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Abstract

Objective: To analyze the behavior of troponin (TROP I)
and CKMB mass (CKMBm) in regards to the addition of
magnesium in cardioplegic solutions; and also the influence
of per-operative factors.

Method: A total of 28 children with ages ranging from 3 to
108 months were studied. The mean weight was 11.8 kg.
Eighteen were male. The patients were divided into two
groups. Sixteen children in group I (GI) and 12 in group II
(GII). The patients in GI received cold blood cardioplegic
solution with magnesium (12 mEq/L) and potassium chloride
(20 mEq/L) at 20 mL/kg. The patients in GII received the
same solution without magnesium. Six blood samples were
collected for serum analysis of the concentration of TROP I
and CKMBm. The blood samples were collected before
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clamping the aorta and at 1, 6, 24, 48 and 72 hours after aorta
clamping termination.

Results: There were no statistical differences in the TROP
I and CKMBm levels between the two groups. Among the
per-operative factors cyanosis influenced the TROP I and
CKMBm levels. Additionally, the aorta clamping time
influenced the TROP I levels.

Conclusions: The addition of magnesium in the
cardioplegic solution was not associated with different levels
of TROP I and CKMBm. Cyanosis and aorta clamping time
interfered with peak TROP I levels.

Descriptors: Troponin I, blood. Creatine kinase, blood.
Heart defects, congenital, surgery. Magnesium sulfate,
therapeutic use. Cardioplegic solutions, chemistry.
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Resumo

Objetivo: Analisar o comportamento da troponina I (TROP
I) e CKMB massa (CKMBm) conforme a adi¢io ou nido de
magnésio (Mg) na cardioplegia e a influéncia dos fatores
operatorios.

Meétodo: Foram estudadas 28 crian¢as com a idade de 3 a
108 meses, peso médio de 11,8 kg, sendo 18 do sexo masculino,
divididas em dois grupos, 16 no grupo I (GI) e 12 no grupo I1
(GII). O Gl recebeu solugiio cardioplégica sangiiinea fria com
Mg 12 mEq/L e cloreto de potassio 20 mEq/L na dose de 20 mL/
kg. O GII recebeu a mesma solu¢io sem o (Mg). Foram
coletadas seis amostras de sangue para a dosagem sérica de
TROP I e CKMBm: pré-pingamento da aorta e com 1, 6, 24,
48 e 72 horas apés o término do pincamento da aorta.

INTRODUCTION

The idea that the heart of children with congenital heart
disease that needs to be corrected, would react to ischemia
differently to adults stimulated several clinical and
experimental studies to evaluate the differences in children’s
hearts and to find methods, which could minimize myocardial
injury [1].

This difference in behavior of the myocardium of the
child in relation to the adult, in response to cardioplegic
ischemia, has been attributed to varying factors such as the
myocardial structure, function and metabolism [2-8].

In a comparative study of different techniques of
cardioplegia employed in the hearts of neonatal pigs, the
solution of blood offered a better myocardial protection,
when compared to crystalloid cardioplegia both with and
without calcium [9].

Myocardial injury after ischemia and reperfusion leads
to alterations in the levels of calcium ions [10]. As well as
the calcium ions, magnesium would also be involved in
ischemic myocardial injury [11].

Because of the subjectivity of the clinical parameters
and of the invasiveness of biopsies, which are unable to
reflect the aspect of the entire myocardium, the appearance
of markers specific for myocardial injury such as the
troponins and CK-MB mass (CKMBm) have enabled better
evaluation of the myocardial damage [12,13].

The aim of this study is to analyze whether the addition
of magnesium in the cardioplegic solution will affect the
serous levels of troponin I and CKMB mass in children
submitted to congenital heart disease corrective surgery. A
secondary aim was to verify if operative factors might
interfere in the levels of troponin I and CKMB mass.

METHOD
In the period from January 2001 to February 2002, 259
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Resultados: Os resultados demonstraram que niio houve
diferenca estatisticamente significante nos niveis TROP I e
CKMBm, entre GI e GIIL. Dentre os fatores operatorios, a
cianose influenciou nos niveis de TROP I ¢ CKMBm,
enquanto que o tempo de pincamento da aorta (TPA)
influenciou nos niveis de TROP 1.

Conclusoes: A adi¢ao de Mg na solucéo cardioplégica nio
esteve associada com niveis diferentes de TROP I e CKMBm.
A cianose e o TPA interferiram no pico de TROP I.

Descritores: Troponina I, sangue. Creatina quinase,
sangue. Cardiopatias congénitas, cirurgia. Sulfato de
magnésio, uso terapéutico. Solucdes cardioplégicas, quimica.

children suffering from cyanotic and acyanotic congenital
heart diseases were submitted to corrective surgery in the
Hospital do Coragéo of the Association of Sanatorio Sirio
in Sdo Paulo. Of these, 28 children fulfilled the criteria
established for inclusion in this study.

All the parents received a letter giving information
about this work and signed a written consent form. The
Research Ethics Committee of the institution approved
the study.

The study was a random case controlled trial composed
of two groups. Group I, with 16 children, received myocardial
protection using sanguineous cardioplegia with magnesium
and Group II, comprising of 12 children, sanguineous
cardioplegia without magnesium.

In both groups there were children with acyanotic and
cyanotic congenital heart disease, where Fallot’s tetralogy
(28.5%) and total atrioventricular septal valve defect (21.4%)
being the most common complaints.

Eighteen of the children were male. The ages ranged
from 3 to 108 months, with a mean of 32.1 months and a
standard deviation of 36.4 months. The weights varied from
3.5 to 35.5 kg with an average of 11.8 kg and standard
deviation of 8.4 kg.

Children with ages less than 3 months or greater than 10
years, with hemodynamic instability, severe myocardial
failure in the pre-operative period and undergoing emergency
surgeries were not included in the study.

Cardiopulmonary bypass (CPB), systemic hypothermia
at 26 °C, aortic clamping and sanguineous cardioplegia were
employed in all the operations.

The dose of cardioplegia was 20 mL/kg body weight and
was repeated every 30 minutes with an infusion pressure of
60 to 80 mmHg. The composition of the cardioplegia was
blood originating from the oxygenator perfusate, with the
addition of an initial dose of 20 mEq/L potassium chlorate
and subsequent doses of 15 mEq/L. In Group I 12 mEq/L of
magnesium sulfate was added in the initial dose and
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subsequent doses. The pH, osmolarity and the
concentrations of oxygen, carbon dioxide and sodium
bicarbonate were the same as the oxygenator perfusate.

The cardioplegic system employed consisted of a mini
heat exchanger connected to a shunt of the CPB circuit by a
Yainch tube (Figure 1).

Circuit Scheme

A - Venous reservoir

B - Membrane oxygenator
C - Roller pump

D - Heat exchanger

E - Sterile syringes

E1 - 20 mL — Cardioplegic solution
E2 - 50 mL - Blood + solution

Fig. 1 —Scheme of the cardioplegic system

The blood of the heart-lung machine circuit passed
through a mini heat exchanger and returned to the
cardiotomy reservoir by a ¥/ line until it acquired a
temperature of 8 °C, measured by a thermometer connected
to the mini heat exchanger. The line that arrived in the
operative field had at its end, two 3-way taps, connected to
each other, which were connected to two syringes, one of
20 mL and the other of 60 mL.

The cardioplegic solution was prepared in a 20-mL
syringe which contained 20 mEq/L of potassium chlorate
and 12 mEq/L of magnesium sulfate. The solution with
magnesium was employed in Group I. In Group II, the
solution only contained 20 mEq/L of potassium chlorate. 3
mL of cardioplegic solution and aspirates of the arterial line,
47 mL of blood at 8 °C were placed in the 60 mL syringe,
giving a end cardioplegic solution of 50 mL. This end solution
was infused at the aortic root after clamping and drainage of
the left chamber by the right superior pulmonary vein or by
means of interatrial communication when present.

Surgical correction was then performed and, after
completing the atrial sutures, systemic re-heating to an
esophageal temperature of 37 °C, removal of the air from the
heart chambers and recovery of the heart beats in sinusal
rhythm or ventricular fibrillation were achieved. In these
latter cases, electric cardioversion with 5 to 10 joules of
electric shock was employed. In cases of atrioventricular
block, an epimyocardial pacemaker was installed with two

leads fixed on the anterior face of the right ventricle.

In patients who required vasoactive drugs, dopamine at
2 to 20 ig/kg/min and or dobutamine at a dose of 2.5 to 10
ig/kg/min were used. In patients with systemic arterial
hypertension, the chosen drug was endovenous
nitroglycerine at a dose of 0.3 to 0.5 ig/kg/min.

The collection of samples to measure the troponin I and
the CK-MB mass levels were according to the following
point in the surgery: pre-clamping of the aorta; and 1, 6, 24,
48, and 72 hours after the end of the aortic clamping. These
time intervals were denominated as points 1,2, 3,4, 5 and 6
respectively (Figure 2).

B i S

24h 48h  TIR

Time interval 1§

Fig. 2 — Scheme of the time intervals of collection of samples.

Analysis of the troponin I and CK-MB mass were made
utilizing the chemoluminescence method with the Immulite[]
equipment (DPC-Medlab, USA), using kits of the same
brand. The samples remained frozen at — 80 °C and
measurement was made during the same experiment.

The normal reference values of troponin I were
considered as 1.0 ng/mL and for CK-MB mass as 5.8 ng/mL.

For the determination of troponin I and CK-MB mass in
relation to operative factors, the peak value was considered,
that is, the moment in which these markers reached the
highest levels which coincides with the time interval 1 (1
hour after termination of the period of aortic clamping).

The operative factors were subdivided in pre- and intra-
operative factors. Among the pre-operative factors the age,
gender, weight, presence or not of cyanosis, presence or
not of heart failure and the presence or not of pulmonary
arterial hypertension were considered. The intra-operative
factors were the CPB time, aortic clamping time and incision
in the right ventricle.

The statistical analysis was descriptive of the 28 patients,
aiming to verify the homogeneity of the groups in relation
to the data which might interfere in the results of the
operations. Thus, the quantitative data were summarized
by means of the mean and the standard deviation. For this
analysis the following tests were utilized: Fisher exact test,
the student t-test, Mann-Whitney test, double factor
variance analysis with repetitive measurements and multiple
regression analysis.
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RESULTS

There were no statistically significant differences related
to the pre-operative characteristics: age (p=0.387; Mann-
Whitney test), weight (p=0.286; Mann-Whitney test), gender
(p=0.434; Fisher exact test), cyanotic and acyanotic patients
(p=1.00; Fisher exact test), congestive heart failure (p=0.718;
Fisher exact test), pulmonary arterial hypertension (p=1.00;
Fisher exact test), thus confirming the homogeneity of the
two groups.

Also there were no statistically significant differences
in respect to the following intra-operative characteristics:
time of aortic clamping (p=0.860; student t-test), time of CPB
(p=0.818; student t-test), incision of the right ventricle
(p=1.00; Fisher exact test), mean arterial CPB outflow
pressure (p=0.395; student t-test) and urinal outflow during
CPB (p=0.634; student t-test).

Thirteen patients (46.4%) presented with complications
in the post-operative period with: use of vasoactive drugs
for greater than six hours (13 patients —46.4%); appearance
of CCI (12 patients —42.9%); use of pacemaker (4 patients —
14.2%); increased bleeding (3 patients — 10.7%); intubation
for more than 24 hours (2 patients — 7.1%) and reoperation
for review of hemostasis (1 patient — 3.6%).

Hospital mortality was 3.6% (1 patient). This patient
suffered from Fallot’s tetralogy of with severe hypoplasia
of the pulmonary arterial annulus and of the infundibulum
of the right ventricle. The patient presented with significant
thrombocytopenia in the post-operative period,
disseminated intravascular coagulation and death on the
31 post-operative day.

In respect to the mean levels of troponin I at the time
intervals 1 to 6 (pre-, 1, 6, 24, 48, and 72 post-clamping hours),
there were no statistically significant differences between
Groups I and II (Table 1; Figure 3).

In relation to CK-MB mass, there were also no statistically
significant differences between the groups at all the time
intervals (Table 2; Figure 4).

An univariant analysis of the effect of the operative
factors on the peak of troponin I revealed that the following
pre- and intra-operative factors showed an association:
pulmonary arterial hypertension (p = 0.015; student t-test),
time of CPB (coefficient B=1.14; p<0.001; linear regression),
time of anoxia (coefficient B=1.25; p<0.001; linear regression),
incision of the right ventricle (p = 0.015; student t-test).

However, by means of multiple regression it was
confirmed that only cyanosis and time of anoxia revealed
significant associations with the peak of troponin I
(coefficient B (cyanosis) = 84.72; coefficient B (time of anoxia)
=0.92; p<0.001 for both variables) — Figure 5.
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Table 1. Mean values and standard deviation of troponin I (ng/
mL) according to the time intervals and the cardioplegia

used.
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p —described level of probability. * Student t-test for independent
samples.
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Fig. 3 —Mean values of troponin I (ng/mL) according to the time
intervals and the cardioplegia used

Table 2. Mean values and standard deviation of CK-MB mass
(ng/mL) according to the time intervals and the
cardioplegia used.
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p —described level of probability. * Student t-test for independent
samples.
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Fig. 4 - Mean values of CK-MB mass (ng/mL) according to the
time intervals and the cardioplegia used.
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Fig. 5— Correlation between the aortic clamping time and troponin
1 (time interval 2)

In relation to the CK-MB mass, the univariant analysis
revealed that the following pre- and post-operative factors
were associated with the peak values of this marker of
myocardial lesion: age (coefficient B = -1.49; p = 0.030;
regression linear), weight (coefficient B =-6.43; p=0.029),
cyanosis (p < 0.001; student t-test), pulmonary arterial
hypertension (p = 0.012; student t-test), time of perfusion
(coefficient B=1.62; p=10.036; regression linear), incision
of the right ventricle (p = 0.011; student t-test).

Multiple regression demonstrated that only cyanosis
gave a significant association with the peak of CK-MB mass
(coefficient B=213.63; p<0.001).

COMMENTS

The behavior of the pediatric myocardium in relation to
ischemia is different to the adult’s myocardium. This fact is
due to structural, functional and metabolic differences [2,7,8].

However, clinically the hearts of children are more
vulnerable to ischemia, in spite of the use of cardioplegia,
when compared to adults [1,14].

In this study we verified whether the addition of

magnesium in the cardioplegic solution with the function of
blocking the calcium channels, would have an influence on
the levels of troponin I and CK-MB mass. Thus, two groups
of children who underwent corrective congenital heart
disease surgery received, as myocardial protection, cold
sanguineous cardioplegia with or without magnesium.

The results of this study revealed that the levels of
troponin I and CK-MB mass increased in both groups,
without presenting with statistically significant differences.
The behavior of these markers was to peak in the first hour
after aortic clamping, diminishing over the subsequent 71
hours to near-normal levels. This increase suggests that
despite of the cardioplegia employed, with or without
magnesium, there was myocardial lesion. From this it can be
inferred that the addition of magnesium in the cardioplegic
solution does not give adequate protection to the
myocardium.

The fact that lower levels of troponin I and CK-MB mass
were not found in the group that received magnesium raises
some questions. Initially, if the type of marker employed to
detect the presence of myocardial lesion is considered
reliable to detect myocardial damage. Troponin I and CK-
MB mass are chosen due to their specifications and
sensitivities. Troponin I is a cardio-specific protein, whilst
CK-MB mass is considered to be a protein fraction measured
by immunoassay [15-17]. However, it can be inferred that
the markers utilized were not responsible for not detecting
the differences between the two groups.

In respect to the vehicle of the cardioplegia, the
composition of the solution might influence the preservation
of'the cardiac fiber [18,19].

The concentration of calcium in the cardioplegia has an
important role. Accumulation of its ion in the intercellular
space after a period of ischemia is associated with cellular
lesions [20].

The utilization of a cardioplegic solution with magnesium
could serve to block the deleterious effect of calcium.
However, when normocalcemic or even hypocalcaemic
solution is used, this benefit might not appear, specifically
in hearts of children suffering from acyanogenic heart
disease [20].

The cardioplegia used in the present study was
normocalcemic, as the blood of the patient was used to fill
the CPB circuit. This fact might explain why the levels of
troponin I and CK-MB mass were not statistically different
between the children who received cardioplegia with and
without magnesium. However, this result should be
considered with a certain caution. Despite of the
homogeneity between the groups, the small number of
patients could have prejudiced the detection of differences
that by chance could exist between those who received
magnesium and those who did not.
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In respect to the influence of cyanosis on the levels of
troponin I and CK-MB mass in relation to the type of
cardioplegia utilized, probably, this could have been
observed if the number of cyanotic patients was greater
than the number of acyanotic patients. When we analyzed
the levels of troponin I and CK-MB mass in these cyanotic
patients, we found higher levels when compared with the
acyanotic patients. However, in a sample with only acyanotic
patients in a group and cyanotic in another, we could
possibly find statistically significant differences with the
use of magnesium in the cardioplegic solution.

The type of cardioplegia used is not the only factor that
participates in myocardial lesions. The presence of cyanosis
and ventricular dilatation provoked by the lesions that
develop due to the shunt, can negatively influence the
functioning of the cardiac muscle [20].

In this aspect we tried to verify which pre- and intra-
operative factors might independently interfere in the
increase of the levels of troponin I and CK-MB mass.

A positive association was evidenced between the peak
of troponin I and the presence of cyanosis. This result seems
to have relevance by the fact that cyanosis is an independent
factor which influences the peak of troponin I and CK-MB
mass, without being influenced by the pre-operative factors:
gender, weight, age, presence of congestive heart failure
and pulmonary arterial hypertension. This finding is
confirmed by published results. Children with cyanogenic
congenital heart diseases submitted to corrective surgery
evolve with higher levels of troponin I and this negatively
influences the post-operative evolution [21].

These findings reinforce the idea that the myocardium
of the child with cyanogenic heart disease develops with
metabolic and functional alterations. From the metabolic
point of view, the levels of ATP and reserve of glycogen in
the myocardial fiber are lower. Additionally, the functional
behavior is prejudiced, reflecting in a greater necessity of
vasoactive drugs and low post-operative output [22].

Thus in the same way as the pre-operative factors, we
tried to evaluate if any intraoperative factors, such as the
time of CPB, time of aortic clamping and incision of the right
ventricle, would have an independent effect on the increase
in the levels of troponin I and CK-MB mass.

In this study we found a positive correlation between
the marker of myocardial lesions and the time of aortic
clamping. The other intraoperative factors did not exert any
effect on the peak levels of troponin I or CK-MB mass. This
correlation might be useful as for prognosis in the post-
operative period. Patients with lower levels of troponin I
can present with a lesser need of vasoactive drugs and less
myocardial failure. These data are in agreement with the
results of the work by BULL etal. [1].
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IMURA et al. [21] also found a correlation between the
time of aortic clamping and levels of troponin 1. This
association is even more evident in under 1-year-old children.

KIRKLIN et al. [14] emphasized the importance of the
influence of congestive heart disease in the pre-operative
period, interfering in the evolution after corrective surgery.
It is possible to see in this study, using univariant analysis,
that congestive heart failure in the pre-operative period had
an influence on the peak of troponin I and CK-MB mass.
However, with multiple regression analysis this behavior
was not verified. This leads us to believe that congestive
heart failure in isolation has an effect on the peak of the
markers, but on associating with other pre-operative factors
this influence is reduced and cyanosis appears as the
preponderant factor to affect the peaks of troponin I and
CK-MB mass. Nevertheless, when we analyze the patients
who presented with complications in the postoperative
period, we confirmed that congestive heart failure was
present in the patients who developed with higher levels of
troponin I and CK-MB mass. This finding may be explained
by the volumetric or pressure overload that the myocardium
of children with congenital heart diseases is submitted since
the intra-uterine life. This may lead to depletion of the ATP
and high-energy phosphates that intensify after a period of
ischemia provoked by aortic clamping [23].

The myocardium of a child should be considered by the
surgeon as an extremely important structure. The presence
of cyanosis is a factor that would have a negative influence
on the myocardial function, however, it should receive
adequate protection. Apart from cyanosis, the time of aortic
clamping should also be considered as a potential cause of
myocardial damage, in spite of the cardioplegia employed
to protect it.

Future studies with a greater number of patients,
different concentrations of calcium in the cardioplegia and
divided in groups with similar congenital heart diseases might
reveal the protective effect of magnesium, reflected by the
lower levels of troponin [ and CK-MB mass.

CONCLUSIONS

Faced with these results, we believe that the addition of
magnesium to cardioplegic solutions does not interfere with
the levels of troponin [ and CK-MB mass in children operated
on for corrective congenital heart surgery. On the other hand,
the factors cyanosis and time of anoxia affected the peak of
troponin I and the factor cyanosis affected the peak of CK-
MB mass.
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