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ABSTRACT

PURPOSE: To evaluate the metabolic and oxidative effects of sevoflurane and propofol in children undergoing surgery for correction
of congenital heart disease.

METHODS: Twenty children with acyanotic congenital heart disease, scheduled for elective cardiac surgery with cardiopulmonary
bypass, age range | day to 14 years were randomly assigned to 2 groups: Group GP, programmed to receive total intravenous anesthesia
with propofol and group GS scheduled to use balanced anesthesia with sevoflurane. Exclusion criteria were cyanotic heart disease or
complex, association with other malformations, severe systemic diseases, infection or children undergoing treatment and palliative or
emergency surgery. Blood samples were collected at three different time-points: TO, after radial artery cannulation, T1, 30 minutes
after cardiopulmonary bypass (CPB) launch and T2, at the end of procedure. Parameters analyzed included thiobarbituric acid-reactive
substance (TBARS), glutathione (GLN), lactate and pyruvate plasmatic concentrations.

RESULTS: TBARS, GSH, lactate and pyruvate concentrations did not change significantly by Friedman's test. Lactate/pyruvate ratio
(L/P) was >10 in both groups. There was a moderate Pearson correlation for TBARS, in T1 (1=0.50; p=0.13) e T2 (r=0.51;p=0.12).
Pearson correlation was high between groups during CPB (T1) for lactate (1=0.68; p=0.02), pyruvate (r=0.75; p=0.01) and L/P ratio
(r=0.83; p=0.003).

CONCLUSION: Anesthetic techniques investigated in this study showed a similar pattern, with no increase in metabolic substrates
and oxidative stress during surgical correction of congenital heart defects in non-cyanotic children.

Keywords: Oxidative Stress. Metabolism. Cardiac Surgical Procedures. Anesthetics, Inhalation. Anesthetics, Intravenous.

RESUMO

OBJETIVO: Avaliar os efeitos metabolicos e oxidativos da anestesia com sevoflurano ou propofol em criangas portadoras de cardiopatia
congénita, submetidas a cirurgia eletiva.

METODOS: Vinte criangas com cardiopatia congénita aciandtica, agendadas para a cirurgia cardiaca eletiva com circulagio extracorpérea
(CEQ), idades 1 dia-14 anos, foram distribuidas aleatoriamente em dois grupos: Grupo GP (anestesia venosa total com propofol) e
grupo GS (anestesia balanceada com sevoflurano). Critérios de exclusdo foram: doencga cardiaca ciandtica ou complexa, associagdo
com outras malformagdes, doenca sist€émica grave, infeccdo ou criancas submetidas a tratamento e cuidados paliativos ou cirurgia de
emergéncia. Amostras de sangue foram coletadas em trés horarios diferentes: TO, apds a canulacdo da artéria radial, T1, 30 minutos
apos o inicio da CEC e T2, no final do procedimento. Parametros analisados: substancias reativas ao acido tiobarbiturico (TBARS),
glutationa (GLN), lactato e piruvato.

RESULTADOS: As concentracdes de TBARS, GSH, lactato e piruvato ndo foram diferentes (teste de Friedman). A razdo Lactato/
piruvato (L/P) foi >10 em ambos os grupos. Houve uma correlagdo de Pearson moderada no TBARS, em T1 (r = 0,50, p=0,13) e
T2 (r=0,51, p=0,12). A correlagdo de Pearson foi alta entre os grupos durante a CEC (T1) para lactato (r=0,68, p=0,02), piruvato
(r=0,75, p=0,01) e relagdo L/P (r =0,83, p=0,003).

CONCLUSAO: As técnicas anestésicas investigadas mostraram um padrio semelhante, sem aumento de substratos metabolicos ou do
estresse oxidativo durante a correcao cirurgica de cardiopatias congénitas em criangas aciandticas.

Descritores: Estresse Oxidativo. Metabolismo. Procedimentos Cirtrgicos Cardiacos. Anestésicos Inalatorios. Anestésicos Intravenosos.
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Introduction

Greater knowledge of congenital diseases linked to the
development of new surgical techniques for correction of
congenital defects has been responsible for the significant reduction
of morbidity and mortality in pediatric patients'. However, despite
all its achievements, the morbidity and mortality found in some
centers, particularly in relation to surgery performed during the
neonatal period, are not negligible. Moreover, many of congenital
heart disease considered inoperable in the past, are currently treated
surgically?.

The goal of anesthetic management of children with
congenital heart disease is to ensure an ongoing intra-and
postoperative cardiovascular stability with attenuation of the stress
response and nociceptive stimulation. Congenital heart surgery
(CHS) in children can be challenging as these procedures generate
a systemic inflammatory reaction and endocrine-metabolic stress
responses. Hyperglycemia is common during and after CHS*#, and
is associated with increased morbidity and mortality™®.

Many differences between children and adults affect the
response to cardiopulmonary bypass, and should be considered in
strategies during cardiac surgery. The problems faced in these
complex patients and procedures require that infant and neonatal
cardiac surgery be performed in specialized centers with a
multidisciplinary approach and specialized personnel’.

In designing the anesthetic plan for children undergoing
cardiac surgery, the choice of the anesthetic agent may often appear
irrelevant for some professionals. The general belief is that the
best results would be related to the use of a technique or a drug
with which the anesthesiologist is familiar. Anesthetics propofol
and sevoflurane are used in modern anesthetic practice, providing
adequate anesthesia when inhaled or used intravenously during
surgical procedures. Last decade studies indicate that volatile
anesthetics have cardioprotective effects when administered before
an ischemic event, so-called anesthetic induced preconditioning®’.
The intravenous anesthetic agent propofol has also been reported
to have cardioprotective effects'™!,

The definition of reliable markers for monitoring tissue
perfusion in pediatric cardiac surgery has been a constant object
of study, not only to predict morbidity and mortality, but also to
maintain a cost-effective treatment. The quantification of oxidative
stress is difficult to be translated through methods and markers
that have wide clinical use. Whereas reactive oxygen species (ROS)
have very short half-life, their evaluation is done by detection of
products resulting from lipid peroxidation (thiobarbituric acid
reactive substances - TBARS) and products capable of inactivating
these ROS such as glutathione'. Blood serum lactate is probably
the best biochemical predictor of adverse events in children
undergoing cardiac surgery'?. Hiperlactacemia during CPB in
children with congenital heart disease, and its value as an early
indicator of morbidity and mortality has been described'*'>.

Whereas the information available in the literature
suggest that both the sevoflurane and propofol seem to have
cardioprotective effect in children undergoing cardiac surgery,
this study aimed to evaluate the influence of anesthetic technique
on the occurrence of metabolic effects of surgical stress and

inflammatory response associated with cardiopulmonary bypass
(CPB), and on ischemia-reperfusion injuries in pediatric cardiac
surgery.

Methods

This prospective, randomized, comparative study was
approved by the Hospital Infantil Albert Sabin Ethics Committee,
accredited by CONEP - CNS/MS, Protocol No.67/2006 and
conducted in accordance with the Brazilian Federal Law No. 11794
of October 8, 2008 (http://www.planalto.gov.br/ccivil 03/
~Ato2007-2010/2008/Lei/L11794.htm) and Decree No. 6689 of
July 15,2009 , available at http://www.planalto.gov.br/ccivil 03/
_Ato2007-2010/2009/Decreto/D6899.htm.

Twenty children with acyanotic congenital heart disease,
scheduled for elective cardiac surgery with cardiopulmonary
bypass, age range 1 day to 14 years were randomly assigned to 2
groups: Group GP, programmed to receive total intravenous
anesthesia with propofol and group GS scheduled to use balanced
anesthesia with sevoflurane. Exclusion criteria were cyanotic heart
disease or complex, association with other malformations, severe
systemic diseases, infection or children undergoing treatment and
palliative or emergency surgery. Blood samples were collected at
three different time-points: T0, after radial artery cannulation; T1,
30 minutes after cardiopulmonary bypass (CPB) launch and T2,
at the end of surgical procedure. Parameters analyzed included
thiobarbituric acid-reactive substance (TBARS), glutathione
(GLN), lactate and pyruvate plasmatic concentrations

Anesthetic technique

All patients received midazolam 0.5 mg / kg orally, 30 to
45 minutes before the surgical procedure as premedication.
Anesthesia was induced with midazolam maleate 0.3 mg / kg,
sufentanil citrate 1 pg/ kg and vecuronium bromide 0.15 mg/kg.
After tracheal intubation, anesthesia maintenance was performed
in group GP with a continuous infusion of propofol 250 pug / kg / min
until the onset of cardiopulmonary bypass followed by 200 pg
propofol / kg / min during the course of CPB and propofol
150 pg / kg / min after the return of cardiocirculatory function.
Sufentanil 0.25 pg / kg / hour and intermittent doses of
vecuronium were administered in association with propofol to
maintain adequate muscle relaxation. In the GS group, anesthesia
was maintained with sevoflurane 1-4%, associated with the same
dose of fentanyl by continuous infusion and subsequent doses of
vecuronium. A capillary membrane oxygenator was used. Blood
and crystalloid perfusate, were programmed to maintain hematocrit
between 29 and 30%, keeping constant the electrolyte
concentrations of the cardioplegic solution used to make the cardiac
arrest in asystole.

Biochemical analysis
Metabolites (Lactate, pyruvate)'®, GSH!” and TBARS'

were measured according to biochemical methods published
elsewhere.
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Statistical analysis

The results of this study were expressed as mean = SD
(standard deviation), followed by the number of observations
(n). Student’s t test was used to analyze anthropometric data.
Intra-group comparisons were made using Friedman’s test. The
comparison of means between groups was performed using the
Wilcoxon test.

Results

The homogeneity of the groups (age, weight, sex) was
confirmed as no differences (p>0.05) were found comparing groups
GP and GS (Table 1). Figure 1 depicts distribution of patients’
congenital heart diseases types and percentiles.

TABLE 1 — Demographics — Patients included in the
study. Values expressed as mean + SD.

Demographics Group P Group S
Age (years) 50+3.12 5.1+3.47
Weight (kg) 17.3+10.1 17.3+9.49
Sex (M/F) 4/6 7/3
Student’s ¢ test e (p>0.05)
M : male F : female
TRUNCUS
VSD+PDA
AVSD
ASDHCIV
ASD
VSD
0 1 2 3 4 5 6 7
mGS EGP

FIGURE 1 - Distribution of patients” congenital heart diseases types
and percentiles.

Ventricular septal defect (VSD): 50%

Atrial septal defect (ASD): 20%
Atrioventricular septal defect (AVSD): 10%
Truncus: 5%

Associations (ASD + VSD,PDA + VSD): 15%

68 - Acta Cirurgica Brasileira - Vol. 26 (Suppl. 1) 2011

MDA assay

MDA levels were not different in all timepoints within
each group and between groups (Figure 2).
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FIGURE 2 - Thiobarbituric acid-reactive substances levels (micromoles
of Malondialdehyde per liter of fresh plasma) in children anesthetized
with Propofol (GP) or Sevoflurane (GS). Bars represent mean+SD GP
(blue bars) and GS (red bars) groups at T0, after radial artery cannulation,
T1, 30 minutes after cardiopulmonary bypass launch and T2, at the end
of the surgical procedure. Values in TO, T1 and T2 timepoints are not
significantly different in each group by Friedman's test. GS is not different
from GP group by Wilcoxon test.

Reduced glutathione assay

GSH levels were not different in all timepoints within
each group and between groups (Figure 3).
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FIGURE 3 - GSH levels (micromoles per mililiter of fresh plasma) in
children anesthetized with Propofol (GP) or Sevoflurane (GS). Bars
represent mean+SD of GP (blue bars) and GS (red bars) groups at TO,
after radial artery cannulation, T1, 30 minutes after cardiopulmonary
bypass launch and T2, at the end of the surgical procedure. Values in TO,
T1 and T2 timepoints are not significantly different in each group by
Friedman'’s test. GS is not different from GP group by Wilcoxon test.
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Metabolites assay (Pyruvate and Lactate)

Pyruvate and lactate levels were not different in all
timepoints within each group and between groups (Figures 4
and 5).
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FIGURE 4 - Blood pyruvate levels (micromoles per mililiter) in children
anesthetized with Propofol (GP) or Sevoflurane (GS). Bars represent
mean+SD of GP (blue bars) and GS (red bars) groups at T0, after radial
artery cannulation, T1, 30 minutes after cardiopulmonary bypass launch
and T2, at the end of the surgical procedure. Values in TO, T1 and T2
timepoints are not significantly different in each group by Friedman's
test. GS is not different from GP group by Wilcoxon test.
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FIGURE 5 - Serum lactate levels (micromoles per liter) in children
anesthetized with Propofol (GP) or Sevoflurane (GS). Bars represent
mean+SD of GP (blue bars) and GS (red bars) groups at TO, after radial
artery cannulation, T1, 30 minutes after cardiopulmonary bypass launch
and T2, at the end of the surgical procedure. Values in TO, T1 and T2
timepoints are not significantly different in each group by Friedman’s
test. GS is not different from GP group by Wilcoxon test.

Lactate / pyruvate ratio (L/P)

Lactate / pyruvate (L/P) means ratio was >10 in both
groups. We found no significant difference comparing timepoints
within groups (Friedman'’s test). Also, ratio comparison between
groups was not statistically significant (Table 2).

When performing correlation tests for the relationship
between blood lactate and pyruvate (L / P ratio), a statistically
significant high correlation was found, at the timepoint T1
(r=0.83, p = 0.003). However, at the end of T2 the correlation
was low (r = 0.28, p = 0.43) (Table 3).

TABLE 2 - Lactate / pyruvate (L/P) means ratio in children
anesthetized with Propofol (GP) or Sevoflurane (GS). Values
expressed as mean + SD in both groups.

Timepoint n GP GS
TO 10 3429 +£33.27 74.02 + 147.97
L/P ratio Tl 10 31.31+£27.32 43,17 +7391
T2 10 59.22 + 82.56 42.69 +43.49

Friedman and Wilcoxon tests (p>0.05)

TABLE 3 - Pearson correlation between groups GP and GS for
lactate/pyruvate ratio (L/P).

Correlation  Timepoint r P
L/P ratio GP x GS T1 0.83 0.003*
GP x GS T2 0.28 0.43

“ 9

r”=Pearson’s Correlation Coefficient

Discussion

The comparison of two anesthetic techniques with
different mechanisms of action, such as total intravenous anesthesia
using propofol in continuous infusion, and the classic balanced
anesthesia with sevoflurane, both associated with the same dose
of opioid (sufentanil), provides the possibility of comparing the
effects of these anesthetics drugs on the metabolic repercussions
triggered by CPB for surgical correction of congenital heart disease.
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There is a consensus in the literature that the intravenous
anesthetic propofol and inhalational anesthetics such as sevoflurane
have potent protective effects against the injury induced by
ischemia-reperfusion'®. However the two anesthetics have different
mechanisms of action in the ischemic myocardium. The first
reduces post-ischemic myocardial dysfunction, the ischemic area
and histological degeneration. Furthermore, this intravenous
anesthetic suppresses neutrophil activity, reduces free radicals and
calcium influx?’, inhibiting the transitional mitochondrial
permeability (a change in the pore of mitochondria), which can
lead to apoptosis and necrosis®'. Initially the proposed mechanisms
for the cardioprotective effect of inhaled anesthetics were to
preservation of ATP production, reduced calcium influx and
inhibition of free radicals'®. Recently, the elucidation of the action
on coronary vasodilatation” by anesthetics such as sevoflurane,
reinforces previous studies where it was demonstrated that the
inhaled anesthetics act by preserving intracellular components such
as potassium channel-dependent ATP (K, ,)*, adenosine Al
receptors®* and kinase C protein®. As a consequence of these
intracellular events Sevoflurane improves post-ischemic contractile
function, by mimicking pre-conditioning ischemia?**’. Malagon
et al * found no significant difference, in relation to heart surgery,
in children undergoing cardiac surgery under sevoflurane and
propofol anesthesias.

Currently, the arterial blood lactate is widely used as a
marker of hemodynamic instability and in monitoring of tissue
oxygen metabolism. During CPB, lactacemia tends to increase and
may be influenced by changes in blood flow between the organs,
the concentration of glucose, the use of catecholamines and Ringer
solution®. In this study, there was no increase in the oxidative
stress considering that MDA levels were not different comparing
GP and GS groups. Although the plasma levels of TBARS in
patients who received propofol as an anesthetic, was lower than
the levels measured in the sevoflurane group, this difference was
not significant. GSH levels were not different. Also, the blood
concentration of lactate did not increase significantly throughout
surgery, compared to baseline, observing during CPB (T1), an
average blood concentration of less than 4 mmol / L (3.49 + 2.60)
in the GP group and greater than 4 mmol / L in GS (4.51 + 3.90).
We found a strong Pearson correlation between groups for lactate
and pyruvate concentrations from lactate-pyruvate ratio (L / P),
indicating that both groups had similar metabolic behavior.

Factors influencing the incidence, severity and recovery
from oxidative and metabolic response that arises as a result of
cardiac surgery and CPB, go beyond the effects of the anesthetic
technique. The extent of surgical trauma, blood loss or transfusion,
hypothermia and perioperative hemodynamic instability and
bypass-related changes are involved in a positive outcome or not,
to a lesser or greater degree?’.

Conclusion
Anesthetic techniques investigated in this study showed
a similar pattern, with no increase in metabolic substrates and

oxidative stress during surgical correction of congenital heart
defects in non-cyanotic children.
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