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Abstract 

Background: The diagnosis of periprocedural myocardial infarction (PMI) after coronary artery bypass graft (CABG) is 
based on biochemical markers along with clinical and instrumental findings. However, there is not a clear cutoff value 
of high-sensitivity cardiac troponin (hs-cTn) to identify PMI. We hypothesized that isolated hs-cTn concentrations in 
the first 24 h following CABG could predict cardiac adverse events (in-hospital death and PMI) and/or left ventricular 
ejection fraction (LVEF) decrease.

Methods: We retrospectively enrolled all consecutive adult patients undergoing CABG, alone or in association with 
other cardiac surgery procedures, over 1 year. Hs-cTn I concentrations (Access, Beckman Coulter) were serially meas-
ured in the post-operative period and analyzed according to post-operative outcomes.

Results: 300 patients were enrolled; 71.3% underwent CABG alone, 33.7% for acute coronary syndrome. Most 
patients showed hs-cTn I values superior to the limit required by the latest guidelines for the diagnosis of PMI. 
Five patients (1.7%) died, 8% developed a PMI, 10.6% showed a LVEF decrease ≥ 10%. Hs-cTn I concentrations did 
not significantly differ with respect to death and/or PMI whereas they were associated with LVEF decrease ≥ 10% 
(p value < 0.005 at any time interval), in particular hs-cTn I values at 9–12 h post-operatively. A hs-cTn I cutoff of 
5556 ng/L, a value 281 (for males) and 479 (for females) times higher than the URL, at 9–12 h post-operatively 
was identified, representing the best balance between sensitivity (55%) and specificity (79%) in predicting LVEF 
decrease ≥ 10%.

Conclusions: Hs-cTn I at 9–12 h post-CABG may be useful to early identify patients at risk for LVEF decrease and to 
guide early investigation and management of possible post-operative complications.
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Introduction
Nowadays, ischemic heart disease remains the leading 
cause of morbidity and mortality worldwide [1]. Coro-
nary artery bypass grafting (CABG) is an established 
option for coronary revascularization, and it is recom-
mended in case of multivessel coronary artery disease 
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or left main disease, especially when combined with 
high anatomical complexity or diabetes [2].

As any other type of cardiac surgery, CABG inter-
vention can potentially cause periprocedural myocar-
dial infarction (PMI) or myocardial injury, the latter 
one being defined as an isolated elevation of cardiac 
biomarkers without clinical and/or instrumental signs 
of an ischemic etiology [3]. In fact, the diagnosis of 
CABG-related (type 5) myocardial infarction (MI) does 
not rely only on the elevation of cardiac laboratory 
markers, but it also requires additional criteria such as 
new pathological Q waves on ECG, new graft or native 
coronary artery occlusion at angiography, or the imag-
ing evidence of new loss of viable myocardium or of 
new regional wall motion abnormality in a pattern con-
sistent with an ischemic etiology [4, 5].

Studies aiming at investigating the clinical signifi-
cance and prognostic impact of PMI showed that its 
incidence and prognosis depend on the diagnostic cri-
teria employed; nevertheless, PMI is generally associ-
ated with an increased risk of major cardiovascular 
events, after both percutaneous coronary intervention 
(PCI) and CABG, regardless of the definition applied 
[6–8]. After decades of cardiovascular research and 
clinical practice, the diagnosis of PMI after PCI and 
CABG, as suggested by both the Third and the Fourth 
Universal Definition of Myocardial Infarction, is still 
based on an arbitrary value of biochemical markers 
and there is not a clear cut off value to distinguish PMI 
from periprocedural myocardial injury [4, 5].

Cardiac troponin (cTn) is recommended as the pre-
ferred biomarker for the diagnosis of type 5 MI, due 
to its superior sensitivity and specificity compared to 
traditional biomarkers such as creatine kinase [3, 9]. 
Based on the magnitude of post-operative cTn I or cTn 
T elevation there exists a documented gradual increase 
in short and long-term mortality following CABG sur-
gery, with a clear association between short and long-
term mortality and isolated elevations of cTn T > 7 
times of the upper reference limit (URL) and cTn I lev-
els > 20 times of the URL [3]. High-sensitivity cardiac 
troponin (hs-cTn) assays have recently been developed, 
being more sensitive than previous assays at detecting 
lower troponin concentrations [9]; however, there exist 
several different assays and only few data are available 
about their application and augmented value in the 
diagnosis of type 5 MI [3].

Indeed, it is a widespread routine, also in use in our 
Institution, to measure serial hs-cTn concentrations in 
the post-operative period to assess the degree of myo-
cardial injury and, depending on the clinical scenario, 
eventually make a diagnosis of PMI.

The aim of our study was to explore the clinical signifi-
cance and the prognostic value of the serial testing of hs-
cTn I in the first 24 h after CABG intervention, alone or 
in association with other cardiac surgery procedures.

In particular, we hypothesized that isolated hs-cTn I 
concentrations in the first 24 h following CABG surgery 
could predict main cardiac adverse events (in-hospital 
death and PMI) and/or left ventricular ejection fraction 
(LVEF) modifications (LVEF decrease ≥ 10%).

Methods
Ethics approval and consent to participate
The study was approved by the local Ethics Committee 
(Comitato Etico Area Vasta Emilia Centro).

All methods were performed in accordance with the 
Declaration of Helsinki as well as with our institutional 
ethics principles, guidelines and regulations.

Given the observational and retrospective nature of the 
study, patients’ consent was inferred in line with the gen-
eral consent expressed upon hospital admission and, as 
requested by the ethics committee, specifically updated 
at the first medical re-contact with the patient, if any.

Study population, data collection and definitions
We retrospectively enrolled all consecutive 
patients ≥ 18  years old who underwent CABG, alone or 
in association with other cardiac surgery/surgery on the 
ascending aorta, at S. Orsola-Malpighi Hospital from 
September 1, 2018, to September 1, 2019.

We analyzed each patient’s clinical record and collected 
demographic data as well as recent and past medical his-
tory, including the presence of cardiovascular risk factors 
and cardiovascular events such as previous MI, previous 
percutaneous and/or surgical coronary revasculariza-
tion, previous cardiac surgery, and previous episodes of 
heart failure. Moreover, we gathered data about patients’ 
comorbidities, including the presence of peripheral artery 
disease, symptomatic chronic lung disease, chronic renal 
disease, and history of cerebrovascular disease (previous 
stroke and/or transient ischemic attack). Most of such 
variables were defined according to the European System 
for Cardiac Operative Risk Evaluation (EuroScore) II risk 
model, which we also calculated for each patient [10]. 
In particular: acute coronary syndromes were defined 
according to the related current guidelines [11]; previous 
MI was categorized as recent if occurring within the past 
90 days before the date of current surgery; dyspnea and 
angina were graded according respectively to the New 
York Heart Association and to the Canadian Cardiovas-
cular Society classification systems [12, 13]; previous 
heart failure was defined as a previous hospitalization for 
heart failure and/or signs/symptoms of heart failure and/
or left ventricular ejection fraction ≤ 35% [14]; peripheral 
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artery disease was defined as extra-cardiac arteriopathy 
manifested as any among lower limb claudication, carotid 
occlusion or > 50% stenosis, amputation due to arterial 
disease, previous or planned intervention on the abdomi-
nal aorta, limb arteries or carotids; symptomatic chronic 
lung disease was defined as long term use of broncho-
dilators or steroids for lung disease; poor mobility was 
defined as severe impairment of mobility secondary to 
musculoskeletal or neurological dysfunction with need 
of walking aid; the estimated glomerular filtration rate 
(eGFR) was calculated via the Cockcroft-Gault formula 
[15]; endocarditis was considered active when patients 
were still on antibiotic treatment for endocarditis at the 
time of surgery.

We also collected data on the surgical intervention. 
Surgical coronary revascularization was performed as 
indicated by current guidelines [2]. Based on the degree 
of urgency, surgery was classified as follows: salvage sur-
gery in the case of need for cardiopulmonary resuscita-
tion en-route to the operating theatre or before induction 
of anesthesia, emergency surgery in the case of need for 
operation before the beginning of the next working day 
after decision to intervene has been taken, urgent sur-
gery in the case of all other patients whose admission and 
surgery were not scheduled, and elective surgery in the 
case of routine admission for operation. Critical preop-
erative state was defined as the pre-operative presence of 
any among ventricular tachycardia, ventricular fibrilla-
tion, aborted sudden death, cardiopulmonary resuscita-
tion, ventilation (before entry into the anesthetic room), 
hemodynamic support by means of inotropes, intra-aor-
tic balloon pump (IABP) or ventricular assist device, or 
acute renal failure (new-onset anuria or oliguria).

Furthermore, pre-operative and post-operative labo-
ratory findings were reviewed, including hs-cTn I, along 
with pre-operative and post-operative electrocardio-
graphic and echocardiographic findings, as well as post-
operative angiographic findings when available.

Finally, post-operative events, including death, stroke 
(ischemic or hemorrhagic), reintervention, need of cir-
culatory support (IABP and/or extracorporeal membrane 
oxygenation, ECMO), renal replacement therapy, final 
diagnosis of PMI, and total hospitalization length were 
recorded.

In line with the Fourth Universal Definition of Myo-
cardial Infarction [5] CABG-related PMI was defined as 
an elevation of hs-cTn I values > 10 times the  99th per-
centile Upper Reference Limit (URL) in patients with 
normal baseline hs-cTn I values; for patients with known 
elevated but stable (≤ 20% variation) or falling baseline 
hs-cTn I, post-procedural hs-cTn I must be > 10 times the 
 99th percentile URL and rise by > 20% with respect to the 
pre-procedural value. An additional criterion was also 

required among the development of new pathological Q 
waves on electrocardiogram (ECG), the imaging evidence 
of new loss of viable myocardium or of new regional 
wall motion abnormality in a pattern consistent with an 
ischemic etiology, or the finding of new graft or native 
coronary artery occlusion at angiography.

High‑sensitivity cardiac troponin I measurements
Cardiac troponin values had been repeatedly measured 
at fixed time intervals after surgery by using the Access 
hs-cTn I assay by Beckman Coulter. The  99th percentile 
URL established in a population of healthy adults were, 
respectively, 11.6  ng/L for females and 19.8  ng/L for 
males [16].

Clinical outcomes
The prespecified clinical outcomes of the study were rep-
resented by in-hospital death or PMI, in-hospital death, 
PMI, and LVEF decrease ≥ 10% after CABG surgery. In 
particular, we investigated the power of hs-cTn I in pre-
dicting the above-mentioned clinical outcomes.

Statistical analyses
Continuous variables are presented as means ± standard 
deviations (SD) or medians and interquartile ranges (IR), 
as indicated depending on the normality of the distribu-
tion, while categorical variables are presented as num-
bers and percentages. The non parametric Wilcoxon 
rank-sum test was applied in order to compare continu-
ous variables while the  Chi-squared test was applied in 
order to compare categorical variables.

Univariable logistic regression analysis was used to 
evaluate the unadjusted association between LVEF 
decrease ≥ 10% after CABG surgery as this was the only 
outcome which resulted significantly associated with 
hs-cTn I values in our study population. The following 
variables were examined at univariable logistic analysis 
as significantly associated with LVEF decrease ≥ 10%: hs-
cTn I in the first 24 h following CABG, previous cardiac 
surgery, number of surgical procedures, cardiopulmo-
nary bypass time, aortic cross clamp time, new regional 
wall motion abnormalities at post-operative echocardio-
gram, and PMI.

Receiver-operating characteristic (ROC) curves of the 
post-operative hs-cTn I values identified as predictor of 
LVEF decrease ≥ 10% were performed to evaluate the 
diagnostic performance in terms of discrimination power 
[area under the receiver operator characteristic curve 
(AUC)]. The Youden index was then used to identify the 
optimal cut-off value.

P-values less than 0.05 were deemed statistically 
significant.  
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All analyses were performed with IBM SPSS Statistics 
package for Windows, version 25.0 (BM Co., Armonk, 
NY, USA).

Results
Study population
A total of 300 patients undergoing CABG alone or in 
association with other cardiac surgery at the tertiary hos-
pital S. Orsola-Malpighi (Bologna, Italy) from September 
1, 2018, to September 1, 2019, were enrolled and repre-
sented the study population.

Baseline clinical characteristics of the study population 
are showed in Table 1.

The median age was 70 (IR 63–76), the majority of 
patients were males (253 patients, 84.3%). Arterial 
hypertension was present in 236 patients (78.7%), about 
one third were diabetic (95 patients, 31.7%), the mean 
eGFR was 82 ± 32  ml/min, and only 4 (1.3%) were on 
dialysis. Fifty-eight patients (19.3%) had a history of MI, 
47 (15.7%) had previously received percutaneous (44, 
14.7%) or surgical (3, 1.0%) myocardial revascularization. 
Median pre-operative LVEF was 60% (IR 51–65). CABG 
treatment was performed during hospitalization for an 
acute coronary syndrome (ACS) in 101 cases (33.7%), it 
was carried out as a surgical urgency in 131 (43.7%) and 
with critical pre-operative conditions in 4 (1.3%). The 
mean EuroScore II value was 2.9 ± 4.8.

Coronary artery disease represented the main indica-
tion for surgery in most cases (223, 74.3%); in particu-
lar, left main stenosis > 50% was present in 73 patients 
(24.3%), and three-vessel disease in 147 (49%). Heart 
valve disease was the main indication for most of the 
other patients (68, 22.7%), while in few remaining cases 
(9, 3.0%) surgery was performed for either mixed or dif-
ferent surgical indication, including infective endocardi-
tis, as detailed in Table 1.

Cardiac surgery
Peri-operative details are listed in Table  2. Two hun-
dred fourteen interventions (71.3%) consisted in CABG 
only; 74 (24.7%) in CABG and valve repair/replacement 
(mainly aortic valve surgery) without involvement of 
the ascending aorta; 11 (3.7%) in CABG, valve and con-
comitant surgery on the ascending aorta; 1 (0.3%) in 
CABG and ventricular aneurysmectomy. Isolated CABG 
was mainly performed on-pump (207 out of 214 cases, 
96.7%), with a median cardio-pulmonary bypass time 
of 106 min (IR 78–133). Up to 6 anastomoses were per-
formed, but most commonly 1 (67, 22.3%), 2 (125, 41.7%), 
3 (74, 24.7%) or 4 anastomoses (28, 9.3%).

Table 1 Baseline clinical characteristics of the study population

Overall
N = 300

Demographics and past medical history

Age, years, median [Q1-Q3] 70 [63–76]

Males, n (%) 253 (84.3)

BMI, kg/m2, median [Q1-Q3] 27 [24–30]

Hypertension, n (%) 236 (78.7)

Hypercholesterolemia, n (%) 233 (77.6)

Diabetes, n (%)
On insulin, n (%)

95 (31.7)
14 (4.7)

Smoker

Current, n (%) 45 (15)

Previous, n (%) 137 (45.7)

Previous myocardial infarction, n (%) 58 (19.3)

Previous PCI/CABG, n (%) 47 (15.7)

Previous episode of congestive heart failure, n (%) 43 (14.3)

Previous stroke/TIA, n (%) 23 (7.7)

Peripheral arterial disease, n (%) 58 (19.3)

Symptomatic chronic lung disease, n (%) 18 (6)

Dialysis, n (%) 4 (1.3)

Pre-operative clinical characteristics

Hospitalization for ACS, n (%) 101 (33.7)

Left main stenosis > 50%, n (%) 73 (24.3)

Three-vessel disease, n (%) 147 (49)

LVEF, %, median [Q1-Q3]
 ≥ 50%, n (%)
40–49%, n (%)
 < 40%, n (%)

60 [51–65]
243 (81)
40 (13.3)
17 (5.7)

Creatinine, mg/dl, median [Q1-Q3] 0.96 [0.8–1.12]

Estimated GFR by Cockcroft-Gault, ml/min, mean ± SD 82 ± 32

Other pre-operative risk assessment parameters

Reduced mobility, n (%) 0 (0)

Critical pre-operative status, n (%) 4 (1.3)

NYHA class dyspnea

I, n (%)
II, n (%)
III, n (%)
IV, n (%)

174 (58.0)
81 (27.0)
32 (10.7)
13 (4.3)

CCS Class IV angina, n (%) 55 (18.3)

Previous cardiac surgery, n (%) 3 (1)

Active IE, n (%) 3 (1)

MI in the previous 90 days, n (%) 63 (21)

Estimated PASP

 ≤ 30 mmHg, n (%)
31–55 mmHg, n (%)
 > 55 mmHg, n (%)

268 (89.3)
29 (9.7)
3 (1)

Non-elective operation, n (%) 131 (43.7)

EuroScore II estimated risk of in-hospital mortality, 
mean ± SD

2.9 ± 4.8

Main indication for surgical treatment
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Post‑operative details and outcomes
Hs-cTn I was serially measured for each patient, imme-
diately at arrival to the Intensive Care Unit (defined as 
time 0) and then at regular intervals 3-to-6  h apart up 
to 39–48  h. Median hs-cTn I values and IR are showed 
in Table  2. The highest hs-cTn I values were meas-
ured at 9–12  h with a median of 2481  ng/L and IR of 
1529–5409 ng/L.

Post-operative outcomes are showed in Table  2 as 
well. Five patients (1.7%) died; one death was due to 
cardiovascular causes (i.e., hemorrhagic stroke) while 
the remaining 4 were attributed to non-cardiovascular 
causes. A total of 24 patients (8.0%) developed a PMI, 
based on troponin elevation and at least one among elec-
trocardiographic (6, 2.0%), echocardiographic (19, 6.4%) 
or angiographic (3, 1.0%) criteria. Three patients (1.0%) 
required urgent PCI after CABG, while 7 (2.3%) under-
went reintervention. A total of 6 patients (2.0%) needed 
a mechanical circulatory support, in terms of IABP and/
or ECMO. Renal replacement therapy was necessary in 9 
cases (3%), while the remaining post-surgical morbidity 
was attributable to stroke (3 patients, 1.0%). The median 
post-operative LVEF was 60% (IR 50–64), and an LVEF 
decrease ≥ 10% was observed in 32 patients (10.7%). 
The median hospital length to discharge or transfer to 
another hospital consisted of 9 days (IR 7–13).

Relationship between hs‑cTn I and post‑operative clinical 
outcomes
Considering the numerosity of hs-cTn I values available 
at each time interval, we decided to analyze the ones 
collected up to 24  h after the end of the surgery, while 
discarding any subsequent value as those would be not 
representative enough of the whole category to allow for 

reliable considerations. The results of such analyses are 
shown in Additional file 1 Table S1 and in Fig. 1.

For any given time interval, we found no differences in 
hs-cTn I values with respect to the combined endpoint 
of in-hospital mortality or PMI (Fig.  1A), nor with in-
hospital mortality (Fig.  1B), nor with PMI (Fig.  1C). In 
other words, the amount of troponin release was simi-
lar irrespectively of whether patients had died or not as 
well as irrespectively of whether they had developed a 
PMI or not. Conversely, hs-cTn I values were significantly 
higher in patients who showed a LVEF decrease ≥ 10% 
(32 patients, 10.7%) compared to patients who did not 
(Fig. 1D, p value < 0.005 at any time interval).

The univariate analysis (Table 3) including any variable 
that resulted significantly associated with post-operative 
LVEF decrease ≥ 10% at Wilcoxon rank-sum and Chi-
squared tests (Additional file  1 Table  S2) showed that 
post-operative LVEF decrease ≥ 10% was predicted by 
higher hs-cTn I values at 9–12 h post-operatively, along 
with previous cardiac surgery, higher number of surgi-
cal procedures, longer cardiopulmonary bypass time and 
aortic cross clamp time, evidence of new regional wall 
motion abnormalities at post-operative echocardiogram 
and PMI diagnosis. Moreover, we performed a ROC 
curve and identified, with the Youden’s index method, a 
cutoff which is 5556  ng/L at 9–12  h post-operatively (a 
value 281 times the URL for male patients and 479 times 
the URL for female patients), representing the best bal-
ance between sensitivity (55%) and specificity (79%) in 
predicting LVEF decrease ≥ 10%.

Conclusions and discussion
Our study revealed several interesting findings about the 
prognostic value of hs-cTn I (Access, Beckman Coul-
ter) after CABG surgery, alone or in association to other 
cardiac procedures. Firstly, we showed that post-opera-
tive hs-cTn I is so sensitive that in the vast majority of 
patients undergoing CABG surgery (i.e. 285/299 at 0  h, 
254/257 at 24 h, 160/162 at 48 h) the hs-cTn I absolute 
value within 48  h after the intervention is superior to 
the limit required by the latest guidelines for the diagno-
sis of type 5 MI (10 times the  99th percentile URL) [3]; 
of note, we observed the highest values at 9–12  h after 
surgery. Secondly, for any given time interval, we found 
in our population no significant differences in hs-cTn I 
absolute values with respect to in-hospital mortality or 
PMI. Thirdly, hs-cTn I values at 9–12 h post-operatively 
were significantly higher in patients who suffered a LVEF 
decrease ≥ 10% with respect to patients who did not (p 
value 0.046 at univariate analysis); actually, the majority 
of patients with such an echocardiographic finding had a 
hs-cTn I at 9–12 h higher than 5556 ng/L (as identified 

Table 1 (continued)

Overall
N = 300

CAD, n (%)
AS, n (%)
AR, n (%)
MR, n (%)
CAD + AR, n (%)
CAD + MR, n (%)
IE, n (%)
Other#, n (%)

223 (74.3)
43 (14.3)
15 (5)
10 (3.3)
1 (0.3)
2 (0.7)
3 (1)
3 (1)

#  1 patient with left ventricular pseudoaneurysm; 1 patient with suspected 
free wall rupture with cardiac tamponade; 1 patient with concomitant aortic 
aneurysm + severe aortic regurgitation + triple vessel coronary artery disease

ACS: acute coronary syndrome; AR: aortic regurgitation; AS: aortic stenosis; BMI: 
body mass index; CABG: coronary artery bypass grafting; CAD: coronary artery 
disease; CCS: Canadian Cardiovascular Society; GFR: glomerular filtration rate; 
IE: infective endocarditis; LVEF: left ventricular ejection fraction; MI: myocardial 
infarction; MR: mitral regurgitation; NYHA: New York Heart Association; PASP: 
pulmonary artery systolic pressure; PCI: percutaneous coronary intervention; SD: 
standard deviation; TIA: transient ischemic attack
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with the Youden’s index method), a value 281 (for males) 
to 479 (for females) times higher than the URL.

When compared with previous myocardial laboratory 
markers like creatine kinase-MB (CK-MB), cTn have 
greater sensitivity and specificity in detecting myocardial 
necrosis, and have been found to be superior to CK-MB 
in predicting both in-hospital and long-term mortality in 
ACS and after CABG surgery [17, 18]. On the other hand, 
assays based on hs-cTn are more sensitive and accurate 
than “standard” cTn assays and therefore they are recom-
mended by the most recent guidelines for the diagnosis 
of MI [5]. Despite the clear association between isolated 
elevations of “standard” I or T cTn with short-and long-
term mortality after CABG surgery [19], sufficient data 
is currently lacking in the setting of post-CABG to accu-
rately prove such an association between the main clini-
cal adverse events and the absolute values of hs-cTn T 
or hs-cTn I. For this reason, the latest guidelines require 
so far additional ECG and/or imaging evidence of MI to 
identify those CABG patients at higher risk of mortality 
when a hs-cTn elevation > 10 times the URL is measured 
[3].

Given the aforementioned lack of evidence and the dif-
ferences between the commercially available hs-cTn I 
assays, we focused our analysis on the values of hs-cTn I 

Table 2 Type of intervention, operative and post-operative 
details

Overall
N = 300

Type of cardiac intervention

CABG, n (%) 214 (71.3)

CABG + AVR, n (%) 57 (19.0)

CABG + AVR + MVR, n (%) 4 (1.3)

CABG + AVR + tricuspid valve repair, 
n (%)

1 (0.3)

CABG + MVR, n (%) 11 (3.7)

CABG + MVR + tricuspid valve repair, 
n (%)

1 (0.3)

CABG + Bentall, n (%) 4 (1.3)

CABG + Bentall + mitral valve repair, 
n (%)

1 (0.3)

CABG + Bentall + tricuspid valve repair, 
n (%)

1 (0.3)

CABG + ventricular aneurysmectomy, 
n (%)

1 (0.3)

CABG + AVR + ascending aorta and 
aortic arch replacement, n (%)

1 (0.3)

CABG + AVR + ascending aorta replace-
ment, n (%)

1 (0.3)

CABG + MVR + AVR + ascending aorta 
remodeling/replacement, n (%)

3 (1.0)

Operative details

CABG off-pump, n (%) 7/214 (3.3)

Number of distal anastomoses

 1, n (%)
 2, n (%)
 3, n (%)
 4, n (%)
 5, n (%)
 6, n (%)

67 (22.3)
125 (41.7)
74 (24.7)
28 (9.3)
5 (1.7)
1 (0.3)

Left internal mammary artery graft, 
n (%)

270 (90)

Right internal mammary artery graft, 
n (%)

10 (3.3)

Saphenous vein graft, n (%) 249 (83)

Number of surgical procedures

 Isolated CABG, n (%)
 2 procedures, n (%)
 3 procedures, n (%)

209 (69.7)
79 (26.3)
12 (4.0)

Cardiopulmonary bypass time, minutes, 
median [Q1-Q3]

106 [78–133]

Aortic cross clamp time, minutes, 
median [Q1-Q3]

65 [47–99]

Post-operative details

Post-operative creatinine, mg/dl, 
median [Q1-Q3]

0.99 [0.82–1.23]

Post-operative hs-cTn I, ng/L, median 
[Q1-Q3] (patients)

 0 h
 3–6 h
 9–12 h
 15–18 h
 21–24 h
 33–36 h
 39–48 h

1353 [674–2469] (299)
2299 [1383–4242] (289)
2481 [1529–5409] (280)
2109 [1094–5156] (251)
1592 [814–3945] (257)
1057 [561–2940] (248)
1064 [458–3328] (162)

ECG criteria (new Q wave), n (%) 6 (2.0)

Table 2 (continued)

Overall
N = 300

Echocardiographic criteria (new 
regional wall motion abnormalities), 
n (%)

19/299* (6.4)

Post-operative evidence of thrombotic 
occlusion of the graft and/or native 
coronary artery, n (%)

3 (1.0)

PMI, n (%) 24 (8.0)

Post-operative LVEF, %, median [Q1-Q3], 
(patients)

60 [50–64] (299)

Post-operative LVEF decrease ≥ 10%, 
n (%)

32/299* (10.7)

In-hospital composite morbidity after 
surgery

 Stroke, n (%) 3 (1.0)

 Need for renal replacement therapy, 
n (%)

9 (3)

 IABP/ECMO support, n (%) 6 (2.0)

 Reintervention, n (%) 7 (2.3)

In hospital all-cause death, n (%) 5 (1.7)

Time from intervention to discharge/
transfer, days, median [Q1–Q3]

9 [7–13]

AVR: aortic valve replacement; CABG: coronary artery bypass grafting; 
ECMO: extracorporeal membrane oxygenation; hs-cTn I: high-sensitivity 
cardiac troponin I; IABP: intra-aortic balloon pump; LVEF: left ventricular 
ejection fraction; MVR: mitral valve replacement; PCI: percutaneous coronary 
intervention; PMI: periprocedural myocardial infarction

*One patient died before post-operative echocardiography could be performed
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Fig. 1 Relationship between post-operative hs-cTn I serial values and clinical outcomes. A: In-hospital death / PMI. B: In-hospital death. C: PMI. D: 
LVEF decrease ≥ 10%. hs-cTn I: high-sensitivity cardiac troponin I; LVEF: left ventricular ejection fraction; PMI: peri-operative myocardial infarction
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used in our Institution (Access hs-cTn I assay, produced 
by Beckman Coulter) in a population of 300 patients after 
CABG surgery, with serial measurements of hs-cTn I 

during the first 24 h, along with the analysis of complete 
echocardiographic and electrocardiographic post-opera-
tive data.
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Fig. 1 continued
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In line with previous authors [20], among post-oper-
ative CABG patients we did not find a significant asso-
ciation between hs-cTn I absolute values and mortality 
or PMI, although mean hs-cTn I values were more than 
double in patients who died in-hospital; it is also possi-
ble that the lack of statistical significance was due to the 
low number of main adverse clinical events. Further-
more, the absence in our study of the significant associa-
tion between hs-cTn I absolute values and death or PMI 
showed by others authors with different hs-cTn assays 
[21] may be due to the fact that the superior sensitivity 
of the hs-cTn I assay has compromised its specificity and 
positive predictive value in the clinical setting of CABG 
patients.

Conversely, we found that hs-cTn I values were sig-
nificantly higher in patients who showed a LVEF 
decrease ≥ 10% (32 patients, 10.7%) with respect to 
patients who did not (p value < 0.05 at any time inter-
val). Moreover, at univariate analysis, among the 
different hs-cTn I values, only the one at 9–12 h post-
operatively was associated to LVEF decrease ≥ 10%, 
along with other clinical factors (previous cardiac sur-
gery, number of surgical procedures, cardiopulmonary 
bypass time, aortic cross clamp time, new echocardio-
graphic regional wall motion abnormalities, and PMI 
diagnosis). Besides, we performed a ROC curve and 
identified a hs-cTn I cutoff value, equal to 5556 ng/L at 
9–12  h post-operatively, representing the best balance 
between sensitivity (55%) and specificity (79%) in pre-
dicting a LVEF decrease ≥ 10%.

We evaluated the correlation between hs-cTn I values 
and a LVEF decrease > 10% after CABG surgery, consider-
ing the decrease in LVEF as a possible and reliable instru-
mental expression of myocardial damage while taking 

into account the well-known intra-observer and inter-
observer variability of standard echocardiography [22]. 
Actually, one of the main findings of this study is that 
hs-cTn may be a useful, simple and objective method to 
identify, in the first day after CABG surgery, patients with 
decreased LVEF, and to guide emergent/urgent investiga-
tion and management of post-operative complications, 
potentially improving post-operative outcomes.

Another interesting finding of the study is that in 
the first 24  h after CABG surgery it could be possi-
ble to routinely perform only one basal and one sec-
ond “9–12  h” hs-cTn I measurement, saving time and 
resources without losing any significant diagnostic or 
prognostic information.

Finally, to our knowledge, this is the first study spe-
cifically conducted on the hs-cTn I Access assay (pro-
duced by Beckman Coulter) in post-CABG patients and 
we confirm that, in this clinical setting, isolated hs-cTn 
I values may have a high sensitivity and low specific-
ity for main cardiac adverse events as previously found 
with hs-cTn T [20].

The results of the present study have definite limita-
tions. The whole data set of this retrospective, obser-
vational study comes from hospital records of a single 
center tertiary hospital. Moreover, we analyzed only 
hs-cTn I values in the first 24  h after CABG surgery, 
because we believed that the best time window for a 
meaningful improvement of the patients’ postopera-
tive prognosis is the first post-operative day, as well as 
because after this time interval hs-cTn I values were no 
more regularly measured for all patients in our series, 
not allowing for a reliable complete analysis. Finally, 
our modest cohort size might have underpowered the 
analysis of some of the outcomes, which, as already 

Table 3 Univariate analysis for post-operative LVEF decrease ≥ 10%

CABG: coronary artery bypass grafting; hs-cTn I: high-sensitivity cardiac troponin I; LVEF: left ventricular ejection fraction; PMI: periprocedural myocardial infarction

OR (95% CI) P value

Post-operative hs-cTn I 0 h, for each 1000 ng/L 1.07 (0.99–1.16) 0.052

Post-operative hs-cTn I 3–6 h, for each 1000 ng/L 1.07 (0.98–1.16) 0.136

Post-operative hs-cTn I 9–12 h, for each 1000 ng/L 1.02 (1–1.05) 0.046

Post-operative hs-cTn I 15–18 h, for each 1000 ng/L 1.01 (0.99–1.02) 0.102

Post-operative hs-cTn I 21–24 h, for each 1000 ng/L 1.02 (0.99–1.04) 0.062

Previous cardiac surgery 17.73 (1.56–201.42) 0.02

Number of surgical procedures

 Isolated CABG
 2 procedures
 3 procedures

Reference
3.6 (1.6–7.9)
7.5 (2–28.4)

–
0.002
0.003

Cardiopulmonary bypass time, for each min increase 1.01 (1.01–1.02) 0.001

Aortic cross clamp time, for each min increase 1.02 (1.01–1.02)  < 0.001

Echocardiographic criteria (new regional wall motion abnormalities) 5.95 (2.15–16.48) 0.001

PMI 5.23 (2.03–13.47) 0.001
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underlined, could explain the lack of a significant asso-
ciation between hs-cTn I absolute values and mortality 
and/or PMI.

In summary, our study is a contemporary and 
detailed analysis of the prognostic performance of hs-
cTn I assessed within 24  h after CABG surgery. We 
found that in our population hs-cTn I did not correlate 
with main cardiac adverse events, but higher hs-cTn 
I values at 9–12  h were predictors of post-operative 
LVEF decrease, and as such they may be useful to early 
identify patients at risk for LVEF decrease and to guide 
early investigation and management of possible post-
operative complications. Given the high sensitivity and 
low specificity of hs-cTn I in the setting of post-CABG 
patients, our data support the current recommendation 
of always integrating hs-cTn I values with clinical, elec-
trocardiographic and echocardiographic data for the 
diagnosis of type 5 MI.

Abbreviations
ACS: Acute coronary syndrome; CABG: Coronary artery bypass graft; CI: Con-
fidence interval; CK-MB: Creatine kinase-MB; ECG: Electrocardiogram; hs-cTn: 
High-sensitivity cardiac troponin; IABP: Intra-aortic balloon pump; IR: Inter-
quartile range; LVEF: Left ventricular ejection fraction; MI: Myocardial infarction; 
OR: Odds ratio; PCI: Percutaneous coronary intervention; PMI: Periprocedural 
myocardial infarction; SD: Standard deviation; URL: Upper reference limit.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13019- 022- 02027-x.

Additional file 1. Supplementary materials.

Acknowledgements
Not applicable.

Author contributions
MG, MS, PB, FB, AF, and GF collected data. SN, MG, EN, FS, MB, AC, DP, NG, and 
AC analyzed and interpreted data. SN, MG, FS, and AC wrote the manuscript. 
AC created the figure. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Our study was approved by the local ethics committee.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Cardiology Unit, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bolo-
gna, Italy. 2 Department of Specialist, Diagnostic, and Experimental Medicine, 
Alma Mater Studiorum University of Bologna, Bologna, Italy. 3 Cardiothoracic 
and Vascular Anesthesia and Intensive Care Unit, IRCCS Azienda Ospedaliero-
Universitaria di Bologna, Bologna, Italy. 4 Division of Cardiac Surgery, IRCCS 
Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy. 

Received: 20 May 2022   Accepted: 24 September 2022

References
 1. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Bad-

dour LM, GBD-NHLBI-JACC Global Burden of Cardiovascular Diseases 
Writing Group, et al. Global burden of cardiovascular diseases and risk 
factors, 1990–2019: update from the GBD 2019 Study. J Am Coll Cardiol. 
2020;76(25):2982–3021.

 2. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto 
U, ESC Scientific Document Group 2018, et al. ESC/EACTS Guidelines on 
myocardial revascularization. Eur Heart J. 2019;40(2):87–165.

 3. Thielmann M, Sharma V, Al-Attar N, Bulluck H, Bisleri G, Bunge JJH, ESC 
Joint Working Groups on Cardiovascular Surgery and the Cellular Biology 
of the Heart Position Paper, et al. Perioperative myocardial injury and 
infarction in patients undergoing coronary artery bypass graft surgery. 
Eur Heart J. 2017;38(31):2392–407.

 4. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al 
(2012) Joint ESC/ACCF/AHA/WHF Task Force for the Universal Definition 
of Myocardial Infarction. Third universal definition of myocardial infarc-
tion. Circulation 2012; 126(16):2020–35.

 5. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al; 
Executive Group on behalf of the Joint European Society of Cardiology 
(ESC)/American College of Cardiology (ACC)/American Heart Association 
(AHA)/World Heart Federation (WHF) Task Force for the Universal Defini-
tion of Myocardial Infarction. Fourth Universal Definition of Myocardial 
Infarction. J Am Coll Cardiol 2018; 72(18):2231–2264.

 6. Belley-Cote EP, Lamy A, Devereaux PJ, Kavsak P, Lamontagne F, Cook 
DJ, et al. Definitions of post-coronary artery bypass grafting myocardial 
infarction: variations in incidence and prognostic significance. Eur J 
Cardiothorac Surg. 2020;57(1):168–75.

 7. Cho MS, Ahn JM, Lee CH, Kang DY, Lee JB, Lee PH, et al. Differential rates 
and clinical significance of periprocedural myocardial infarction after 
stenting or bypass surgery for multivessel coronary disease according to 
various definitions. JACC Cardiovasc Interv. 2017;10(15):1498–507.

 8. Chaitman BR, Alexander KP, Cyr DD, Berger JS, Reynolds HR, Bangalore S, 
ISCHEMIA Research Group, et al. Myocardial Infarction in the ISCHEMIA 
trial: impact of different definitions on incidence, prognosis, and treat-
ment comparisons. Circulation. 2021;143(8):790–804.

 9. White HD. Higher sensitivity troponin levels in the community: what do 
they mean and how will the diagnosis of myocardial infarction be made? 
Am Heart J. 2010;159(6):933–6.

 10. Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR, et al. 
EuroSCORE II. Eur J Cardiothorac Surg. 2012;41(4):734–44.

 11. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, ESC 
Scientific Document Group, et al. 2020 ESC Guidelines for the manage-
ment of acute coronary syndromes in patients presenting without 
persistent ST-segment elevation. Eur Heart J. 2021;42(14):1289–367.

 12. Bennett JA, Riegel B, Bittner V, Nichols J. Validity and reliability of the 
NYHA classes for measuring research outcomes in patients with cardiac 
disease. Heart Lung. 2002;31(4):262–70.

 13. Hemingway H, Fitzpatrick NK, Gnani S, Feder G, Walker N, Crook AM, et al. 
Prospective validity of measuring angina severity with Canadian Cardio-
vascular Society class: The ACRE study. Can J Cardiol. 2004;20(3):305–9.

 14. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 
2016 ESC Guidelines for the diagnosis and treatment of acute and 
chronic heart failure. Eur J Heart Fail. 2016;18(8):891–975.

 15. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum 
creatinine. Nephron. 1976;16(1):31–41.

https://doi.org/10.1186/s13019-022-02027-x
https://doi.org/10.1186/s13019-022-02027-x


Page 11 of 11Nanni et al. Journal of Cardiothoracic Surgery          (2022) 17:280  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 16. Pretorius CJ, Tate JR, Wilgen U, Cullen L, Ungerer JPJ. A critical evaluation 
of the Beckman Coulter Access hsTnI: Analytical performance, reference 
interval and concordance. Clin Biochem. 2018;55:49–55.

 17. Januzzi JL, Lewandrowski K, MacGillivray TE, Newell JB, Kathiresan 
S, Servoss SJ, et al. A comparison of cardiac troponin T and creatine 
kinase-MB for patient evaluation after cardiac surgery. J Am Coll Cardiol. 
2002;39(9):1518–23.

 18. Muehlschlegel JD, Perry TE, Liu KY, Nascimben L, Fox AA, Collard CD, 
CABG Genomics Investigators, et al. Troponin is superior to electrocar-
diogram and creatinine kinase MB for predicting clinically significant 
myocardial injury after coronary artery bypass grafting. Eur Heart J. 
2009;30(13):1574–83.

 19. Domanski MJ, Mahaffey K, Hasselblad V, Brener SJ, Smith PK, Hillis G, 
et al. Association of myocardial enzyme elevation and survival following 
coronary artery bypass graft surgery. JAMA. 2011;305(6):585–91.

 20. Wang TK, Stewart RA, Ramanathan T, Kang N, Gamble G, White HD. 
Diagnosis of MI after CABG with high-sensitivity troponin T and new ECG 
or echocardiogram changes: relationship with mortality and valida-
tion of the universal definition of MI. Eur Heart J Acute Cardiovasc Care. 
2013;2(4):323–33.

 21. Gahl B, Göber V, Odutayo A, Tevaearai Stahel HT, da Costa BR, Jakob 
SM, et al. Prognostic value of early postoperative troponin T in patients 
undergoing coronary artery bypass grafting. J Am Heart Assoc. 
2018;7(5):e007743.

 22. Hoffmann R, von Bardeleben S, ten Cate F, Borges AC, Kasprzak J, Firschke 
C, et al. Assessment of systolic left ventricular function: a multi-centre 
comparison of cineventriculography, cardiac magnetic resonance imag-
ing, unenhanced and contrast-enhanced echocardiography. Eur Heart J. 
2005;26(6):607–16.

 23. Gregson J, Stone GW, Ben-Yehuda O, Redfors B, Kandzari DE, Morice 
MC, et al. Implications of alternative definitions of peri-procedural 
myocardial infarction after coronary revascularization. J Am Coll Cardiol. 
2020;76(14):1609–21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Prognostic value of high-sensitivity cardiac troponin I early after coronary artery bypass graft surgery
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Ethics approval and consent to participate
	Study population, data collection and definitions
	High-sensitivity cardiac troponin I measurements
	Clinical outcomes
	Statistical analyses

	Results
	Study population
	Cardiac surgery
	Post-operative details and outcomes
	Relationship between hs-cTn I and post-operative clinical outcomes

	Conclusions and discussion
	Acknowledgements
	References


