ESC) and the European Society of Anaesthesiology
(ESA) guidelines recommend routine testing of patients
using a risk-based approach.”!’ American guidelines
via the American College of Cardiology (ACC) and the
American Heart Association (AHA), previously, specifi-
cally discouraged troponin screening; however, more
recently, the AHA published a scientific statement rec-
ommending screening for high-risk patients."'? These
recommendations, when published, were mainly based
on expert opinions; while there was substantial evi-
dence that troponin elevations are associated with poor
prognosis, the evidence for how to best manage patients
with perioperative MI and MINS was more limited.'*!*
Despite more recent suggestions to increase periopera-
tive testing, it has not yet been established if increased
testing is actually associated with improving patient
outcomes. This study focused on addressing this gap in
knowledge by evaluating the association between the
intensity of postoperative troponin testing at a hospital
level, and patient outcomes of patients undergoing vas-
cular surgery in Ontario, Canada. We hypothesized that
patients managed at institutions that have clinical prac-
tices of more liberal postoperative troponin testing will
experience fewer major adverse cardiovascular events
(MACESs) (death, M, or revascularization) compared to
patients managed at institutions that use postoperative
troponin testing less regularly.

Studies have suggested that 10% of patients under-

METHODS

Design and Data Sources

We conducted a retrospective cohort study using
routinely collected administrative and laboratory
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data in Ontario, Canada. The analytical and statisti-
cal plan was written and filed with the ICES insti-
tutional review board before data were accessed.
The data are housed, linked using unique encoded
identifiers, and analyzed at ICES, formally known
as the Institute for Clinical Evaluative Sciences, in
Toronto, Canada. Projects conducted within sec-
tion 45 of Ontario’s Personal Health Information
Protection Act do not require review by a research
ethics board and allow for collection, analysis, and
reporting without the need for patient consent.
Consequently, given that this body of work was
conducted wholly under section 45, research ethics
review was exempted, and informed consent was
not required.

The primary databases accessed included: (1)
Ontario Laboratory Information System (OLIS),
which is an Ontario-wide repository of hospital and
community laboratory information in Ontario; (2)
Canadian Institute for Health Information Discharge
Abstract Database (CIHI-DAD): a database con-
taining administrative and clinical data on patients
admitted to hospital, which was used to identify
hospitalizations, surgeries, and comorbidities'>; (3)
Ontario Health Insurance Plan: a database contain-
ing all provincial physician fee-for-service billing; (4)
Statistics Canada: census data used to identify neigh-
borhood income data; and (5) Ontario Drug Benefit
(ODB): a database of prescription claims for patients
aged 65 and older.

Study Population

Eligible patients were aged 40 to 105 years under-
going carotid endarterectomies or abdominal aortic
aneurysm (AAA) surgeries’ repair (open and endo-
vascular approach) from January 1, 2010, to December
31, 2017. We chose these surgeries because they rep-
resent relatively common vascular procedures that
are performed across many hospitals in Ontario and
allow for comparisons to previous studies that used
the same cohort.’® We limited our study date to 2017
in accordance with when CCS guidelines were pub-
lished to minimize bias from changes in testing prac-
tices. We previously showed that troponin testing
rates did not substantially change during the study
period.’® Surgeries were identified using Canadian
Classification of Health Interventions codes in the
CIHI-DAD. Patients who died intraoperatively were
excluded as they would not have the opportunity
to receive testing. We also excluded non-Ontario
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residents and patients with missing information
(postal code and surgery duration).

Exposure

We defined hospital-level troponin testing intensity as
the proportion of patients who received postoperative
troponin testing within 2 days after surgery (ie, the
index procedure of carotid endarterectomy, endovas-
cular AAA repair, or open AAA repair). Hospital-level
troponin testing intensity was defined using time peri-
ods, where OLIS data were available at each site and
applied throughout the study period. We assumed
that hospital testing practices remained consistent
throughout the study period. We excluded institutions
with fewer than 50 procedures for each type of surgery
during the OLIS reporting period. We used a 2-day
threshold for testing as a surrogate for routine testing
as CCS guidelines recommend daily testing for up to
48 to 72 hours after surgery. In the primary analysis,
we categorized patients into low-, medium-, and high-
testing intensity groups in accordance with the hos-
pital they had their procedure, such that each group
reflected roughly a third of all patients (Supplemental
Digital Content 1, Figure 1, http://links.lww.com/
AA/E224). In sensitivity analyses, hospital testing
intensity was considered as a continuous variable (see
Statistical Analyses).

Outcomes

The primary outcome was MACEs, which was
defined as the composite of all-cause mortality, MI,
and coronary revascularization (which included per-
cutaneous coronary intervention and coronary artery
bypass grafting [CABG]). Death was abstracted from
the Registered Persons Database (RPDB). MI was
defined as International Classification of Diseases
Tenth Revision (ICD-10) codes 121 or 122. Stroke and
transient ischemic attack (TIA) were defined as ICD-
10 G45. CABG and percutaneous coronary interven-
tion (PCI) were obtained from the CCI database. We
assessed MACE at 30 days and 1 year after surgery.
The secondary outcomes were all-cause mortality
assessed at 30 days and 1 year after surgery. We also
assessed rates of stroke and TIA at 30 days and 1 year
after surgery. MI and stroke represented events that
happened as a complication of the vascular surgery
and rehospitalization of these events.

Processes of Care

We also evaluated the proportion of patients who
received cardiovascular testing (eg, electrocardio-
gram, echocardiography, and cardiac stress test)
and referrals (eg, cardiology, general internal medi-
cine, and medical) within 60 days after surgery.
Cardiology and general internal medicine referrals
were defined as referrals from physicians for whom
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their main specialty was cardiology or general inter-
nal medicine, respectively. Medical referrals included
physicians with a listed specialization of cardiology,
internal medicine, geriatric medicine, nephrology, or
endocrinology. Medication use was only available for
patients aged 65 years of age or older. New prescrip-
tions were defined as patients who filled a prescrip-
tion for a medication within 90 days after the surgery
and had not filled a prescription for the same category
of medications in the 90 days before surgery.

Statistical Analyses
Baseline characteristics were described for each ter-
tile of hospital testing intensity and were compared
using the Kruskal-Wallis test and j* test, as appropri-
ate. Differences in cardiovascular testing, referrals, and
medication changes were assessed using the y? test. The
Revised Cardiac Risk Index (RCRI) was computed as
described previously.'®" Briefly, the RCRI consists of 6
criteria, and 1 point is received for each criterion met:
high-risk surgery, history of ischemic heart disease, his-
tory of congestive heart failure, history of cerebrovas-
cular disease, diabetes requiring preoperative insulin,
and preoperative creatinine >2 mg/dL (176.8 pmol/L).
We modeled the relationship between the outcome and
predictor variables using a Cox proportional hazard
model. We used a robust or sandwich estimator® to
account for clustering within hospitals, and confidence
intervals (CIs) were derived using Wald tests. The
model adjusted for patient (age, sex, rural living status,
income quintile, and RCRI), surgical (urgent surgery
admission status, surgery duration, and surgery type),
and hospital factors (hospital size and teaching status).
As a sensitivity analysis, we modeled the primary
exposure, hospital testing intensity as a continuous
variable. We first modeled association between hos-
pital testing intensity and log hazard of MACE out-
comes using restricted cubic splines with 3 knots and
assessed if the relationship could be modeled linearly
using a Wald y? test. Accordingly, after confirming a
linear relationship, we modeled the hospital testing
intensity linearly. Additional sensitivity analyses were
also performed where the cohort was restricted to one
of the following subsets: AA A repair procedures (open
and endovascular approach); hospitals during OLIS
reporting dates; elective procedures; and procedures
from 2015 onward. We restricted to AAA repair pro-
cedures (open and endovascular approach) as carotid
endarterectomies represent a different population of
patients. We restricted to only patients who had pro-
cedures when hospitals were reporting to OLIS. We
also restricted to procedures from 2015 onward to
assess a more contemporary cohort. All analyses were
performed using SAS statistical software, version 9.4
(SAS Institute). For all analyses, a 2-sided P value <.05
was considered statistically significant.
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RESULTS

Cohort Assembly

A total of 17 hospitals were included in this study.
Of the hospitals included, 16 hospitals contributed
to carotid endarterectomies, 15 to endovascular
AAArepair, and all 17 to open AAA repair. We iden-
tified 25,237 patients who underwent vascular sur-
gery in Ontario from January 1, 2010, to December
31, 2017. We excluded patients at hospitals that
never reported laboratory information to OLIS (n =
6537, 25.9%) or patients at hospitals where <50 eli-
gible procedures were performed during the study
period (n = 394, 1.6%). We also excluded patients
based on age <40 or >105 (n = 76, 0.3%), who died
during surgery (n = 75, 0.3%), residency outside
Ontario, and missing information (n = 213, 0.8%).
After all exclusions, we identified 18,467 eligible
patients for the study.

Baseline Characteristics

Patients” baseline characteristics stratified by high,
medium, and low hospital testing intensity are rep-
resented in Table 1. Hospitals’ testing intensity for
1 vascular surgery type generally correlated with
testing intensity for other vascular surgery types
(Supplemental Digital Content 1, Figure 1 and Table
1, http:/ /links.lww.com/AA /E224). The proportion
of patients who received postoperative troponin test-
ing at high-, medium-, and low-testing hospitals was
77.5%, 35.8%, and 21.6%, respectively. Mean age was
71.7 (standard deviation [SD] 9.3), 71.2 (SD 9.3), and
72.0 (SD 9.0) years for patients at high-, medium-, and
low-testing hospitals, respectively. A higher propor-
tion of patients at high-testing hospitals had coro-
nary artery disease (high 19.5%, medium 16.4%, and
low 16.4%; P < .001). Overall, patients at high-testing
hospitals had slightly higher RCRI scores. Among

Table 1. Baseline Characteristics

Characteristic

n = 6090

Demographics

Age (y; mean £ SD) 72.0+£9.0

Male (%) 72.7

Rural resident (%) 32.0
Cardiovascular comorbidities (%)

Hypertension 84.1

Coronary artery disease 16.6

Heart failure 14.2

Stroke/transient ischemic attack 9.6

Atrial fibrillation 7.8
Medical comorbidities (%)

Chronic obstructive pulmonary disease 43.4

Diabetes 30.8

Peripheral vascular disease 20.0

Anemia/blood disease 5.4

Chronic kidney disease 3.6
Revised Cardiac Risk Index (%)

0 10.5

1 48.0

2 28.0

3+ 13.5
Surgical factors

Urgent admission (%) 15.8

Duration of index surgery (min; IQR) 121-226
Surgery type (%)

Carotid endarterectomy 33.1

Endovascular AAA repair 28.9

Open AAA repair 38.0
Hospital factors

Proportion of patients tested (%) 21.6

Teaching hospital (%) 57.6

Hospital size (beds; IQR) 288-360
Prescription medication use before surgery (90 d; %)? n = 4660

Statin 57.8

ACEi/ARB 49.8

Beta-blocker 30.2

Clopidogrel/ticagrelor 20.8

Direct oral anticoagulants 3.4

Low intensity

Medium intensity High intensity P value
n = 6054 n = 6323

71.2+9.3 71.7+9.3 <.001
73.8 75.6 <.001
19.2 9.3 <.001
84.7 86.8 <.001
16.4 19.5 <.001
13.7 14.4 .528
14.0 10.7 <.001
8.3 8.4 .395
36.7 37.7 <.001
33.0 33.3 .007
17.1 21.8 <.001
6.5 5.0 .001
&5 4.0 347
12.6 11.2 <.001
45.9 44.7

28.9 29.4

12.7 14.8

22.4 21.6 <.001
143-248 150-249 <.001
40.7 36.3 <.001
28.3 29.9

30.9 33.8

35.8 77.5 <.001
56.4 64.9 <.001
327-501 294-555 <.001
n = 4446 n=4730

58.2 59.3 .001
48.9 50.0 .005
30.6 32.4 <.001
14.2 16.2 <.001
3.7 3.5 .500

Abbreviations: AAA, abdominal aortic aneurysm; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; IQR, interquartile range; SD,

standard deviation.
2Data for prescription information were only available for patients aged >65 y.

632 www.anesthesia-analgesia.org

ANESTHESIA & ANALGESIA


http://links.lww.com/AA/E224

SMIAGZUMIPXZOBBAeOATOAEIOYIASALLIAIPOOAEIEAHIDII/AO AUMY TXOMADYOINXOH

1S06Z3yT10+eYNIOITWNOIZTARY HAOSHAAUE AQ eIsaBjeue-eISayisaur/wod mm| sfeulnol;/:dny woiy papeojumod

€¢0¢/LT/80 uUo

Copyright © 2023 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

=2 ORIGINAL CLINICAL RESEARCH REPORT

patients aged 265 years of age, slightly more patients
at high-testing hospitals were on cardiovascular
medications, including statins, renin angiotensin
aldosterone inhibitors, and beta-blockers. Over half
of patients had their procedures performed at teach-
ing hospitals (high 64.9%, medium 56.4%, low 57.6%;
P < .001). There were small differences in the distri-
bution of surgery type, as shown in Table 1. Carotid
endarterectomies were most common in medium-
testing intensity hospitals (40.7%), endovascular AAA
repairs in high-intensity hospitals (29.9%), and open
AAA repairs in low-intensity hospitals (38.0%).

Postoperative Referrals, Cardiovascular Testing,
and Medication Use
Table 2 shows the proportion of patients who received
postoperative referrals, cardiovascular testing, and
new medication prescriptions by hospital intensity
of troponin testing. Patients managed at high-test-
ing intensity hospitals had more physician referrals
within 30 days after their surgery. For example, more
patients at high-testing intensity hospitals had post-
operative cardiologist referrals (high 8.9%, medium
4.5%, low 4.9%; P < .001). There were also higher rates
of internal medicine and referrals from other medical
specialties at high-testing intensity hospitals. Rates
of electrocardiogram and transthoracic echocardiog-
raphy were higher in high-testing intensity hospi-
tals (electrocardiogram: high 35.8%, medium 23.8%,
low 23.3%; P < .001; echocardiography: high 11.6%,
medium 10.5%, low 10.0%; P = .012); however, we
noted no significant difference in the use of cardiac
stress testing.

We assessed prescription medication in a subgroup
of patients over 65 years of age. New prescription
medications filled after surgery; in general, a higher

proportion of patients managed at high-testing inten-
sity hospitals were started on new medications. For
example, a high proportion of patients were started
on statin therapy (high 20.0%, medium 18.4%, low
16.9%; P < .001). We also observed higher rates of new
prescriptions of renin angiotensin aldosterone inhibi-
tors, beta-blockers, and antiplatelet agents (clopido-
grel and ticagrelor) (Table 2).

Association Between Hospital-Level Troponin
Intensity and MACE
Over 30 days after surgery, MACE occurred in 5.3%,
5.3%, and 6.5% of patients at high-, medium-, and
low-testing intensity hospitals, respectively (P = .004;
Table 3). After adjusting for patient-, surgical-, and
hospital-level factors, there was a reduced hazard for
MACE at 30 days for patients at high-intensity hospi-
tals compared to low-intensity hospitals (hazard ratio
[HR] 0.71; 95% CI, 0.57-0.89; Figure). Over 1-year fol-
low-up, the effects persisted in a similar fashion. After
adjustment, high-testing hospitals were associated
with a lower hazard of 1-year MACE compared to
low-testing hospitals (HR, 0.83; 0.72-0.94). Modeling
hospital-level testing intensity linearly (as opposed to
categorization of hospitals into tertiles) also yielded a
significant association between testing intensity and
30-day MACE (HR for 10% increment in testing 0.94;
95% (I, 0.89-0.98) and over 1-year MACE (HR, 0.97;
95% CI, 0.94-0.99; Supplemental Digital Content 1,
Table 2, http://linkslww.com/AA/E224). The full
regression models can be found in Supplemental
Digital Content 1, Table 3, http://links.lww.com/
AA/E224.

Rates of 30-day all-cause mortality were 2.9%,
3.2%, and 2.7% in patients managed at high-,
medium-, and low-intensity testing hospitals,

Table 2. Rates of Postoperative Testing, Referrals, and New Prescriptions

Outcome Low intensity
n = 6090
Postoperative testing (30 d; %)
Electrocardiogram 23.3
Echocardiography 10.0
Cardiac stress test 1.5
Postoperative referrals? (30 d; %)
Cardiology 4.9
Internal medicine 4.2
Medicine 10.1
n = 4660
New prescription® (90 d; %)
Statin 16.9
ACEi/ARB 13.6
Beta-blocker 188
Clopidogrel/ticagrelor 7.5
Direct oral anticoagulants 2.4

Medium intensity High intensity P value
n = 6054 n = 6323

23.8 35.8 <.001
10.5 11.6 .012
1.4 1.5 .863
4.5 8.9 <.001
6.2 6.9 <.001
10.8 14.7 <.001
n = 4446 n = 4730

18.4 20.0 <.001
14.1 14.8 .005
11.2 5.5 <.001
7.9 8.6 .035
2.2 2.7 .702

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
aCardiology and internal medicine referrals were defined as referrals from physicians for whom their main specialty was cardiology or internal medicine,
respectively. Medical referrals included physicians with a listed specialization of cardiology, internal medicine, geriatric medicine, nephrology, or endocrinology.

®Medication data were only available for patients aged >65 y.
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Table 3. 30-Day and 1-Year Outcome Counts

Outcome Low intensity Medium intensity High intensity P value
n = 6090 n = 6054 n = 6323
30-d outcomes (%)
MACE 6.5 5.3 5.3 .004
All-cause mortality 2.7 3.2 2.9 .266
Myocardial infarction 4.2 2.3 2.5 <.001
Percutaneous coronary intervention 1.3 0.7 1.0 <.001
Coronary artery bypass graft surgery 0.2 0.1 0.1 .554
Stroke/transient ischemic attack 1.4 1.6 1.5 .504
1-y outcomes (%)
MACE 12.9 11.0 11.8 .004
All-cause mortality 7.4 7.2 7.4 .938
Myocardial infarction 6.9 4.3 4.4 <.001
Percutaneous coronary intervention 3.2 2.1 2.7 <.001
Coronary artery bypass graft surgery 0.8 0.9 0.6 .23
Stroke/transient ischemic attack 3.2 8.3 8.3 .838
Abbreviation: MACE, major adverse cardiac event.
Testin, Unadjusted
Outcome Intensigty Evenjt . Forest Plot Hazard Ratio 95% ClI
Low 6.5% . Ref
1
MACE Medium 5.3% —— N 0.76 0.56, 1.03
> High 53% +—m— 0.71 0.57,0.89
[
o '
o 1
® Low 2.7% : Ref
All-cause . '
Mortality Medium 3.2% - 1.07 0.82,1.39
High 2.9% — 0.86 0.73,1.03
. Figure. Association between hospital
' troponin testing intensity and patient
. outcomes. Cl indicates confidence inter-
' val; MACE major adverse cardiac event.
Low 12.9% ; Ref !
- MACE Medium 11.0% —— 0.80 0.64, 0.99
© '
) High 11.8% ! 0.83 0.72,0.94
- !
]
I
Low 7.4% . Ref
All-cause . |
Mortality Medium 7.2% l—I—:—i 0.91 0.74,1.12
High 7.4% —— 0.87 0.76,0.99
L 1 { 1 J
0.5 0.75 1 1.25 15

Hazard Ratio

respectively. After adjustment, there was no signifi-
cant association between hospital-level testing inten-
sity and 30-day all-cause mortality. However, at 1
year, high-testing intensity hospitals were associated
with a reduction in all-cause mortality compared to
low-testing intensity hospitals (HR, 0.87; 95% CI,
0.76-0.99).

Sensitivity Analyses

We conducted several sensitivity analyses for the
composite MACE outcome (Supplemental Digital
Content 1, Figures 2 and 3, http://links.lww.com/
AA/E224). We limited analyses to AAA repair
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procedures (open and endovascular approach),
excluded patients who had procedures during non-
laboratory reporting periods, excluded patients
undergoing urgent surgery, and restricted to a more
recent sample (2015-2017). In general, for these anal-
yses, we also saw similar reductions in MACE 30
days and 1 year for high-testing hospitals compared
to low-testing hospitals.

DISCUSSION

In this study, we show that for vascular surgeries,
high troponin testing intensity practices are asso-
ciated with small improvements in postoperative
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patient outcomes. In a cohort of patients undergoing
vascular surgeries, we found that patients managed
at hospitals with higher intensity of postoperative
troponin testing had lower likelihood of MACE com-
pared to patients managed at lower testing intensity
institutions. At higher testing hospitals, we found
increased cardiology and internal medicine refer-
rals, cardiac testing with electrocardiograms, and
increased prescriptions of evidence-based medi-
cations, potentially offering an explanation why
improved outcomes were seen. It is important to
recognize, however, that the effect size we observed
was only modest; with a small absolute risk reduc-
tion, the clinical impact of increased testing practices
is not clear. Our findings should stimulate future
studies in improving our understanding on the role
of routine postoperative troponin screening in non-
cardiac surgeries.

Given the observational study design, we can-
not exclude the possibility that benefits observed in
high-testing intensity hospitals were due to residual
confounding due to difference in patient and hospital
factors. However, we found that patients at high-test-
ing intensity hospitals generally had a higher burden
of measured cardiovascular comorbidities and had
slightly higher RCRI scores compared with low-test-
ing intensity hospitals. Furthermore, lower likelihood
of MACE remained significant even after adjustment
for patient, surgical, and hospital factors. Another rea-
son to suggest our results were not due to confound-
ing was in the examination of the individual MACE
outcomes. If risks of patients were substantially dif-
ferent among the categories of testing intensity hos-
pitals, one would expect to see a difference between
outcomes (ie, stroke, mortality, and MI). However,
our results were primally driven by differences in MI,
which is the intended role of routine postoperative
troponin that could lead early diagnosis and manage-
ment. Moreover, the rates of MI at low-intensity hos-
pitals may be an underestimate since troponin testing
is required to make a diagnosis. Another contribut-
ing factor to the effect observed may be that hospital
testing intensity may be in part also reflecting qual-
ity of care. For instance, despite that our study sam-
ple reflects relatively high-risk patients (via age and
RCRI), only 21.6% of patients at low-testing intensity
hospitals had postoperative troponin testing. This
may indicate undertreatment of patients at high risk
for MINS and perioperative MI, which may, in turn,
result in poorer patient outcomes.

Nevertheless, given that we evaluated the intensity
of troponin testing at an ecologic level, our study was
not designed to elucidate the specific mechanism by
which high-testing intensity hospitals were associ-
ated with better outcomes. At high-testing-intensity
hospitals, we saw higher rates of physician referrals

September 2023 o VVolume 137 © Number 3

and cardiovascular testing. We also saw that a larger
proportion of patients who were managed at high-
testing institutions received newly prescribed cardio-
vascular medications, including statins, antiplatelet
agents (clopidogrel and ticagrelor), angiotensin recep-
tor blockers, and beta-blockers. In fact, previous stud-
ies have shown that early cardiology assessments and
intensification of medication use in MINS patients are
associated with reduction of adverse outcomes.?'*
The difference in process of care changes (ie, refer-
rals, testing, and medication changes) is also likely to
represent a larger proportion of patients who had ele-
vated postoperative troponin levels. Unfortunately,
we did not have access to troponin values and were
not able to assess this relationship.

Although elevated cardiac troponins after noncar-
diac surgery have been shown to be prognostically
important for vascular and other noncardiac surger-
ies, it was previously unclear if increased testing or
increased identification of patients with MINS is
beneficial. International guidelines have differed in
recommendation for routine postoperative testing
because there is limited evidence that specifically
shows that increased testing is beneficial. This is, in
part, because it is not yet been clearly established how
patients with MINS should be managed. Secondary
evidence from the Perioperative Ischemic Evaluation
Study (POISE) suggested that the use of statin and
acetylsalicylic acid therapy is beneficial for patients
with MINS.?2 The benefit of statin therapy in MINS
patients has also been confirmed in another observa-
tional study. More recently, the Management of myo-
cardial injury After NoncArdiac surGEry (MANAGE)
study showed the use of the anticoagulant dabigatran
conferred reduction in MACE events in patients with
MINS.® However, the use of dabigatran in a non-
cardiac surgery cohort remains uncertain as the trial
was stopped early and the primary outcome changed
part-way through the trial. Additional research in this
field is necessary.

Limitations

Several potential limitations of this study merit dis-
cussion. First, even though we found a relation-
ship between increase troponin testing and improve
MACE outcomes, we believe additional studies are
needed to confirm our finding and to understand
the incremental cost of this strategy. Second, we did
not have laboratory data for the entire study dura-
tion and thus, calculated hospital testing rate based
on available data. To address if this created substan-
tial bias, we ran sensitivity analyses in which we
restricted our sample to time periods when labora-
tory data were available and saw similar results to the
primary analyses. Third, while our dataset captured
troponin testing, we did not have the troponin values
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available to us and, therefore, were not able to assess
if patients met criteria for MINS and whether changes
in care were made only among patients with MINS
or perioperative MI. For example, we were unable
to determine medication difference by hospital was
due to troponin testing results or for other reasons.
Fourth, despite conducting a hospital-level analysis
and adjusting for a variety of patient, surgical, and
hospital factors, observational study despite is still
potential subjected to unmeasured confounding. We
believe that future results in other setting would be
important to confirm these findings. Finally, while
we observed an association between hospital testing
intensity and patient outcomes in a cohort of patients
undergoing carotid endarterectomies and AAA repair
procedures, it is not clear if this effect will also be
observed in all vascular surgeries or in other noncar-
diac surgeries. Patients undergoing vascular surger-
ies often have more cardiac risk factors and have a
higher incidence of perioperative MI and MINS. The
benefit conferred by increased testing would thus be
expected to be greater and easier to detect differences
in outcomes.

CONCLUSIONS

In this study of vascular surgery patients, we showed
that patients managed at high-intensity troponin test-
ing hospitals experienced fewer adverse outcomes
compared to patients managed at low-intensity tro-
ponin testing hospitals. This effect may in part be
mediated through increased physician referrals and
medication changes but may also reflect unmeasured
factors. These results lend support toward a standard-
ized approach to postoperative troponin testing for
patients undergoing vascular surgery. £§
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