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TROPONIN ELEVATION AFTER NONCARDIAC SURGERY

the extracellular space, including the blood 
stream. If the myocyte damage is extensive 
enough, biochemical assays can detect these 
substances. 
 Troponin, creatine kinase, myoglobin, and 
lactate dehydrogenase are common biomark-
ers of necrosis that, when detected in the plas-
ma, may indicate cardiac injury. Each can be 
detected at varying times after cardiac injury 
(Figure 1).12 

Cardiac troponins I and T
Of the biomarkers, cardiac troponin I and car-
diac troponin T are now the most widely used 
and are the most specific for myocyte injury.  
 Troponins are proteins that regulate the 
calcium-induced interaction between myosin 
and actin that results in muscle contraction. 
Troponin is a complex consisting of three sub-
units: troponin C, troponin I, and troponin 
T. The cardiac troponin I and T isoforms are 
distinct from those found in skeletal muscle, 
making them specific for myocyte injury, and 
they are currently the recommended markers 
for diagnosing acute myocardial infarction.13 
 The troponin immunoassays currently 

available are not standardized among labora-
tories and point-of-care methods, and thus, 
levels cannot be compared across testing 
centers.14 Each assay has unique performance 
characteristics, but guidelines recommend us-
ing the 99th percentile value from a normal 
reference population for a given assay to de-
fine whether myocardial injury is present.13 
 Troponin elevation has prognostic value in 
patients presenting with acute coronary syn-
dromes,15–18 and the degree of elevation cor-
relates with infarct size.19–21 
 Controversy exists as to whether troponin 
and other biomarkers are released only after 
myocardial necrosis or after reversible injury 
as well. Using newer, highly sensitive assays, 
troponin elevations have been detected after 
short periods of ischemia during stress test-
ing22,23 and in patients with stable angina,24 
suggesting that reversible cardiac stress and in-
jury can lead to troponin release. This mecha-
nism may play an important role during the 
myocardial injury that can occur in patients 
undergoing noncardiac surgery. 

 ■ MYOCARDIAL INFARCTION 
VS MYOCARDIAL INJURY

In 2000, the Joint Task Force of the European 
Society of Cardiology, American College of 
Cardiology Foundation, American Heart As-
sociation, and World Heart Federation revised 
the criteria for the diagnosis of myocardial in-
farction created by the World Health Orga-
nization in 1979. The definition was revised 
again in 2007 and once more in 2012 to create 
the third universal definition of myocardial 
infarction. 

Acute myocardial infarction 
Acute myocardial infarction is defined as evi-
dence of myocardial necrosis in a setting of 
myocardial ischemia, not related to causes 
such as trauma or pulmonary embolism, with 
a rise or a fall (or a rise and a fall) of cardiac 
biomarkers (at least one value being above the 
99th percentile in the reference population) 
and any of the following: 
• Symptoms of ischemia 
• New ST-segment changes or new left bun-

dle branch block 
• Pathologic Q waves 
• Imaging evidence of new loss of viable 
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FIGURE 1. Time of release of selected cardiac biomarkers 
after myocardial infarction.

Reprinted from Kumar A, Cannon CP. Acute coronary syndromes: diagnosis and manage-
ment, part I. Mayo Clin Proc 2009; 84:917–938, with permission from Elsevier; http://www.
journals.elsevier.com/mayo-clinic-proceedings/ 
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Association of Postoperative High-Sensitivity Troponin Levels
With Myocardial Injury and 30-Day Mortality Among Patients
Undergoing Noncardiac Surgery
Writing Committee for the VISION Study Investigators

IMPORTANCE Little is known about the relationship between perioperative high-sensitivity
troponin T (hsTnT) measurements and 30-day mortality and myocardial injury after
noncardiac surgery (MINS).

OBJECTIVE To determine the association between perioperative hsTnT measurements
and 30-day mortality and potential diagnostic criteria for MINS (ie, myocardial injury due
to ischemia associated with 30-day mortality).

DESIGN, SETTING, AND PARTICIPANTS Prospective cohort study of patients aged 45 years
or older who underwent inpatient noncardiac surgery and had a postoperative hsTnT
measurement. Starting in October 2008, participants were recruited at 23 centers
in 13 countries; follow-up finished in December 2013.

EXPOSURES Patients had hsTnT measurements 6 to 12 hours after surgery and daily
for 3 days; 40.4% had a preoperative hsTnT measurement.

MAIN OUTCOMES AND MEASURES A modified Mazumdar approach (an iterative process) was
used to determine if there were hsTnT thresholds associated with risk of death and had
an adjusted hazard ratio (HR) of 3.0 or higher and a risk of 30-day mortality of 3% or higher.
To determine potential diagnostic criteria for MINS, regression analyses ascertained
if postoperative hsTnT elevations required an ischemic feature (eg, ischemic symptom
or electrocardiography finding) to be associated with 30-day mortality.

RESULTS Among 21 842 participants, the mean age was 63.1 (SD, 10.7) years and 49.1% were
female. Death within 30 days after surgery occurred in 266 patients (1.2%; 95% CI,
1.1%-1.4%). Multivariable analysis demonstrated that compared with the reference group
(peak hsTnT <5 ng/L), peak postoperative hsTnT levels of 20 to less than 65 ng/L, 65 to less
than 1000 ng/L, and 1000 ng/L or higher had 30-day mortality rates of 3.0% (123/4049;
95% CI, 2.6%-3.6%), 9.1% (102/1118; 95% CI, 7.6%-11.0%), and 29.6% (16/54; 95% CI,
19.1%-42.8%), with corresponding adjusted HRs of 23.63 (95% CI, 10.32-54.09), 70.34 (95%
CI, 30.60-161.71), and 227.01 (95% CI, 87.35-589.92), respectively. An absolute hsTnT change
of 5 ng/L or higher was associated with an increased risk of 30-day mortality (adjusted HR,
4.69; 95% CI, 3.52-6.25). An elevated postoperative hsTnT (ie, 20 to <65 ng/L with an
absolute change !5 ng/L or hsTnT !65 ng/L) without an ischemic feature was associated
with 30-day mortality (adjusted HR, 3.20; 95% CI, 2.37-4.32). Among the 3904 patients
(17.9%; 95% CI, 17.4%-18.4%) with MINS, 3633 (93.1%; 95% CI, 92.2%-93.8%) did not
experience an ischemic symptom.

CONCLUSIONS AND RELEVANCE Among patients undergoing noncardiac surgery, peak
postoperative hsTnT during the first 3 days after surgery was significantly associated with
30-day mortality. Elevated postoperative hsTnT without an ischemic feature was also
associated with 30-day mortality.

JAMA. 2017;317(16):1642-1651. doi:10.1001/jama.2017.4360
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established that elevated postoperative hsTnT levels were
significantly associated with death. Although most patients ex-
periencing MINS do not receive secondary-prevention cardio-
vascular drugs (eg, aspirin, statins),10 observational studies sug-
gest that these medications prevent mortality and major cardiac
complications.11,12

Given that the current study is the second large study re-
porting that the diagnostic criteria for MINS do not require an
ischemic feature, this finding supports the MINS diagnostic cri-
teria of an elevated postoperative hsTnT judged as resulting
from myocardial ischemia (ie, no evidence of a nonischemic
etiology for hsTnT elevation) without the requirement of an
ischemic feature. Without perioperative troponin monitor-
ing, 93.1% of MINS and 68.0% of myocardial infarctions might
go unrecognized because these patients do not experience is-
chemic symptoms. Most patients (94%) experience MINS
within 2 days of surgery, a period when analgesic medica-
tions can mask cardiac symptoms. Given the relevance of ab-
solute change in hsTnT measurements in diagnosing MINS and
that 13.8% of patients with an elevated perioperative hsTnT
had their peak value before surgery, physicians should con-
sider obtaining a preoperative hsTnT measurement in pa-
tients in whom they plan to measure hsTnT after surgery.

Strengths of this study include a large, international, rep-
resentative sample of adults undergoing noncardiac surgery;
96.4% of the participants completed 30-day follow-up. All
elevated hsTnT measurements were adjudicated to determine

the presence of ischemic features and for evidence of a nonisch-
emic etiology.

This study has several limitations, including the arbitrari-
ness of the criteria for a prognostically important hsTnT el-
evation (ie, adjusted HR ≥3.0 and 30-day risk of mortality ≥3%).
This decision was made a priori based on feedback from many
international investigators. Mortality data based on indepen-
dent hsTnT thresholds that did not fulfill this definition of prog-
nostic importance were reported (Table 2).

The adjusted HRs’ 95% confidence intervals were wide for
the peak postoperative hsTnT thresholds that were indepen-
dently associated with 30-day mortality; however, even for the
lowest threshold (ie, an hsTnT of 20 to <65 ng/L), the lower
limit of the 95% confidence interval of the adjusted HR was
10.32. Although this large international study identified hsTnT
thresholds that were associated with 30-day mortality in ad-
justed analyses, and the frailty model demonstrated no site-
clustering effect, further research evaluating the identified
thresholds would be of value.

ObtainmentofpreoperativehsTnTmeasurementswasimple-
mented after the study had started, and only 40.4% of patients
had a preoperative measurement. Given that 13.8% of patients
with an elevated perioperative hsTnT measurement had a pre-
operative hsTnT value that was greater than or equal to the post-
operative hsTnT peak measurement, there may have been an
overestimation of the incidence of MINS among the 59.6% of pa-
tients who did not have a preoperative hsTnT measurement.

Table 2. Peak Postoperative hsTnT Thresholds Associated With 30-Day Mortalitya

hsTnT Thresholds, ng/L

<5 5 to <14 14 to <20 20 to <65 65 to <1000 ≥1000
Patients, No. (%) 5318 (24.4) 8750 (40.1) 2530 (11.6) 4049 (18.6) 1118 (5.1) 54 (0.2)

Deaths, No. (%) 6 (0.1) 40 (0.5) 29 (1.1) 123 (3.0) 102 (9.1) 16 (29.6)

Adjusted hazard ratio
(95% CI)

1
[Reference]

3.73
(1.58-8.82)

9.11
(3.76-22.09)

23.63
(10.32-54.09)

70.34
(30.60-161.71)

227.01
(87.35-589.92)

P Value .003 <.001 <.001 <.001 <.001

Abbreviation: hsTnT, high-sensitivity troponin T.
a A total of 21 819 patients were included in this analysis. The Cox proportional

hazards model includes the following preoperative variables: active cancer,
general surgery, urgent/emergent surgery, history of peripheral vascular

disease, history of chronic obstructive pulmonary disease, age, recent
high-risk coronary artery disease, history of stroke, and neurosurgery.
Postoperative hsTnT measurements during the first 3 days after surgery were
assessed in these analyses.

Table 3. Association Between Absolute Changes in hsTnT Values and 30-Day Mortalitya

Absolute Change Between Preoperative
and Peak Postoperative hsTnT Values
Among 7857 Patients With Preoperative
and Postoperative Measurements

Absolute Change Between
Postoperative hsTnT Values
Among 18 023 Patients With
≥2 Postoperative Measurements

Absolute Change Between
hsTnT Values Among 19 373
Patients With ≥2 MeasurementsAnalysis 1 Analysis 2

<5 ng/mL ≥5 to <40 ng/mL ≥40 ng/mL <5 ng/mL ≥5 ng/mL <5 ng/mL ≥5 ng/mL <5 ng/mL ≥5 ng/mL
Patients, No. (%) 5116 (65.1) 2369 (30.2) 372 (4.7) 5116 (65.1) 2741 (34.9) 11 542 (64) 6481 (36) 11 950 (61.7) 7423 (38.3)

30-d mortality,
No. (%)

23 (0.4) 35 (1.5) 36 (9.7) 23 (0.4) 71 (2.6) 62 (0.5) 217 (3.3) 64 (0.5) 226 (3)

Adjusted hazard ratio
(95% CI)

1
[Reference]

2.81
(1.63-4.82)

15.68
(8.94-27.51)

1
[Reference]

4.53
(2.77-7.39)

1
[Reference]

5.24
(3.92-7.01)

1
[Reference]

4.69
(3.52-6.25)

P Value <.001 <.001 <.001 <.001 <.001

Abbreviation: hsTnT, high-sensitivity troponin T.
a The models include the following preoperative variables: active cancer,

general surgery, urgent/emergent surgery, history of peripheral vascular
disease, history of chronic obstructive pulmonary disease, age, recent
high-risk coronary artery disease, history of stroke, and neurosurgery.

Preoperative hsTnT measurements were obtained on the day of surgery
before the operation started to 28 days before surgery (eTable 2 in the
Supplement), and postoperative hsTnT measurements during the first 3 days
after surgery were assessed in these analyses.
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Troponin elevations after non-cardiac, non-vascular
surgery are predictive of major adverse cardiac
events and mortality: a systematic review and meta-
analysis
S. Ekeloef1,*, M. Alamili1, P. J. Devereaux2,3 and I. Gögenur1
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Abstract
Background: Patients undergoing non-cardiac, non-vascular surgery are at risk of major cardiovascular complications. In
non-cardiac surgery, troponin elevation has previously been shown to be an independent predictor of major adverse cardiac
events and postoperative mortality; however, a majority of studies have focused on vascular surgery patients. The aim of
this meta-analysis was to determine whether troponin elevation is a predictor of major adverse cardiac events and mortal-
ity within 30 days and 1 yr after non-cardiac, non-vascular surgery.
Methods: A systematic review and meta-analysis was conducted in January 2016 according to the Meta-analysis Of
Observational Studies in Epidemiology guidelines. Both interventional and observational studies measuring troponin within
the first 4 days after surgery were eligible. A systematic search was performed in PubMed, EMBASE, Scopus, and the
Cochrane Central Register of Controlled Trials.
Results: Eleven eligible clinical studies (n¼2193) were identified. A postoperative troponin elevation was a predictor of 30 day
mortality, odds ratio (OR) 3.52 [95% confidence interval (CI) 2.21–5.62; I2¼0%], and an independent predictor of 1 yr mortality,
adjusted OR 2.53 (95% CI 1.20–5.36; I2¼26%). A postoperative troponin elevation was associated with major adverse cardiac
events at 30 days, OR 5.92 (95% CI 1.67–20.96; I2¼86%), and 1 yr after surgery, adjusted OR 3.00 (95% CI 1.43–6.29; I2¼21%).
Conclusions: Postoperative myocardial injury is an independent predictor of major adverse cardiac events and mortality
within 30 days and 1 yr after non-cardiac, non-vascular surgery. The meta-analysis provides evidence that supports tropo-
nin monitoring as a cardiovascular risk stratification tool.

Key words: cardiovascular diseases; mortality; myocardial ischaemia; perioperative period; postoperative complications;
troponin
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the diagnosis of perioperative myocardial injury is often
possible only by continuous troponin measurements after sur-
gery, because subtle or transient ischaemic signs and absence of
symptoms (e.g. as a result of strong analgesics) are common.

Two distinct mechanisms may lead to myocardial injury
after surgery: coronary plaque rupture, fissuring, or erosion
with subsequent intraluminal thrombosis (type I myocardial
infarction) and myocardial ischaemic imbalance (type II myo-
cardial infarction).32 Postmortem studies, preoperative coronary
angiography, perioperative Holter, and haemodynamic studies
suggest that both mechanisms are in play in the perioperative
period.33–35 Surgical stress initiates a cascade of inflammation,
sympathetic and neuroendocrine hyperactivity, and hypercoa-
gulability.36 This, together with perioperative hypotension
(major bleeding, hypovolaemia, and systemic vasodilation),
anaemia, transient hypoxia, and tachycardia, results in myocar-
dial hypoperfusion and prolonged imbalance in myocardial oxy-
gen supply and demand, which causes myocardial injury.33 34

The meta-analysis suggests that a postoperative troponin
measurement is useful in risk stratification and provides the
physician with important prognostic information after, for
example, major abdominal or orthopaedic surgery. Without
monitoring perioperative troponins for the first few days after
surgery, in patients with known vascular disease or risk factors,
the majority of myocardial infarctions and injuries will go
undetected.3 31Although data suggest that postoperative tropo-
nin monitoring in patients!45 yr of age is cost effective, further
research is needed to provide better risk stratification and
establish the cost consequence for troponin monitoring within
specific patient populations.37

Observational studies suggest that optimized perioperative
basic quality of care, including prevention of hypoxaemia, pain,

hypothermia, anaemia, hypotension, tachycardia, and hypogly-
caemia, may prevent postoperative troponin elevation and
major cardiac events.19 38 39 No medications have been found to
prevent postoperative troponin elevation or myocardial infarc-
tion safely and efficiently.

Even though the evidence is sparse, basic cardiac medication
has been effective for secondary prevention of major cardiac
events and death.3 40 An observational study showed that
patients with postoperative myocardial infarction who did not
receive additional cardiac medication, in terms of anti-platelets,
b-blockers, statins, and angiotensin-converting enzyme inhibi-
tors, had a higher risk of major cardiac events within
12 months, hazard ratio 2.80 (95% CI, 1.05–24.2, P¼ 0.04), com-
pared with patients who did receive additional cardiac medica-
tion.40 Likewise, an observational study showed that
acetylsalicylic acid and statin use were associated with a reduc-
tion in the risk for 30 day mortality among patients with postop-
erative myocardial infarction, with OR of 0.54 (95% CI, 0.29–0.99)
and 0.26 (95% CI, 0.13–0.54), respectively.3 Despite the evidence
to support basic cardiac medication for secondary prevention,
they are not commonly used.

The meta-analysis was based on a systematic literature
search performed in several databases and adhered to the
standards of performing and reporting meta-analyses. Authors
were contacted directly, and data were provided for the OR cal-
culations. The reviewers had to exclude 16 full-text studies
because an OR could not be extracted or calculated. The major-
ity of these studies included small populations with few or no
cardiovascular events within the short follow-up period. Fifty-
five full-text articles were excluded because they evaluated
mixed non-cardiac surgery, including vascular surgery, without
reporting extractable subgroup data.

Author, year Weight Odds ratio (95% CI)

3.7% 3.41 [0.30, 38.23]

3.09 [1.02, 9.39]

2.78 [0.70, 10.91]

5.38 [1.80, 16.13]

0.50 [0.07, 3.44]

5.80 [0.80, 42.08]

5.53 [1.30, 23.44]

3.73 [1.52, 9.17]

3.52 [2.21, 5.62]
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Fig 2 Forest plot showing the association between postoperative troponin elevation and odds ratio of 30 day mortality. I2¼0%. The size of the box represents the
weight of that study estimate. Horizontal lines represent 95% confidence intervals.
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Causes for myocardial injury

• Type I myocardial infarction (intraluminal thrombosis)
• Direct or traumatic damage of the myocardium
• Imbalance between oxygen demand/supply ratio
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Normal myocardial oxygen consumption (MVO2) is 21-27ml.min-1
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MVO2)
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change in MVO2

1. Coronary artery flow
2. Oxygen content
3. Oxygen extraction
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Modifiable risk factors for MINS:
->Association Between MAP & Death

Mascha, Anesthesiology, 2015Mascha, et al., 2015, Anesthesiology



Intraoperative blood pressure & MINS

Salmasi, et al., 2016, Anesthesiology

65 mmHG - 20% decrease



Which BP component ?

Systolic 90 mmHg

MAP 65 mmHg

Ahuja, et al., 2019, Anesthesiology
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BACKGROUND: The association between intraoperative cardiovascular changes and periopera-
tive myocardial injury has chiefly focused on hypotension during noncardiac surgery. However, 
the relative influence of blood pressure and heart rate (HR) remains unclear. We investigated 
both individual and codependent relationships among intraoperative HR, systolic blood pressure 
(SBP), and myocardial injury after noncardiac surgery (MINS).
METHODS: Secondary analysis of the Vascular Events in Noncardiac Surgery Cohort Evaluation 
(VISION) study, a prospective international cohort study of noncardiac surgical patients. Multivariable 
logistic regression analysis tested for associations between intraoperative HR and/or SBP and MINS, 
defined by an elevated serum troponin T adjudicated as due to an ischemic etiology, within 30 days 
after surgery. Predefined thresholds for intraoperative HR and SBP were: maximum HR >100 beats 
or minimum HR <55 beats per minute (bpm); maximum SBP >160 mm Hg or minimum SBP <100 
mm Hg. Secondary outcomes were myocardial infarction and mortality within 30 days after surgery.
RESULTS: After excluding missing data, 1197 of 15,109 patients (7.9%) sustained MINS, 454 of 
16,031 (2.8%) sustained myocardial infarction, and 315 of 16,061 patients (2.0%) died within 
30 days after surgery. Maximum intraoperative HR >100 bpm was associated with MINS (odds 
ratio [OR], 1.27 [1.07–1.50]; P < .01), myocardial infarction (OR, 1.34 [1.05–1.70]; P = .02), and 
mortality (OR, 2.65 [2.06–3.41]; P < .01). Minimum SBP <100 mm Hg was associated with MINS 
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KEY POINTS
• Question: Are intraoperative heart rate and/or systolic blood pressure associated with 

 myocardial injury after noncardiac surgery?
• Findings: Very high heart rate and very high or low systolic blood pressure during surgery are 

associated with increased risk of myocardial injury after noncardiac surgery.
• Meaning: Further targeted interventional studies using intraoperative heart rate and/or blood 

pressure thresholds that we have identified may help identify strategies to reduce periopera-
tive cardiac complications.
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lowest HR. The association between HR and MINS was modi-
fied by SBP and is shown in Figure 4 and Supplemental Digital 
Content, Tables 9–12, http://links.lww.com/AA/C70.  
The incidence of MINS in patients with hypotension (SBP 

<100 mm Hg) and tachycardia (HR >100 bpm) was 176 
of 1906 (9.2%) and had higher odds of MINS (OR, 1.42 
[1.15–1.76]; P < .01), compared to patients with hypoten-
sion in the absence of tachycardia (499 of 6632 [7.5%]; 

Figure 2. Forest plot summarizing multivariable logistic regression models for highest and lowest intraoperative heart rate (HR) and systolic 
blood pressure (SBP). Dependent variables are myocardial injury after noncardiac surgery (MINS), myocardial infarction, and mortality within 
30 d after surgery. Highest intraoperative HR was dichotomized according to a threshold of >100 beats per minute (bpm) with HR ≤100 
bpm as the reference category. Lowest intraoperative HR was dichotomized according to the threshold of <55 bpm with HR ≥55 bpm as the 
reference category. Highest intraoperative SBP was dichotomized according to a threshold of >160 mm Hg with SBP ≤160 mm Hg as the 
reference category. Lowest intraoperative SBP was dichotomized according to the threshold of <100 mm Hg with SBP ≥100 mm Hg as the 
reference category. The x-axis shows odds ratios and the error bars show 95% confidence intervals. Full multivariable models are presented 
in Supplemental Digital Content, Tables 1–4, http://links.lww.com/AA/C70.

Figure 3. Forest plot summarizing multivariable logistic regression models for the duration of high/low intraoperative heart rate (HR) and 
systolic blood pressure (SBP). The dependent variable was myocardial injury after noncardiac surgery (MINS) within 30 d after surgery. There 
were 4 separate regression models for duration of intraoperative HR >100 beats per minute (bpm), intraoperative HR <55 bpm intraoperative 
SBP >160 mm Hg, and intraoperative SBP <100 mm Hg. For each model, duration was stratified into 4 approximately equal quartiles. The 
reference categories were patients with “normal” HR or SBP, for example in the analysis of duration of HR >100 bpm, the reference group was 
patients with HR ≤100 bpm. The x-axis shows odds ratios and the error bars show 95% confidence intervals. The full multivariable regression 
models are presented in Supplemental Digital Content, Tables 3, 4, 7, and 8, http://links.lww.com/AA/C70.
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T he morbidity due to tachycardia seems to be rela-
tively higher in critically ill patients than in other 

patients,  but the relationship between tachycardia and 
mortality has not been well studied.  In contrast,  the 
association between arrhythmia (mostly consisting of 
atrial fibrillation [Af]) and postoperative [1],  critically 
ill [2-4],  and septic patients [5-15] has been investi-
gated in many studies.  Tachycardia is commonly seen in 
intensive care unit (ICU) settings,  e.g.,  intensive surgi-

cal,  neurological,  and medical settings.  There have 
been few investigations regarding whether a higher 
heart rate (HR) or a prolonged higher HR actually 
affects patient outcomes.  We conducted the present 
study to evaluate the association between tachycardia 
and mortality in critically ill patients.  The association 
between tachycardia and mortality was investigated in 
critically ill patients in a University Hospital ICU 
(Okayama University Hospital,  Okayama,  Japan).  Our 
hypothesis was that higher HR and prolonged tachycar-
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Prolonged Tachycardia with Higher Heart Rate Is Associated with  
Higher ICU and In-hospital Mortality
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Tachycardia is common in intensive care units (ICUs).  It is unknown whether tachycardia or prolonged tachy-
cardia affects patient outcomes.  We investigated the association between tachycardia and mortality in critically 
ill patients.  This retrospective cohort study’s primary outcome was patient mortality in the ICU and the hospi-
tal.  We stratified the patients (n = 476) by heart rate (HR) as LowHR,  MediumHR,  and HighHR groups.  We 
also stratified them by their durations of HR > 100 (prolonged HR; tachycardia): MildT,  ModerateT,  and 
SevereT groups.  We determined the six groups’ mortality.  The ICU mortality rates of the LowHR,  MediumHR,  
and HighHR groups were 1.0%,  1.5%,  and 7.9%,  respectively; significantly higher in the HighHR vs. LowHR 
group.  The in-hospital mortality rates of these groups were 1%,  4.5%,  and 14.6%,  respectively; significantly 
higher in the HighHR vs. LowHR group.  The ICU mortality rates of the MildT,  ModerateT,  and SevereT 
groups were 0.9%,  5.6%,  and 57.1%,  respectively.  The mortality of the HRT = 0 (i.e.,  all HR ≤ 100) patients was 
0%.  The in-hospital mortality rates of the MildT,  ModerateT,  and SevereT groups were 1.8%,  16.7%,  and 
85.7%,  respectively; that of the HRT = 0 patients was 0.5%.  Both higher HR and prolonged tachycardia were 
associated with poor outcomes.
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Fig. 2 A,  The mortality in the ICU and in the hospital.  The patients were stratified by HR alone as LowHR (100 ≤HR ＜110),  
MediumHR (110 ≤HR ＜120),  and HighHR (HR ≥120).  Both the ICU and in-hospital mortality rates were significantly higher in the 
HighHR group compared to the LowHR group.  †p＜0.05,  ＊p＜0.01 by Fisher’s exact test; B,  The Kaplan-Meier curves of the LowHR,  
MediumHR,  and HighHR groups.  These results confirmed those illustrated in panel A.  †p＜0.05,  ＊p＜0.01 by log rank test.
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The usage of β-blockers was significantly higher in the 
ModerateT and SevereT groups compared to the MildT 
group.  For the MildT,  ModerateT,  and SevereT groups,  
the ICU mortality rates were 0.9%,  5.6%,  and 57.1%,  
respectively,  while that of the HRT = 0 group was 0%,  
since HR ≤ 100 means HRT = 0.  The ICU mortality was 
significantly higher in the SevereT group than in the 
MildT group (p < 0.01) (Fig. 2A).  The in-hospital mor-
tality rates of the MildT,  ModerateT,  and SevereT 
groups were 1.8%,  16.7%,  and 85.7%,  respectively;  
that of the HRT = 0 group was 0.5%.  In-hospital mor-
tality was significantly higher in the ModerateT and 
SevereT groups compared to the MildT group (p < 0.05 
and p < 0.01,  respectively) (Fig. 3A , B).

We calculated the ORs of ModerateT and SevereT 

against MildT.  In terms of ICU mortality,  the ORs of 
ModerateT and SevereT were 3.3 (95%CI: 0.2-24.0) 
and 75.0 (95%CI: 12.9-514.9,  p < 0.01),  respectively.  
For in-hospital mortality,  the ORs of ModerateT and 
SevereT were 5.5 (95%CI: 1.1-21.5,  p < 0.05) and 165.8 
(95%CI: 24.6-3333.7,  p < 0.01),  respectively (Table 4).

Discussion

Our retrospective analyses revealed three major 
findings.  First,  higher HR was associated with poor 
patient outcomes and tachyarrhythmia.  Second,  pro-
longed tachycardia and higher HR were also profoundly 
associated with poor patient outcomes.  Finally,  
patients with HR < 100 had substantially lower mortal-
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Table 2 Odds Ratio of group MediumHR and HighHR to LowHR

Groups OR of mortality in ICU OR of mortality in hospital

OR 95%CI p value OR 95%CI p value

LowHR 1 - - 1 - -
MediumHR 1.5 0.1-37.2 0.79 4.5 0.6-91.7 0.16
HighHR 7.3 1.2-138.0 ＜0.05† 13.7 2.5-256.6 ＜0.01＊

（†: ＜0.05,  ＊: ＜0.01）

Table 3 Stratification of patients by HRT

Total MildT ModerateT SevereT

Variables

(n＝476)

HR×duration
0

(n＝222)

HR×duration
1-50,400
(n＝229)

HR×Duration
50,400-151,200
(n＝18)

HR×Duration
151,200-
(n＝7)

Age 58.4±0.9 59.8±1.2 60.9±1.9 57.2±5.5 47.3±8.3
The number
of Female (%)

200
(42)

92
(41.4)

97
(42.4)

9
(50.0)

2
(28.6)

APACHEⅡ
Score 16.6±0.3 15.7±0.4 17.0±0.4 20.1±1.6 22.9±2.5

Use of 
β-blockers (%)

117
(24.6)

45
(20.3)

23
(23.5)

11
(61.1)＊

5
(71.4)†

Sinus rhythm
 (%)

391
(82.1)

195
(87.8)

81
(82.7)

11
(61.1)

5
(71.4)

Int. Med. (%) 38 (8.0) 13 (5.9) 4 (8.7) 4 (22.2) 1 (7.7)
GI Surg. 138 (29.0) 61 (27.5) 30 (29.3) 10 (33.3) 4 (30.8)
Lung Surg. 26 (5.5) 6 (2.7) 4 (6.6) 4 (22.2) 1 (7.7)
Esop h. Surg. 13 (2.7) 7 (3.2) 2 (2.6) 0 (0) 0 (0)
Cardiac surg. 54 (11.3) 23 (10.4) 18 (13.1) 1 (5.6) 0 (0)
Neuro Surg. 40 (8.4) 24 (10.8) 7 (7.0) 0 (0) 0 (0)
Others 167 (35.1) 88 (39.6) 33 (32.7) 3 (16.7) 7 (53.8)

（†: ＜0.05,  ＊: ＜0.01）
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Time MAP < 60 mmHg p - value Time HR > 90 bpm p - value

hs-Trop < 20 ng/L 24 ± 26 min 0.003 6 ± 18 min 0.006

hs-Trop ³ 20 ng/L 36 ± 30 min 14 ± 26 min

hs-Trop < 37 ng/L 27 ± 28 min 0.178 8 ± 18 min 0.010

hs-Trop ³ 37 ng/L 33 ± 30 min 16 ± 30 min

Table 3. Intraoperative tachycardia and hypotension in patients with 
high-sensitive troponin levels of > 20 ng/L and > 37 ng/L, respectively.

Lung surgery and MINS
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Tachycardia-Induced Subendocardial Necrosis in Acutely
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It has been speculated but never proven that tachycardia-
inducedischemia per semayleadtomyocardial infarction.
In 17 anesthetized dogs, the proximal left anterior de-
scending (LAD) artery was cannulated and perfused via
bypass from the left subclavian artery. Distal LAD pres-
sure was reduced by a screw clamp to cause !20% de-
crease in wall thickening during pacing tachycardia but
no decrease in resting heart rate (approximately 90 bpm).
Dogs were randomly assigned to three groups: 1) control
(n ! 6) maintained at resting heart rate (approximately
90 bpm) and mean coronary pressure of 49 " 5 mm Hg for
4 h; 2) 4-h ischemia (n ! 6), paced at 150 bpm and mean
coronary pressure maintained at 59 " 6 mm Hg for 4 h;
and 3) 1-h ischemia (n ! 5), paced at 150 bpm and mean
coronary pressure of 54 " 8 mm Hg for 1 h. Myocardial
blood flow and infarct area were measured by radiola-
beled microspheres and triphenyl-tetrazolium chloride
staining, respectively. Despite the higher coronary
pressure in the 4-h ischemia group (P ! 0.02), patchy
subendocardial necrosis occurred in all these dogs and in

two of the 1-h ischemia dogs, and one control dog had
minimal papillary muscle necrosis. Infarct area was larg-
est in the 4-h ischemic group (15.5% " 9.1%) compared
with control and 1-h ischemia groups (0.09% " 0.2% and
1.6% " 2.1%, respectively) (P # 0.002). Relative (risk/
nonrisk areas) subendocardial flow was lower at the end
of ischemia in the 4- and 1-h ischemia groups compared
with the control group (0.3 " 0.1 and 0.4 " 0.1 vs 0.9 " 0.2;
P ! 0.008 and 0.01, respectively). Prolonged tachycardia-
induced ischemia, in the face of fixed coronary stenosis
causing no ischemia at the resting heart rate, leads to
patchy subendocardial necrosis, despite anticoagulation
and antiplatelet treatment. Implications: Prolonged
tachycardia-induced ischemia, in the face of fixed coro-
nary stenosis causing no ischemia at the resting heart rate,
leads to subendocardial infarction in dogs. These findings
suggest a possible mechanism for postoperative myocar-
dial infarction.

(Anesth Analg 1999;88:973–9)

T he pathogenesis of perioperative myocardial in-
farction is unknown (1). Several important factors
distinguish perioperative from nonoperative myo-

cardial infarction: perioperative myocardial infarctions
are mostly silent, frequently preceded by prolonged is-
chemia, denoted almost exclusively by ST-segment de-
pression rather than elevation, and most are non–Q-
wave infarctions (2,3). Moreover, whereas coronary
thrombosis is the initiating event in Q-wave infarction
and treatments directed at reopening the occluded vessel
reduce cardiac morbidity and mortality (4), the patho-
genesis of non–Q-wave infarction is unclear. Early coro-
nary angiography fails to demonstrate coronary occlu-
sion in most non–Q-wave myocardial infarctions (5).
Thrombus in the infarct-related vessel is infrequently

found (6), and thrombolytic therapy is of no benefit in
non–Q-wave myocardial infarction (7).

Tachycardia is a common cause of myocardial is-
chemia in the postoperative period. Whether pro-
longed tachycardia or demand-ischemia, without
coronary occlusion, leads to myocardial infarction re-
mains an unanswered question. Patchy subendocar-
dial fibrosis in patients with diffuse coronary artery
disease without a history of myocardial infarction has
long been recognized, yet its mechanism is disputed.
The notion that prolonged or recurrent silent ischemia
may cause myocardial necrosis has been suggested
but never validated either clinically or experimentally
(8,9) and has never gained acceptance among clini-
cians. To the contrary, numerous clinical and experi-
mental studies have shown the existence of myo-
cardial hibernation, i.e., myocardial functional down-
regulation as an adaptation to prolonged periods of
limited coronary blood flow (10).

The effects of short-term tachycardia-induced ische-
mia on myocardial perfusion-contraction matching in
both humans and animals with limited coronary blood
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group (49 ! 5 vs 59 ! 6 mm Hg; P " 0.02) but was not
statistically different from the 1-h ischemia group
(54 ! 8 mm Hg).

LAD artery blood flow supplied through the bypass
tube declined with the creation of stenosis but did not
change significantly after atrial pacing and during the
1- to 4-h ischemia period. Blood flows were not statis-
tically different among the groups either at baseline or
after stenosis and during the ischemia period (Fig. 2).
In four of the dogs (two controls, one of the 1-h ische-
mia and one of the 4-h ischemia dogs), blood flow
measurement drifted during the experiment, yielding
false mean flow data. Flow measurements of these
dogs after the drift were excluded from the collective
data, although their phasic blood flow recordings
were used to indicate the patency of the artery and
continuation of flow in it.

Systolic wall thickening at the LAD artery territory
declined within the first 15 min of tachycardia-
induced ischemia in both the 1- and 4-h ischemia
groups and remained significantly lower than that in
the control group (P " 0.01) (Fig. 2). There was no
significant change in LCX area systolic thickening dur-
ing the study period in any of the groups.

Myocardial blood flow at the different stages of the
experiment are displayed in Table 1. The calculated
risk area was comparable in all groups: 23% ! 5%,
25% ! 4%, and 21% ! 4% of total left ventricular mass
in the control, 4-h, and 1-h ischemia groups, respectively.

Patchy, subendocardial myocardial infarction oc-
curred in all 4-h ischemia dogs, in two (40%) of the 1-h
ischemia dogs, and in the tip of the papillary muscle of
one (16.6%) control dog (Table 2). Infarct size was
significantly larger in the 4-h ischemia dogs than in
either the 1-h ischemia or control animals (P " 0.002
and 0.005, respectively), ranging from 4% to 27% of
calculated risk area.

Relative, but not absolute, risk area endocardial
blood flow was lower at the end of the study in both
4- and 1-h ischemia groups, compared with the control
group (Table 1, Fig. 3). Infarct size was related to
duration of tachycardia-induced ischemia (P " 0.005)
and to relative endocardial flow at the end of the
experiment, as measured by risk/nonrisk or by endo/
epicardial flow ratio (P " 0.02 and 0.04, respectively).
Absolute risk area endocardial blood flow at the end
of the experiment had a borderline association with
infarct size (P " 0.05).

Discussion
Our data show that an increase of 66% in heart rate in
dogs with fixed coronary stenosis, causing no ische-
mia at resting heart rate, produced severe loss of myo-
cardial function within 15 min and a patchy subendo-
cardial infarction in up to 27% of estimated risk area
within 1–4 h. Subendocardial necrosis occurred in the
1- and 4-h ischemia groups, despite a higher coronary
perfusion pressure than that in the control group. The
extent of necrosis correlated with the duration of is-
chemia and was inversely related to subendocardial
blood flow at the end of the ischemia period.

Myocardial blood flow, measured at four stages of
the experiment, provides substantial insight into the
mechanism of evolution of tachycardia-induced sub-
endocardial infarction. Coronary clamping and cannu-
lation was associated with an increase in myocardial
blood flow above normal (relative risk/nonrisk
flow # 1) in all myocardial layers (Table 1), proba-
bly because of a residual reactive hyperemia or some
impairment in coronary autoregulation. Coronary ste-
nosis caused LAD artery blood flow to decrease by
61% ! 12% (Fig. 2), with no impairment in regional

Figure 2. Left anterior descending (LAD) coronary blood flow, as
measured by electromagnetic flowmeter, and LAD area wall thick-
ening relative to its baseline thickening in the three groups through-
out the experiment. BL " baseline (15 min after coronary cannula-
tion), Sten " after creation of coronary stenosis, Sten $ pacing "
after initiation of atrial pacing with coronary stenosis. * Statistically
significant between control and 4-h ischemia groups.
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or experimentally (16). Our study provides the first
experimental evidence that prolonged tachycardia-
induced ischemia per se leads to progressive subendo-
cardial necrosis.

The absolute risk area subendocardial blood flow at
the end of 4 h of ischemia was 0.34 ! 0.1 mL ! min"1 !
g"1. In a previous study, a reduction of subendocar-
dial blood flow to 0.36 ! 0.07 mL ! min"1 ! g"1 for 4 h
in conscious dogs at resting heart rate resulted in
almost complete functional recovery with minimal ne-
crosis in the posterior papillary muscle 1 wk after
reperfusion (24). Acute coronary occlusion causing
myocardial infarction is typically associated with sub-
endocardial blood flow reduction to #0.2 mL ! min"1 !
g"1 (25), whereas in experimental myocardial hiber-
nation, subendocardial blood flow is most often
$0.6 mL ! min"1 ! g"1 (10). Thus, subendocardial
blood flow at the end of 1–4 h of ischemia in our study
was higher compared with that found after coronary
occlusion but lower than that in most experimental
studies of myocardial hibernation.

Only three recent studies have challenged the limits
of myocardial hibernation. One showed that a 41%
reduction in coronary blood flow by fixed coronary
stenosis in conscious pigs leads to subendocardial ne-
crosis after 24 h of ischemia and 2 days of reperfusion
(21). Two other studies examined the effects of in-
creasing myocardial oxygen demand to the already
hibernating myocardium. Ten minutes of rapid atrial
pacing in swine with hibernating myocardium re-
sulted in myocardial lactate accumulation and rapid
hydrolysis of phosphocreatine (26), and intracoronary
dobutamine infusion for a period of 85 min in pigs led
to myocardial necrosis after 2 additional hours of
reperfusion (27). Our study extends those previous
observations by showing that prolonged tachycardia-
induced ischemia may lead to subendocardial necrosis
even in a myocardium that is normal and nonhiber-
nating at a resting heart rate.

A strong line of evidence suggests that demand-
ischemia and myocardial infarction are not entirely
independent phenomena: circadian variations in heart
rate and acute myocardial infarction are correlated
(28). Increased heart rate is an independent predictor
of both short-term and long-term survival (29), and
!-adrenergic blockers reduce mortality and reinfarc-
tion after myocardial infarction (30). Physical exertion
triggers myocardial infarction within 24 h in sedentary
patients (31), and postoperative myocardial infarction
is often preceded by prolonged perioperative ischemia
(2). Our study offers a possible pathogenic mechanism
to the association between tachycardia-induced ische-
mia and myocardial injury.

Limitations of the experimental model include the
use of general anesthesia, the open chest, and cannu-
lation of the coronary artery, which impair coronary
flow autoregulation, myocardial function, and myo-
cardial sensitivity to ischemia. Although fentanyl-
based anesthesia, as used in our experiments, has the
least effect on coronary vasoreactivity and myocardial
metabolism (32), coronary autoregulation was never-
theless affected by the cannulation in our dogs, as
indicated by the higher than normal myocardial blood
flow at baseline (risk/nonrisk area flow ratios $1)
(Table 1). Another limitation was that the critical cor-
onary pressure, below which myocardial thickening
rapidly declines, is higher in anesthetized (approxi-
mately 70 mm Hg) than in conscious dogs (#40 mm
Hg) (11). Thus, the autoregulatory and compensatory
mechanisms that protect against subendocardial ische-
mia may be diminished. Coronary perfusion pressure
was maintained, by design, significantly lower in the
control group than in the 4-h ischemia group. This was
possible because the critical coronary pressure is heart
rate-dependent and is lower at slower heart rates.
Otherwise, it would have been necessary to study
many more dogs in each group just to prove with
sufficient statistical power that there was no signifi-
cant difference in critical coronary pressure among the
groups. Finally, the myocardial risk area was defined
as the area with endo/epicardial flow ratio of #50%
during stenosis and pacing. We preferred this method
over the myocardial staining method by injection of
intracoronary dye at the end of the experiment, so as
to avoid any possible interference of the dye with later
TTC staining and impairment of accurate measure-
ment of myocardial necrosis. This approach, however,
could have introduced an error in our estimation of
the actual risk area.

In summary, tachycardia-induced ischemia in the
face of fixed coronary stenosis leads to patchy suben-
docardial necrosis within 1–4 h despite demonstrable
continuous blood flow in the related artery and no
coronary thrombosis. The cellular mechanisms deter-
mining myocardial hibernation versus necrosis under

Figure 3. Relative, left anterior descending (LAD) (risk)/left cir-
cumplex (LCX) (non-risk) area, myocardial blood flow at the end of
the experiment. epi % epicardium, mid % midmyocardium, endo %
endocardium.

978 CARDIOVASCULAR ANESTHESIA LANDESBERG ET AL. ANESTH ANALG
TACHYCARDIA-INDUCED SUBENDOCARDIAL INFARCTION 1999;88:973–9

Landesberg G. Anesth Analg 1999;88:973-979



ESC Guidelines

2022 ESC Guidelines on cardiovascular
assessment and management of patients
undergoing non-cardiac surgery
Developed by the task force for cardiovascular assessment and
management of patients undergoing non-cardiac surgery of the
European Society of Cardiology (ESC)

Endorsed by the European Society of Anaesthesiology and
Intensive Care (ESAIC)

Authors/Task Force Members: Sigrun Halvorsen *† (Chairperson) (Norway),
Julinda Mehilli *† (Chairperson) (Germany), Salvatore Cassese** (Task Force
Coordinator) (Germany), Trygve S. Hall** (Task Force Coordinator) (Norway),
Magdy Abdelhamid (Egypt), Emanuele Barbato (Italy/Belgium), Stefan De Hert1

(Belgium), IngriddeLaval (Sweden), TobiasGeisler (Germany), LynneHinterbuchner
(Austria), Borja Ibanez (Spain), Radosław Lenarczyk (Poland), Ulrich R. Mansmann
(Germany), Paul McGreavy (United Kingdom), Christian Mueller (Switzerland),
ClaudioMuneretto (Italy), AlexanderNiessner (Austria), Tatjana S. Potpara (Serbia),
Arsen Ristić (Serbia), L. Elif Sade (United States of America/Turkey),
Henrik Schirmer (Norway), Stefanie Schüpke (Germany), Henrik Sillesen
(Denmark), Helge Skulstad (Norway), Lucia Torracca (Italy), Oktay Tutarel
(Germany), Peter Van Der Meer (Netherlands), Wojtek Wojakowski (Poland),
Kai Zacharowski1 (Germany), and ESC Scientific Document Group

* Corresponding authors: Sigrun Halvorsen, Department of Cardiology, Oslo University Hospital Ulleval, Oslo, Norway, and University of Oslo, Oslo, Norway. Tel.: +47 91317460.
E-mail: sigrun.halvorsen@medisin.uio.no.

Julinda Mehilli, Department: Medizinische Klinik I, Landshut-Achdorf Hospital, Landshut, Germany, Klinikum der Universität München, Ludwig-Maximilians-Universität and German Centre
for Cardiovascular Research (DZHK), partner site Munich Heart Alliance, Munich, Germany. Tel.: +49 871 4042782. E-mail: Julinda.mehilli@lakumed.de
† The two chairpersons contributed equally to the document and are joint corresponding authors.
** The two Task Force Coordinators contributed equally to the document

Author/Task Force Member affiliations: listed in author information.
1Representing the European Society of Anaesthesiology and Intensive Care (ESAIC)

ESC Clinical Practice Guidelines (CPG) Committee listed in the Appendix.

ESC subspecialty communities having participated in the development of this document:

Associations: Association for Acute CardioVascular Care (ACVC), Association of Cardiovascular Nursing & Allied Professions (ACNAP), European Association of Cardiovascular
Imaging (EACVI), European Association of Percutaneous Cardiovascular Interventions (EAPCI), European Heart Rhythm Association (EHRA), and Heart Failure Association (HFA).

Councils: Council of Cardio-Oncology and Council on Valvular Heart Disease.

Working Groups: Adult Congenital Heart Disease, Aorta and Peripheral Vascular Diseases, Cardiovascular Pharmacotherapy, Cardiovascular Surgery, and Thrombosis.

Patient Forum
The content of these European Society of Cardiology (ESC) Guidelines has been published for personal and educational use only. No commercial use is authorized. No part of the ESC
Guidelines may be translated or reproduced in any formwithout written permission from the ESC. Permission can be obtained upon submission of a written request to Oxford University
Press, the publisher of the European Heart Journal, and the party authorized to handle such permissions on behalf of the ESC (journals.permissions@oup.com).

European Heart Journal (2022) 43, 3826–3924
https://doi.org/10.1093/eurheartj/ehac270

ESC GUIDELINES

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/43/39/3826/6675076 by guest on 04 D

ecem
ber 2022



ESC Guidelines
professionals to measure clinical practice, and in educational pro-
grammes—alongside the key messages from the guidelines, to im-
prove quality of care and clinical outcomes.
The members of this Task Force were selected by the ESC to re-

present professionals involved with the medical care of patients with
this pathology. The selection procedure aimed to ensure that there is
a representative mix of members, predominantly from across the
whole of the ESC region and from relevant ESC Subspecialty
Communities. Consideration was given to diversity and inclusion,
notably with respect to gender and country of origin. A critical evalu-
ation of diagnostic and therapeutic procedures was performed, in-
cluding assessment of the risk–benefit ratio. The level of evidence
and the strength of the recommendation of particular management

options were weighed and scored according to pre-defined scales, as
outlined below. The Task Force followed the ESC voting procedures.
All recommendations subject to a vote achieved at least 75% among
voting members.

The experts of the writing and reviewing panels provided declar-
ation of interest forms for all relationships that might be perceived as
real or potential sources of conflicts of interest. Their declarations of
interest were reviewed according to the ESC declaration of interest
rules and can be found on the ESCwebsite (http://www.escardio.org/
Guidelines) and have been compiled in a report and simultaneously
published in a supplementary document to the guidelines. This pro-
cess ensures transparency and prevents potential biases in the devel-
opment and review processes. Any changes in declarations of

Table 1 Classes of recommendations

©
E S

C
 2

02
2

C
la

ss
es

of
re

co
m

m
en

da
tio

ns

Class I Evidence and/or general agreement
that a given treatment or procedure is

Conflicting evidence and/or a divergence of opinion about the usefulness/ 
efficacy of the given treatment or procedure.

Is recommended or is indicated

Wording to useDefinition

Class III Evidence or general agreement that the
given treatment or procedure is not

may be harmful. 
useful/effective, and in some cases

Is not recommended

Class IIb
established by evidence/opinion.

May be considered

Class IIa W
favour of usefulness/efficacy.

Usefulness/efficacy is less well

eight of evidence/opinion is in Should be considered

Class II 

beneficial, useful, effective.
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Table 2 Levels of evidence

Level of
evidence A

Level of
evidence B

Level of
evidence C

Data derived from multiple randomized clinical trials
or meta-analyses.

Data derived from a single randomized clinical trial
or large non-randomized studies.

Consensus of opinion of the experts and/or small studies,
retrospective studies, registries.

©
ES

C
 2

02
2

©
ES
C

20
22

ESC Guidelines 3833

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/43/39/3826/6675076 by guest on 04 D

ecem
ber 2022

professionals to measure clinical practice, and in educational pro-
grammes—alongside the key messages from the guidelines, to im-
prove quality of care and clinical outcomes.
The members of this Task Force were selected by the ESC to re-

present professionals involved with the medical care of patients with
this pathology. The selection procedure aimed to ensure that there is
a representative mix of members, predominantly from across the
whole of the ESC region and from relevant ESC Subspecialty
Communities. Consideration was given to diversity and inclusion,
notably with respect to gender and country of origin. A critical evalu-
ation of diagnostic and therapeutic procedures was performed, in-
cluding assessment of the risk–benefit ratio. The level of evidence
and the strength of the recommendation of particular management

options were weighed and scored according to pre-defined scales, as
outlined below. The Task Force followed the ESC voting procedures.
All recommendations subject to a vote achieved at least 75% among
voting members.

The experts of the writing and reviewing panels provided declar-
ation of interest forms for all relationships that might be perceived as
real or potential sources of conflicts of interest. Their declarations of
interest were reviewed according to the ESC declaration of interest
rules and can be found on the ESCwebsite (http://www.escardio.org/
Guidelines) and have been compiled in a report and simultaneously
published in a supplementary document to the guidelines. This pro-
cess ensures transparency and prevents potential biases in the devel-
opment and review processes. Any changes in declarations of

Table 1 Classes of recommendations

©
E S

C
 2

02
2

C
la

ss
es

of
re

co
m

m
en

da
tio

ns

Class I Evidence and/or general agreement
that a given treatment or procedure is

Conflicting evidence and/or a divergence of opinion about the usefulness/ 
efficacy of the given treatment or procedure.

Is recommended or is indicated

Wording to useDefinition

Class III Evidence or general agreement that the
given treatment or procedure is not

may be harmful. 
useful/effective, and in some cases

Is not recommended

Class IIb
established by evidence/opinion.

May be considered

Class IIa W
favour of usefulness/efficacy.

Usefulness/efficacy is less well

eight of evidence/opinion is in Should be considered

Class II 

beneficial, useful, effective.

©
ES
C

20
22

Table 2 Levels of evidence

Level of
evidence A

Level of
evidence B

Level of
evidence C

Data derived from multiple randomized clinical trials
or meta-analyses.

Data derived from a single randomized clinical trial
or large non-randomized studies.

Consensus of opinion of the experts and/or small studies,
retrospective studies, registries.

©
ES

C
 2

02
2

©
ES
C

20
22

ESC Guidelines 3833

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/43/39/3826/6675076 by guest on 04 D

ecem
ber 2022

Both Hs-cTn T/I and BNP/NT-proBNP complement clinical assess-
ment and ECG in risk prediction.9,52,53,101–103 Hs-cTn T/I and, to a
lesser extent, BNP/NT-proBNP concentrations are higher in pa-
tients with stress-induced myocardial ischaemia vs. those without,
and very low hs-cTn T/I concentrations achieve a very high negative
predictive value to rule out myocardial ischaemia.104–107

Several large prospective studies have shown that both hs-cTn T/I
and BNP/NT-proBNP have high and incremental prognostic value
for peri-operative cardiac complications, including CV death, cardiac
arrest, acute HF, and tachyarrhythmias. In a cohort of nearly 1000
subjects undergoing major elective NCS, individuals with pre-
operative hs-cTn T concentrations of .14 ng/L had an in-hospital
mortality of 6.9% vs. 1.2% in patients with hs-cTn T concentrations
≤14 ng/L (P, 0.001; AUC 0.81).53 In a large prospective cohort
study including 10 402 patients from 16 centres, NT-proBNP im-
proved risk predication beyond the RCRI.52 Among 1923 patients
undergoing NCS, NT-proBNP outperformed both RCRI and echo-
cardiographic parameters in the prediction of peri-operative CV
events.103 Overall, hs-cTn T/I and BNP/NT-proBNP seem to have
comparable accuracy in the prediction of cardiac complica-
tions.52,53,98–103,108 However, Hs-cTn T/I has four advantages over
BNP/NT-proBNP: (i) it is more widely available; (ii) it is less expen-
sive; (iii) if normal, it enables acute MI to be ruled out in the preceding
days; and (iv) availability of pre-operative hs-cTn T/I concentration
enables accurate diagnosis of PMI on Day 1 after surgery.109–111

See Section 8 for more details on diagnosis and treatment of PMI.
B-type natriuretic peptide/NT-proBNP has two advantages. First,

if elevated, evidence from randomized controlled screening studies
performed outside the peri-operative setting has supported the con-
cept that BNP/NT-proBNP-triggered cardiac work-up and intensifi-
cation of therapy improve outcomes.112,113 Second, HF is a
frequently undiagnosed condition in the elderly population most of-
ten undergoing NCS.47,114 Interpreting BNP/NT-proBNP concen-
trations as quantitative markers of HF with evolving rule-in cut-offs
may facilitate detection of HF, optimal intra-operative monitoring,
and initiation or optimization of HF therapy after surgery.114

To date, there is insufficient evidence in support of other CV bio-
markers for this specific indication.115,116

4.5. Non-invasive and invasive
procedures
4.5.1. Resting transthoracic echocardiography
In large retrospective cohorts, routine pre-operative TTE before
high-risk NCS did not reduce the risk of post-operative MACE or
provide more information than clinical risk models.120–122 Poor
exercise tolerance, abnormal ECG, suspected new or significant
CVDs without follow-up within the last 90 days, unexplained
dyspnoea, or coexisting clinical risk factors are appropriate
indications for TTE.123,124 Pre-operative TTE provides informa-
tion on three main risk markers for post-operative cardiac events:
LV dysfunction, VHDs, and cardiomyopathies. Left ventricular
systolic dysfunction is an important predictor of post-operative
HF.125 However, low ventricular ejection fraction is a
borderline independent predictor of major post-operative CV
complications.126–128

Pre-operative FOCUS examination—with a hand-held ultrasound
device for the assessment of murmurs, haemodynamic instability,
ventricular function, and dyspnea—may impact patient management
by improving the diagnostic accuracy of clinical assessment, and help
to triage candidates for standard TTE, plan surgery and anaesthesia
technique, and with post-operative monitoring.129–131 However,
current evidence remains mostly confined to uncontrolled or retro-
spective observational studies with no clear benefits on the outcome,
despite a favourable impact on peri-operative management.130,132 In
a multicentre randomized trial, preliminary results showed that pre-
operative FOCUS significantly reduced all-cause mortality.133

Notably, because of the lack of spectral Doppler capabilities, the
FOCUS examination is only accurate for assessing main structural
and functional abnormalities.

Patients with diastolic dysfunction are usually old, more hyperten-
sive, obese, diabetic, and likely to have AF or chronic renal disease.
Several studies with different clinical end-points have underlined

Recommendation Table 7 — Recommendations for
pre-operative risk assessment—electrocardiography
and biomarkers

Recommendations Classa Levelb

In patients who have known CVD or CV risk
factors (including age≥65 years), or symptoms or
signs suggestive of CVD it is recommended to
obtain a pre-operative 12-lead ECG before
intermediate- and high-risk NCS.97–99

I C

In patients who have known CVD, CV risk
factors (including age ≥65 years), or symptoms
suggestive of CVD it is recommended to
measure hs-cTn T or hs-cTn I before
intermediate- and high-risk NCS, and at 24 h and
48 h afterwards.53,105–107,109–111,117

I B

Continued

In patients who have known CVD, CV risk factors
(including age≥65 years), or symptoms suggestive
of CVD, it should be considered to measure BNP
orNT-proBNP before intermediate- and high-risk
NCS.52,104,112–114

IIa B

In low-risk patients undergoing low- and
intermediate-risk NCS, it is not recommended
to routinely obtain pre-operative ECG, hs-cTn T/I,
or BNP/NT-proBNP concentrations.109,111,117–119

III B
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BNP, B-type natriuretic peptide; CV, cardiovascular; CVD, cardiovascular disease; ECG,
electrocardiogram; hs-cTn I, high-sensitivity cardiac troponin; hs-cTn T, high-sensitivity
cardiac troponin T; NCS, non-cardiac surgery; NT-proBNP, N-terminal pro-BNP; ULN,
upper limit of normal.
Abnormal ECG: pathological Q wave, ST-T wave changes, non-sinus rhythm, left bundle
branch block. Abnormal pre-operative hs-cTn T/I: more than ULN. Age, sex, and known
cardiac disease should also be considered when interpreting the pre-operative
concentration.98

Abnormal BNP: ≥35 pg/mL; abnormal NT-proBNP: ≥125 pg/mL. BNP/NT-proBNP
should be interpreted as quantitative markers of heart failure, and also take into
account age, sex, obesity, and known cardiac disease.52,114 Please note that age, renal
dysfunction, and obesity are important confounders in the age group in which
measurement of BNP/NT-proBNP is recommended, while sex has less impact.
aClass of recommendation.
bLevel of evidence.
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ESC guidelines: Surgical risk

3.1.1. Timing of surgery
In general, acute procedures carry a higher risk of complications than
elective procedures. Uniform timing definitions are unfeasible, as the
time spans may vary between diseases. These guidelines use the tim-
ing definitions below.

Immediate: surgery/intervention should be performed without
any delay to save life or organ function.

Urgent: surgery/intervention should be performed without un-
necessary delay to save life, limb, or organ function.

Time-sensitive: surgery/intervention should be performed as
soon as possible as there is a time-dependent risk of losing limb or
organ function, or increased risk of complications. Cancer surgery
is typically time-sensitive, as is carotid surgery to prevent stroke in
a symptomatic case. The time window for time-sensitive surgery
will vary depending on the underlying disease.

Elective: surgery/intervention can be performed electively (not
further defined) without significant risk of losing limb, or organ func-
tion, or increased risks of complications.

Many factors affect outcomes when comparing acute or time-
sensitive vs. elective surgery: the general condition of the patient
vs. the stage of the acute illness, and how far it has progressed.
The best interests of the patient should be considered before
deciding on treatment, informed consent to management should
be obtained, if at all possible, and decisions should be clearly
recorded.24

The degree of urgency should also be considered (i.e. does
the procedure need to be performed outside working hours
or can it wait until the next day?). In general, competences
and supportive functions are not always present in the evenings
or during the night; thus, an overall evaluation of what best
serves the patient is necessary. The optimal timing of NCS
should be discussed within the multidisciplinary team, including

an anaesthesiologist, in order to achieve optimized anaesthesia
for each patient (see Section 7 ).

3.2. Type of surgical approach
New surgical techniques have been introduced to replace open sur-
gery and to reduce the overall risk for the patient.

3.2.1. Laparoscopy
Laparoscopic procedures, compared with open surgical procedures,
have the advantage of causing less tissue trauma and intestinal paralysis,
resulting in less incisional pain, better post-operative pulmonary func-
tion, significantly fewer wall complications, and diminished post-
operative fluid shifts related to bowel paralysis.25 However, the pneu-
moperitoneum required for these procedures results in elevated
intra-abdominal pressure and a reduction in venous return. Typical
physiological sequelae are secondary to increased intra-abdominal
pressure and absorption of the gaseous medium used for insufflation.

While healthy individuals on controlled ventilation typically toler-
ate pneumoperitoneum, patients with CVD, some types of adults
with congenital heart disease (ACHD), and obese patients may ex-
perience adverse consequences.26 Pneumoperitoneum and
Trendelenburg position result in increased mean arterial pressure,
central venous pressure, mean pulmonary artery pressure, pulmon-
ary capillary wedge pressure, and systemic vascular resistance im-
pairing cardiac function.27,28 Therefore, compared with open
surgery, the CV risk in patients with CVD is not necessarily reduced
in patients undergoing laparoscopy, and both should be evaluated in
the same way. This is especially true in patients undergoing inter-
ventions for morbid obesity, but also in other types of surgery, con-
sidering the risk of conversion to an open procedure.29,30 Superior
short-term outcomes of laparoscopic vs. open procedures have
been reported, depending on type of surgery, operator experience,

Table 5 Surgical risk estimate according to type of surgery or intervention

Low surgical risk (,1%) Intermediate surgical risk (1–5%) High surgical risk (.5%)

• Breast
• Dental
• Endocrine: thyroid
• Eye
• Gynaecological: minor
• Orthopaedic minor (meniscectomy)
• Reconstructive
• Superficial surgery
• Urological minor: (transurethral resection
of the prostate)

• VATS minor lung resection

• Carotid asymptomatic (CEA or CAS)
• Carotid symptomatic (CEA)
• Endovascular aortic aneurysm repair
• Head or neck surgery
• Intraperitoneal: splenectomy, hiatal hernia
repair, cholecystectomy

• Intrathoracic: non-major
• Neurological or orthopaedic: major (hip and
spine surgery)

• Peripheral arterial angioplasty
• Renal transplants
• Urological or gynaecological: major

• Adrenal resection
• Aortic and major vascular surgery
• Carotid symptomatic (CAS)
• Duodenal-pancreatic surgery
• Liver resection, bile duct surgery
• Oesophagectomy
• Open lower limb revascularization for acute limb
ischaemia or amputation

• Pneumonectomy (VATS or open surgery)
• Pulmonary or liver transplant
• Repair of perforated bowel
• Total cystectomy ©

ES
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22

CAS, carotid artery stenting; CEA, carotid endarterectomy; CV, cardiovascular; MI, myocardial infarction; VATS, video-assisted thoracic surgery.
Surgical risk estimate is a broad approximation of 30 day risk of CV death, MI, and stroke that takes into account only the specific surgical intervention, without considering the patient’s
comorbidities.
Adapted from data in Glance et al., Muller et al., Bendixen et al., and Falcoz et al.18–23
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ESC Guidelines: CV risk factors

This is also the case for patients with other diseases known to be
associated with a high risk of concomitant undetected or known
CVD (Sections 6.8 and 6.11–6.14).

3.3.1.3. Patients with established cardiovascular disease
The surgical procedure has the potential to aggravate the disease
and increase morbidity and mortality in patients with established

CVD. This may be preventable by implementing appropriate CV
risk stratification prior to NCS and individually tailoring
peri-operative therapy to reduce the risk.45 If time allows, it is
also recommended to optimize guideline-recommended treat-
ment of the disease before NCS. See Section 6 for a detailed
discussion of risk assessment and management of patients with
known CVD.

N

Management of patients befoff re non-cardiac surgery (NCS)

Accurate history and clinical examination, including standa, rd lab tests (Class I)

Advise on stopping smoking, optimize guideline-, recommended medical therapy (Class I)p

<65 years without any
CVD/CV risk factorsa Patients with established CVD

Low-risk NCS

≥65 years
or with CV risk factorsa

Emergent or urgent NCS

N

Time-sensitive NCS

Elective NCS

Cardiac testing not feasibleff e

Multidisciplinary decision of 
individualized cardiac testing.

If time, manage as electi, ve NCS

Y

Y

None (see section 6)

Intermediate-risk NCS

ECG, biomar, kerskk b (Class I)

Functional capacityc (Class IIa)

(see section 6)

High-risk NCS

ECG, biomar, kerskk b (Class I)

Functional capacityc (Class IIa)

+ cardiology consultationd

(see section 6)
Multidisciplinary decision

None

Intermediate-risk NCS

ECG, biomar, kerskk b (Class I)

Functional capacityc (Class IIa)

High-risk NCS

ECG, biomar, kerskk b (Class I)

Functional capacityc (Class IIa)

None

Intermediate-risk NCS

None

High-risk NCS
In patients >45 year, conside, r:

ECG, biomar, kerskk b

(Class IIa)

Low-risk NCSLow-risk NCS

Figure 2 Pre-operative assessment before non-cardiac surgery. CV, cardiovascular; CVD, cardiovascular disease; ECG, electrocardiogram; N, no; NCS,
non-cardiac surgery. Y, yes; aCV risk factors: hypertension, smoking, dyslipidaemia, diabetes, family history of CVD. bBiomarkers: hs-cTn T/I (Class I) and/
or BNP/NT-proBNP (Class IIa). If pathological, consult a cardiologist. cFunctional capacity based on Duke Activity Status Index (DASI) or the ability to
climb two flights of stairs. dFor diagnostic and therapeutic efforts to be considered, see Section 6. eClose follow-up after intervention and subsequent
management of heart disease are advised.
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Ø65 years or

ØArterial hypertension
ØSmoking
ØDyslipidaemia
ØDiabetes
ØFamily history of CVD
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Why measuring troponin up to 72 hours? 

Most MI (74.1%) occured
within 48 hours of
surgery

65.3% of patients did not 
experience ischemic
symptoms

30-day mortality rate was 
11.6% among patients
who had PMI

Devereaux PJ et al. Ann Intern Med 2011;154:523-528



Consequences: Basel PMI trial

Circulation. 2018;137:1221–1232. DOI: 10.1161/CIRCULATIONAHA.117.030114 March 20, 2018 1229

ORIGINAL RESEARCH 
ARTICLE

Puelacher et al Myocardial Injury After Noncardiac Surgery 

Strengths
Strengths of this study include the implementation of 
PMI screening in clinical routine, prospective assess-
ment of symptoms possibly associated with PMI, cen-
tral adjudication, use of hs-cTnT including preoperative 
measurements to reliably distinguish PMI from chronic 
hs-cTnT elevations from chronic cardiac disorders, long-
term follow-up, and very high completeness of follow-
up (eg, 99.9% at 30 days).

Limitations
The following limitations should be considered when 
interpreting these findings. First, there is no univer-
sally accepted definition of PMI. The absolute hs-cTnT 
change criteria used to define PMI in this study are, at 
large, arbitrary. Although the hs-cTn cutoff criteria for 
spontaneous MI (99th percentile of healthy individuals) 

also are arbitrary, they are widely accepted and based 
on broad consensus. Our criterion for PMI is supported 
by recent data from VISION, but still requires approval 
by expert groups.8 Second, hs-cTnT was measured rou-
tinely in the first 2 days after surgery, and afterward 
only in case of clinical suspicion of MI. Therefore, a 
small number of asymptomatic PMIs occurring after the 
first days invariably were missed. Accordingly, our point 
estimates slightly underestimate the true incidence of 
PMI.2,5 Third, the adjudication of PMI subtypes into car-
diac and extracardiac PMI was largely based on clinical 
criteria, because the majority of patients did not un-
dergo coronary angiography.

CONCLUSION
PMI is a common complication after noncardiac sur-
gery and, despite early detection during routine clinical 
screening, is associated with substantial short- and long-

Table 4. High-Sensitivity Cardiac Troponin T Levels

 
Preoperative 
hs-cTnT, ng/L

Preoperative 
Values >99th, 

n (%)

Maximum 
Postoperative 
hs-cTnT, ng/L

Postoperative 
Values >99th, 

n (%)

Maximum 
Perioperative 

∆hs-cTnT, ng/L

Total cohort 14 (8–25) 1261 (51) 18 (11–33) 1626 (64) 3 (1–8)

No PMI 12 (7–22) 957 (46) 15 (10–24) 1229 (57) 2 (0–5)

PMI 28 (16–57) 304 (80) 64 (42–131) 397 (100) 25 (17–46)

                Cardiac 27 (15–51) 262 (79) 58 (41–109) 342 (100) 24 (17–43)

                Extracardiac 45 (18–95) 42 (84) 114 (53–175) 55 (100) 33 (19–83)

Levels are shown with interquartile range, number above the 99th percentile (%), and maximum perioperative 
delta shown for all patients, those with and without perioperative myocardial injury (PMI), as well as for cardiac and 
extracardiac PMI subtypes. hs-cTnT indicates high-sensitivity cardiac troponin T.

Figure 3. Cardiac troponin and mortality.  
Association of absolute high-sensitivity cardiac troponin T (hs-cTnT) increase and maximum postoperative hs-cTnT level with 
30-day mortality (black continuous line with 95% confidence intervals in gray). A general linear fit is shown as red dashed 
line. Because the association of absolute hs-cTnT increases with 30-day mortality might be affected by identifying and flagging 
patients with perioperative myocardial injury in clinical routine at hs-cTnT deltas of ≥14 ng/L, this threshold was highlighted in 
the plot of absolute hs-cTnT increase (green dashed line).
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Discussion

'Ether Day' von W.Prosperi, 1846

"Gentlemen, this is no
Humbug" 

John C. Warren, 1846
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