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Cardiac troponin I after cardiopulmonary bypass in infants in
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Abstract Objective: At the present time, there is a trend towards performing open heart surgery at a younger
age. Myocardium of infants has been thought to be more vulnerable to cardiopulmonary bypass in comparison
with adults. For this scudy, we evaluated the degree of myocardial injury by measurement of cardiac troponin
levels in infants in comparison with older children for similar surgeries. Methods: Serum was collected before
bypass, after bypass, and daily after surgery and serum cardiac troponin I level (micrograms per litre). The
demographic data, cardiac diagnoses, types of surgery performed, and peri-operative parameters were collected.
Results: Of the 21 children enrolled consecutively, five were infants. Among the 21 patients, four patients had
post-operative peak troponin values greater than 100 (three were infants) and all four patients survived and
had normal left ventricular systolic function upon discharge echocardiogram. The five infants had peak
troponin levels of 222.3, 202, 129, 26.7, and 82.3. The post-operative peak troponin levels were significantly
higher in infants (mean 132.5 with a standard deviation of 81.6) than in the older children (mean 40.3 with a
standard deviation of 33.4), although there was no significant difference in bypass time, bypass temperature,
cross-clamp time, or the length of stay in the intensive care unit between the two age groups.
Conclusions: Higher troponin release is seen in infants in comparison with older children after bypass for
similar surgeries. A troponin level greater than 100 after bypass does not necessarily predict death or a severe
cardiovascular event in the very young.
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PEN HEART SURGERY ON CARDIOPULMONARY
bypass is associated with cardiac injury and
release of cardiac troponins I and T. Cardiac
troponin I is a sllagcific and sensitive marker for

because it has the advantage of being uninfluenced by
renal failure.” The post-operative cardiac troponin
levels are being increasingly used to predict post-
operative events and complications in children.””’

myocardial injury.”” Measurement of serum cardiac
troponin I is preferable over cardiac troponin T
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At the present time, there is a trend towards
performing open heart surgery at a younger age.
However, it is thought that children undergoing
surgical repair for congenital heart disease during
the first few months of life exhibit more complica-
tions when compared with older children for a
similar type of surgery. Myocardium of infants has
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also been thought to be more vulnerable to
cardiopulmonary byé)ass in comparison with older
children and adults.®? For this study, we evaluated
the degree of myocardial injury by measurement of
cardiac troponin I in infants in comparison with
older children for the same lesions and during
similar types of surgeries.

Materials and methods

Study design

The study was prospective and observational, involv-
ing children who underwent open heart surgeries at
the New York Presbyterian Hospital. The protocol
was approved by the Institutional Review Board.
Informed written consent was required for enrolling.

Patients

Consecutive patients requiring elective open heart
surgery under cardiopulmonary bypass for various
congenital heart diseases were enrolled after obtain-
ing written consent. The inclusion criteria included
body weight 5 kilograms or greater — because of
daily blood collection for the study. The exclusion
criteria were any emergent surgery and presence of
other systemic disease, such as diabetes or systemic
lupus erythematosus or recent infections. The
children were divided into two groups based on
their age at surgery: either above or below 1 year.
The following data were collected: demographic
data, cardiac diagnoses, types of surgery performed,
cardiopulmonary bypass time, cross-clamp time,
post-operative parameters including blood pressure,
and occurrence of cardiac arrest or death.

Surgery

The study patients underwent open heart surgery to
correct their underlying congenital heart disease via
sternotomy under cardiopulmonary bypass. The cardio-
pulmonary unit included the membrane oxygenator
(Terumo, New Jersey, United States of America), roller
pump (Cobe, Arvada, Colorado, United States of
America), non-heparin-coated polyvinyl chloride cir-
cuit tubing (Cobe), with an arterial filter (Cobe) and
hemoconcentrator (Minntech HP 400, Minnesota,
United States of America). The cardiopulmonary unit
was primed with an electrolyte solution with albumin,
mannitol, and heparin, as well as with donor blood as
needed. The flow rate was maintained at 2.2 litres per
minute per square metre and the haematocrit was
maintained at or greater than 25%. Myocardial
protection was achieved with 15 millilitres per kilo-
gram at 4°C of cardioplegia solution containing 5%
dextrose water 500 cubic centimetres with 15 milli-
equivalents of sodium bicarbonate, 25 millilitres of
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25% mannitol, and 15 milliequivalents of potassium
chloride. Hypothermia (19.9-35.7°C) was main-
tained in every patient. The post-operative days were
defined as follows: post-operative day O was the day of
surgery, post-operative day 1 was 1 day after the
surgery, and so forth.

Blood sampling and measurement of cardiac
troponin 1

Blood samples were collected using sterile tech-
nique from each patient before cardiopulmonary
bypass, within 2 hours after chest closure, and early
morning of each subsequent day hospitalised in the
intensive care unit. The blood was centrifuged for
20 minutes and the serum separated and frozen at
—70°C. Serum levels of cardiac troponin I were
measured in a single batch by microparticle enzyme
immunoassay with Abbott AxSYM system (Abbott
laboratories, Abbott Park, Illinois, United States of
America). Based on the 95 percentile, the expected
values for apparently healthy individuals by this
assay are serum levels of less than or equivalent to
0.4 micrograms per litre. At the cut-off value of
2.0 micrograms per litre, cardiac troponin I level is
94% sensitive and 93% specific for the diagnosis
of myocardial infarction within the first 24 hours
of presentation (package insert Abott AxSYM
69-3119/R3).

Statistical analysis

The Spearman rank correlations were calculated to
demonstrate associations between numeric variables
between subjects. The Mann—Whitney test was
carried out to compare all continuous variables. The
Fisher Exact test was carried out to determine the
association between categorical variables. A p-value
less than 0.05 was considered significant.

Results

The study cohort included 21 consecutive patients
requiring elective open heart surgery under cardio-
pulmonary bypass for wvarious congenital heart
diseases (see Table 1). All infants had cardiac surgery
for acyanotic lesions. All patients enrolled completed
the study; none had post-operative renal failure or a
severe cardiac event requiring resuscitation, and there
were no deaths. All had normal ventricular systolic
function before surgery and upon discharge per
echocardiogram. All patients had significant increases
in the cardiac troponin I level post-operatively within
24 hours, which were almost within the normal
limits by the 1st week after surgery.

There was no significant difference in the baseline
pre-operative cardiac troponin I levels between the
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Table 1. Clinical and laboratory data.
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Age>1,n=16 Ages1l,n=5 p-value
Age (years) 6.9 (5.6) 0.67 (0.23) <0.05
Males (%) 56 40 ns
CPB temperature (°C) 30.3 (3.9) 29.8 (3.8) ns
CPB time (min) 104 (62) 99 (74) ns
Cross-clamp time (min) S1 (44) 61 (54) ns
Aspartate aminotransferase (units/l) 174 (469) 96 (47) <0.05
Lactate dehydrogenase (units/l) 268 (70) 331(147) ns
Creatine kinase (units/l) 427 (237) 991 (640) ns
Peak cardiac troponin I (jg/l) 40.3 (33.4) 132.5 (81.6) <0.05
Days intubated 1.0 (0.4) 1.4 (0.9) ns
Days in ICU 6.2 (4) 7.8 (4.6) ns
Days of inotropic support 0.9 (1) 2 (2.4) ns
Surgeries (n) Fontan (4) ASD (2)

Glenn (1) AV canal (2)

ASD (2) VSD (1)

AV canal (1)

VSD (3)

TOF (3)

SMSR (1)

TVR (1)

ASD = atrial septal defect; AV canal = atrioventricular canal; CPB = cardiopulmonary bypass; ICU = intensive care unit; peak

level (highest level of troponins on the multiple measurements after surgery) is the highest value; ns = not significant;

SMSR = supra mitral stenosing ring; TOF = tetralogy of Fallot; TVR = tricuspid valve repair; VSD = ventricular septal defect

All values are in mean (standard deviation) unless specified. p-values are between the two age groups compared
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Figure 1.

Peak  post-operative serum levels of cardiac troponin 1 in
micrograms per litve (y-axis) by age in years.

children with cyanotic congenital heart disease (seven
patients, mean 0.13 with a standard deviation of
0.16 micrograms per litre) and those with acyanotic
congenital heart disease (14 patients, mean 0.2 with a
standard deviation of 0.21 micrograms per litre). The
enrolled children in the two age groups underwent
elective surgeries that were of similar Risk Adjust-
ment in Congenital Heart Surgery-1 risk category
(category 1 to 3)."° None of the infants underwent a
surgery requiring ventriculotomy or surgery for a
cyanotic heart defect. The older children underwent
surgeries for similar acyanotic heart defects to infants,
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but also had surgeries that included a ventriculotomy
and surgeries for cyanotic heart defects such as
tetralogy of Fallot and cavopulmonary shunts for
single ventricles. Among the 21 patients, four
patients, including three infants, had peak cardiac
troponin I values greater than 100 micrograms per
litre. The five infants had peak cardiac troponin I
(micrograms per litre) levels of 222.3, 202, 129, 82.3,
and 26.7 after surgeries for acyanotic heart defects.
The post-operative peak cardiac troponin I levels in
infants were significantly higher than those in the
older children (see Table 1), and the peak cardiac
troponin I correlated with age (see Fig 1).

Discussion

We found that cardiac troponin I level before surgery
was similar in cyanotic children compared with the
acyanotic children, similar to previous reports6 indi-
cating that cyanosis alone may not contribute to
cardiac troponin I release. In our study, the cardiac
troponin I release after a variety of paediatric cardio-
pulmonary bypass procedures was seen to peak within
the first 24 hours of the event and decline over the
next several days, similar to previous reports.6’11
Recently, the trend has been towards early repair in
infancy of many of the congenital heart diseases
including the most complicated repairs.'” Investiga-
tions have shown that children had five times higher
cardiac troponin T release compared with the adults®
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and that the younger age correlates significantly with
higher amount of cardiac troponin I release.®'® We
demonstrated similar results, and our findings in this
study are strengthened by the various parameters
compared between the two age groups for similar
types of surgeries. All infants had similar surgeries to
the older children (age greater than 1 year). However,
the children in the older group also had surgeries for
more complex cardiac lesions including surgery on
cyanotic heart defects and surgeries with ventriculot-
omy that should have caused a higher release of cardiac
troponin I. Despite this, we found that in infants the
post-operative peak cardiac troponin I was signifi-
cantly higher than the older children, although there
was no significant difference in cardiopulmonary
bypass time, cardiopulmonary bypass temperature,
cross-clamp time, or the number of days in the
intensive care unit between the two age groups.

Troponin levels have been used as a predicator
of post-operative death after cardiopulmonary
bypass.M’1 Cardiac troponin T has been found to
correlate with the severity score of cardiac surgery in
children.'® In adults, the thresholds of cardiac
troponin I predicting severe cardiac event and/or
death have been found to be 11.8 nanograms per litre
(11.5-14.8 nanograms per litre) and an elevated
cardiac troponin I above the threshold was signifi-
cantly associated with a severe cardiac event and/or
death (odds ratio, 4.33)."” In a retrospective study of
children, a level of cardiac troponin T greater than 5.9
micrograms per litre on the first post-operative
day was found to predict death (odds ratio, 10.7)."
In children, a very high post-operative cardiac
troponin I release (especially at or greater than 100
micrograms per litre) has been found to be asso-
ciated with mortality after cardiopulmonary
bypass.*>'>"%2% In a study of 54 children who
underwent cardiopulmonary bypass, only two children
died, both with levels of cardiac troponin I greater
than 100 micrograms per litre’. However, in our
prospective study, four patients, including three were
infants, had a post-operative cardiac troponin I level
greater than 100 micrograms per litre, and none had a
severe cardiac event or death and demonstrated a
normal ventricular systolic function before discharge.
Hence, in children, a threshold level of cardiac
troponin I in predicting severe cardiac event and/or
death remains to be determined and the threshold
may differ in the younger and the older children.
Further, it appears that infant myocardium, although
more vulnerable than an adult myocardium® with
a higher release of cardiac troponin I, may also be
more resilient with a recovery to normal contracti-
lity despite the excessive injury. The limitation of
our study includes the small sample size of the
patient population.
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In conclusion, a higher cardiac troponin I is seen in
infants in comparison with older children after
cardiopulmonary bypass for similar surgeries. Very
high cardiac troponin I levels greater than 100 micro-
grams per litre after surgery does not necessarily
predict death or a severe cardiovascular event after
cardiopulmonary bypass in the very young.
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