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GLOSSARY
BMI = body mass index; CDC = Centers for Disease Control; hsTnT = high-sensitivity troponin T; 
MINS = myocardial injury after noncardiac surgery; TnI = troponin I; TnT = troponin T; VISION =   
Vascular events In non-cardiac Surgery patIents cohOrt evaluatioN study; WHO = World Health 
Organization

Myocardial injury after noncardiac surgery 
(MINS) has been a focus of attention for 
perioperative medicine for nearly a decade.1 

An international cohort of 15,065 patients aged 45 
years or older who underwent noncardiac surgery 
were used to develop diagnostic criteria for this entity 
in 2012. MINS was defined as an elevated troponin 
(peak troponin T [TnT] >0.03 ng/mL), judged to be 
due to a myocardial ischemia. While 8% of patients 
experienced this outcome, less than a fifth of those 
experienced any symptoms at all. However, and 
rather soberingly, there was a 4-fold increase in the 
risk of 30-day mortality in patients with MINS.2 While 
this study used fourth-generation TnT, consistent 
outcomes have been seen in follow-up investigations 
using high-sensitivity troponin T (hsTnT) as well.3 
With ongoing inconsistent use of fourth-generation 
and hsTnT, a more universal definition of MINS 
would entail postoperative troponin levels >99th per-
centile of the upper reference limit within 30 days after 
surgery that result from myocardial ischemia without 
the need of an ischemic feature.4 A substantial amount 
of asymptomatic myocardial injury occurs during the 

postoperative period. Much has been published about 
the well-established and ever-increasing association 
of perioperative hypotension with MINS.1 This is 
probably a major contributor to the fact that a third 
of all postoperative deaths are due to a cardiac com-
plication, and in general death in 30 days after sur-
gery is one of the most common causes of mortality 
in the United States.5 However, the adjusted risks for 
MINS and the association of hypotension are much 
less than the risk associated with a patients’ baseline 
clinical factors.6 Here, the role of obesity as a risk is 
of importance. Obesity is a rampant epidemic across 
the world.7 While the connection of obesity with car-
diovascular disease is well established, there is also 
a possible protective effect or an “obesity paradox” 
seen both with and without cardiovascular disease.8

In this month’s issue of Anesthesia and Analgesia, 
Lee9 present a 9-year (2010–2019) retrospective cohort 
of 35,269 patients with measured postoperative tro-
ponins, where they analyzed the association of 3 pre-
defined body mass index (BMI) subgroups (low <18.5 
kg/m2, normal 18.5–25 kg/m2, and high >25 kg/m2) 
and MINS diagnosed with a Troponin I (TnI) above 
the 99th percentile upper reference as >40 ng/L. The 
authors concluded that there was a higher incidence 
of postoperative myocardial infarctions; however, 
significantly lower 1-year mortality in the high BMI 
group compared to the normal and low groups, with 
adjusted hazards of 0.75 and 0.56, respectively, for each 
of the comparisons. Interestingly, this mortality differ-
ence appeared to only differentiate across groups at 
1 year, whereas the 30-day mortality outcomes were 
not different. While this may point to a long-term pro-
tective effect of a higher BMI that was not evident in 
the 30 days postoperative period, this deserves more 
investigation. In this large, single-center registry 
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study of consecutive patients undergoing noncar-
diac surgery, they used a TnI immunoassay instead 
of the hsTnT-based values that have been used by 
the Vascular events In non-cardiac Surgery patIents 
cohOrt evaluatioN study (VISION) investigators and 
are now in use in most parts of the world.3 Diagnostic 
accuracy of the TnI assay had a sensitivity and speci-
ficity of 74% and 84%, respectively, on admission and 
94% and 81% at follow-up (6–24 hours after admis-
sion), for the detection of myocardial ischemia at the 
99th percentile (>40 ng/L). This along with an event 
rate for a cardiac event or death within 60 days at 
24.1%, 55.1%, respectively, for >40–100 ng/L, or >100 
ng/L for the TnI immunoassay, puts it in alignment 
with hsTnT.10

Anywhere from 2% to 40% of patients from 50 to 
70 years of age will have elevated preoperative tro-
ponins.11 Therefore, it is important to measure base-
line troponin when using hsTnT. This is also because 
the presence of MINS is defined as when there is an 
increase by at least 5 ng/L from baseline in the post-
operative period up to at least 20 ng/L, or irrespective 
of the preoperative baseline when the postoperative 
concentration is >65 ng/L.3 Quite often cardiologists 
are called to evaluate isolated troponin elevations in 
an asymptomatic patient, and the lack of a baseline 
value can be a barrier to clinical intervention. Lee9 
makes an effort to include baseline troponin values in 
the data set analyzed, though the numbers of included 
patients are very low. The question on whom to per-
form postoperative surveillance monitoring of tropo-
nin has been widely debated as well. Most experts 
agree on this need in all patients >65 years of age, and 
those >45 years of age with at least 1 cardiovascular 
risk factor.6 Here, the authors performed routine tro-
ponin measurements for moderate- to high-risk sur-
gery or for patients with 1 cardiovascular risk factor. 
This is reflected by the 35,296 patients with measured 
troponin out of an initial cohort of 43,019 patients, 
though an argument could be made for a slightly 
higher risk selection here compared to recommenda-
tions. The authors did include some low-risk patients 
whose troponins were sampled at the discretion of 
the attending physician, likely because they were of a 
higher age or had ongoing recently suspected symp-
toms of ischemic disease. Despite all this, the tropo-
nin surveillance process did not strictly involve serial 
checks on the first 3 days after surgery, but rather 
included any value within 30 days after surgery.

The definition of obesity as used by Lee9 also needs 
close examination. The Centers for Disease Control 
(CDC) define obesity as a BMI >30 kg/m2, while >25 
kg/m2 is overweight, whereas the authors used the 
term high BMI for >25 kg/m2.12 Therefore, one  could 
argue that authors did not have truly obese patients in 
their cohort. Obesity needs to factor in ethnicity and 

Asian patients that constituted all of this cohort may 
actually be reclassified as obese by different thresh-
old standards for this population. Also, an important 
physiological consideration is that Asians may have 
a distribution of fat that favors truncal obesity, which 
per se has a stronger association with cardiovascular 
complications even at lower BMI numbers. The World 
Health Organization (WHO) has also proposed a defi-
nition of overweight (BMI 23.0–24.9) and obesity (BMI 
≥25.0) for this population.13 Interestingly, at this modi-
fied Asian obesity cutoff BMI above 25.0 kg/m2, mor-
tality risk was higher among Asians in comparison to 
the US population.14 The authors did include in their 
analysis, a BMI of >30 kg/m2 as obese in accordance 
with the standard CDC definition. However, mor-
tality of these truly obese patients (BMI >30 kg/m2) 
was only numerically lower though not statistically 
significant. It also seems difficult to interpret these 
classifications of BMI as done by Lee9, into 3 specific 
categories when translated into the clinical context. 
Does a difference of a single decimal point on the 
BMI scale suddenly escalate the same patient into a 
lower risk of MINS-related mortality? An ideal expo-
sure would have used BMI as a continuous variable 
and allowed the clinician to interpret these results to 
see the progressively increasing protective effect of 
BMI on MINS. The authors do provide us smooth-
ened hazard ratio plots of a progressively increasing 
BMI, but the number of patients drops off sharply at 
a BMI >30 kg/m2. It is therefore critically important 
that interested clinician scientists use these results to 
collaborate on larger patient cohorts in environments 
where a truly higher BMI patient population is more 
prevalent. For example, an elegant experiment would 
be to look at the North American population where 
there would be a substantial proportion of patients 
that qualify as truly obese and morbidly obese as well. 
It would be of great interest to the perioperative medi-
cine community to see the entire spread of MINS and 
if this obesity paradox is observed along the entire 
BMI scale up to as high as >40 kg/m2. It is reason-
able to assume that at some stage the cardiovascular 
harm associated with a very high BMI, coupled with 
the effect modification of a sedentary lifestyle, high 
underlying lipid subcategories and so forth, would 
make it difficult to strictly see this so-called protective 
effect persist at these very high BMI states.

There are potential mechanisms that explain the 
protective effective of a higher BMI in their findings. 
In general, cytokine is released to mediate protection 
from inflammation and maintenance of homeostasis, 
along with specifically for ischemic heart disease, a 
younger age, higher metabolic reserve, less cachexia, 
robust blood pressure with allowance for more 
aggressive cardiac medications are all likely ben-
efit mechanisms for the observed obesity paradox.15 



Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
April 2021 • Volume 132 • Number 4 www.anesthesia-analgesia.org 959

E  EditoriAl

As a single-center cohort, with the possibility of 
unidentified confounding factors, these results 
should be interpreted with caution. Troponins were 
measured in a slightly higher risk population and 
there is no clear description of intraoperative and 
postoperative blood pressure management, where it 
could well be that this higher risk group had more 
aggressive blood pressure control compared to the 
nonincluded group. This could have introduced a 
significant selection bias. Lee9 deserves to be con-
gratulated on the routine use of troponin monitor-
ing with an effort to include baseline monitoring in 
a very real-world patient cohort that was appropri-
ately adjusted across a wide variety of covariates. 
The protective effect of a high BMI is easy to label as 
an obesity paradox; however, this should not tempt 
the anesthesiologist to reassure the high BMI patient 
in the preoperative clinic. Until we fully explore the 
entire range of BMI with an adequate sample size, 
we are left at best to guess, and a likely speculation 
would be in fact a U-shaped curve of 1-year mortal-
ity and BMI. As of now, being slightly heavier may 
be better for MINS; however, this relationship may 
be more complicated and await confirmation from 
other investigations. E

DISCLOSURES
Name: Ashish K. Khanna, MD, FCCP, FCCM.
Contribution: This author helped conceive and write this 
editorial.
Conflicts of Interest: A. K. Khanna consults for Medtronic, 
Edwards Life Sciences, Philips North America, and Zoll 
Medical and is also funded with a Clinical and Translational 
Science Institute (CTSI) NIH/NCTAS KL2 TR001421 award for 
a trial on continuous postoperative hemodynamic and satura-
tion monitoring.
Name: Tong J. Gan, MD, MHS, FRCA, MBA.
Contribution: This author helped conceive and write this 
editorial.
Conflicts of Interest: T. J. Gan consults for Acacia, Edwards Life 
Sciences, Merck, and Medtronic.
This manuscript was handled by: Stefan G. De Hert, MD.

REFERENCES
 1. Sessler DI, Khanna AK. Perioperative myocardial injury 

and the contribution of hypotension. Intensive Care Med. 
2018;44:811–822.

 2. Botto F, Alonso-Coello P, Chan MT, et al; Vascular events In 
noncardiac Surgery patIents cOhort evaluatioN (VISION) 
Writing Group, on behalf of The Vascular events In non-
cardiac Surgery patIents cOhort evaluatioN (VISION) 

Investigators; Appendix 1. The Vascular events In noncar-
diac Surgery patIents cOhort evaluatioN (VISION) Study 
Investigators Writing Group; Appendix 2. The Vascular 
events In noncardiac Surgery patIents cOhort evalua-
tioN Operations Committee; Vascular events In noncar-
diac Surgery patIents cOhort evaluatioN VISION Study 
Investigators. Myocardial injury after noncardiac surgery: 
a large, international, prospective cohort study establishing 
diagnostic criteria, characteristics, predictors, and 30-day 
outcomes. Anesthesiology. 2014;120:564–578.

 3. Devereaux PJ, Biccard BM, Sigamani A, et al; Writing 
Committee for the VISION Study Investigators. Association 
of postoperative high-sensitivity troponin levels with myo-
cardial injury and 30-day mortality among patients under-
going noncardiac surgery. JAMA. 2017;317:1642–1651.

 4. Devereaux PJ, Szczeklik W. Myocardial injury after non-
cardiac surgery: diagnosis and management. Eur Heart J. 
2020;41:3083–3091.

 5. Bartels K, Karhausen J, Clambey ET, Grenz A, Eltzschig 
HK. Perioperative organ injury. Anesthesiology. 
2013;119:1474–1489.

 6. Ruetzler K, Khanna AK, Sessler DI. Myocardial injury 
after noncardiac surgery: preoperative, intraoperative, and 
postoperative aspects, implications, and directions. Anesth 
Analg. 2020;131:173–186.

 7. Janssen F, Bardoutsos A, Vidra N. Obesity prevalence in the 
long-term future in 18 European countries and in the USA. 
Obes Facts. 2020;13:1–14.

 8. Kim LH, Doan P, He Y, et al. A systematic review and meta-
analysis of the significance of body mass index on kidney 
cancer outcomes. J Urol. Published online September 18, 
2020. doi: 10.1097/JU.0000000000001377.

 9. Lee S-H, Yang K, Park J, et al. Association between high 
body mass index and mortality following myocardial injury 
after noncardiac surgery. Anesth Analg. 2021;132:960–968.

 10. Apple FS, Smith SW, Pearce LA, Ler R, Murakami MM. Use 
of the centaur TnI-ultra assay for detection of myocardial 
infarction and adverse events in patients presenting with 
symptoms suggestive of acute coronary syndrome. Clin 
Chem. 2008;54:723–728.

 11. Webb IG, Yam ST, Cooke R, Aitken A, Larsen PD, Harding 
SA. Elevated baseline cardiac troponin levels in the elderly - 
another variable to consider? Heart Lung Circ. 2015;24:142–148.

 12. CDC. Available at: https://www.cdc.gov/obesity/adult/
defining.html. Accessed December 29, 2020.

 13. Low S, Chin MC, Ma S, Heng D, Deurenberg-Yap M. 
Rationale for redefining obesity in Asians. Ann Acad Med 
Singap. 2009;38:66–69.

 14. Wen CP, David Cheng TY, Tsai SP, et al. Are Asians 
at greater mortality risks for being overweight than 
Caucasians? Redefining obesity for Asians. Public Health 
Nutr. 2009;12:497–506.

 15. Lavie CJ, McAuley PA, Church TS, Milani RV, Blair SN. 
Obesity and cardiovascular diseases: implications regard-
ing fitness, fatness, and severity in the obesity paradox. J 
Am Coll Cardiol. 2014;63:1345–1354.

https://www.cdc.gov/obesity/adult/defining.html
https://www.cdc.gov/obesity/adult/defining.html

