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Abstract

Introduction: Left ventricular outflow tract obstructions (LVOTO) presents as complex cardiac diseases accompanied by other
cardiac anomalies in the pediatric age group. Postoperative complications, especially cardiac, pulmonary, and renal complica-
tions, that may develop after pediatric cardiac surgery can become life-threatening. If the perioperative risk factors for these
complications are known in pediatric patients with LVOTO, anesthesiologists and surgeons may take precautions to eliminate
undesirable outcomes.

Aim: To evaluate the perioperative risk factors that may contribute to the development of postoperative complications in pedi-
atric patients operated on for LVOTO in a pediatric cardiac surgery clinic.

Material and methods: The study retrospectively investigated 58 patients who were operated on for LVOTO in a pediatric cardiac
surgery clinic. The patients were divided into two groups, those with and without postoperative complications. Preoperative
laboratory test results, anesthesia time, operation time, aortic cross-clamp time, cardiopulmonary bypass (CPB) time, postopera-
tive inotropes, first postoperative laboratory tests, intraoperative and postoperative complications, mechanical ventilation time,
intensive care unit stay, and hospital stay were recorded.

Results: The most common postoperative complications were endocrine complications, followed by hepatic complications.
The preoperative lymphocyte count was significantly higher (p < 0.05), and the neutrophil-to-lymphocyte ratio (NLR) was signifi-
cantly lower (p < 0.05) in the group with postoperative complications. The postoperative pH, glucose, creatinine, and aspartate
aminotransferase (AST) levels were significantly lower (p < 0.05), and the postoperative calcium level was significantly higher
(p < 0.05) in the group without postoperative complications. Intraoperative platelet transfusion rate was found to be significantly
lower (p < 0.05) in the group with postoperative complications.

Conclusions: It is critical to identify predictive factors to prevent postoperative complications in pediatric patients undergoing
surgery for LVOTO. Preoperative NLR, intraoperative platelet transfusion, and postoperative calcium, glucose, pH and AST levels
may help in the prediction of complications.
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Introduction

The left ventricular outflow tract (LVOT) is the anatomi-
cal structure through which the left ventricular stroke vol-
ume passes as it moves towards the aorta [1]. This structure
has three components — subvalvular, valvular (aortic valve)
and supravalvular — and obstructions formed in this region
are also referred to by these names [1, 2]. Left ventricular
outflow tract obstructions (LVOTO) in the pediatric age
group are generally associated with other cardiac anoma-
lies (ASD, VSD, PDA, etc.) appearing as complex congenital
heart diseases accompanying the picture [2]. LVOTO is pres-
ent in 3-10% of patients with congenital heart disease [3].

The most common form of LVOTO in pediatric age is valvular
stenosis, and the rarest form is supravalvular stenosis [2].

Knowing the risk factors that can predict early intraop-
erative and postoperative complications in pediatric pa-
tients who will undergo surgical treatment for LVOTO may
reduce morbidity and mortality rates with good anesthe-
sia management and significantly contribute to reducing
the length of intensive care unit (ICU) stay, hospital stay,
and hospitalization costs. It was reported that mechani-
cal ventilation time, ICU stay, and postoperative hospital
stay were prolonged in pediatric patients with postopera-
tive complications [4]. Although developed scoring systems
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such as RACHS-1, Aristotle, STS-EACTS, etc. are used to pre-
vent mortality in pediatric cardiac surgery, the measure-
ments in these systems were designed to prevent mortality
and have prognostic value but do not have a specific fea-
ture for the prevention of post-operative complications in
specific pediatric cardiac surgery patients [4]. The limited
number of publications related to pediatric LVOTO indicates
that the risk factors for the complications of surgical inter-
ventions in this particular group are not well known.

Postoperative complications, especially cardiac, pul-
monary, and renal complications, that may develop after
pediatric cardiac surgery can become life-threatening. If
the perioperative risk factors for these complications are
known in pediatric patients with LVOTO, anesthesiologists
and surgeons may take precautions to eliminate undesir-
able outcomes. This retrospective study aimed to investi-
gate the outcomes of pediatric patients who had cardiac
surgery for LVOTO in our hospital and the perioperative risk
factors that may contribute to the development of compli-
cations in these patients.

Aim
In this study, we aimed to evaluate the periopera-
tive risk factors that may contribute to the development

of postoperative complications in pediatric patients oper-
ated on for LVOTO in a pediatric cardiac surgery clinic.

Material and methods

The approval was obtained from the ethics committee
of the our hospital on 21/05/2020 with protocol number
2020/08-10. The study was conducted in accordance with
the principles of the Declaration of Helsinki. Informed con-
sent was obtained from all patients.

The study included patients who were aged 0 to 18 years
and had cardiac surgery due to LVOTO between 2012 and
2020 in our hospital. Informed consent was obtained from
all patients. Patient information was obtained from patient
files and the hospital information registry. The patients’
data were reviewed retrospectively; their demographic data,
preoperative laboratory test results, history of comorbidities,
previous cardiac interventions (surgery/angiographic), con-
comitant cardiac anomalies, anesthesia time, operation time,
aortic cross-clamp time, cardiopulmonary bypass (CPB) time,
postoperative inotropes, first postoperative laboratory tests,
intraoperative and postoperative complications, mechanical
ventilation time, and the length of ICU and hospital stay
were recorded. The patients were divided into two groups as
those with postoperative complications (Group 1) and those
without complications (Group Il), and the data for these
groups were compared.

Statistical analysis

Mean, standard deviation (SD), median, minimum,
maximum, frequency, and ratios were used to present
the descriptive data related to the perioperative risk factors
for LVOTO. The normal distributions of numerical data were
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tested with the Kolmogorov-Smirnov test. Analysis of vari-
ance (ANOVA) with the post-hoc Tukey test, the indepen-
dent samples t-test, the Kruskal-Wallis test, and the Mann-
Whitney U test were used in the analysis of independent
numerical data. The y?2 test was used in the analysis of in-
dependent qualitative data, and the Fisher test was used
when the conditions for the y? test were not met. The ef-
fect level was investigated with univariate and multivariate
logistic regression. The program SPSS Statistics 27.0 (IBM
Corp.; Armonk, NY, USA) was used in statistical analyses.

Results

The study included 58 patients, who were divided into
two groups: those with or without postoperative compli-
cations. Of the patients, 77.6% were male, 22.4% were fe-
male, and 91.4% had an American Society of Anesthesiol-
ogy (ASA) Physical Status Classification score of Ill. It was
found that 5.5% of the patients (n = 3) had a syndrome
(Down, Williams, tuberous sclerosis). Of the patients 36.2%
previously had balloon angioplasty, and 1.7% had a PDA
stent. Mechanical ventilation was not applied to any of our
patients in the preoperative period. Other demographic
data and the preoperative characteristics of the patients
in the two groups are shown in Table I. There was no sig-
nificant difference (p > 0.05) between patients with and
without postoperative complications regarding the demo-
graphic and preoperative characteristics.

Concerning the intraoperative data, only 2 patients had
AV block in the cardiac rhythm after CPB. It was found that
cardiac arrest was not experienced in any patient during
the induction and operation. It was found that the intraop-
erative platelet transfusion rate in the group with postoper-
ative complications was significantly (p < 0.05) lower than
in the other group. Intraoperative data for the two groups
are shown in Table II. In the group with postoperative com-
plications 39% of the patients underwent subaortic mem-
brane resection + myectomy and 41.4% of the patients un-
derwent additional surgical intervention.

The preoperative and postoperative laboratory results
of the patients in the two groups are shown in Table Ill.
The preoperative lymphocyte count was significantly high-
er (p < 0.05), and the neutrophil-to-lymphocyte ratio (NLR)
was significantly lower (p < 0.05) in the group with postop-
erative complications. The postoperative pH, glucose, cre-
atinine, and aspartate aminotransferase (AST) levels were
significantly lower (p < 0.05), and the postoperative cal-
cium level was significantly higher (p < 0.05) in the group
without postoperative complications.

The effect of laboratory results was investigated with
univariate and multivariate logistic regression analyses. In
the univariate model, significant (p < 0.05) efficacy of in-
traoperative platelet transfusion, preoperative lymphocyte
count, NLR, postoperative pH, glucose, AST, and calcium
values was observed in the differentiation of patients with
and without postoperative complications. In the multi-
variate model, significant independent (p < 0.05) efficacy
of preoperative NLR, postoperative pH and calcium values
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Table I. Patient demographics and preoperative characteristics

Patient characteristics Postoperative complication (-) Postoperative complication (+) P-value
Age [years]: 8.1+5.8 6.9 5.1 0.457

Newborn 0 0

Infant 0 1(2.5%)

Toddler 6 (35.3%) 9 (21.9%)

Preschool 5 (29.4%) 11 (26.8%)

School 4 (23.5%) 12 (29.3%)

Adolescent 2 (11.8%) 8 (19.5%)
Gender, n (%): 0.896

Male 13 (76%) 32 (78%)

Female 4 (24%) 9 (22%)
Weight [kg] 27.9 £16.6 26.0 £20.3 0.388
BSA [m?] 0.9 +0.4 0.9 £0.5 0.516
ASA score, n (%): 1.000

I 16 (94.1) 37 (90.2)

Y% 1(5.9) 4(9.8)
Syndrome, n (%) 1(5.9) 2 (4.9) 1.000
Drug use, n (%):

Propranolol 12 (70.6) 26 (63.4) 0.601

ACE inhibitor 6 (35.3) 17 (41.5) 0.662

Spironolactone 5(29.4) 15 (36.6) 0.601

Digoxin 0 2 (4.9) 1.000

Furosemide 4 (23.5) 9 (22.0) 0.896
Prior cardiac procedure, n (%) 5(29.4) 7 (17.1) 0.291
Interventional procedures prior to surgery, n (%) 8(47.1) 18 (43.9) 0.826
Preoperative cardiac status:

Arrhythmia: 0 2 (4.8%)

Ventricular tachycardia attacks 0 1(2.4%)

Wolf-Parkinson-White syndrome 0 1(2.4%)

Hypertrophic cardiomyopathy 0 2 (4.8%)

Heart failure 0 1(2.4%)
Bicuspid aortic valve, n (%) 6 (35.3) 12 (29.3) 0.652
Ventricular septal defect, n (%) 3(17.6) 10 (24.4) 0.575
Additional valve anomalies, n (%) 6 (35.3) 16 (39.0) 0.790
Aortic regurgitation, n (%): 0.242

Trivial 10 (58.8) 32 (78.0)

Mild 3(17.6) 6 (14.6)

Moderate 3(17.6) 2 (4.9)

Severe 1(5.9) 1(2.4)
LVOT peak gradient, n (%): 0.394

<30 4 (23.5) 16 (39.0)

> 30-50 2 (11.8) 7 (17.1)

> 50-90 9 (52.9) 12 (29.3)

> 90 2 (11.8) 6 (14.6)
LVOTO type, n (%):

Subvalvular 6 (35.5) 20 (48.8)

Valvular 3 (17.6) 10 (24.4)

Supravalvular 0(0.0) 1(2.4)

Subvalvular + Valvular 4 (23.5) 7 (17.1)

Supravalvular + Valvular 0 5(12.2)

Subvalvular + Valvular + Supravalvular 0 2(4.8)

LVOT - left ventricle outflow tract, LVOTO - left ventricle outflow tract obstruction, BSA — body surface area.

222 Kardiochirurgia i Torakochirurgia Polska 2023; 20 (4)



ORIGINAL PAPER

Table IlI. Patients’ intraoperative and ICU data

Patient characteristics Postoperative complication (-) Postoperative complication (+) P-value
RACHS score 9.7 £5.2 10.0 £4.2 0.537
After CPB heart rhythm, n (%): 0.684

Normal sinus rhythm 14 (82.4) 30(73.2)

Sinus rhythm after defibrillation 3(17.6) 9 (22.0)

Atrioventricular block 0 2 (4.9
Pace, n (%) 1(5.9) 2(4.9) 1.000
Transfusion, n (%):

Blood transfusion 10 (58.8) 15 (36.6) 0.120

Fresh frozen plasma transfusion 14 (82.4) 38(92.7) 0.345

Platelet transfusion 5(29.4) 2(4.9) 0.009
Intraoperative drug, n (%):

Tranexamic acidw 5(29.4) 7 (17.1) 0.291

Milrinone 2 (11.8) 6 (14.6) 0.773

Dopamine 14 (82.4) 29 (70.7) 0.358

Dobutamine 12 (70.6) 34 (82.9) 0.291

Noradrenaline 3 (17.6) 8 (19.5) 0.869
Aortic cross-clamping time [min] 91.5 +40.9 78.6 £35.5 0.233
CPB time [min] 138.0 +47.7 116.7 £40.5 0.089
Surgery, n (%):

Brom aortoplasty 0 8 (19.5)

Subaortic membrane resection (SMR) 4(23.5) 8 (19.5)

SMR + myectomy 6 (35.3) 16 (39)

Aortic commissurotomy 5(29.4) 2 (4.8)

Aortic valve replacement 2(11.7) 8 (19.5)

Mitral valve replacement 0 2(4.8)

VSD closure 3(17.6) 10 (24.4)

ASD closure 0 2(4.8)

Aortic aneurysm excision 1(5.8) 0

Hypoplastic arcus aorta repair 0 1(2.4)

Tumor resection 0 1(2.4)

AICD implantation 0 1(2.4)
Surgical time [min] 329.2 +86.4 289.0 £79.8 0.094
Anesthesia time [min] 365.9 £89.1 324.2 £80.2 0.086
ICU stay [days] 6.1+6.8 43423 0.420
Hospital stay [days] 16.8 +13.6 13.5 +5.9 0.258

CPB - cardiopulmonary bypass, ICU — intensive care unit, RACHS - risk adjustment for congenital heart surgery, AICD — automated implantable cardioverter
defibrillator.

was observed in the differentiation of patients with and
without postoperative complications (Table V).

It was found that endocrine complications were
the most common postoperative complications, followed
by hepatic complications (Table V). The rate of explora-
tion due to bleeding was 1.7%; the postoperative mortal-
ity was 5.1%. Regarding the causes of mortality, 3 patients
died as a result of low cardiac output syndrome (LCOS). No
significant difference was found between the two groups
(p > 0.05) regarding the causes and rates of mortality. There
was no intraoperative mortality.
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Discussion

In order to prevent postoperative complications in pe-
diatric congenital heart surgery, first of all, it is necessary
to know what these may be, to determine the risk factors
and to follow them clinically. In this study, we examined
patients who were operated on for LVOTO and tried to de-
termine both the complications that may occur and the risk
factors related to them. When we examined the complica-
tions of all systems, we found that the highest rate was
in the endocrine system (29.3%), while the second high-
est rate was in the hematological (10.3%) and pulmonary
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Table Ill. Preoperative and postoperative laboratory data

Patient characteristics Postoperative complication (-) Postoperative complication (+)

Preoperative:

Hemoglobin [g/dl] 12.8 #1.3 12.4 1.5 0.356
Hematocrit [%] 383 4.2 37.2#4.1 0.468
White blood cells [x 103/U1] 7.8 £2.0 8.7 £2.4 0.180
Neutrophils [N] [x 103U] 41+1.4 39417 0.581
Lymphocytes [L] [x 103/Ul] 2.7 1.5 3.8+1.6 0.010
NLR 1.7 +0.7 1.2 +0.6 0.011
Platelets [x 103/Ul] 302.4 £91.0 311.7 £94.2 0.452
pH 7.5 0.0 7.4 £0.0 0.274
Lactate [mmol/l] 1.6 +0.5 1.5 +0.5 0.644

Postoperative:

pH 7.40 £0.05 7.43 £0.04 0.005
Lactate [mmol/] 2.8 +1.0 2.7 £0.8 0.731
Glucose [mg/dl] 160.3 +23.4 198.2 £50.0 0.005
BUN [mg/dl] 11.6 +2.5 124 432 0314
Creatinine [mg/dl] 0.5 +0.2 0.6 0.1 0.017
ALT [U/1] 14.4 3.2 20.4 £28.7 0.345
AST [U/1] 50.3 +11.8 89.0 £69.1 0.029
Total bilirubin [mg/dl] 1.0 0.5 1.2 +0.6 0.573
Direct bilirubin [mg/dl] 0.4 +0.2 0.4 £0.2 0.739
CRP [mg/dl] 0.3+0.9 0.2+0.4 0.513
Sodium [mmol/] 141.6 1.8 141.6 £2.9 0.922
Potassium [mmol/|] 3.8 0.3 3.9 +0.7 0.521
Calcium [mg/dl] 8.4 +0.5 8.1+0.5 0.028
Hemoglobin [g/dl] 10.4 +1.5 9.9 1.7 0.289
Hematocrit [%] 31.1+4.8 29.1+4.9 0.159
White blood cells [x 103/U1] 14.8 +6.1 15.9 +6.2 0.361
Neutrophils [N] [x 103/Ul] 12.2 £5.6 12.8 £5.6 0.708
Lymphocytes [L] [x 103/Ul] 1.9 +1.0 23+17 0.388
NLR 7.5+3.9 6.5 +3.4 0.334
Platelets [x 103/Ul] 167.4 +44.9 179.8 £63.9 0.468

ALT — alanine aminotransferase, AST — aspartate aminotransferase, BUN — blood urea nitrogen, CRP — C-reactive protein, NLR — neutrophil/lymphocyte ratio.

Table IV. Multivariate logistic regression analysis of laboratory results

Laboratory results Univariate logistic regression Multivariate logistic regression
95% ClI P-value 95% ClI P-value

Intraop platelet transfusion 0.12 0.02-0.72 0.020

Preop lymphocyte 1.69 1.06-2.70 0.027

Preop NLR 0.33 0.13-0.82 0.017 0.26 0.08-0.80 0.018
Postop pH > 1000 74.98 >1000 0.014 > 1000 220.66-1000 0.012
Postop glucose 1.03 1.01-1.04 0.010

Postop AST 1.03 1.00-1.07 0.039

Postop calcium 0.28 0.09-0.90 0.032 0.23 0.06-0.86 0.029

AST — aspartate aminotransferase, Cl — confidence interval, NLR - neutrophil/lymphocyte ratio, OR — odds ratio.
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systems (10.3%). We found that the risk factors that we
can use to predict the development of complications are
related to preoperative NLR, intraoperative platelet transfu-
sion, postoperative calcium, glucose and AST levels.

Among all possible complications after pediatric cardiac
surgery, it was found that those related to the endocrine
system were most common. The most common endocrine
complication was hypocalcemia, followed by hyperglycemia
[5]. Metabolic disorders are the most common complications
of transfusion, dependent on age, and the most dominant
one is hypocalcemia resulting from citrate toxicity [6].
Blood products with the highest citrate concentration as
an anticoagulant are whole blood, fresh frozen plasma and
irrated packed red blood cells [7]. Reducing bleeding during
the operation and therefore the use of blood products may
help protect the patient from hypocalcemia. Hyperglycemia,
another endocrine complication, prolongs the intubation
time and the length of stay in the intensive care unit in
children who have undergone cardiac surgery [8]. Blood
glucose levels above 175 mg/d| were found to be associated
with postoperative bacteremia following pediatric cardiac
surgery [9]. In addition, postoperative hyperglycemia was
found to be associated with an increased risk of morbidity
and mortality in infants undergoing postoperative cardiac
surgery [10]. Since endocrine complications were considered
physiological consequences of CPB, they were not covered
frequently in previous studies. In our study, endocrine
complications were also considered among postoperative
complications and were found to be the most common
complications after cardiac surgery.

It was found that the mortality rate increased in patients
who had postoperative complications following pediatric
cardiac surgery [4]. Therefore, preventing postoperative
complications can be life-saving. To develop a preventive
strategy, it is important to determine the predictive factors
for these complications. When the patients who developed
postoperative complications were compared with the pa-
tients who did not develop complications, it was found that
preoperative risk factors may be effective in the group that
developed complications [4]. Potential predictors for major
complications after pediatric cardiac surgery were found to
be complex cardiac pathologies, cyanotic congenital heart
disease, prolonged CPB (> 90 min), high-dose inotropic
drug use during the operation, and increased blood lactate
level [5, 11]. In our study, it was found that increased preop-
erative lymphocyte level, lower preoperative NLR, increased
postoperative glucose and AST, and low postoperative cal-
cium level were significantly associated with the develop-
ment of complications.

NLR is a new biomarker used to predict the level of pre-
operative systemic inflammation in children with congenital
heart disease [12, 13]. It has been found that systemic in-
flammatory response syndrome seen in children who have
undergone pediatric cardiac surgery under CPB prolongs
the duration of postoperative mechanical ventilation, ICU
stay, and hospital stay [14]. Inflammatory reactions induced
by CPB will also affect postoperative cardiac and pulmonary
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Table V. Postoperative complications

Cardiac:

Hypertension (nitroglycerin infusion requirement) 5(8.6)

Arrhythmias 3 (5.1)

LCOS 4 (6.8)

Re-exploration 1(1.7)
Pulmonary:

Atelectasis 6 (10.3)

Pleural effusion 1(1.7)

Pulmonary infiltration 1(1.7)

Re-intubation (> 3) 1(1.7)
Hematologic:

Hemoglobin < 8 g/dl 6 (10.3)

Anemia + thrombocytopenia 2 (3.4)

Bleeding 1(1.7)
Renal:

Oliguria 1(1.7

Anuria 2 (3.4)
Hepatic:

AST elevation 5(8.6)
Endocrine:

Hyperglycemia 17 (29.3

Hypocalcemia 13 (22.4
Infectious:

Postoperative fever 3 (5.1)

Wound site infection 2 (3.4)

Pneumonia 1(1.7)
Gastrointestinal:

Decreased motility 2 (3.4)
Neurologic:

Convulsions 1(1.7)
Mortality 3 (5.1)

AST — aspartate aminotransferase, LCOS — low cardiac output syndrome.

functions [12]. It has been found that a high preoperative
NLR in children with congenital heart disease increases
the risk of LCOS in the early postoperative period [15].
Therefore, NLR can be a predictive marker that can be used
to avoid postoperative complications. In our study, preopera-
tive NLR was found to be lower in the group with postopera-
tive complications. The reason for this may be that LVOTO
is included in noncyanotic heart diseases, as preoperative
NLR was found to be higher in children with cyanotic heart
diseases than in children with noncyanotic heart diseases
[13]. In addition, there are few prospective studies showing
the prognostic value of preoperative NLR [13, 15].

In our study, it was found that the elevation of postop-
erative AST levels had a significant effect on the develop-
ment of complications. Causes of the elevation of AST in
a postoperative cardiac patient include damage to heart
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and skeletal muscles, hemolysis due to a CPB device, and
liver damage. Since cardiac surgery poses a traumatic risk
for both heart and skeletal muscle, AST levels can rise ear-
lier than alanine aminotransferase (ALT) levels [16]. Post-
operative complications such as pleural effusion, heart
rhythm disorders, postoperative infections, and the need
for total parenteral nutrition also increase the risk of car-
diac hepatopathy [17]. It was suggested that pediatric pa-
tients with elevated transaminases undergoing cardiac
surgery are also in the high-risk group in terms of postop-
erative mortality [16].

Although the relationship between increased serum
lactate level and complications and mortality in pediatric
cardiac surgery remains uncertain, high lactate levels were
considered as a risk factor for increased postoperative ad-
verse events and prolonged ICU stay [18-20]. It was found
that high lactate levels were correlated with the RACHS-1
subgroup, CPB time, aortic cross-clamp time, high inotropic
score, anesthesia time, and operation time [18, 21]. Especial-
ly, lactate levels > 4.5 mmol/| are an important risk factor for
complications [21]. In our study, we did not find a significant
difference between the group with and without complica-
tions in terms of postoperative lactate levels, which can be
attributed to the limited number of patients in our study.

Patient blood management in pediatric cardiac surgery
should involve an appropriate multidisciplinary (surgeon,
anesthesiologist, and intensive care specialist) approach to
prevent complications [22]. This is because blood product
transfusion is associated with prolonged postoperative
mechanical ventilation, pulmonary complications, and pro-
longed hospital stay [23, 24]. Platelet dysfunction and throm-
bocytopenia occur as a result of CPB use in pediatric cardiac
surgery and increase the risk of bleeding complications,
which is also related to the duration of CPB and the degree
of hemodilution [25]. Platelet transfusion is recommended
in the presence of excessive bleeding despite adequate prot-
amine administration after CPB. In our study, we found that
intraoperative thrombocyte transfusions were performed
less frequently, and fresh frozen plasma was used more
frequently in the group with postoperative complications.

The first important limitation of this study is that it
was conducted in a single center with a limited number
of patients. Conducting multi-center studies with a larger
number of patients may provide clearer results. The second
important limitation is the loss of data due to the retro-
spective design of the study. Prospective and randomized
studies could yield more significant results.

It is important to identify predictive factors to prevent
postoperative complications in pediatric patients under-
going surgery for LVOTO. Preoperative NLR, intraoperative
platelet transfusion, and postoperative calcium, glucose,
and AST levels can help identify risks. We may predict
the development of complications by looking at simple
laboratory tests performed in the preoperative and postop-
erative periods. The ability to predict complications will not
only reduce morbidity and mortality but will also help re-
duce the length of hospital stay and hospitalization costs.

226

Disclosure

The authors report no conflict of interest.

References

1

10.

Santamaria AZ, Aldana N, Gutierrez C, Bustamante S, Munoz PC, Zuluaga N.
Left ventricular outflow tract obstruction. Rev Colombiana de Radiologia
2017; 28: 4609-4615.

. Alsoufi B, Aljiffry A, Ungerleider RM. Left ventricular outflow tract obstruc-

tion. In: Critical Heart Disease in Infants and Children. 3rd ed. Meliones JN,
Ungerleider RM, Jacobs J, McMillan KN, Cooper DS. Elsevier 2019; 615-634.

. Brink J, Bgrizard C. Sub-aortic stenosis. In: Pediatric and Congenital Cardiol-

ogy, Cardiac Surgery and Intensive Care. Da Cruz E, vy DD, Jaggers J (eds.).
Springer, London 2014; 1599-1614.

. Zeng X, An J, Lin R, Dong C, Zheng A, Li J, Duan H, Shu Q, Li H. Prediction

of complications after paediatric cardiac surgery. Eur J Cardiothorac Surg
2020; 57: 350-358.

. Murni IK, Djer MM, Yanuarso PB, Putra ST, Advani N, Rachmat J, Perdana A,

Sukardi R. Outcome of pediatric cardiac surgery and predictors of major
complication in a developing country. Ann Pediatr Cardiol 2019; 12: 38-44.

. Evangelista ME, Gaffley M, Neff LR Massive transfusion protocols for pediat-

ric patients: current perspectives. ) Blood Med 2020; 11: 163-172.

. Sheth MM, Gangadharan M, Chau DF, Klein NJ, Rugnath R. Pediatric blood

management. In: Essentials of Blood Product Management in Anesthesia
Practice. Scher CS, Kaye AD, Liu H, Perelman S, Leavitt S (eds.). Springer 2021;
243-258.

. Naghipour B, Bagerpour M, Shadvar K, Golzari SEJ, Faridaalaee G. Effect of hy-

perglycemia treatment on complications rate after pediatric cardiac surgery.
J Cardiovasc Thorac Res 2022; 14: 18-22.

. O’Brien JE, Marshall JA, Tarrants ML, Stroup RE, Lofland GK. Intraoperative

hyperglycemia and postoperative bacteremia in the pediatric cardiac surgery
patient. Ann Thorac Surg 2010; 89: 578-584.

Yates AR, Dyke PC, Taeed R, Hoffman T, Hayes J, Feltes TF, Cua CL. Hypergly-
cemia is a marker for poor outcome in the postoperative pediatric cardiac
patient. Pediatr Crit Care Med 2006; 7: 351-355.

. Brown KL, Ridout D, Pagel C, Wray J, Anderson D, Barron DJ, Cassidy J, Da-

vis PJ, Rodrigues W, Stoica S, Tibby S, Utley M, Tsang VT. Incidence and risk
factors for important early morbidities associated with pediatric cardiac sur-
gery in a UK population. J Thorac Cardiovasc Surg 2019; 158: 1185-1196.

. Yin X, Xin M, Ding S, Gao F, Wu F, Wang J, Chen J, Jiang L, Wu X, Wang X,

Liu J, Zhang J, He S. Predictive role of perioperative neutrophil to lymphocyte
ratio in pediatric congenital heart disease associated with pulmonary arte-
rial hypertension. BMC Surg 2021; 21: 1-7.

. Manuel V, Miana LA, Solla DJF, Fernandes N, Carrillo G, Jatene MB. Preopera-

tive level of neutrophil-lymphocyte ratio: comparison between cyanotic and
noncyanotic congenital heart disease. J Card Surg 2021; 36: 1376-1380.

. Soares LCDC, Ribas D, Spring R, Silva JMFD, Miyague NI. Clinical profile

of systemic inflammatory response after pediatric cardiac surgery with car-
diopulmonary bypass. Arq Bras Cardiol 2010; 94: 127-133.

. lliopoulos I, Alder MN, Cooper DS, Villarreal EG, Loomba R, Sahay RD, Fei L,

Steele PE, Flores S. Pre-operative neutrophil-lymphocyte ratio predicts low
cardiac output in children after cardiac surgery. Cardiol Young 2020; 30:
521-525.

. Shteyer E, Yatsiv I, Sharkia M, Milgarter E, Granot E, Granot E. Serum trans-

aminases as a prognostic factor in children post cardiac surgery. Pediatr Int
2011; 53: 725-728.

. Kehl T, Biermann D, Briem-Richter A, Schoen G, Olfe J, Sachweh JS, Fischer L,

Schaefer H, Kozlik-Feldmann R, Gottschalk U. Impact of hepatopathy in pedi-
atric patients after surgery for complex congenital heart disease. PLoS One
2021; 16: €0248776.

. Hazan MV, Gonen Y, Vardi A, Keidan |, Mishali D, Rubinshtein M, Yakov Y, Pa-

ret G. Blood lactate levels differ significantly between surviving and nonsur-
viving patients within the same risk adjusted Classification for Congenital
Heart Surgery (RACHS-1) group after pediatric cardiac surgery. Pediatr Car-
diol 2010; 31: 952-960.

. Schumacher KR, Reichel RA, Vlasic JR, Yu S, Donohue J, Gajarski RJ, Char-

pie JR. Rate of increase in serum lactate level risk-stratifies infants after
surgery for congenital heart disease. J Thorac Cardiovasc Surg 2014; 148:
589-595.

Kardiochirurgia i Torakochirurgia Polska 2023; 20 (4)



ORIGINAL PAPER

20. Kanazawa T, Egi M, Shimizu K, Toda Y, Iwasaki T, Morimatsu H. Intraoperative

21.

22.

change of lactate level is associated with potoperative outcomes in pediatric
cardiac surgery patients: retrospective observational study. BMC Anesthesiol
2015; 15: 29.

Sahutoglu C, Yasar A, Kocabas S, Askar FZ, Ayik MF, Atay Y. Correlation be-
tween serum lactate levels and outcome in pediatric patients undergoing
congenital heart surgery. Turk J Thorac Cardiovasc Surg 2018; 26: 375-385.
Cholette JM, Faraoni D, Goobie SM, Ferraris V, Hassan N. Patient blood man-
agement in pediatric cardiac surgery: a review. Anesth Analg 2018; 127:
1002-1016.

Kardiochirurgia i Torakochirurgia Polska 2023; 20 (4)

23.

24.

25.

Kipps AK, Wypij D, Thiagarajan RR, Bacha EA, Newburger JW. Blood trans-
fusion is associated with prolonged duration of mechanical ventilation in
infants undergoing reparative cardiac surgery. Pediatr Crit Care Med 2011;
12: 52-56.

lyengar A, Scipione CN, Sheth P, Ohye RG, Riegger L, Bove EL, Devaney EJ,
Hirsch-Romano JC. Association of complications with blood transfusion in
pediatric cardiac surgery patients. Ann Thorac Surg 2013; 96: 910-916.
Faraoni D, Meier J, New HV, Van der Linden PJ, Hunt BJ. Patient blood man-
agement for neonates and children undergoing cardiac surgery:2019 NATA
guidelines. J Cardiothorac Vasc Anesth 2019; 33: 3249-3263.

227



