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Abstract 

Objectives: Myocardial injury after non-cardiac surgery (MINS) occurs between 12 and 20% 

in vascular surgery patients, and it is even more common after revascularization procedures in 

patients with peripheral artery disease (PAD). Myocardial injury is strongly associated with 

higher mortality in short and long-term periods with a ten-fold and two-fold increased risk, 

respectively. There is lack of data regarding myocardial injury after extensive aorto-iliac 

revascularization, and this study aims to evaluate the prognostic impact of MINS and its 

perioperative determinants. 

Design: From a tertiary referral hospital, patients with TASC-D aortoiliac lesions were 

consecutively retrieved from a prospective database. Study population was submitted to 

revascularization either by open surgery or endovascular revascularization. Cardiac troponins 

were routinely measured in the postoperative period. Myocardial infarction (MI), acute heart 

failure (AHF), stroke, major adverse cardiovascular events (MACE), major adverse limb events 

(MALE) and all-cause mortality were assessed both post-operatively and at follow-up. 

Results: The incidence of MINS was 25.8%. Multivariable analysis confirmed chronic heart 

failure (CHF) as a significant risk-factor for MINS with an Hazard ratio (HR) of 21.3 (95% CI 

1.696 - 268.0, P = 0.018). At 12 months after revascularization, troponin elevation was found 

to be significantly associated with MI, stroke, AHF, MALE, MACE and all-cause mortality. 

Conclusion: MINS plays a role as a predictor of significant cardiovascular comorbidities and 

mortality after complex aorto-iliac revascularization. The presence of CHF was associated with 

higher incidence of myocardial injury after aortoiliac TASC-D revascularization. Pre-emptive 

strategies should be adopted to detect and treat these patients. 

Keywords: Aortoiliac Revascularization; Myocardial Injury after Non-Cardiac Surgery; Major 

Adverse Limb Events; Major Adverse Cardiovascular Events 

 



Introduction 

Myocardial injury after non-cardiac surgery (MINS) has gain significant attention as 

a risk factor for cardiovascular morbidity and mortality in the post-operative period. Troponin 

I and T have been considered the standard biomarkers to detect myocardial injury with high 

sensitivity and specificity (1, 2). Due to sedation, anesthesia or analgesic medication, most 

patients do not experience ischemic symptoms (3, 4) therefore, more than 90% of MINS and 

almost 70% of myocardial infarctions are asymptomatic and might go undiagnosed in the 

postoperative period without routine troponin monitoring(4).  Published incidence of MINS is 

≈8% and it is an independent predictor of 30-day mortality, with 10% mortality rate and an 

Hazard Ratio (HR) of 3.87, 95% confidence interval (CI) 2.96-5,98)(5). MINS is associated 

with a 5-fold increased long term risk of major adverse cardiovascular events (MACE) with an 

established relative risk (RR) of 5.52, 95% CI 4.62-6.58(6).  In patients with high 

cardiovascular risk (>5%), routinely measurement of cardiac troponin is recommended during 

48 to 72 hours after non-cardiac surgery (3, 7).  

Older patients and with more comorbidities and cardiovascular risk factors are 

increasingly undergoing arterial revascularization, recalling other concerns (8).  The reported 

incidence of MINS after vascular surgery is almost 10-fold higher than the incidence of deep 

venous thrombosis (9) and, beyond the aforementioned association with short-term mortality, 

MINS is also associated with increased hospital stay (10). For instance, myocardial injury after 

vascular surgery has a reported incidence ranging from 12 to 25% (9-15). Moreover, troponin 

elevation after major vascular surgery was found to have a two-fold increased risk of mortality 

in long-term (P= 0.02)(12).  

Peripheral artery disease (PAD) prevalence is gradually increasing and the disease 

reflects high morbidity and mortality (16, 17). In an international prospective cohort (10), 51% 

of patients who developed MINS had a peripheral artery revascularization  



An international prospective cohort study including 15,102 non cardiac surgery 

patients whom 502 underwent vascular surgery concluded that the incidence of MINS in the 

vascular surgery patients was 19.1% and 30 day all-cause mortality was significantly increased 

in patients with MINS versus patients without MINS (12.5% vs 1.5%, respectively) (10). 

Scientific evidence concerning MINS prognosis and management are still scarce among 

extensive aortoiliac (TASC II type D) (18). 

This study aims to evaluate the incidence of MINS after open and endovascular 

aortoiliac revascularization for extensive disease patterns (TASC D) and validate its prognostic 

value. As a secondary aim, predictors of MINS in this context will also be estimated. 



Methods 

Study population 

Patients from a tertiary care and referral center, who underwent elective aortoiliac TASC 

D lesions revascularization(18), included, from January 2013 to March 2019. All consecutive 

patients were included and a post-hoc analysis was performed.  

Patient demographics, cardiovascular risk factors, clinical presentation, procedural and 

lesion-specific details were obtained from detailed review of the patient’s clinical records kept 

in an ongoing vascular registry (19). Pre-operative arteriogram and computed tomography 

angiography (CTA) images were retrieved and reviewed by two independent and experienced 

observers (J.R.N. and A.P.N.) in order to assess TASC classification. Patients with missing 

troponin values or without a first postoperative assessment (32) were excluded from the analysis 

(n=25).  

TASC II classification was used to categorize disease pattern (18, 20). Only type D 

aortoiliac lesions were included.  Patients with concomitant aortoiliac aneurysmatic disease 

were excluded.  

Study protocol was approved by the local Ethics Committee (protocol number 246-18) 

and respects the Declaration of Helsinki. Informed consent was deemed unnecessary. 

 

Measurements of troponins 

cTroponin I (cTrop I) and high-sensitivity troponin I (hsTnI) values were measured and 

the highest value was registered systematically during the following 48 hours.  

Reference values of cTropI chemiluminescent microparticle immunoassay (Architect 

Stat Troponin I, Abbot Laboratories, Wiesbaden, Germany for MINS, regardless gender, ) was 

0.032 µg/mL whereas fourth-generation assay hsTNI (Abbot Laboratories, Wiesbaden, 



Germany) defined a value of 27 ng/mL for males and 11.4 ng/mL for females. These values 

were in agreement with our biochemistry department 

As above-mentioned cardiac troponin I is considered a reliable biomarker for 

myocardial injury (1, 2, 21). The fourth generation hsTnI assay is in agreement with the criteria 

of the International Federation for Clinical Chemistry to be classified as an high sensitive assay 

for cardiac biomarker. It states 10% of total imprecision at the 99th percentile of reference in 

general population and the detection of cardiac troponin in at least 50% of the individuals 

included in that population (3, 22, 23).  

 

Surgical Technique 

Revascularisation technique, either endovascular or open surgical, was at the operator 

discretion. Cases of bail-out open surgery, after technical failure of a first endovascular 

approach were also included in the final analysis.  

Technical success was defined as patency at 24h post-procedure. Postoperative 

surveillance consisted of clinical evaluation, Doppler ultrasound, and non-invasive Doppler 

arterial study with ABI measurements, and was generally performed at 1, 6, and 12 months, 

followed by biannual or annual follow-up (19). Patency was defined according to reporting 

standards (20).  

All endovascular procedures were performed by a vascular surgeon under local 

anesthesia, either in an angiography suite or a C-arm equipped operative room. Only four cases 

had covered stents, the remaining patients were employed non covered stents as explained 

elsewhere (19). After stent implantation, aspirin (100 mg/day) and clopidogrel (75 mg/day) 

were prescribed for 1 month. After 1 month, aspirin (100 mg/day) was recommended for life-

long use. 



Transperitoneal aortobifemoral bypass surgeries were performed in an operating room 

under general anesthesia. Double woven graft was used for all the bilateral aortoiliac surgical 

reconstructions. After synthetic vascular graft implantation, aspirin (100 mg per day) was also 

prescribed for long-term use. 

All patients went through regular thromboembolic prophylaxis with low molecular 

weight heparin. In the postoperative period if the patient had an independent indication for 

anticoagulation, simultaneous anti-aggregation would be selected, on the long-term 

anticoagulation was privileged. All open procedures were at least 24h under continuous 

monitoring on an ICU, endovascular procedures seldomly need intensive care. 

 

Other definitions 

All data regarding patients and procedure were defined according to the Society for 

Vascular Surgery reporting standard for lower extremity ischemia (24). Symptoms of chronic 

lower extremity ischemia were classified according to Rutherford classification (18).  

MINS was defined by elevation of cardiac troponin at least one value above the 99th 

percentile upper reference limit whereas MI was defined according to the Fourth Universal 

Definition of Myocardial Infarction(3).  

MACE was defined a composite outcome including MI, AHF and all-cause 

mortality(3). MALE is defined as the merged events of reintervention and subsequent major 

amputation  of the revascularized artery segment or acute ischemia(25).  

Since post-operative anemia might be associated with troponin elevation and higher 

mortality, the haemoglobin (Hb) threshold for cardiac ischemia risk was set to 10 g/dL(26-28). 

The last Hb measurement prior to surgery was considered (26).  

 

 



Statistical analysis 

The necessary sample for a survival test was calculated resorting to WinPepi® V11.65 

(29)aiming for a statistical power (β) of 80% and an α<0.05. The sample was estimated (52) for 

an event rate difference of 30% between groups, although higher event rates differences are 

described (5, 14).  

All statistical calculations were made resorting to SPSS (IBM Corp., released 2017. 

IBM SPSS Statistics for Windows, version 25.0, Armonk, NY, USA). For univariate purposes, 

2 and Fisher exact test were used to measure the association between categorical variables 

and Student’s T-test for the continuous variables. Significance threshold was set to P < 0.05. 

Demographics and other comorbidities were compared between patients diagnosed with MINS 

and patients without MINS (Table I). Binary logistic regression was subsequently performed 

for the multivariable analysis, variables with p<0.05 were included, resorting to the dimension 

reduction method to exclude confounding factors.   A survival analysis was also assessed 

relying on Kaplan-Meyer estimator and lifetable method. Log-rank estimator was applied to 

compare time-dependent variables. Additionally, evaluation of troponin measurement as a 

screening test was performed through sensitivity/specificity analysis. Calculation of likelihood 

ratios (LR) for each associated complication to assess the value of troponin monitoring was also 

carried on. 

   



Results 

Demographics 

Sixty-six patients were included and 93.9% (n=62) were male. Seventeen patients 

(25.80%) were diagnosed with MINS. Female gender was less common in the MINS group 

(82.4% vs 98.0%, P = 0.02). In the univariate analysis, the MINS group was significantly older 

than patients without MINS (65.40±8.7 vs 60.90±7.7, P = 0.05). However, only the gender 

association was confirmed by multivariable analysis (aOR = 0.05, 95% CI = 0.004-0.590, 

P=0.018) (Table I). The median follow-up was 51 months [40.6 – 61.4] (reverse KM method). 

MINS incidence in the endovascular group was 9 (52.9%), opposing to the direct 

surgery group 9 (18.4%). 

 

Clinical variables 

Smoking was less prevalent in the MINS group (76.5% vs 100%, P <0.001) and 

chronic heart failure (CHF) was more prevalent in patients with MINS (17.60% vs 2.00%, P = 

0.02). Additionally, 52.9% (9 patients) of patients who had troponin elevation were 

significantly associated with percutaneous iliac stenting (vs 18.4%, P = 0.006). Patients were 

comparable in both groups for other baseline comorbidities (Table I). 

Only CHF and aortoiliac stenting were confirmed by multivariable analysis as 

potentially risk-factors for MINS (OR: 10.3; 95% CI: 1.00-106.8 and OR: 5.00; 95% CI: 1.512 

– 16.531, respectively). However, aOR for CHF was 14.67 (95% CI 1.253 - 171.7, P = 0.032) 

whereas aorto-iliac stenting has shown an aOR of 5.954 (95% CI 1.673 – 21.189, P = 0.006). 

Length of stay on infirmary and intensive care unit was not increased in MINS patients 

(P=0.454 and P=0.659, respectively). 

 

 



Prognostic impact of MINS in short and 1 year follow-up 

At 30-days post-procedure, MINS presented a positive association with death (4 

(23.5%) vs 1 (2.0%), P=0.004), MACE (7 (41.2%) vs 1 (2.0%), P < 0.000) and MALE (8 

(47.10%) vs 5 (10.2%), P = 0.001) (Table II). 

At one-year follow-up, in the MINS group, freedom from MALE was 45.8%, standard 

error (SE) 13.7% (Log Rank P = 0.007) and freedom from MACE was 47.1%, SE 12.1% (Log 

Rank P = <0.001). At 12 months after revascularization, troponin elevation was found to be 

significantly associated with MI, stroke, AHF, MALE, MACE and all-cause death (Figure 1).  

 

Troponin measurement test value 

Assessment of cTropI and hsTnI was performed in all included patients. Regarding 

sensitivity and specificity, analysis of troponin monitoring, specificity for all-cause death was 

85.71% (true negatives). MINs demonstrated a good specificity and sensitivity performance 

regarding individual and combined cardiovascular outcomes (table III) 

A LR above 5 for positive MINS test was determined for MACE (Table III). 

Concerning patients without MINS, only patients who experienced MALE had a negative 

likelihood ratio (LR) above 0.5 (0.72). Patients who died, experienced MI, stroke, AHF or 

MACE had a calculated negative LR of 0.48, 0.25, 0.32, 0 and 0.45, respectively. 



Discussion 

This study reported an incidence of MINS after aortoiliac TASC D revascularization 

of 17 patients (25.80%) at 30 days post operatively. CHF and endovascular revascularization 

were significant risk factors. Troponin elevation in these patients has confirmed a poor 

prognosis in short-term and 1-year follow-up. All-cause death, MI, stroke, AHF, MALE and 

MACE occur more frequently in patients that had MINS.  

CHF was confirmed as a significant independent predictor of troponin elevation by 

multivariable analysis. Heart failure is a well-established risk-factor for perioperative cardiac 

events (30-33) and severe compromised left ventricle was found to be an important determinant 

of MACE in vascular surgery (34, 35). Troponin elevation could be explained by an oxygen 

supply-demand mismatch enhanced by acute and chronic heart failure (3, 36). This mechanism 

would increase cardiac stress and endothelial disfunction together with potential myocardial 

necrosis, proteolysis and direct toxicity related to inflammation, neurohormones or infiltrative 

processes triggering troponin release to bloodstream(36). These results are supported by a large 

cohort study, that found that 17.7% of MINS patients had former congestive heart failure (P= 

0.002) (10). Other studies reported that patients with critical lower limb ischemia that 

underwent endovascular revascularization and presented MINS had significant association with 

previous CHF (P = 0.006) (9, 15). 

In this cohort, MINS appears to be more likely to happen under endovascular therapy 

for AI-TASC D lesions. These results might be explained by selection bias, since younger 

patients with less comorbidities are suitable for open repair whereas more frail patients with 

poorer baseline characteristics are aimed for endovascular therapy (19). Other prospective 

studies regarding PAD surgical handling found similar results. Linneman et al. also found 

increased incidence for the endovascular approach (open repair 1.8% vs endovascular therapy 

54.1%), although only artery stenting was significative for troponin elevation (14).  



Occurrence of MINS in this cohort of patients has revealed to be an independent 

determinant of MI, AHF, death and MACE at one-year follow-up. Similar results were attained 

for MINS patients revascularized for critical limb ischemia (MACE, MI and death) in another 

study, at one-year follow-up (P = 0.003, P = 0.007 and P = 0.011, correspondingly). The HR 

was 2.89 (95% CI 1.41-5.92) for MACE and 2.44 (95% CI 1.18-5.06) for death(15). 

Comparable to this and to reinforce this association, MINS predicts MACE after PAD 

endovascular revascularization with an aHR = 2.14 (95% CI 1.42-3.23, P = 0.0003) at long-

term follow-up (37). MI is a frequent adverse outcome at one-year follow-up following 

revascularization for PAD and critical limb ischemia with established MINS (14, 15). 

Linneman et al. similarly described higher mortality rates at one-year follow-up in patients 

undergoing revascularization for PAD lesions with MINS (HR, 8.14, 95% CI 3.77 – 17.6, P < 

0.001). Congestive heart failure at 30-days after MINS has been described by Biccard et al., for 

patients undergoing vascular surgery (10).  

Patients with diagnosed cardiac lesions were more likely to suffer MALE in the 

postoperative period. Linneman et al. found significant association at one-year in patients with 

MINS undergoing revascularization for PAD (HR, 3.71, 95% CI 1.33 – 10.3, P = 0.012) (14). 

Additionally, even with lower troponin elevations, evidence reports that patients 

surgically treated for acute lower limb ischemia had longer length of stay in the hospital (17 

days vs 6 days, P > 0.001), suggesting MINS as a potential predictor of morbidity(38).  

In this study, the presence of MINS as a screening test for cardiovascular 

complications has demonstrated a high sensitivity (100%) only for AHF, remaining 

significantly lower for other outcomes. Specificity has shown better rates than sensitivity, 

nearly 80% with the best value associated to the presence of MACE (89.13%). However, since 

the event rates were low between patients with or without MINS to assess positive and negative 

predictive values, LR was the best approach to evaluate the utility of troponin monitoring. In 



fact, patients with a positive test for MINS have a LR of 5.52 for MACE, reflecting a moderate 

increased risk of approximately 20 to 30%(39). Considering the remaining outcomes, the value 

of a negative test for MINS is likely to be more useful since reveals a moderate decrease in the 

risk of MI and stroke (nearly 20-30%) and a even higher decrease in the risk for AHF(45%)(39). 

Biccard et al. reported that 74.1% of vascular patients would have MINS undiagnosed, keeping 

in mind that these patients potentially have approximately 10-fold increased risk of death at 30-

days (10). Together with the fact that troponin elevation is associated with increased morbidity 

and mortality in patients undergoing revascularization for AI-TASC D lesions and because 

undiagnosed MINS might carry severe outcomes, monitoring of high sensitivity cardiac 

troponin in the following 48 hours after revascularization in selected patients is recommended 

for improved clinical follow-up (7, 33). Patients should be risk-stratified according to the 

Revised Cardiac Risk Index (RCRI) due to cost-effectivity purposes (7, 31, 33, 40, 41). If RCRI 

has at least 1 point attributed (risk estimate 6%, 95% CI 4.9-7.4), plus minimal age of 65 years-

old (or age 45-64 with significant cardiovascular comorbidity), Canadian Cardiovascular 

Society Guidelines recommends ordering N-terminal pro-brain natriuretic peptide/brain 

natriuretic peptide (NT-proBNP/BNP) monitoring and, if positive, troponin assessment should 

be carried on(7). However, troponin measurement seems to be more cost-effective, due to its 

reliability and lower cost.  

Current management of MINS is still unclear. A recent international, randomized 

placebo-controlled trial, MANAGE trial, stated that the use of dabigatran 110 mg twice daily 

in patients with postoperative troponin elevation after non-cardiac surgery had significant 

advantage in reducing combined adverse outcomes, including vascular mortality, non-fatal MI, 

stroke, peripheral artery thrombosis, amputation and symptomatic venous thromboembolism 

(HR, 0.72, 95% CI 0.55-0.93, P = 0.0115) without increased risk of additional bleeding. (41) 



Strengths of the current study are the longitudinal surveillance of the patients in a 

prospective basis and the fact that the diagnosed TASC lesions had similar degrees among 

patients. In the other hand, some limitations need consideration. Small sample limits the 

external validity for hard conclusions. Low prevalence of female patients in the sample could 

possibly mask a potential role as a determinant of incidence of MINS. The lack of 

randomization of treatment modalities limits the considerations concerning endovascular versus 

surgical treatment in terms of MINS incidence and cardiovascular events in the post-operative 

period. Although differences in the excluded group were not significant, patients without 

troponin assessment could not be included. Data regarding pharmacologic treatment of this 

patients was not available, so the beta-blockers and statins intake was not considered in the 

analysis. 

  



Conclusions 

MINS had an incidence of 25.8% after revascularization of aorto-iliac TASC D patients. 

CHF was found to be associated with the presence of MINS. Additionally, myocardial injury 

after aortoiliac type D lesions revascularization is a strong predictor of further MI, stroke, AHF, 

MALE, MACE and all-cause mortality at one-year follow-up. Screening for MINS in high-risk 

vascular patients could improve management of outcomes. However, additional research 

should be engaged to supplement these results and to develop preventive and management 

methods of MINS after AI-TASC D lesions revascularization.  
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ATTACHMENTS 

 

TABLES 

Table I. Demographic and clinical data from patients undergoing revascularization for aorto-

iliac TASC D lesions. 

Variables 

No MINS 

(n = 49) 

MINS 

(n = 17) 

P value 

Odds Ratio 

(95% CI) 

P 

value# 

Age (years), 

mean ± SD 

60.9 ± 7.7 65.4 ± 8.7 0.05   

Male sex, n 

(%) 

48 (98.0) 14 (82.4) 0.02 

0.05 (0.004-

0.590) 

0.018 

HTN, n (%) 31 (63.3) 14 (82.4) 0.145   

Smoking, n 

(%) 

49 (100) 13 (76.5) 0.000   

CKD, n (%) 4 (8.2) 4 (23.5) 0.094   

DM, n (%) 19 (38.8) 5 (29.4) 0.489   



Dyslipidemia, 

n (%) 

28 (57.1) 12 (70.6) 0.328   

CAD, n (%) 10 (20.4) 6 (35.3) 0.217   

CHF, n (%) 1 (2) 3 (17.6) 0.02 

21.3 (1.696-

268.0) 

0.018 

COPD, n (%) 5 (10.2) 2 (11.8) 0.857   

Hb (g/dl), 

mean ± SD 

13.4 ± 1.7 13.2 ± 2.2 0.555   

SFA disease, 

n (%) 

30 (62.5) 11 (73.3) 0.442   

Limb 

threatening 

ischemia, n 

(%) 

30 (61.2) 14 (82.4) 0.111   

Rutherford 

Classification, 

mean ± SD 

4.08 ± 0.862 4.0 ± 0.816 0.74   



Iliac Stenting 

vs ABF, n 

(%) 

9 (18.4) 9 (52.9) 0.006 7.84 (1.93-31.78) 0.04 

 

#Multivariable analysis using binary logistic regression  

Legend: SD – standard deviation; CI – confidence interval; MINS – myocardial injury after non-cardiac 

surgery; ABF – aortobifemoral bypass grafting; DM – Diabetes Mellitus; CAD – Coronary Arterial 

Disease; CHF – Chronic Heart Failure; CKD (creatinine>1.5mg/dl); COPD -  Chronic Obstructive 

Pulmonary Disease; Hb – hemoglobin;  HTN – Hypertension; SD – standard deviation; SFA disease – 

hemodynamically significant disease of the superficial femoral artery.  

 

 

Table II. MINS - 30 day results. 

 Death n (%) P= MACE n (%) P= MALE n (%) P= 

Control 1 (2) 

0.004 

1 (2) 

<0.001 

5 (10.2) 

0.001 

MINS 4 (23.5) 7 (41.2) 8 (47.1) 

 

Legend: MINS – myocardial injury after non-cardiac surgery; MACE – major adverse 

cardiovascular events; MALE – major adverse limb events. 

 

 

 

 



Table III. Diagnostic test evaluation.  

 

 
MI No 

MI 

Stroke No 

Stroke 

AHF No 

AHF 

MACE No 

MACE 

MALE No 

MALE 

 Death Alive 

No MINS 1 48 1 48 0 48 8 41 11 38  7 42 

MINS 4 13 3 14 3 14 12 5 8 9  10 7 

Sens 80.00% 75.00% 100% 60.00% 42.11%  58.82% 

Spe 78.69% 77.42% 77.42% 89.13% 80.85%  85.71% 

LR+ 3.75 3.32 4.43 5.52 2.20  4.12 

LR- 0.25 0.32 0 0.45 0.72  0.48 

 

Legend: MINS – myocardial injury after non-cardiac surgery; Sens – sensitivity; Spe – specificity; LR – likelihood ratio; MI – myocardial 

infarction; AHF – acute heart failure; MACE – major adverse cardiovascular events; MALE – major adverse limb events. 

 



FIGURES  

Figure 1: Survival plots. 18 months follow-up Kaplan Meier survival plots for different clinical events, for groups with or without MINS. A – 

Myocardial Infarction; B –Stroke; C –Acute Heart Failure; D – Major Adverse Limb Event; E – Major Adverse Cardiovascular Event; F – All-cause death. 

MINS: Myocardial Injury after non-cardiac surgery; SE: Standard Error.  
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