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Objectives: Increased cardiac troponin I (TI) has been suggested to be a sensitive indicator
of intraoperative myocardial injury. We investigated the association of transfusion on
TI levels post-surgery and outcomes in patients undergoing elective cardiac surgeries.
Methods: We conducted a retrospective review of 542 patients. Patients were divided
into two groups based on TI levels at 24 hours (TI24) (> 6.5 µg/L vs. ≤ 6.5 µg/L). The
impact of transfusion on TI levels was estimated using logistic regression and adjusted
for using a multivariable model that included aortic cross-clamp time and preoperative
ejection fraction. The effect of TI on the clinical outcomes was examined. Results: Red
blood cell (RBC) transfusion was found to be associated with high TI levels (odds ratio
(OR) = 2.33, p = 0.007, 95% confidence interval (CI): 1.30–4.30). A trend was observed
when aortic cross-clamp time and preoperative ejection fraction were adjusted for (OR
= 2.06, p = 0.080, 95% CI: 0.90–4.70). An association was found between aortic crossclamp time and high TI levels in the multivariable model (OR = 1.01, p = 0.028, 95%
CI: 1.00–1.02). Elevated TI levels was associated with higher mortality (OR = 4.15, p =
0.017, 95% CI: 1.29–13.08), renal failure (OR = 2.99, p = 0.004, 95% CI: 1.41–6.32),
and increased length of stay in-hospital (OR = 4.50, p = 0.020, 95% CI: 0.69–8.30).
Conclusions: RBC transfusion is associated with increased TI24 post-cardiac surgery
and worse outcomes, albeit a confounding effect cannot be excluded. Larger studies are
required to confirm these findings.
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C

ardiac surgery is a major surgery
associated with significant bleeding.
While some authors advocate blood
transfusion in severely anemic
patients with myocardial injury,1 red blood cell
(RBC) transfusion in cardiac surgery was shown
to be associated with increased morbidity and
mortality.2–4 Myocardial infarction associated with
coronary artery bypass graft (CABG) surgeries
is a serious complication associated with high
in-hospital stay and long-term mortality. 5,6
Increased cardiac troponin I (TI) following cardiac
surgery is a highly sensitive and specific indicator
of intraoperative ischemic time, and can serve as a
marker of an early graft failure following CABG
surgery.7,8 High TI levels during the postoperative
period can be considered a predictor of unsuccessful
short- and long-term outcomes. Moreover,
it has been suggested that cardiac TI levels
measured 24 hours (TI24) after cardiac surgery is
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associated with increased postoperative mortality.9
Interestingly, a recent publication showed that
RBC transfusion is an independent predictor of
TI levels on the first postoperative day following
CABG surgery and is associated with a high risk of
myocardial infarction.10
Herein, we sought to assess the relationship
between blood transfusion and postoperative
myocardial infarction in patients who underwent
elective cardiac surgery. We also sought to determine
the impact of elevated TI24 post-surgery on the
development of major postoperative complications
and patients’ outcomes.

M ET H O D S

We conducted a retrospective review of a
prospectively collected data, which included clinical,
laboratory, and transfusion details of patients
undergoing elective cardiac surgery between 2008
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and 2015. A standardized anesthesia protocol was
applied on all operated patients. CABG surgery was
carried out under cardiopulmonary bypass (CPB),
hypothermia at 30–32 ºC, and cardioplegic arrest
by antegrade and retrograde multi-dose cold blood
cardioplegia to achieve myocardial protection
during the aortic cross-clamp. The same heart-lung
machine (Stockert Sorin SIII; Sorin Biomedica,
Milan, Italy) with a centrifugal pump, a 40 µg
arterial filter, and a priming volume of 30 mL/kg
body weight of a crystalloid solution (Plasmalyte,
Baxter Healthcare) was used for CPB procedures.
A membrane oxygenator was used in all cases.
All patients were transfused intraoperatively and
postoperatively as per the previously described local
transfusion and blood management protocols.11,12
Intraoperative allogeneic RBC transfusion was
performed aiming for a hematocrit (Hct) level of
> 23%. The cell saver (CS) has been in routine use
for all patients undergoing cardiac surgery in the
hospital since 2010. All CS group patients were
transfused with the salvaged RBC in the immediate
postoperative period. Allogeneic RBC were
transfused perioperatively when the hemoglobin
levels fell below 80 g/L or if there were clinical
signs of bleeding. Platelets were transfused if signs
of bleeding were present with platelet count < 80 ×
109/L. Platelets were also given to patients with a
history of preoperative aspirin and/or clopidogrel
use. Plasma was given if the prothrombin time
was more than 1.5 of the upper normal range with
prolonged CPB time or clinical signs of bleeding.
Local tranexamic acid (TA) was used at the end of
the operation for all patients at a dose of 2.5 g of TA in
50 mL of normal saline, injected into the pericardial
cavity just before sternal closure. Intravenous TA
and other anti-fibrinolytics (including aprotonin)
were not used. Postoperative shed mediastinal
blood was not processed nor retransfused. In the
immediate postoperative period, the patients were
transferred to the intensive care unit and extubated
once hemodynamic and respiratory stability
ensured. Non-invasive ventilation was utilized in
the event of respiratory failure post-extubation. A
complete blood count was obtained on all patients
preoperatively and immediately postoperatively
upon arrival to the cardiothoracic intensive care
unit. Measurement of TI levels was performed
preoperatively, immediately postoperatively, and
within the first 24 hours post-surgery. Patients

who underwent emergency surgeries and those
with preoperative high TI levels of > 6.5 µg/L
were excluded.
Patients’ demographics examined included
patients’ age, gender, height, weight, and underlying
comorbidities. Baseline Hct, platelet count,
preoperative TI, and TI24 post-surgery were
assessed. Surgical variables assessed included type
of surgery and aortic cross-clamp time. Transfusion
requirements throughout the intraoperative and the
postoperative period (up to 24 hours post-surgery)
were assessed. Lastly, rate of in-hospital morbidity
including new renal failure, new neurological
event, re-exploration surgery, in-hospital length
of stay, and in-hospital mortality were reviewed.
Variables were presented as means or medians if
continuous or proportions if categorical. Levels of
TI24 post-surgery was considered elevated when
> 6.5 µg/L. Patients were divided into two groups
based on their TI24 post-surgery (> 6.5 µg/L
vs. ≤ 6.5 µg/L). The baseline characteristics were
compared using Student t-test or Mann-Whitney
test for continuous variables and chi-squared test
for categorical variables. The impact of transfusion
on the TI24 post-surgery (> 6.5 µg/L vs. ≤ 6.5
µg/L) was estimated using logistic regression and
was adjusted for using the multivariable model that
included aortic cross-clamp time and preoperative
baseline ejection fraction. Similar analysis was
utilized to assess the impact of transfusion on the
postoperative myocardial infarction defined by TI
levels > 6.5 µg/L and abnormal electrocardiogram
changes. In addition, the effect of TI24 postsurgery on the major postoperative complications
and outcomes was examined using univariable
linear or logistic regression as appropriate in all
included patients regardless if receiving blood
transfusion. Cross-clamp time was dealt with as a
continuous variable. Transfusion was compared as
a categorical variable between the high and low
troponin groups. Number of RBC units transfused
in both groups were also analyzed. Alpha threshold
of 0.05 was used for all statistical tests. In the
multivariable models, collinearity was assessed
using variance inflation factor and none of the
variables had value higher than 10. All descriptive
and analytical statistics were performed using
STATA 13.1 software (StataCorp. 2013. Stata
Statistical Software: Release 13. College Station,
TX: StataCorp LP).
O man me d J, vol 3 4 , no 1 , jan uary 2019
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Table 1: Clinical, laboratory, and operative characteristics of total studied patients (n = 542). Comparison
between low TI and high TI groups was made.
Parameter

Total, %
(n = 542)

Low TI
(≤ 6.5 µg/L), %
(n = 164)

High TI
(> 6.5 µg/L), %
(n = 288)

p-value

Age*

60 (52–66)

60 (53–67)

63 (52–66)

0.614

Gender
Females

31.0

29.0

38.0

Males

69.0

71.0

62.0

Comorbidities
Baseline ejection fraction*

0.105

53 (42–61)

53 (43–61)

53 (36–60)

0.209

Systemic hypertension

68.0

71.0

60.0

0.092

Hypercholesterolemia

66.0

68.0

62.0

0.334

Angina

74.0

76.0

74.0

0.855

Myocardial infarction

46.0

74.0

51.0

0.240

Diabetes mellitus

46.0

50.0

39.0

0.419

Congestive heart failure

35.0

35.0

35.0

0.881

Cerebrovascular disease

6.6

8.0

3.0

0.204

Peripheral vascular disease

3.5

4.0

1.0

0.284

Surgeries
CABG

72.0

77.0

59.0

Valve surgery

14.3

12.0

15.0

Combined CABG and valve
surgery

11.0

8.0

24.0

Other surgeries

2.7

3.0

3.0

58 (42–85)

55 (38–74)

73 (57–101)

< 0.001
0.365

Operative characteristics
Cross-clamp time*
Investigations
Baseline hematocrit†(0.35–0.45)

< 0.001

39.0 ± 5.0

39.0 ± 5.0

39.0 ± 5.0

TI preoperative, µg/L*

0.03 (0.01–0.08)

0.02 (0.01–0.07)

0.03 (0.01–0.09)

0.149

TI24 hours postoperative, µg/L*

2.00 (0.92–5.31)

1.54 (0.76–2.71)

11.28 (8.05–20.92)

< 0.001

71.1

69.0

84.0

0.006

23.0

22.0

30.0

0.100

Transfusion requirements
RBC transfusion
Platelet transfusion

CABG: coronary artery bypass graft; RBC: red blood cell; TI: troponin I; TI24: TI levels measured 24 hours.
*Data given as median and interquartile ranges.
†
Data given as mean±standard deviation.

R E S U LT S

Total of 542 patients fulfilled our inclusion criteria.
Clinical, laboratory, and operative characteristics of
studied patients are shown in Table 1. CS was used
in 64.0% of patients while 71.1% required RBC
transfusion. The same CS was used for all patients
in the CS group. Twenty percent of patients had
elevated TI24 post-surgery at > 6.5 µg/L (high TI
group, Table 1). Using univariable logistic regression
analysis, RBC transfusion was found to be associated
with high TI24 post-surgery (odds ratio (OR) =
2.33, p = 0.007, 95% confidence interval (CI) =
1.30–4.30). Median RBC transfusion in the low

TI24 group was 1 (interquartile range (IQR) 0–2)
and in the high TI24 group was 2 (IQR 0–3).
A trend was observed between RBC transfusion
and high TI24 post-surgery when aortic crossclamp time and ejection fraction were adjusted
for in the multivariable regression model (OR =
2.06, p = 0.080, 95% CI: 0.90–4.70). Aortic crossclamp time was associated with high TI24 postsurgery in the multivariable model (OR = 1.01, p =
0.028, 95% CI: 1.00–1.02). Twenty-three percent
of patients required platelet transfusion. Platelet
transfusion was associated with high TI24 postsurgery (OR = 1.10, p = 0.040, 95% CI: 1.00–
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HTN: hypertension; RBC: red blood cell; TI24: troponin I levels measured 24 hours.

Figure 1: Potential mechanisms to explain the association between RBC transfusion and high postoperative
TI24 levels following cardiac surgery.
1.20). This effect remained significant when aortic
cross-clamp time and ejection fraction were adjusted
for in the multivariable regression model (OR = 1.13,
p = 0.031, 95% CI: 1.01–1.27). Aortic cross-clamp
time was also associated with high TI24 post-surgery
in this analysis (OR = 1.01, p = 0.023, 95% CI:
1.00–1.02).
Elevated TI24 post-surgery levels were associated
with a history of underlying systemic hypertension
(OR = 0.59, p = 0.032, 95% CI: 0.36–0.95) and
aortic cross-clamp time (OR = 1.01, p = 0.028,
95% CI: 1.00–1.02) in the univariable regression.
Age, gender, history of pulmonary hypertension,
hypercholesterolemia, angina, myocardial infarction,
congestive heart failure, and preoperative Hct level
were not found to have any statistically significant
association with elevated TI24 post-surgery. Ten
percent of the studied cohort developed postoperative
myocardial infarction as defined above, while 14
patients died. Postoperative neurological events were
encountered in 39 patients, and 33 had new onset
renal failure. Re-exploration surgery was performed
in 41 patients. The patients had a median in-hospital
stay length of eight days (IQR 7–11). Elevated
TI24 post-surgery was significantly associated with
new renal failure (OR = 2.99, p = 0.004, 95% CI:
1.40–6.32) and increased length of in-hospital stay
(OR = 4.50, p = 0.020, 95% CI: 0.69–8.30). No
association was found between elevated TI24 postsurgery and the occurrence of a new neurological event
(p = 0.074) or increased risk of re-exploration
surgery (p = 0.335). Elevated TI24 post-surgery was
also found to be significantly associated with higher
mortality (OR = 4.15, p = 0.017, 95% CI: 1.29–
13.08). When causes of mortality were explored,

50% of patients died postoperatively due to cardiac
causes. There was no association between RBC
transfusion and postoperative myocardial infarction
(p = 0.980).

DISCUSSION

The decision of blood transfusion in cardiac surgery
is affected by many factors and is commonly based on
severity of perioperative anemia.13 Different models
were developed to predict the need for allogeneic
RBC transfusion.11,13–15 However, allogeneic RBC
transfusion is known to have important morbidity
including the risks of hemolytic transfusion
reactions and transfusion associated lung injury.
RBC transfusion was shown to be an independent
predictor of TI levels on the first postoperative day
and was associated with high-risk type V myocardial
infarction regardless of the patients’ hemoglobin and
Hct levels.10 However, the study included patients
who underwent isolated elective off-pump CABG
surgery only, and further studies were recommended
to verify its findings.
Our results show an association between
RBC transfusion and high TI24 post-surgery in
univariable logistic regression analysis. However,
after adjusting for the aortic cross-clamp time and
ejection fraction, only a trend was found. Aortic
cross-clamp time was associated with high TI24
post-surgery in the multivariable analyses of RBC
and platelet transfusion, suggesting that high TI24
post-surgery likely reflects prolonged surgeries,
and other potential intraoperative confounding
factors, rather than the transfusion itself
[Figure 1]. The lack of association between elevated
O man me d J, vol 3 4 , no 1 , jan uary 2019
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TI24 post-surgery and the underlying risk factors for
ischemic myocardial injuries including age, history
of angina, myocardial infarction, and congestive
heart failure supports in part this hypothesis.
Moreover, high TI24 post-surgery was not found
to be associated with preoperative Hct level, while
preoperative anemia is proven to be one of the
main predictors for RBC transfusion intra- and
postoperatively.11,13,15 These findings support that the
effect of RBC transfusion in raising the TI24 levels
are rather indirect influenced by other factors such
as prolonged surgeries, which necessitates longer
aortic cross-clamp time and more RBC and platelet
transfusion. Both result potentially into myocardial
injury, which is represented in high TI24 levels.
Studies suggest that cardiac TI is the most
accurate biomarker of myocardial injury after cardiac
surgery.16 That said, cardiac specific biomarkers,
such as TI and CK-MB, are known to be increased
following CABG surgeries due to non-ischemic
injury to the myocardium secondary to cardiac
manipulation or placement on the CPB.17 Attempts
were made to define levels of biomarkers that have
high sensitivity and specificity of ischemic myocardial
injury. One study demonstrated that cut-off values
> 6.6 µg/L of TI24 post-surgery had optimal
diagnostic performance for the presence of ischemic
injury.18 The same cut-off was used in another study
to assess the association between RBC transfusion
and high TI24 levels post-surgery in CPB.10 In our
study, we used the 6.5 µg/L cut-off in combination
with the presence of electrocardiogram changes to
define ischemic myocardial infarction. It has been
shown previously that measurement of preoperative
TI levels in patients undergoing CABG surgeries can
serve as a marker of increased in-hospital mortality
and perioperative myocardial dysfunction.19 To
avoid such an effect on the patients’ outcome in our
cohort, patients with preoperative elevated TI were
excluded from our study.
Our data showed that elevated TI24 post-surgery
is associated with an overall poor outcome with higher
mortality and morbidity rates compared to patients
with non-elevated TI24 post-surgery. This is in line
with the results obtained from the large prospective
studies that have correlated the postoperative release
of cardiac troponin with in-hospital outcomes.20,21
Patients were also found to have increased length of
stay in-hospital and higher mortality. The majority of
patients died postoperatively due to cardiac causes,

and there was no relationship found between RBC
transfusion and postoperative myocardial infarction.
These results suggest that high TI24 post-surgery
likely reflect the complexity of the surgery they
underwent and underlying medical condition, which
has eventually resulted in higher morbidity and
mortality. The effect of other confounding factors
cannot be excluded.
Our study has several strengths. To the best of
our knowledge, this is the second study that aimed
to address the association between transfusion and
high TI24 post-surgery, but the first to assess it
on a wide range cardiac surgery types. This study
utilized a larger cohort size compared to what has
been reported previously. That said, the study is
limited by its use of retrospective cohort-based
methodology, which does not eliminate the effect of
other unmeasured confounding factors including the
inclusion of severely ill patients with high demand
for blood transfusion.

C O N C LU S I O N

RBC transfusion is associated with increased levels
of postoperative TI24 post-surgery in elective
cardiac surgeries, albeit a confounding effect
cannot be excluded. This effect is not associated
with development of myocardial infarction. Larger
prospective studies in cardiac and other types of
surgeries are needed to confirm our findings.
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