
Introduction

Biomarker is a characteristic that can be obje-
ctively measured and which is an indicator 

of biological processes. Cardiac troponins T and 
I (cTnT and cTnI respectively) are the preferred 
markers for the diagnosis of myocardial infar-
ction, because they demonstrate sensitivity and 
tissue specificity better than other available bio-
markers1. Existing evidence suggests that even 
small increases in cTnT in the perioperative pe-
riod reflect clinically relevant myocardial injury 
with worsened cardiac prognosis and outcome2-4. 
The development of new biomarkers, including 
high sensitivity troponins, will probably further 
enhance the assessment of myocardial damage4. 

Data from prospective, controlled trials on the 
use of preoperative biomarkers are rare. Based on 
the existing data, assessment of serum biomar-
kers for patients undergoing non-cardiac surgery 
cannot be proposed for routine use, but may be 
considered in high-risk patients (METs ≤4 or with 
a revised cardiac risk index value >1 for vascular 
surgery and >2 for non-vascular surgery)5. Eu-
ropean Society of Cardiology (ESC) and Europe-
an  Society of Anaesthesiology (ESA) have pro-
posed a new and comprehensive way to evaluate 
perioperative cardiac risk. The aim of our study is 
to evaluate the usefulness of cardiac troponin T 
(TnT) measured by a new high-sensitive troponin 
T assay (hsTnT) for risk stratification of patients 
undergoing non-cardiac surgery5.
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Materials and methods

This prospective, single center, observation-
al study enrolled 91 patients undergoing major 
non-cardiac surgery. A total of 91 patients were 
recruited between September and December 2013 
at Surgical Clinics in Clinical Center Nis ,Serbia. 
Inclusion criteria were major non-cardiac surgery 
(abdominal, thoracical, orthopaedic and vascular 
surgery) in general anaesthesia, an age >55 years 
and at least one of the following cardiovascular 
risk factors—diabetes mellitus, hypertension, hy-
perlipidaemia, active smoking, or a family history 
of cardiac disease. Exclusion criteria were emer-
gent surgery and the disability to understand or to 
sign informed consent.

All the patients included into the study signed 
informed consent, which included biomarker 
analyses. The study has been approved by the ethi-
cal board of Medical School, University of Nis.

All data are presented as mean and standard 
deviation, median and interquartile range, or per-
cent frequency. Comparisons between groups were 
made by t-test, Mann-Whitney test or Chi Square 
test. ROC curve analysis was conducted to deter-
mine the optimal threshold with maximum com-
bination of specificity and sensitivity in predicting 
mortality.

Results

The research included 81 patients (42 women – 
51. 90% and 39 men – 48.10%). Average age was 
71.30±6.62 years (min 51 years, max 87. 00 years)
(Table 1). Within 14 days, 14 patients died in the 
tested population (17.30%). Among the deceased 
patients, 6 were men (42.90%) and 8 were wom-
en (57.10%). The concentrations of hsTNT (Table 
2) was statistically significantly higher in deceased 
patients  (p=0.016). All the patients that died were 
in the intensive care units (100, 00%) and the group 
of the survivors included 50 patients (74.60%). The 
patients that died were statistically significantly 
more often admitted to intensive care units (Fish-
er’s test p=0.034). 

The average number of days spent in intensive 
care units for the deceased patients was 5.29±3.65 
days (min 1 day, max 12 days) and with the sur-
vivors it was 2.21 ±1.75 days (min 0 days, max 6 
days). It was determined that the deceased patients 

had statistically significantly larger number of days 
in intensive care units (z=2.982, p=0.003) (Graph 1). 

ROC curve analysis( Graph 2) with respect to fatal 
outcome has shown that hs TnT has the power dis-
crimination potential (AUC 0.713, p=0.016) (Table 
2,3). Border value of this marker is 6.05, sensitivity 
is 56.90% and specificity is 76.90%. Patients with 
values above the border value of hsTnT had short-
er survival but no statistically significant difference 
was found (p=0.140). The population of 19 patients 

Table 1.  Demographic and clinical characteristics of 
the tested population

Parameter Number %

Previous MI 1 1.20

Previous PCI 2 2.50

Previous CABG 0

Atrial fibrillation 10 12.30

Previous stroke 5 6.20

Peripheral arterial disease 1 1.20

Liver diseases 4 4.90

Lung diseases 9 11.10

Tumor 40 49.40

Metabolic disorders 9 11.10

Hypertension 64 79.00

Hyperlipidemia 13 16,00

DM 23 28,40

DMID 6 7,40

Family history 44 54.30

Active smoker 12 14.80

Graph 1.  Number of days in ICU with respect to fatal 
outcome:
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(23.50%) had values above 10.80, i.e. values above 
the third (upper) quartile. The patients with hsT-
NT in the upper quartile(Table 4) were statistically 
significantly older than other patients (p=0.007). 
The frequency of atrial fibrillation and metabolic 
diseases was statistically significantly higher in the 
group of patients with hsTNT in the upper quar-
tile (p=0.045, p=0.046 and p=0.046). Patients with 
hsTNT in the upper quartile had statistically sig-
nificantly shorter survival compared to other pa-
tients but no statistically significant difference was 
determined (p=0.117).  

Table 2.  The values of , hsTNT  with respect to fatal 
outcome

Para- 
meter

Deceased
N=14

Survivors
N=67 Z p

Hs 
TNT

AS±SD 13,54±14,93 9,79±18,32 2,414
0,016Median 

(Min-Max)
8,90
(4,70-61,00)

5,30
(0,80-139,20)

Table 3. ROC curve analysis for  hsTnT with regard to fatal outcome:

Marker Border values Sensitivity Specificity AUC SE p

hsTNT 6,05 56,90% 76,90% 0,713 0,064 0,016

Table 4. Demographic and clinical characteris-
tics in relation to hsTNT upper quartile values:

hsTNT

p
Parameter

Upper 
quartile
N=19

Others
N=62

Gender (M/F) 8/11 31/31 0,116 0,734

Age 75,74±7,04 69,94±5,89 3,259 0,003

Previous MI 0 1 (1,60) 0,765*

Previous PCI 0 2 (3,20) 0,584*

Atrial 
fibrillation 5 (26,30) 5 (8,10) 0,049

Previous 
stroke 0 5 (8,10) 0,586*

Peripheral 
arterial 
disease

1 (5,30) 0 0,397 0,528

BI 5 (26,30) 4 (6,50) 3,973 0,046

Liver diseases 0 4 (6,50) 0,281 0,596

Lung diseases 3 (15,80) 6 (9,70) 0,105 0,746

Tumor 8 (42,10) 32 (51,60) 0,214 0,643

Metabolic 
disorders 5 (26,30) 4 (6,50) 3,973 0,046

CV Risk 
factors 19 (100,00) 61 (98,40) 0,765*

Hyperten-
sion 18 (94,70) 46 (74,20) 2,566 0,109

Hyperlipi-
demia 2 (10,50) 11 (17,70) 0,154 0,695

DM 6 (31,60) 17 (27,40) 0,004 0,951

DMID 2 (10,50) 4 (6,50) 0,009 0,926

Family 
history 10(52,60) 34 (54,80) 0,000 1,000

Active 
smoker 1 (5,30) 11 (17,70) 0,942 0,332

Graph 2.  ROC curve for  hsTnT  in relation to fatal 
outcome:
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Disscussion

In the present study, we aimed to analyse the 
additive value of hs TnT to identify patients at a 
high risk for adverse cardiac events undergoing 
major non-cardiac surgery. Pre-operative risk as-
sessment is of great clinical importance. In most 
cases non-cardiac surgery is performed as an elec-
tive procedure allowing thorough investigation of 
the patient and accurate risk evaluation in order to 
indicate a surgical procedure.

The advent of high sensitive assays has made it 
easier to detect previously undetectable levels of 
cardiac troponins. Latini et al.6 demonstrated el-
evations in high sensitive assay cardiac troponin 
T (Hs-cTnT) in 90% of participants with a 35.6% 
associated mortality risk (P<0.0001). The utility of 
cardiac troponinT (cTnT) in detecting sub-myo-
cardial injury was demonstrated by Miller et al.7 
in 172 asymptomatic patients with class III and 
IV HF. In the study Weber at all, they were able to 
demonstrate that the assessment of high sensitivity 
troponin T(hs TnT) adds incremental prognostic 
information to the established revised cardiac in-
dex (Lee index) and NT-proBNP3. Before this study 
there are no available data evaluating pre- opera-
tive troponin testing as a predictor for post-oper-
ative cardiac events in non-cardiac surgery. There 
are only data available from three smaller studies 
which evaluated the value of post- operative tro-
ponin testing, consistently demonstrating that 
patients with elevated troponin after non-cardiac 
surgery were at a higher risk for subsequent car-
diac events8,9. Within the last decades, several risk 
indices based on observational data have been in-
troduced. Currently, the most widely accepted risk 
index for patients undergoing non-cardiac surgery 
is the revised cardiac risk index10. Several studies 
published within the last years have demonstrat-
ed a prognostic value of pre-operative BNPs levels 
for cardiac events in patients undergoing non-car-
diac surgery10,11. In all of these studies, BNP or 
NT-proBNP was independently associated with 
an increased risk. Natriuretic peptides, midregion-
al pro-adrenomedullin,and GDF-15 are powerful 
predictors of mortality in patients with suspected 
or established ACS, but do not seem to provide 
added diagnostic information12-17. Klip et al.18 ex-
amining the prognostic potential of MR-proADM 
in patients developing HF after AMI demonstrated 

that those with elevated MR-proADM levels had a 
threefold increased risk of all-cause mortality. Fur-
thermore, the addition of BNP and/or Hs-cTnT im-
proved prognostic potential in patients with chron-
ic HF. Expanding on the role of NPs and cTn in risk 
stratification of chronic HF patients, Tsutamoto et 
al.19 demonstrated that elevations in NT-proBNP 
(>627 pg/mL) and Hs-cTnI (>0.03 ng/mL) carried 
the highest risk of mortality (P<0.0001). Cardiac 
troponins measured using high sensitive assays 
have proved to be superior to conventional assays. 
Future studies may benefit from exploring the 
importance of serial monitoring of high sensitive 
troponins in larger populations with emphasis on 
accurate interpretation of troponin levels in order 
to detect all patients with myocardial injury and 
heart failure to indentify patients with high risk 
prior mayor non-cardiac surgery.

Conclusion

Preoperative prediction of cardiovascular risk 
in patients who are preparing for non-cardiac sur-
gery is essential. New protocols have confirmed 
that biomarkers have a significant role in that.Bio-
markers not only serve as traditional predictors of 
prognosis, they can also help to identify high-risk 
patients who need closer monitoring and more ag-
gressive therapy.
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