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Abstract
Objective:
To determine the prevalence of Myocardial Injury after Non-cardiac Surgery (MINS) in patients who underwent major vascular intervention, the
association of MINS with post-surgical complications, and to assess the prognostic value of utilising the Rockwood Clinical Frailty Scale (CFS) and
Reversed Cardiac Index Score (RCRI) in MINS.
Methods:
Patients aged 50 years or older undergoing major vascular intervention were included. High sensitivity cardiac troponin was measured
preoperatively and on day 1, 2 and 3 postoperatively. Patients were followed for 30 days and scored using the CFS and RCRI.
Results:
127 patients were included (mean age 71.0 £ 10.1, 70.1% females). 40.9% (n=52/127) had MINS; 75% were asymptomatic. MINS group had
more premorbid coronary artery disease, heart failure, atrial fibrillation, and diabetes. A higher proportion had MINS in the urgent/emergency
surgery (P=0.002) and carotid endarterectomy surgery (P=0.021) groups. MINS group had an increased median length of stay (9 days vs 6 days,
P=0.039) and higher 30-day adverse outcomes [34.6% vs 6.7%, P <0.001]. This included postoperative heart failure (15.4% vs 1.3%, P=0.016)
and myocardial infarction (25% vs 0). Mortality was not significantly different (5.8% vs 2.7%, P=0.39. A higher proportion of patients with MINS
had CFS 2 4 (71.2%), and RCRI 2 3 (51.9%).
Conclusions:
MINS is common, more frequently asymptomatic, and present in frail older patients with comorbidities undergoing vascular intervention.
MINS is associated with poorer 30-day outcomes, especially cardiac complications and longer stay. Routine troponin levels may allow early
identification and pre-emptive medical optimisation.

Keywords: Vascular Surgery; Emergency Surgery; Myocardial Injury; Medical Therapy

Abbreviations: BMT: Best Medical Therapy, CFS: Rockwood Clinical Frailty Scale, MINS: Myocardial Injury After Non-Cardiac Surgery, RCRI:
Revised Cardiac Index Score, CCS: Canadian Cardiovascular Society

Introduction

regardless of whether the patient has cardiac symptoms [1,2].
This definition includes patients who meet the universal criteria
for myocardial infarction [3]. Previous literature has shown

Myocardial injury after noncardiac surgery (MINS) is defined
by an elevation in cardiac troponin secondary to myocardial

ischaemia occurring within 30-day after noncardiac surgery that MINS is common, being diagnosed in 8.0% of patients after
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non-cardiac surgery and 19% of patients after vascular surgery
[1,2,4]. It is associated with an increased 30-day mortality (9.8%
to 12.5% in MINS versus 1.1% to 1.5% in patients without MINS)
[1, 2]. Concerningly, more than 50% of patients with MINS in
these studies were asymptomatic [2,4]. Therefore, MINS could
have been missed without routine cardiac troponin monitoring
perioperatively. The Perioperative Guidelines
recommend the utilization of cardiac troponin as a cardiac
biomarker screening tool to detect perioperative cardiac events
and improve perioperative cardiac risk stratification [5-7].

International

Despite the recognition of frailty as an independent and strong
risk factor for adverse postoperative outcomes, the association
between the frailty scores and MINS has not yet been explored
[8,9]. The Canadian Cardiovascular Society (CCS) perioperative
guideline recommends using the Revised Cardiac Index Score
(RCRI) to evaluate perioperative cardiac risk but has not been fully
validated in patients with MINS [5-7]. Our study, therefore, was
designed primarily to explore the prevalence of MINS in vascular
surgery patients at our tertiary institution in Perth, Western
Australia, and its association with post-surgical complications
within the first 30-day period, how it relates to frailty scores and
the association between MINS and RCRI score.

Methods
Study Design

This was a single centre, cross-sectional, prospective follow-up
study conducted at the Department of Vascular and Endovascular
Surgery, Sir Charles Gairdner Hospital (SCGH) in Perth, Western
Australia. This is a 600 bed tertiary teaching hospital in the North
Metropolitan area. The Vascular Geriatric service in the hospital
provides shared care with the vascular surgeons in patients above
50 years of age to optimize patients perioperatively, identify
acute medical issues, facilitate management plans and discharge
planning.

The study recruitment period was from 26" October 2019 to
26" October 2020. The inclusion criteria include patients aged
above 50 years of age who underwent major vascular intervention,
including endovascular aortic repair, open abdominal aortic
aneurysm repair, thoracic aortic stent grafting, peripheral
arterial reconstruction (i.e., femoral bypass, endarterectomy,
and embolectomy), below and above-knee amputation, and
extracranial cerebrovascular surgery (i.e., carotid endarterectomy,
carotid-subclavian bypass and carotid body tumour removal).
All participants had at least one overnight stay in the hospital
after surgery. Surgeries were categorised as emergency surgery
if surgery occurred within 24 hours; and as urgent surgery
if it occurred between 24 to 72 hours of hospital admission.
Participants were excluded if they underwent minor vascular
surgery, such as toe amputation and or lower limb angioplasty, or
if no postoperative blood samples could be obtained.
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The high sensitivity cardiac troponin blood test (Troponin I
Abbott Architect) was measured at 24 and 48 hours preoperatively
and 24, 48 and 72 hours postoperatively. An elevated troponin
level was defined as >26ng/L in males and >16ng/L in females
[10], or the detection of a rise or fall of cardiac troponin with at
least one value above the 99th percentile in a normal reference
population [11]. MINS was identified in our study based on
the detection of an elevated troponin level on any day between
Day 1 until Day 3 and up to 30-day after surgery. In those with
preoperative raised troponin, we defined MINS only if there was
a further rise and fall from the preoperative baseline troponin.
We conducted follow-up for 30 days to monitor for any additional
troponin tests performed during this period.

Participants who had elevated troponin were assessed for
cardiac ischaemic symptoms [chest, arm, neck, jaw pain or
discomfort, and dyspnoea] or ECG changes [ST-segment elevation
or depression, T wave inversion or the presence of pathological
Q waves]. If any of these cardiac ischaemic features were present
in line with positive troponin, these patients were referred to
cardiology. Conversely, due to no set standardised management
guidelines for patients with elevated troponin but without
cardiac ischaemic symptoms or ECG changes, these patients were
referred to cardiology at the discretion of the treating team or in
consultation with the vascular geriatric team.

We collected data on patient demographics, baseline
characteristics, co-morbidities, and medications. The definitions
of each baseline characteristic are listed in (Appendix 1). Patients
were scored on admission using the Rockwood Clinical Frailty
Scale (CFS) (Appendix 2). We chose CFS to measure frailty as it
is convenient and practical in the preoperative setting [9,12,13].
However, if there was no documented CFS during admission, the
investigator calculates the CFS score by reviewing the medical
records and consolidated database of electronic clinical patient
information software (I-soft Clinical Manager) to identify
patient demographics, pre-morbid function, medical history, and
functional assessment by the allied health team.

The Revised Cardiac Index Score (RCRI) is a tool used to
evaluate perioperative cardiac risk and complications [14].
The participants were scored based on the collected medical
data information (baseline characteristics and comorbidities)
(Appendix 3). Patients were followed up for 30-days. If the
participant remained an inpatient, the outcome data was collected
from face-to-face interviews, medical records, computerized
blood test and imaging results. In discharged participants,
30-day outcome data was collected via a telephone interview,
verified with medical records (inpatient notes, chart review,
discharge summaries, pathology, and imaging results). Mortality
was confirmed using the hospital electronic medical records in
addition to a phone call to relatives.
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Study Outcomes

The primary outcome was to assess the prevalence of MINS
in vascular patients who underwent major vascular intervention.

The secondary outcomes were:

(i) The association between MINS and 30-day outcomes
(fatal cardiac arrest, congestive heart failure, myocardial
infarction, cardiac revascularisation, pulmonary embolism, deep
vein thrombosis, stroke, and mortality).

(ii)  The association between MINS and frailty using the CFS.

(iii) The association between MINS and the Revised Cardiac
Risk Index (RCRI) Score

Statistical Analyses

Results were presented as a mean with standard deviation,
median with interquartile range or as a frequency and proportion.
Between-group differences were assessed with the t-test, Mann-
Whitney U-test, Chi-square test, linear [ with 95% confidence
interval (95%CI)] and logistic regression [odds ratio (OR) with
95%CI], as appropriate. The association between MINS with 30-
day complications was assessed with logistic regression. The

association between MINS and length of stay was assessed with
univariate and multivariate linear regression adjusted for age, sex,
and RCRI categories.

Ethical Consideration

The Quality Improvement team at Sir Charles Gairdner
Hospital Western Australia approved this study with the
Governance Evidence Knowledge and Outcome (GEKO) approval
number 34014,

Results
Recruitment

Of a total of 139 patients screened, 127 met eligibility and
were included in this study (Figure 1); 12 patients were excluded
because they were discharged early and there were no post-
operative blood samples that could be obtained. Of the included
patients, 27 patients (21.3%) did not have preoperative troponin
blood tests within the 24-to-48-hour timeframe. A total of 67
patients missed one or more postoperative routine blood tests
between days 1 and 3 (Figure 1) because they were discharged
early.

Ve

Eligible patients, n=139

h J

Excluded patients, n=12
- 12 patients did not have high sensitivity troponin blood test
added on any day between postoperative Day 1 until Day 3

¥

Included patients, n=127. Of these group of patients:
- 27 patients missed preoperative hs-cTnl test
- 10 patients missed Day 1 high sensitivity troponin blood test
- 21 patients missed Day 2 high sensitivity troponin blood test
- 32 patients missed Day 3 high sensitivity troponin blood test

Figure 1: Study flowchart.
\

Primary Outcome
Prevalence of MINS

Of the 127 included patients, MINS was found in 52 patients
(40.9%). This included 20/21 (95.2%) patients who had an
elevated troponin level preoperatively with a subsequent rise
and fall in troponin level postoperatively. Of those diagnosed with
MINS, 13/52 (25.0%) fulfilled the universal criteria of myocardial
infarction, while the remaining 75.0% were asymptomatic.
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Patient Demographics and Clinical Baseline Characteristics

(Table 1) describes patient demographics and clinical
baseline characteristics for patients with and without MINS. The
overall sample had a mean age of 71.0 years (standard deviation
10.1) with females accounting for 70.1%. Patients with MINS
were older (mean age 73.7 years versus 69.2 years). A higher
proportion of patients with MINS had premorbid coronary
artery disease (n=32/52 [61.5%] vs n=25/75 [33.3%], P=0.002),
congestive heart failure (n=17/52 [32.7%] vs n=10/75 [13.3%)],
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P= 0.011), atrial fibrillation (n=17/52 [32.7%] vs n=11/75 [22.7%] P<0.001) and diabetes on insulin treatment (n= 13/52
[14.7%], P=0.018), diabetes (n= 29/52 [55.8%] vs n=17/75 [25.0%] vs n=7/75 [9.3%] P=0.021).

Table 1: Baseline characteristics and frequency in MINS versus No MINS group.

0dds ratio
Overall MINS No MINS (95%CI) P-value
Total number of patients 127 52 75
Participants Demographics
Age, mean + SD 71.0 £10.1 73.7+9.9 69.2+9.8 0.014
50-64 years of age, n (%) 36 (28.3) 10 (19.2) 26 (34.7) '
65-74 years of age, n (%) 37 (29.1) 13 (25.0) 24 (32.0) 0.035
275 years of age, n (%) 54 (42.5) 29 (55.8) 25(33.3) '
Females, n (%) 89 (70.1) 32 (61.5) 57 (76.0) 0163
Males, n (%) 38(29.9) 20 (38.5) 18 (24.0) '
Clinical characteristics and prevalent comorbidity
1 0,
Hy}.)ertensmn,.n (%) 89 (70.1) 38 (73.1) 51 (68.0) 1.28 (0.59, 2.79) 0.539
Congestive heart failure, n (%) 10 (13.3) 3.16 (1.31,7.63)
e 27 (21.3) 17 (32.7) 0.011
Atrial fibrillation, n (%) 11 (14.7) 2.83(1.19,6.70)
. 28 (22.0) 17 (32.7) 0.018
Coronary artery disease, n (%) 57 (44.9) 32 (61.5) 25(33.3) 3.20 (1.53,6.68) 0.002
CABG or PCI (<6 months ago), n (%) 302 4') 101 9') 2(2.7) 0.72 (0.06,8.11) 0.787
Peripheral Vascular Disease, n (%) 54 (4'2 5) 25 [4.8 1) 29 (38.7) 1.47 (0.72, 3.00) 0'292
Stroke/Transient ischaemic attack, n (%) ' ' 9(12.0) 2.20 (0.85, 5.69) '
. 21 (16.5) 12 (23.1) 0.104
Smoking, n (%) 51 (68.0) 0.82(0.39,1.72)
. - . 84 (66.1) 33 (63.5) 0.595
Chronic obstructive pulmonary disease, n (%) 14 (18.7) 1.94 (0.85, 4.43)
. 30 (23.6) 16 (30.8) 0.117
Diabetes, n (%) 17 (22.7) 4.65 (2.14,10.12)
. . : 46 (36.2) 29 (55.8) <0.001
Diabetes on insulin, n (%) 20 (15.7) 13 (25.0) 7(9.3) 3.24(1.19, 8.80) 0.021
Glycated Haemoglobin (HbA1c) >7.0%, n (%) ' ' 11 (14.7) 2.36 (0.98,5.67) '
26 (20.5) 15 (28.8) 0.055
Cancer, n (%) 24 (18.9) 10 (19.2) 14 (18.7) 1.04 (0.42, 2.56) 0.936
_—— L o . . .
Pre-op creatinine (>176 mmol/L), n (%) 16 (12.6) 9(17.3) 7(9.3) 2.03(0.71,5.86) 0.189
Types of vascular surgery
Urgent /Emergency, n (%) 70 (55.1) 37 (71.2) 33 (44.0) 0.002
Elective, n (%) 57 (44.9) 15 (28.8) 42 (56.0) 0.002
Femoral endarterectomy, n (%) 20 (15.7) 12 (23.1) 8(10.7) 2.51(0.95, 6.67) 0.064
Embolectomy, n (%) 11 (8.7) 6(11.5) 5(6.7) 1.83(0.53, 6.33) 0.343
Femoral Popliteal Bypass, n (%) 17 (13.4) 4(7.7) 13 (17.3) 0.40 (0.12,1.30) 0.126
*Open AAA repair, n (%) 2 (1.6) 0 (0.0) 2(2.7) - -
**EVAR /TEVAR/FEVAR, n (%) 7 (5.5) 12 (23.1) 25 (33.3) 0.60 (0.27,1.34) 0.213
Below Knee Amputation, n (%) 13 (10.2) 4(7.7) 9(12.0) 0.61 (0.18, 2.10) 0.434
Above Knee Amputation, n (%) 7 (5.5) 2(3.8) 5(6.7) 0.56 (0.10, 3.00) 0.499
Carotid Endarterectomy, n (%) 14 (11.0) 10 (19.2) 4(5.3) 4.23 (1.25,14.33) 0.021
***Qthers, n (%) 6 (4.7) 2(3.8) 4 (5.3) 0.71 (0.13, 4.03) 0.699
*AAA= Abdominal aortic aneurysm,
**EVAR= Endovascular aneurysm repair, TEVAR = Thoracic endovascular aortic repair, FEVAR= Fenestrated endovascular repair
***Others include: carotid tumour resection, popliteal aneurysm reverse vein bypass, carotid bypass and embolization
Type of Vascular Surgery Length of Stay
There was a higher proportion of MINS who had emergency or MINS group had an increased median length of stay (9 days

urgent surgery vs elective surgery. (n=37/52 [71.2%] vs n=15/52  [MINS] vs 6 days [no MINS], P=0.039) (Table 2). MINS was
[28.8%], P= 0.002). Carotid endarterectomy in particular was associated with a 40% (B 0.40, 95%CI 0.11, 0.68; P=0.007) and
significantly associated with a high proportion of MINS (19.2%; 30% (af 0.30, 95%CI 0.01, 0.59; P=0.046) increased LOS in a
OR 4.23,95% CI 1.25-14.33, P=0.021 (Table 1). univariate and multivariate linear regression, respectively.
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Table 2: Preoperative Risk Assessments in MINS versus no MINS group.

0dds ratio
Overall MINS No MINS (95%CI) P-value
Total number of patients 127 52 75
Preoperative high sensitivity troponin
Negative, n (%) 79 (62.2) 19 (36.5) 60 (80.0)
Positive, n (%) 21 (16.5) 20 (38.5) 1(1.3) <0.001
Missed, n (%) 27 (21.3) 13 (25.0) 14 (18.7) '
Clinical Frailty Scale (Rockwood)
0,
<3,n (%) 57 (44.9) 15 (28.8) 42 (56.0) Referent
24,1 (%) 33(44.0)
70 (55.1) 37 (71.2) 2.86 (1.32,6.22) 0.008
Revised Cardiac Risk Index, median (IQR) range
1,1 (%) 42 (33.1) 10 (19.2) 32 (42.7) Referent
2,n (%) 40 (31.5) 15 (28.8) 25(33.3) 1.92 (0.74, 4.99) 0.181
23,n (%) 45 (35.4) 27 (51.9) 18 (24.0) 4.80 (1.90,12.13) 0.001

Secondary Outcomes
Postoperative Complications

At 30-days, a total of 32 adverse outcomes were recorded
in 23 patients, with the majority consisting of congestive heart
failure and myocardial infarction (Table 3). A higher proportion

Table 3: Postoperative assessment, interventions, and outcomes.

of patients with MINS had 30-day adverse outcomes (n=18/52
[34.6%] vs n=5/75 [6.7%], P<0.001). This included postoperative
congestive heart failure (n=8/52 [15.4%] vs n=1/75 [1.3%],
P=0.016) and myocardial infarction (n=13/52 [25.0%] vs 0/75).
Of the 13 patients with MINS, 12 had myocardial infarction as
inpatients and 1 within one week of discharge.

Overall MINS No MINS 0(‘;‘; /Z'Zgo P-value
Total number of patients 127 52 75
Investigations/Interventions 2(1.6) 2(3.8) 0(0.0)
Coronary Angiogram, n (%) 1(0.8) 1(1.92) 0 (0.0) -
Myocardial perfusion scan, n (%) -
Length of stay (days), median (IQR) range 7 (5, 14) 9 (06’_1564'5) 6(3,13)2-85 0.039
30-day complications or adverse outcomes, n (%) 23 (18.1) 18 (34.6)
Fatal cardiac arrest, n (%) 2(1.6) 0(0.0) 25(567';) 741 (2'5_4' 21.66) <0.001
Postoperative congestive heart failure, n (%) 9(7.1) 8(15.4) 1 (1'3) 13.45 (1.63 R
Myocardial infarction, n (%) 13 (10.2) 13 (25) 0 (0'0) 1'11 21') ! 0.016
Cardiac revascularisation (angioplasty), n (%) 1(0.8) 1(1.9) 0 (0'0) R
Pulmonary embolism, n (%) 1(0.8) 0(0.0) 1 (1'3) ) R
Deep vein thrombosis, n (%) 0(0.0) 0(0.0) 0 (0'0) ) R
Stroke, n (%) 1(0.8) 1(1.9) 0 (0'0) ) -
Mortality, n (%) 5(3.9) 3(5.8) 2 (2'7)
2.24 (0.36,13.87) 0.388

In patients with MINS diagnosed with myocardial infarction,
two patients had coronary angiography. One patient had
angioplasty. The second patient did not require revascularization
because only mild coronary artery disease was found with less
than 30% of coronary artery stenosis. One patient in the MINS
group had a myocardial perfusion scan which did not show
reversible perfusion defect and therefore did not require further
cardiac intervention. No recorded deep vein thrombosis but

DOI:10.19080/0A]JGGM.2023.07.555720

one patient without MINS developed pulmonary embolism. One
patient had fatal hemorrhagic stroke in the MINS group (Table 2).
Overall, 30-day mortality was 5.8% (3/52) in the MINS group and
2.7% (2/75) in those without MINS (P=0.388). Three patients in
the MINS group died; 2 from congestive heart failure and 1 from
haemorrhagic stroke. Two patients without MINS died from fatal
cardiac arrest.
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Clinical Frailty Scales and Revised Cardiac Index Score

Using the Rockwood CFS, overall, 55% (n=70/127) of
participants were scored as being in the vulnerable to severely
frail categories (CFS 4-7) (Table 2). A higher proportion of MINS
in those scoring CFS 2 4 (71.2% vs 44%, OR 2.86 (95% CI 1.32-
6.22), P=0.008]. (Table 2) shows that 35.4% of the participants
had an RCRI score of = 3. There was a higher proportion of MINS in
the RCRI score of 2 3 [51.9% vs 24%, OR 4.80 (95%CI 1.90-12.13;

Table 4: Factors Predicting MINS status.

p=0.001].
Factors Predicting MINS Status

(Table 4) summarises the predictors of MINS. It includes
older age, congestive heart failure, atrial fibrillation, coronary
artery disease, diabetes, diabetes on insulin treatment, urgent/
emergency surgery, patients with CFS score = 4 and RCRI score
> 3. In turn, MINS predicts 30-day complications or adverse
outcomes, and postoperative congestive heart failure.

Overall MINS No MINS P-value
Total number of patients 127 52 75
Age, mean * SD 71.0 £10.1 73.7+9.9 69.2+9.8 0.014
Clinical characteristics and prevalent comorbidity
Congestive heart failure, n (%) 27 (21.3) 17 (63.0) 10 (37.0) 0.002
Atrial fibrillation, n (%) 28 (22.0) 17 (60.7) 11 (39.3) 0.016
Coronary artery disease, n (%) 57 (44.9) 32 (56.1) 25 (43.9) 0.002
Diabetes, n (%) 46 (36.2) 29 (63.0) 17 (37.0) <0.001
Diabetes on insulin, n (%) 20 (15.7) 13 (65.0) 7 (35.0) 0.017
Clinical Frailty Scale (Rockwood)
> 4,n (%) 70 (55.1) 37 (52.9) 33(47.1) 0.002
Reversed Cardiac Risk Index, median (IQR) range
23,n (%) 45 (35.4) 27 (60.0) 18 (40.0) 0.001
Urgent / Emergency, n (%) 70 (55.1) 37 (52.9) 33 (47.1) 0.002
Elective, n (%) 57 (44.9) 15 (26.3) 42 (73.7) 0.002
30-day complications or adverse outcomes, n (%) 23 (18.1) 18 (78.3) 5(21.7) <0.001
Postoperative congestive heart failure, n (%) 9(7.1) 8(88.9) 1(11.1) 0.002

Discussion

This single-centre study demonstrated a high prevalence
of MINS (40.9%). Of concern, the majority (75%) were
asymptomatic. Furthermore, we found a five-fold increase of
30-day adverse complications (primarily cardiac in nature) and
increased length of stay in patients with MINS. However, overall
mortality rates were low without a statistically significant
difference compared to those without MINS. Our results far
exceeded previous MINS estimates of 8% to 19% [1,2]. We believe
this was due to the utilisation of high sensitivity troponin, with
a high specificity compared to a standard cardiac troponin test
used in other studies. In addition, the selected cohort of patients
were frail; and were at high perioperative risk. This is supported
by the fact that > 50% of patients had a CFS score = 4 and more
than 30% of the patients had a RCRI score = 3 (high postoperative
predicted cardiac risk). We also found a higher premorbid level of
congestive heart failure, atrial fibrillation, coronary artery disease
and diabetes comorbidities in those with MINS.

DOI:10.19080/0A]GGM.2023.07.555720

In our cohort, we found a higher proportion of patients
with MINS had emergency or urgent surgery. These patients are
likely to be unwell or septic. A systemic inflammatory response
causes endotoxin release, which decreases cardiac ejection
fraction and results in myocardial injury [3]. We also found
carotid endarterectomy was associated with MINS. However, this
was the largest operative subgroup and may suggest that other
subgroups were underpowered. Although the exact mechanism
of this relationship remains uncertain, one postulated theory is
that high Tissue Factor (TF) activity in the atherosclerotic carotid
plaque during surgery may lead to myocardial injury [15]. We
demonstrated that MINS group had an increased length of stay (9
days vs 6 days, p=0.002). This could be due to a higher proportion
of patients with MINS having cardiovascular complications (i.e.,
congestive heart failure and myocardial infarction), leading to
prolonged hospitalization. Consequently, this would further
impact on healthcare costs.
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Adverse Outcomes in Patients with MINS

A higher proportion of patients with MINS had 30-day
adverse outcomes (34.6% vs 6.7%). This was driven primarily
by cardiac complications, in particular myocardial infarction, and
post-operative congestive heart failure. This is confounded by
the fact that myocardial infarction is a subgroup of MINS, such
that separating the true effect difference would be difficult. In
addition, myocardial infarction may also mediate the increased
postoperative congestive heart failure. However, it is reasonable
to assume that those with asymptomatic myocardial injury
(making up 75% of MINS in this study) are more likely to progress
to myocardial infarction and either trigger or worsen heart failure,
such that patients with MINS still require close clinical monitoring.
Further larger studies are needed to characterise this three-way
relationship (i.e., exclude myocardial infarction in the subgroup of
MINS and repeat the analysis in those patients with and without
MINS). Also, patients with MINS who have a history of heart failure
were more likely at risk of developing postoperative congestive
heart failure complications. The proposed mechanisms were
due to increased transmural pressure, endothelial dysfunction,
circulating neurohormones, anaemia or hypotension [3].

We found an overall mortality rate of 3.9% in our study,
which is low in comparison to the VISION study [2]. There was
a significant increase in mortality rate in VISION (9.8% (MINS)
vs 1.1(no MINS), OR 10.07 [95% CI 7.84-12.94], p < 0.001) [2].
This may either reflect our small sample size or differences in
standard of care. Patients in our institution are co-managed
between geriatrician and vascular surgeons to optimize patients
perioperatively, based on the well-established ortho-geriatric
model of care which has been shown to improve mortality and
clinical outcomes [16-20].

Frailty Scores and Cardiac Risk Stratification

We observed that patients in the MINS group were generally
vulnerable or frail (CFS 24). This may imply that elderly patients,
with co-existent multiple complex comorbidities and lower
cardiac reserve, were more vulnerable to intraoperatively
stressors. The increase in oxygen demand intraoperatively may
cause troponin leak and myocardial injury [21]. This emphasizes
the importance of close and early perioperative assessment and
medical optimization in those deemed pre-morbidly vulnerable
or frail, to improve outcomes. Our study showed an association
between MINS and a high RCRI score of = 3 (indicating high
perioperative cardiac risk and complications). However, the RCRI
tool demonstrates poor risk stratification in vascular surgery
[22]. The majority of vascular patients have an underlying diffuse
atherosclerotic disease which may not reflect on the scoring
chart [22]. Consequently, high sensitivity troponin may be an
alternative to the RCRI tool to predict perioperative cardiac risk
and complications.

Considerations for Management

In current practice, there are no set universal guidelines
for managing patients with MINS. The only large clinical trial
in patients with MINS (Management of Myocardial Injury After
Noncardiac Surgery [MANAGE] trial) studied administration of
oral Dabigatran 110mg twice daily in a total of 1754 patients [23].
In this study, the Dabigatran arm showed a lower primary outcome
of composite adverse events compared to placebo (11% vs 15%,
hazard ratio 0.72 [95% CI 0.55-0.09], p=0.0115) [23]. However,
at least 46% of participants discontinued the study drug in this
trial and the drug has not yet been licenced for this indication
[23]. Our study provides further practical considerations in the
management of patients with MINS. Early review by a geriatrician
would again be invaluable for such patients, especially in those
deemed vulnerable or frail, to provide the need for medical
optimisation with medical therapy and earlier referral to
cardiology.

Strengths

A single investigator assessed all patient records ensuring
consistency. This was verified by a senior clinician as required.
This study utilised high sensitivity cardiac troponin, which has
a high specificity compared to a standard cardiac troponin test.
Additionally, we included the measurement of preoperative
troponin levels to set as the baseline, which is important in
patients with end-stage renal failure with chronically elevated
troponin or patients with elevated troponin due to other reasons
such as sepsis. We also included a few additional outcomes
compared to the other studies (i.e., association between MINS
with frailty scores and RCRI). Furthermore, all patients enrolled
in this study completed the 30-day follow up.

Limitations

The study sample size was small. It was a single centre study
compared to the VISION study, which involved eight countries
in five continents [2]. In this study, troponin levels was added
to a routine postoperative Day 1 until Day 3 blood tests, and
additional MINS may have been missed beyond this period
which could underestimate the prevalence of MINS. However, the
current evidence suggests low specificity in detecting myocardial
infarction beyond this time frame [24].

Conclusions

We demonstrated a high prevalence of MINS in vulnerable,
frail, and older patients undergoing major vascular surgery,
with the majority being asymptomatic. Patients with MINS
had a significantly higher risk of adverse outcomes at 30 days,
principally cardiac complications, as well as longer length of stay
in hospital, although mortality was not significantly increased. We
also found that frailty assessment and cardiac risk stratification
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tools predicted MINS. The study supports the recommendation  patient’s peri-operatively. May play an important part in achieving
that routine troponin monitoring should be performed post major  optimal outcomes.
vascular surgery and that geriatrician co-management of such

Appendix 1:

Baseline characteristics of vascular patients who underwent major vascular surgery.

BN

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

008

Age- patient aged 50 years or older.

Sex - Female or male

Diabetes - documented history of diabetes or patient on diabetic medications on admission.
Cardiovascular disease - documented history of hypertension, coronary artery disease, cerebrovascu-
lar disease (include stroke / TIA), peripheral vascular disease or congestive heart failure.
Hypertension - documented history of hypertension or patient on antihypertensive treatment on ad-
mission

History of congestive heart failure - documented history of congestive heart failure or previous radio-
graphic findings with congestive heart failure (such as alveolar oedema, Kerley B lines, cardiomegaly,
dilated upper lobe vessels or pleural effusion)

History of coronary artery disease - history of angina, previous myocardial infarction or acute coro-
nary syndrome; previous echocardiographic findings of abnormal segmental cardiac wall motion or
evidence of segmental fixed defect on myocardial perfusion scan; positive stress echocardiographic or
radionuclide exercise demonstrating cardiac ischemia; evidence of atherosclerotic stenosis 250% of
coronary artery on coronary angiographic or CT coronary angiographic or evidence of pathological Q
waves on two contiguous electrocardiogram leads.

History of coronary artery bypass graft (CABG) or percutaneous coronary intervention (PCI)- docu-
mented history of CABG or PCI on admission

Glycated haemoglobin > 7% - documented history of glycated haemoglobin of greater than 7% in the
last 6 months on admission.

History of peripheral vascular disease -documented history of intermittent claudication, previous his-
tory of vascular surgery for atherosclerotic disease, ankle-brachial index of <0.90 (regardless at rest or
exercise), doppler or angiographic study with 270% stenosis in a noncardiac artery.

History of stroke - documented history of previous stroke, or neuroimaging (such as CT head or MRI
brain) evidence of stroke.

History of TIA - documented history of previous TIA on admission (transient neurological symptoms
secondary to brain, spinal cord, or retinal ischemia without acute infarction)

Chronic obstructive pulmonary disease (COPD) - documented history of COPD, emphysema or bron-
chitis or patient reported history of daily production of sputum for at least 3 months in 2 consecutive
years.

History of smoking - documented history of tobacco smoking

Current atrial fibrillation -documented history of atrial fibrillation on admission

Preoperative creatinine > 176mmol/L- According to the Revised Cardiac Risk Index (RCRI) criteria.
Active cancer - documented history of diagnosis of cancer, or previously had surgery for cancer; or pre-
viously had received treatment for cancer (such as chemotherapy, radiation, or surgery). This excludes
patients who had non-melanoma skin cancers.

Urgent surgery- surgery that occurred between 24 to 72 hours after the diagnosis of an acute surgical
condition.

Emergency surgery - surgery that occurred <24 hours after the diagnosis of an acute surgical condition.
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Appendix 2:

Clinical Frailty Scale [12]

1 [(Very Fit] — robust, active, energetic, well, motivated and fit: these people commonly exercise
regularly and are in the most fit group for their age

2 (Well) - without active disease, but less fit than people in category 1

3 [(Well, with treated comorbid disease) - disease symptoms are well centrolled compared
with those category 4

4 [Apparently Vulnerable] - although not frankly dependent, these people commonly
complain of being "slowed up” or have disease symptoms.

5 (Mildly frail) - with limited dependence on others for instrumental activities of daily living.

6 (Moderately frail] - help is needed with both instrumental and non-instrumental activities of

daily living.
7 [Severely frail) - completely dependent on others for the activities of daily living and, or
terminally ill.
Appendix 3:
Revised Cardiac Risk Index Score [14]
Variable Points

History of ischaemic heart disease 1
History of congestive heart failure 1
History of cerebrovascular disease 1
Use of insulin therapy for diabetes 1
Pre-operative creatinine > 177mmol/L (>2.0mg/dL) 1
High risk surgery (intraperitoneal, intrathoracic, or supragingival vascular surgery) 1

Total RCRI score and corresponding risk of myocardial infarction, cardiac arrest, or death at 30 days after noncardiac surgery [5]

Total RCRI points Risk estimate, % 95% CI for the risk estimate
0 3.9 2.8% - 5.4%
1 6 4.9% - 7.4%
2 10.1 8.1%-12.6%
Greater or equal 3 15 11.1% - 20.0%

the Correlation with 30-day Outcomes and Frailty in Vascular Surgery. OAJ Gerontol & Geriatric Med. 2023; 7(4): 555720.
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