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Perioperative cardiac events are common

Sabate S et al.

4.3%
MACCE

Devereaux PJ et 
al.

≈6.5%
CV death/MICA

≈7% 
Death or MI

8%    MINS

3.6% MACE



• Cardiovascular complications 4.5%
• 3rd most common
• Mortality in this group 6.9% (0.5% in whole cohort)



Perioperative myocardial injury and MINS

Puelacher C et al.



MINS and PMI

• Previously unrecognised cardiovascular complication

• Occurs commonly (up to approx. 20%) 

• Does not require ischaemic feature

• Largely asymptomatic:
• VISION (2014) study: 85% of patients without ischaemic symptoms 

• Puelacher (2018): 82% without ischaemic symptoms

• Chew (2021): >90% asymptomatic

• Independently associated with short- and long-term mortality, short-
term complications, short- and long-term MACE 



How to protect the heart?

Icons: identify problem, by Tanuj Abraham from the Noun Project_1259507; Safety Net, by Irene Hoffman from the Noun Project_14589; railing, by Hassan ali from the Noun Project_2160723

What is the risk?
Risk of what?

Risk re-assessment
Early detection
Management of complications

Prevent/detect
▪ Perioperative 

myocardial
injury/infarction

▪ Acute heart failure
▪ Arrythmias
▪ Stroke

Informed consent, shared decision-making
Tailored perioperative management

Avoidance of 
failure to rescue



Recognition of high-risk patients



Revised Cardiac Risk Index  
NSQIP-MICA



Do biomarkers add to risk stratification?

We recommend that pre-operative measurements of natriuretic

peptides be used for risk stratification in intermediate or high-

risk patients undergoing vascular or major thoracic surgery

(1C)



Duceppe et al 

• Pre-planned subgroup of VISION study population
• Exposure was preoperative NT-proBNP at various cutoffs
• Compared to RCRI (known to underestimate morbidity)
• Primary outcome MINS + vascular death at 30d



• ↑Preoperative NTproBNP increased risk of primary outcome

• Concentration-dependent effect

• Improved risk classification by 25% 

• AUCs increased from 0.65 (CI 0.64-0-67) to 0.75 (CI 0.73-0.78)

• Supports previous IPDMA and SR/MA (Rodseth JACC 2014, Lurati Buse AA 2011)



Preop increased hsTnT, PMI

Preop increased hsTnT, no PMI

Preop hsTnT normal, PMI

Preop hsTnT normal, no PMI
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Perioperative biomarker surveillance-
timing is important

Puelacher C et al



What do the ESC guidelines recommend?

• History and examination focus on CV risk
• Hb and renal function

➢ intermediate – high-risk surgery
• ECG
• Functional capacity 
• Risk Scores
• Biomarkers
• Echocardiography



Asymptomatic patients, 
high risk surgery

Patients with known CVD or 
patients with CV risk factors 
or patients >65yo 
Intermediate or high risk 
surgery

Class 1 or IIa recommendations for pre and postoperative cardiac 
biomarkers in the majority of our patients at PMI Karolinska 



Surveillance for PMI = pre and postoperative hs-cTn
Systematic PMI workup => How to do this? Who will do it?



Patients with known CVD or 
patients with CV risk factors 
or patients >65yo 
Intermediate or high risk 
surgery

‘updated recommendations did not improve the yield of pathological findings compared with the 2014 guidelines in a 
sample of patients at elevated cardiovascular risk. For example, in presence of a class I recommendation
for TTE, even in a selected population, the probability of detecting a severe reduction in EF amounts to less than 10%.’
Stroda et al. British Journal of Anaesthesia, 132 (4): 675e684 (2024)



ESAIC focused BM guidelines recommendations



Preoperative biomakers may have some
prognostic value but little data to support that

they can discriminate patients with and 
without and adverse outcome.

No evidence for preoperative BM-led 
management

Lurati Buse G et al. ESAIC 
focused guideline for the 
use of cardiac biomarkers
in perioperative risk 
evaluation. 
EJA 2023;40:888-927



Current ESAIC guidelines say?



Recognition and minimization of 
intra- and postoperative risk



Intraoperative hypotension (IOH) and morbidity

Initial studies were inconclusive but now a large body of evidence show 
the deleterious effects of IOH regardless of definition

Walsh M et al. Anesthesiology 2013; 119:507-15



IOH is associated with myocardial injury



How low can I safely go?

Pressures that are often considered clinically acceptable (MAP 
65 mmHg) were associated with both myocardial and renal 

injuries.



Postoperative hypotension

PACU

Ward



Deleterious effect of POH on kidney outcomes -
even without antecedent IOH

Khanna et al Anesth Analg 2021;132:1410–20)



Futier E et al

• SBP within 10% of the patient’s normal resting value
vs.standard practice intra + up to 4h postoperatively

• Composite of systemic inflammatory response
syndrome and least 1 organ dysfunction at day 7 
postsurgery

Perioperative BP management



Perioperative BP management
Primary outcome:

38.1 vs 51.7% (RR 0.73, 95%CI 0.56 to 0.94, P=0.02)



No reduction in acute myocardial injury 
or 30d MACE and/or AKI



POISE-3 BP arm



Personalised BT?

Personliserad BP based on mean BP on the 
night prior to op vs. control



32



Can MINS be treated?

Interpretation Among patients who had MINS, dabigatran 110 
mg twice daily lowered the risk of major vascular complications, 
with no significant increase in major bleeding. Lancet 2019;10137:2325-2334



Risk-reduction interventions

Indirect evidence (risk adjusted observational data) for 
early cardiology consultation, initiation of long-term 
ASA and statins in patients suffering from MINS

Foucrier A, et al. Anesth Analg 2014;119:1053-63, Devereaux PJ, et al. 
Ann Intern Med 2011;154:523-8. Hua A, et al. J Thorac Dis 2016; 
8:920–924. Park J, et al. Heart 2022108:695–702.



Specific interventions to reduce
cardiovascular risk



POISE: beta blockers

• 8351 patients with /at risk of atherosclerotic disease
• Metoprolol 2-4 h prior to surgery and continuing 30d post surgery
• Primary end point composite of cardiovascular death, non-fatal 

myocardial infarction, and non-fatal cardiac arrest

Fewer with primary end point BUT more deaths and 
stroke, clinically significant hypotension and bradycardia



POISE-2: aspirin

• 10010 patients with CV risk factors undergoing noncardiac surgery
• Aspirin prior to surgery and continuing 30d post surgery
• Primary end point composite of death and non-fatal myocardial

infarction
• No difference in primary end point
• Increased risk of life-threatening and major bleeding



POISE-2: clonidine

• 10010 patients with CV risk factors undergoing noncardiac surgery
• Clonidine 200ug prior to surgery and continuing 30d post surgery
• Primary end point composite of death and non-fatal myocardial

infarction
• No difference in primary end point
• Increased risk of other catastrophic events



ENIGMA-II

• ENIGMA-I suggested an increase in the incidence of MI during
long-term follow up that was not evident at 30 days

• 7112 patients at risk of CV complications undergoing NCS
• 70%/30% N2O/O2 or no N2O
• Primary outcome: composite of death and CV events
• Secondary: disability (Katz ADL <8)

NO DIFFERENCE IN PRIMARY OR ANY SECONDARY OUTCOMES



How do I manage this patient with CV risk 
factors requiring noncardiac surgery?

• History and examination focus on CV risk
• Hb and renal function
• ECG
• Functional capacity 
• Risk Scores  
• Biomarkers
• Invasive BP and flow monitoring
• Extended PACU or Intermediate Care 



Perioperative assessment and management 
of cardiovascular risk 

Have we reached a consensus?





Gualandro et al. 
Eur J Heart Fail
2023;25:347-57

1y mort 52% 1y mort 36%



Prediction of IOH

• Machine learning algorithms now avaialble that can
predict the occurence of IOH up to 15 prior to its
occurence

Anest Analg 2020;130:352-359



Preemptive treatment of IOH?

Performed better than
commonly measured
clinical variables eg. SV, SVV, 
𝝙MAP and HR

AUC 0.879 
(95% CI, 0.879–0.880

Anest Analg 2020;130:352-359



46

Continuous Mean Arterial Pressure vs. 
Hypotension Prediction Index?

Mulder M et al. Anesthesiology 2023; 138:657–69

’HPI 
alarm’
MAP 75 
94% of 
the time

’HPI alarm’
MAP 70 
98% of the 
time





Risk 
scores

Predictive performance is generally comparable between scores
Some scoring systems are better validated
Only RCRI, NSQIP MICA and AUB-HAS2 specifically predict
cardiovascular outcomes



Functional capacity

• Patient reported functional capacity is prognostic of MACE and non-
MACE complications

• Did not add predictive value to a model based on clinical factors alone

British Journal of Anaesthesia, 130 (6): 655e665 (2023)



Does the addition of a preoperative biomarker improve risk prediction?
Apparently different recommendations by different guidelines?

CCSG2017 AHA2021 ESC2022 ESAIC2023

Who ≥45 yo OR 
18-44 yo with known 
significant CV disease 
requiring overnight 
hospitalization

Acute/elective not 
specified
>65 yo
OR
>45 with established
coronary or peripheral
atherosclerotic disease

>65 yo
OR
known CVD (any age) 
OR 
<65 y + CV risk 
factors
AND
Undergoing elective 
intermediate and 
high risk surgery

>18 yo undergoing
noncardiac surgery
excluding
transplantation (not 
renal) and obstetric
surgery

What and When Preoperative BNP or 
NT-proBNP

Preoperative baseline Preoperative and 24-
48h postoperative:
Hs-cTn (class I, class
IIa for asymptomatic, 
>45yo + CV risk 
factors)
Preoperative:
NT-proBNP (class IIa)

Preoperative 
BNP/NT-proBNP, cTn



Unlikely that preoperative biomakers can be 
measured in most patients undergoing

emergency surgery

Lurati Buse G et al. ESAIC 
focused guideline for the 
use of cardiac biomarkers in 
perioperative risk 
evaluation. EJA 
2023;40:888-927



CCSG2017 AHA2021 ESC2022 ESAIC2023

Who ≥45 yo OR 
18-44 yo with known 
significant CV disease 
requiring overnight 
hospitalization

Acute/elective not 
specified
>65 yo
OR
>45 with established
coronary or peripheral
atherosclerotic disease

>65 yo
OR
known CVD (any age) 
OR 
<65 y + CV risk factors
AND
Undergoing elective 
intermediate and high 
risk surgery

>18 yo undergoing
noncardiac surgery
excluding
transplantation (not 
renal) and obstetric
surgery

What and When Preoperative BNP or 
NT-proBNP
Postoperative cTn if
1) acute surgery
2) NT-proBNP
≥300 mg/L or
BNP ≥92 mg/
3) NT-proBNP n/a

Preoperative baseline,
Repeat within 48-72h of 
surgery IF results of testing
would modify clinical
management

Preoperative and 24-
48h postoperative:
Hs-cTn (class I, class IIa
for asymptomatic, 
>45yo + CV risk 
factors)
Preoperative:
NT-proBNP (class IIa)

Preoperative BNP/NT-
proBNP, cTn
Perioperative cTn
Postoperative cTn
Recommendations 
differ depending on 
intention 
(prognosis/prediction/
management)

Biomarkers after emergency surgery?



Lurati Buse G et al. ESAIC 
focused guideline for the 
use of cardiac biomarkers in 
perioperative risk 
evaluation. EJA 
2023;40:888-927

Myocardial injury is largely silent and cannot be detected without
surveillance

Biomarkers should be used in ther ’conventional’ sense e.g. for 
diagnosis of AMI, acute heart failure



CCSG2017 AHA2021 ESC2022 ESAIC2023

How increased
risk is defined
by biomarker

Preop risk:
Preop NT-proBNP
≥300 mg/L or
BNP ≥92 mg/L

Postop risk:
Absolute change
>5ng/L if values are
between 20 and 65 
ng/L 
OR
Any absolute value
>65ng/L
OR 
Any absolute change
>14ng/L

Preop risk: 
hs-cTn>URL
NT-proBNP>125pg/ml

Postop risk: change >1 
URL of any hs-cTn assay

No cutoffs specified
due to interassay
variations and different 
thresholds used from 
study to study.
Absolute increase of 
>1URL of any cTn assay 
may be pragmatic

Management Explicit communication
of periop risk (event 
rate and  95% CI of the 
risk estimate)
Add cTn if preop NT-
proBNP ≥300 mg/L .

Smoking cessation, diet 
and nutrition 
counseling,
stress reduction, 
cardiac rehabilitation, 
optimize management 
of CV risk factors.

Preop risk: TTE+/-stress 
imaging
Postop risk: determine
aetiology incl. 
diagnostic workup with 
ECG/TTE/CCTA/ICA. 
Rx includes
aspirin/statins for lT2MI 
and missed T1MI.

For communicating
prognosis and shared
decision-making.
No routine use for risk 
prediction. 
No evidence for 
biomarker-led 
management strategies.



• All cause mortality up to 30d after surgery
• All cause mortality up to 1y after surgery
• Cardiac mortality up to 30d after surgery
• Death or MI up to 30d after surgery
• Death or MI up to 1y after surgery
• MACE up to 30d after surgery
• MACE up to 1y after surgery
• Cardiac complications (any severity) up to 30d after surgery
• Myocardial injury up to 30d after surgery
• Complications (cardiac + noncardiac) up to 30d after surgery
• Short term disability
• Short term QoL (up to 90d after surgery)

12 critical 
outcomes



PREDICTION

Preop cardiac troponin Pre+postop cardiac troponin

The 3 separate questions addressed

BIOMARKER-ENHANCED 
MANAGEMENT

PREDICTION

Preop B-type natriuretic peptide

BIOMARKER-
ENHANCED 
MANAGEMENT

Postop cardiac troponin

Postop B-type NP
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Pre+postop B-type NP



Variation in incidence of outcome over 
time in a population of interest.

Ability to discriminate disease from
non-disease cases

Any management pathway based on 
ROUTINE surveillance



Can MINS be treated?

Interpretation Among patients who had MINS, dabigatran 110 
mg twice daily lowered the risk of major vascular
complications, with no significant increase in major bleeding.



zIncreased BMs

zConsider postoperative surveillance

z

Optimize pre- and 
intraoperatively

Further testing as needed
Anaemia, CV medications, Cardiac 

consultation. Step-up haemodynamic 
monitoring. Modify perioperative plan 

e.g. modify surgery, anaesthesia

Extra cardiac
e.g. sepsis, PE, 
stroke, other 
noncardiac 

complication

Specific cardiac 
pathology

e.g.T1MI
AHF

tachyarrythmias

Consider T2MI 
in presence of 

hypoxia, 
tachycardia, 
hypotension

Determine aetiology
hierarchially

z<PerioperativezPreoperative

Likely 
chronic

z

Exclude and 
treat acute

causes
e.g. AMI, acute

HF, sepsis
excluded



WHEN USING CARDIAC BIOMARKERS CLINICALLY, CONSIDER:

Myocardial injury is largely undetectable without biomarker surveillance

All elevations prognostically important, but risk predictive value still not 
established

One RCT for Rx of MINS, reduction of vascular complications

No trial has been effective in preventing myocardial injury



Added value? 

For prognosis, detection of 
unfavourable events

Unnecessary expense? 

For prediction, BM-led management



Have a good day
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