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Abstract

Objective: To summarize and critically analyze the literature on potential biomarkers associated with clinical
outcomes in the postoperative cardiac surgery period in infants and children under intensive care.

Methods: Integrative review, whose search was carried out in September and December 2019 in the databases
MEDLINE, ISI Web of Knowledge, Cochrane Central Register of Controlled Trials, Embase, Cumulative Index
to Nursing and Allied Health Literature, Science Direct, and Latin America and Caribbean Center on Health
Sciences Information to answer the following guiding question: “What is the scientific evidence on potential
biomarkers associated with clinical outcomes in the postoperative cardiac surgery period in infants and
children under intensive care?”. Original articles published between 2000 and 2019 in English, Spanish, or
Portuguese were included. Gray literature was excluded.

Results: Eight articles made up the final sample (six descriptive observational prospective studies and
two prospective cohort studies). Most studies, pediatric patients were submitted to the intraoperative
cardiopulmonary bypass technique during congenital heart disease surgeries. The potential biomarkers
analyzed were molecules that participate in immune-inflammatory processes, mainly proinflammatory
cytokines such as IL-1p, IL-6, IL-8, and tumor necrosis factor-alpha and its receptor, as well as anti-
inflammatory cytokines such as IL-10.

Conclusion: The IL-6, IL-8, and IL-10 cytokines, cortisol, and lactate showed as promising molecules for
elucidating mechanisms underlying clinical outcomes in the postoperative cardiac surgery period in infants
and/or children under intensive care. These molecules can take on a preventive role by being used as a
diagnostic and prognostic tool in the future in a protocol that allows to identify patients with high risk to develop
clinical complications during the postoperative period.

Resumo

Objetivo: Sintetizar e analisar criticamente a literatura a respeito de potenciais biomarcadores associados a
desfechos clinicos no pos-operatorio de cirurgia cardiaca em lactentes e criangas em cuidados intensivos.

Métodos: Revisdo integrativa, cuja busca ocorreu nos meses de setembro e dezembro de 2019, nas bases
de dados MEDLINE, ISI of Knowledge, CENTRAL Cochrane, EMBASE, CINAHL, Science Direct e LILACS
para responder a questdo norteadora: “Quais as evidéncias cientificas acerca de potenciais biomarcadores
relacionados a desfechos clinicos no p6s-operatorio de cirurgia cardiaca de lactentes e criangas em cuidado
intensivo?” Foram incluidos artigos originais publicados entre 2000 e 2019, nos idiomas inglés, portugués ou
espanhol. Excluiu-se toda a literatura cinzenta.
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Biomarkers associated with postoperative cardiac surgery clinical outcomes in pediatric intensive care

Resultados: A amostra final foi constituida por oito artigos, sendo seis estudos observacionais prospectivos descritivos e dois coortes prospectivas. Na maioria
dos estudos os pacientes pediatricos foram submetidos a técnica de Bypass Cardiopulmonar (BCP) intraoperatoria durante cirurgia de cardiopatia congénita.
Os potenciais biomarcadores analisados foram moléculas participantes de processos imune-inflamatdrios, predominantemente citocinas pré-inflamatorias
tais como IL-1p, IL-6, IL-8 e o fator de necrose tumoral-a. (TNF-a) € seu receptor, ou citocinas anti-inflamatérias como a IL-10.

Conclusao: As citocinas IL-6, IL-8 e IL-10, o cortisol € 0 lactato, apresentaram-se como moléculas promissoras para elucidacéo de mecanismos subjacentes
a desfechos clinicos no pos-operatdrio de cirurgia cardiaca em lactentes e/ou criangas em cuidado intensivo. Tais moléculas podem assumir um carater
preventivo, podendo futuramente ser utilizadas como ferramentas diagndsticas e progndsticas alternativas para um regime que permita identificar pacientes
sob alto risco de desenvolver complicac@es clinicas nos pos-operatorios.

Resumen

Objetivo: Sintetizar y analizar criticamente la literatura sobre potenciales biomarcadores relacionados con resultados clinicos en el posoperatorio de cirugia
cardiaca de lactantes y nifios en cuidados intensivos.

Métodos: Revision integradora, cuya busqueda ocurrié en los meses de septiembre y diciembre de 2019, en las bases de datos MEDLINE, IS of Knowledge,
CENTRAL Cochrane, EMBASE, CINAHL, Science Direct y LILACS para responder la pregunta orientadora: “;Cudles son las evidencias cientificas sobre
potenciales biomarcadores relacionados con resultados clinicos en el posoperatorio de cirugia cardiaca de lactantes y nifios en cuidados intensivos?”. Se
incluyeron articulos originales publicados entre los afios 2000 y 2019, en idioma inglés, portugués o espafiol. Se excluyo toda la literatura gris.

Resultados: La muestra final fue formada por ocho articulos, de los cuales seis eran estudios observacionales prospectivos y dos cohortes prospectivas.
En la mayoria de los estudios, los pacientes pediatricos fueron sometidos a la técnica de bypass cardiopulmonar (BCP) intraoperatoria durante la cirugia
de cardiopatia congénita. Los potenciales biomarcadores analizados fueron moléculas participantes de procesos inmunoinflamatorios, predominantemente
citocinas proinflamatorias tales como IL-14, IL-6, IL-8 y el factor de necrosis tumoral-o. (TNF-ar) y su receptor, o citocinas antinflamatorias como la IL-10.

Conclusion: Las citocinas IL-6, IL-8 e IL-10, el cortisol y el lactato, se presentaron como moléculas promisorias para explicar mecanismos subyacentes de los
resultados clinicos en el posoperatorio de cirugia cardiaca de lactantes o nifios en cuidados intensivos. Estas moléculas pueden asumir un caracter preventivo
y, en un futuro, pueden utilizarse como herramientas alternativas de diagnostico y prondstico para un régimen que permita identificar pacientes con alto riesgo

de presentar complicaciones clinicas en el posoperatorio.

Introduction

Pediatric cardiac surgery is considered one of
the most complex subspecialties in medicine.!”
Specifically, congenital heart disease is a relatively
common disorder worldwide, affecting between
4 and 14 people per 1,000 live births."? Around
one third of the infants and children affected by the
problem need surgery during first childhood.®#
There are many reasons for the complications that
occur in the postoperative cardiac surgery recov-
ery, and those related to extracorporeal circulation
support, including cardiopulmonary bypass (CPB),
stand out.®®

Infants and children submitted to congenital
heart disease surgeries, in combination with expe-
riencing post-CPB hemodynamic instability, face
one of the causes associated with higher morbidity
and mortality rates in infants and children in pe-
diatric intensive care units (PICU).” Additionally,
CPB can lead to systemic endotoxemia, alterations
in capillary permeability, release of cytokines and
their soluble receptors in the bloodstream, and ac-
tivation of the complement cascade, which results
in an exacerbated inflammatory response.®!” This
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response involves the activation of lymphocytes,
monocytes, macrophages, endothelial cells, and
heart myocytes that can express several proinflam-
matory cytokines, including the tumor necrosis fac-
tor (TNF-a), interleukins (ILs) such as IL-1p, IL-6,
and IL-8, anti-inflammatory cytokines such as IL-4
and IL-10, and the transforming growth factor.!''¥
In addition, the release of corticoids as part of the
physiological response of the body to surgical stress
plays several roles in the post-CPB acute response,
which modulates the host’s inflammatory response,
stimulates the release of anti-inflammatory cyto-
kines, and has a function in the limitation of cap-
illary permeability, as well as in the sensitization of
adrenergic receptors in the myocardium.">!¢
These biologically active factors have been im-
plied after cardiac surgery complications, includ-
ing pulmonary dysfunction and depressed cardiac
contractile activity."”'® Additionally, the deregu-
lation originating in homeostatic routes that con-
trol inflammation, metabolism, and the endocrine
system has important clinical consequences, such
as poor surgical recovery, persistent low cardiac
output, and risk of infection, among other second-
ary morbidities, with the possibility of evolution



toward systemic inflammatory response syndrome
(SIRS) or even multiple organ dysfunction syn-
drome (MODS).*619-22

Several studies have shown that the activation
of the complement cascade, the release of endotox-
ins, and the production of altered cytokine levels
occur during and after CPB.®1*%29 However, the
capacity of these studies to evaluate the correlation
of these events with a higher number of mediators
of inflammation has been limited, because of both
the small sample size and patients’ age and diagnosis
variability. 4?2

A better understanding of the interaction be-
tween this homeostatic imbalance in pediatric pa-
tients submitted to cardiac surgeries under intensive
care can help increase diagnosis accuracy and strati-
fy patients who show high risk to develop postoper-
ative complications by allowing the use of clinically
relevant biomarkers.*?” In this sense, the need for
diagnostics and prediction of clinical outcomes in
infants and children can be overcome by routine-
ly applying molecular technologies such as the use
of clinically relevant biomarkers in postoperative
pediatric intensive care. Hence, the purpose of the
present integrative review was to analyze the use of
potential biomarkers associated with clinical out-
comes in the postoperative cardiac surgery period
in infants and children under intensive care.

Methods

An integrative literature review was carried out.®”
The authors defined the following outline for the
study design: subject identification and research
question formulation; establishment of the inclu-
sion and exclusion criteria; definition of the infor-
mation to be extracted from the selected studies;
evaluation of the studies included in the integrative
review; results interpretation; review presentation,
and qualitative synthesis.®"

The review subject was defined as potential bio-
markers associated with clinical outcomes in the
postoperative cardiac surgery period in infants and
children under intensive care in order to answer to
the following guiding question: What is the scientif-
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ic evidence on potential biomarkers associated with
postoperative cardiac surgery clinical outcomes in
infants and children under intensive care? The
PECO®? strategy was applied to formulate the re-
search question to address the studied clinical ques-
tion, in which “P” referred to “population” (infants
and/or children in the postoperative cardiac surgery
period), “E” to “exposure” (cardiac surgery), “C” to
“comparison” (does not apply), and “O” indicated
“outcome” (clinical outcomes in the postoperative
cardiac surgery period in PICU).

The studies were identified in seven electronic
databases: Medical Literature Analysis and Retrieval
System Online - MEDLINE via PubMed, ISI
Web of Knowledge via Web of Science, Cochrane
Central Register of Controlled Trials (CENTRAL
Cochrane), Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Embase,
Science Direct, and Latin America and Caribbean
Center on Health Sciences Information (LILACS).
In addition to these electronic databases, other
sources were consulted for secondary searches, for
instance clinical trial registry websites, including
ClinicalTrials.gov (National Institutes of Health,
United States) and the Brazilian Registry of Clinical
Trials website (via the ReBEC platform). The lists of
references of the identified primary studies were ex-
amined to find additional relevant articles (crossed
references). This advanced search strategy was car-
ried out in September and December 2019.

The studies retrieved from the search strategy
were limited to the publication period between
2000 and December 2019 in order to focus on
the contemporary clinical practice. The search
was restricted to full articles published in English,
Spanish, or Portuguese in scientific journals that
adopt peer reviewing. To guarantee the systematiza-
tion of the qualified search regarding the organiza-
tion and management of all the references retrieved
from the databases, the EndNote (https://www.

myendnoteweb.com/) bibliographic tool was used.

The results of the search were stored and managed
online.®?
Initially, descriptors extracted from controlled

vocabularies of each database, such as MeSH terms

(MEDLINE), CINAHL headings (CINAHL),
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Emtree terms (Embase), and Health Sciences
Descriptors (LILACS) and noncontrolled descrip-
tors (keywords) for Web of Science, CENTRAL
Cochrane, and Science Direct were selected.
Subsequently, all the controlled and noncontrolled
descriptors were combined, as well as their syn-
onyms, in each set of terms, by using advanced
search tools in the respective databases with the
Boolean operators “AND” and “OR”.®%

In this sense, the main descriptors adopt-
ed in the search strategy were (“Biomarkers” OR
“Biomarkers, Pharmacological” AND “Stress”)
AND (“Child” OR “Infant” OR “Pediatrics”) AND
(“Intensive Care Units, Pediatrics” OR “Critical
Care” OR “Critical Illness”) AND (“Congenital
Heart Disease” OR “Cardiac  Surgery” OR
“Cardiopulmonary Bypass”).

The inclusion criteria were: original studies
whose subject answered the guiding question, pub-
lished in English, Spanish, or Portuguese, over the
last 20 years (from 2000 to 2019); studies carried
out with infants (defined as people between 1 and
23 months old according to the MeSH terms) and/
or children (defined as people between 2 and 12
years old according to the MeSH terms) under in-
tensive care and submitted to cardiac surgery; and
studies whose evaluated outcomes were related to
potential biomarkers associated with clinical out-
comes in the postoperative cardiac surgery period.
Gray literature (publications such as literature re-
view, dissertations, theses, editorials, clinical guide-
lines, and specialist consensus) was excluded.

A comprehensive reading of the studies’ titles
and abstracts was performed by two researchers in-
dependently to ensure that the texts addressed the
review guiding question and met all the inclusion
criteria. When doubts arose during selection, the
researchers opted to include the article in the ini-
tial phase of the study and decide over its definitive
inclusion after the reading of its full text and evalu-
ation by a third reviewer.

An adapted version® of a previously designed
form® was used to extract data. It can be used to
collect study information from four domains: i)
study identification (title, journal, journal impact
factor, publication year, volume, number, authors,
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country, language, and institution where the study
was carried out); ii) objective and methodological
characteristics (research question, objective, tested
hypotheses, design, sample characteristics, includ-
ing sample calculation, description of the data col-
lection protocol, description of losses, instruments
for data collection and evaluated measurements,
and statistical analyses); iii) primary and second-
ary results/outcomes; and iv) conclusion and clin-
ical-epidemiological relevance.

The level of evidence of each study was based
on its design. Level I was attributed to systemat-
ic reviews and meta-analyses of randomized clini-
cal trials; level II to randomized clinical trials; lev-
el III to nonrandomized clinical trials; level IV to
case-control or cohort studies; level V to systematic
reviews of qualitative or quantitative studies; level
VI to qualitative or descriptive studies; and level VII
to authorities’ reports and/or specialist committee
reports. This hierarchy classifies levels I and II as
strong, levels I1I to V as moderate, and levels VI and
VII as weak.®” It must be emphasized that level VII
was not considered in the present review, given that
gray literature was excluded.

Regarding the evaluation of internal validi-
ty and the risk of bias in the selected studies, two
assessment scales were applied, depending on the
study design. Studies with a cohort design (prospec-
tive or retrospective) were evaluated by using the

68 which assesses three do-

Newecastle-Ottawa Scale,
mains: i) patient selection (0 to 4 stars); ii) compa-
rability of patients in the cohorts (0 to 2 stars); and
iii) outcomes (0 to 3 stars). Satisfactory answers get
1 star, and the maximum possible score is 9 stars.
The closer to the maximum the score is, the higher
the methodological quality of the study is and, con-
sequently, the lower the risk of bias.

The methodological quality of the descriptive
observational studies was assessed by applying the
generic quantitative evaluation tool.®” This modi-
fied tool has 12 criteria that evaluate methodologi-
cal elements in the studies. A point is attributed to
each affirmative answer, and the total score, whose
maximum value is 12 points, is converted into a
percentage (0 to 100%). The closer to 12 points or
100% the score is, the better the methodological



quality of the study is. It is noteworthy that all the
evaluations relative to the internal validity of the in-
cluded studies were carried out and confirmed inde-
pendently by two reviewers.

Data analysis was designed to be descriptive. A
chart created by the authors was used to summarize
data extracted from each primary study included
in the review shows the following information: ci-
tation/publication year and origin country, objec-
tives, sample/average participant age, evaluated bio-
markers, blood collection protocol, analyzed clini-
cal variables, main results/conclusions, and level of
evidence. This chart facilitated data comparison and
organization according to their differences, similar-
ities, and the response they provided to the research
question. Data were then critically analyzed and
integrated.

Results

Firstly, 839 articles were identified in the seven da-
tabases, and another six articles were included in the
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search result after manual secondary searchers on
Google Scholar, ClinicalTrials.gov, the ReBEC plat-
form and/or the references in the selected prima-
ry articles (crossed references). Consequently, the
search in the databases resulted in 833 studies after
the removal of 12 duplicates. Most of the publica-
tions (804) were excluded during the first screening,
because the reading of titles and abstracts indicat-
ed that they did not meet the eligibility criteria.
Twenty-nine articles were fully read, among which
eight met all the inclusion criteria and made up the
final sample for data extraction and qualitative syn-
thesis (Figure 1).

Regarding the methodological quality of the
studies, it was found that the scores ranged from
moderate to high, that is, the studies were classified
as good quality ones. The assessment performed with
the Newcastle-Ottawa Scale®® indicated that the
two prospective cohort studies had good method-
ological quality, with one of them obtaining a score
of 5 points” and the other a score of 6 points.® The
other prospective descriptive observational studies
received a considerable score according to the ge-

12 duplicate studies excluded by using EndNote

- 82 studies showed lack of link with the

- 471 studies were gray literature
- 212 studies included young adults or

- 39 studies did not assess biomarkers
associated with postoperative cardiac

21 studies excluded because of lack of link with
the subject or the guiding question

839 studies identified by searching in

the following databases:
s - Embase (501)
"é - Science Direct (230)
£ - 1S Web of Knowledge via Web of Science (48)
S - MEDLINE via PubMed (38) 6 additional studies identified in other sources
= - CENTRAL Cochrane (18) (Google Scholar, clinical trials registry websites, such

- CINAHL (4) as ClinicalTrials.gov and ReBEC, and manual search

- LILACS (0) of crossed references)
- 833 studies after duplicates exclusion
S
g 4
3

804 articles excluded after the reading of the title and abstract
subject or the guiding question
adults in the sample
= surgery morbidity
=)
@
w v
29 full-text articles for critical evaluation
of eligibility

= v
S
é 8 studies selected for qualitative synthesis
£

Figure 1. Flowchart showing the selection of the studies that were included in the integrative review.
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Chart 1. Methodological appraisal of the studies included in the integrative review

Study/ Criteria .
- Level of evidence
Design 1 2 3 4 5 6 7 8 9 10 1 12 Score %
40)
(TF[‘E;E;’ etal. vyoly [y [ N |y | Yy [Ny Y [ Y [ MY | a2 75 v
(41)
(E;%aéfary etal. y y y N y Y | NR | Y y Y O NR | Y | w2 75 v
“2)
“(";gg;’k stal. vy [y [Ny [ Y [ W | Y | Y | Y |wNm]| Y | 90 75 v
43)
ﬁ’l 'Sg)et al YLy [y [N |y Y [N Y Y [ Y [ NRY | 2 75 v
(44)
@1 'S‘B)Et al! yoly [y [ N |y |y [N Y Yy [ Y [ MY | a2 83 v
(45)
(Cpfgg)e‘ a Y Ly |y [Ny [y |y |y | Y| Y |NW]|VY |02 75 B
Selection Comparability Outcomes
Result of Comparability
Selection of | Selection of the interest was of cohorts OUeome Follow-u Score Level of
the exposed | nonexposed Exposure | notpresentat | basedonthe | o bt | Follow-uptime | Do acp STRENED
cohort cohort the beginning design or quacy
analysis
i @ v
E;o(;)rela etal. * * * * * * "6/9
Wald et al.” g !
s * * * * * 5/9

PDO = prospective descriptive observational; PC = prospective cohort; N = no; NR = not reported; Y = yes. Criteria: 1 = reported study objective; 2 = relevant literature background; 3 = sample description; 4 = sample size
justification; 5 = reliable and valid results measurements; 6 = intervention description; 7 = contamination and cointervention; 8 = statistical significance; 9 = appropriate analysis method(s); 10 = clinical significance; 11 =
drop-outs; 12 = appropriate conclusions. *Scale modified by Machotka et al. (2009).%? This modified tool has 12 criteria that assess methodological elements of the studies. In this tool, each affirmative answer gets a score
of 1 point, and the total score, which can reach 12 points, is converted into a percentage (0 to 100%). °Newcastle-Ottawa Scale,*® which is specific for study type. This scale evaluates three great domains: patient selection
(0 to 4 stars); comparability of patients in the cohorts (0 to 2 stars); and outcomes (0 to 3 stars). The maximum possible score is 9 points. Scores for cohort studies and for prospective observational studies are not directly

comparable.

neric evaluation scale adapted by Machotka et al.,
with five studies obtaining a score of 9 points@®4%-49)
and one showing a score of 10 points“? out of 12
possible points (Chart 1). Regarding the risk of bias
in the selected studies, it was observed that the reli-
ability of the studies can be slightly questioned in all
of them, given the presence of uncertain risk of bias
or high risk of bias, especially regarding selection
(not informing about drop-outs or not recruiting
an adequate control group), confusion biases, and
incomplete outcomes data.

Chart 2 shows a synthesis of the main charac-
teristics of the studies included in the qualitative
analysis, in publication chronological order.®74-4)

The selected studies were published between
2001 and 2015.%7264-49 Half of the investigations
were carried out in the United States,”#2%49 two
in the United Kingdom,“**? one in Germany,“”
and one in Saudi Arabia.“" Each one of the studies
were performed in only one center or institution.
(4.7,26,40-44)

Regarding methodological design, there was a
predominance of prospective descriptive observa-
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tional studies (six),?*“4 of which only one was
randomized.?® The other two studies were pro-
spective cohorts.*” The sample size of the included
studies ranged from 18 to 93 patients, who were in-
fants or children of both genders.®”2¢4%49 The age
of the infants/children evaluated in the studies was
between two days and 15 years, and all the partici-
pants were submitted to surgeries to fix congenital
heart disease and received postoperative intensive
care in PICU.

In most of the studies (seven),”?*4-49 the pedi-
atric patients were submitted to the intraoperative
CPB technique during a surgery to treat congeni-
tal heart disease. This technique was not applied in
only one study in the sample.’ Several congenital
heart diseases were examined in the studies, both
those with a cyanotic and an acyanotic clinical pro-
file, such as: ventricular septal defect, pulmonary
artery insufficiency, double-outlet right ventricle,
tetralogy of Fallot, atrioventricular canal, pulmo-
nary artery stenosis, mitral regurgitation, pulmo-
nary atresia, transposition of the great vessels, het-
erotaxy (presence of a single ventricle), double-inlet



Chart 2. Characteristics of the studies included in the integrative review.

Souza AR, Lima RA, Lopes-Junior LC

Reference/ Objectives Sample/ Evaluated biomarkers | Blood collection protocol Anglyzed i Main results
Country Average age variables
Trotter et al.* | To investigate the plasma n=18 Progesterone, IL-8, Immediately before CPB time; aortic After CPB, all the patients showed an increase in
(Germany) levels of progesterone, IL-8, (10M;8F)/ and IL-10 surgery; after anesthesia | clamp; mechanical the levels of progesterone, IL-8, and IL-10, with
and IL-10 during and after CPB | 19 months induction and heparin ventilation; days in the IL-10 level being considerably higher in girls
in infants/children according (2 months to administration; ten the PICU; and MOD** | (p < 0.05). Six out of ten boys and no girl showed
to gender and PO cardiac 15 years) minutes after the MOD (p = 0.01)
morbidities beginning of CPB;
after disconnecting the
protamine administration
circuit; six hours, one day,
three days, and seven
days after surgery
ElBarbary et | To examine the behavior n=20 IL-1B, TNF-o p55 and | Immediately before CPB; | Hypotension; The levels of the TNF p55 receptor increased
al.tn of the TNF-o. p55 receptor (12M;8F)/ p75 receptors, TNF-t, | two hours and one day coagulopathy; considerably two hours after CPB and remained
(Saudi Arabia) | before and after CPB and 4.4 years IL-6, and IL.-8 after the beginning of CPB | liver dysfunction; stable up to one day after the procedure, showing
its relationship with the kidney dysfunction; a positive correlation with the presence of SIRS
development of cytokinemia respiratory (r=0.74, p=0.0001) and MOD (r=0.84, p
and clinical complications such dysfunction; and = 0.0007). The preoperative levels of the TNF
as SIRS and MOD** capillary leak pb5 receptor were predictors of hypotension,
respiratory dysfunction, and coagulopathy in the
patients (p < 0.005)
Madhok et To measure cytokine levelsin | n =20 TINF-a, IL-18, IL-12, Preoperative (after Diagnosis; CPB time; | The levels of IL-6, IL-8, and IL-10 increased
al.® the PO period of surgeries to | (11M;9F) IL-6, IL-8, and IL-10 anesthesia induction); aortic clamp; days in | considerably in the first PO period (p < 0.01),
(United treat congenital heart disease | 15 months (0.1 one to three days in the the PICU; mechanical | and the IL-8 level showed a positive correlation
States) and correlate them with to 180) PO period ventilation; days in with the need for inotropic support (r= 0.470, p
intraoperative variables and PO the hospital; inotropic | = 0.057) and an inverse correlation with the IL-6
outcomes score; venous oxygen | (r=-0.575; p=0.016) and IL-8 (r=-0.614,
saturation; and lactate | p = 0.009) level and with the venous oxygen
saturation
Allen et al.®> | To determine the relationship | n = 36 IL-10, IL-1 receptor After anesthesia induction | Duration of The response of blood IL-10 (p < 0.001),
(United between IL-10 observed levels, | (21M;15F) antagonist, IL-6, IL-8, | and insertion of the arterial | mechanical TNF-a (p < 0.001), and IL-6 (p < 0.05) to a
Kingdom) the genetic polymorphism 6.5 months and TNF-o. catheter; during the aortic | ventilation; days lipopolysaccharide was reduced up to 50% in the
that influences these levels, (9 days to 24 clamp release; at the end | in the PICU; first PO period in comparison with the response
and the occurrence of severe | months) of CPB; after ultrafiltration; | presence of sepsis; found in the preoperative period. Immunoparalysis
hyperresponsiveness to when arriving at the immunoparalysis; was partially related to high circulating levels of
endotoxin in children submitted PICU; and 2, 4, 8, 14,18, | SIRS; and death IL-10 (p < 0.001), which exposed the patients
to heart surgery with the use 24, and 48 hours after to high risk of complications in the PO period. In
of CPB admission to the PICU addition, the IL-10 GCC genotype seemed to be a
marker for risk of immunoparalysis (p < 0.01)
Allan et al.®® | To evaluate the relationship n=93 CRP, IL-6, IL-8, IL-10, | Before CPB; immediately | Preoperative: The pre-CPB IL-6 and CRP levels were higher in
(United between inflammatory status | (61M;32F) TNF-a, and IL-1p after CPB; and 6, 12, and | use of inotropes young infants (p < 0.001). The levels of IL-6, IL-8,
States) and clinical outcomes in 37 days 24 hours after CPB and mechanical and IL-10 increased in the PO period, but only
infants submitted to GPB (210 264) ventilation, IL-6 (r=0.29, p=0.006) and IL-8 (r= 0.30,
for example; p=0.004) showed a correlation with a longer
intraoperative: PICU stay and the need for hemoderivatives
CPB, aortic clamp, administration. There was a positive correlation
administered between IL-8 and lactate concentration 24 hours
hemoderivatives; PO: | after surgery (r=0.44, p < 0.001)
duration of intubation,
days in the PICU and
the hospital, and
lactate concentration
Wald et al.” | To examine the effect of CPB | n = 52 Total cortisol, globulin- | Preoperative (immediately | Inotropic score*; Decreased levels of globulin-bound cortisol were
(United on the HPA axis, specifically on | (25M;27F) bound cortisol, free after the central hemodynamic associated with a considerable increase in free
States) the adrenal responsiveness, of | 1.6 years (0.4 | serum cortisol, and catheter incision); indexes and use cortisol levels. After stimulation with CPB, they
infants/children with congenital | to 6.5) albumin PO: 30 minutes after of supplementary were associated with worse clinical outcomes,
heart disease submitted to surgery and 60 minutes corticoids; heart such as a longer PICU stay (p = 0.02), higher
surgeries to treat the problem after administration of surgery adjusted inotropic scores (p = 0.05), greater requirement
cosyntropin score risk; duration for isotonic solutions (p = 0.007), and a longer
of mechanical period on mechanical ventilation (p = 0.013)
ventilation; days in
the PICU
Crow et al.“) | To evaluate whether there n=32 Dexamethasone, After anesthesia induction; | Congenital heart The administration of 1 mg/kg of dexamethasone
(United was variability in blood (13M;19F) cortisol, ACTH, IL-6, after ultrafiltration; at the | disease surgery before CPB originated different levels of the drugs
States) dexamethasone levels after the | 199+114 days | IL-8, and IL-10 admission to the PICU; 4, | adjusted score risk; in the infants at the arrival at the PICU, which
administration of a dosage of 1 | (group with a 8,12, and 24 hours after | time of CPB; aortic were highly correlated with the magnitude of
ma/kg before CPB in infants low dexa level) surgery clamp; inotropic the response to stress/cortisol in the PO period
and 225+363 score; duration (p < 0.05). Patients with high dexamethasone
days (group of mechanical levels had lower cortisol levels in the PO period
with a high ventilation; days in in comparison with the baseline levels (pre-CPB)
dexa level) the PICU (p=0.018)
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Continuation.

in the stratification of patients
regarding expected clinical

24, and 28 hours after
surgery

dysfunction score at
the admission to the

Reference/ Objectives Sample/ Evaluated biomarkers | Blood collection protocol Anglyzed e Main results

Country Average age variables

Correia et al.¥ | To evaluate the change in n=28 IL-1 receptor Preoperative (during Congenital heart Arigorous glycemic control did not change the

(United key metabolite levels after (15M;13F) antagonist, IL-6, anesthesia induction); disease surgery response profile of the patients in the PO period

Kingdom) the surgery and examine the 6.6 months IL-8, IL-10, and main | PO: at the admission to adjusted score risk; considerably. Eight metabolites were associated
potential of a metabolic profile | (4.4 to 15.5) metabolites the PICU (zero hour), 6, pediatric organs with the disease severity and the surgery severity

(3-d-hydroxibutirate, acetone, acetoacetate,
citrate, lactate, creatine, creatinine, and alanine).

outcomes

PICU; inotropic score;
lactate; arteriovenous
oxygen saturation;

days outside the PICU

The concentration of IL-6 (r=-0.73, p= 0.026)
and IL-8 (r=-0.76, p=0.017) showed an
inverse correlation with the number of days
outside the PICU, and the IL-6/IL-10 ratio showed
a positive correlation with the plasma lactate level
(p<0.05)

Abbreviations: PO = Postoperative; CPB = cardiopulmonary bypass; CRP = C-reactive protein; IL = interleukine; TNF = tumor necrosis factor; PICU = pediatric intensive care unit; HPA = hypothalamic-pituitary-adrenal axis;

ACTH = adrenocorticotropic hormone; SIRS = systemic inflammatory response syndrome.

*Inotropic score = dopamine x 1 + dopamine x 1 + milrinone x 15 + epinephrine x 100 + norepinephrine x 100 + phenylephrine x 100.

**DMO = multiple organ dysfunction (renal, respiratory, liver, heart, hematologic, and neurological).

left ventricule, hypoplastic left heart syndrome,
anomalous coronary artery, sinus venosus atrial sep-
tal defects, aortic insufficiency/stenosis, total anom-
alous pulmonary venous return, myxoma, truncus
arteriosus, pulmonary artery loop, aortic valve ste-
nosis, complete atrioventricular block, coarctation
of the aorta, foramen ovale, patent arterial duct,
endocardial cushion defect, and rheumatic heart
disease, 7:26:40-44)

In most of the studies (seven),*26:40-44

) the po-
tential biomarkers analyzed were molecules that
participate in immune-inflammatory processes,
mostly proinflammatory cytokines such as IL-1§,
IL-6, IL-8, and IL-12, as well as TNF-a and its re-
ceptor, or anti-inflammatory cytokines, for instance
IL-10. Only one study assessed a single hormonal
biomarker for stress (cortisol) to examine the re-
sponsiveness of the HPA axis.” Two other studies
evaluated both inflammatory and endocrine bio-
markers, such as ACTH“? and progesterone.“”)
The biomarkers were assessed in blood samples
in all the selected studies. The researchers followed
the preoperative and postoperative collection pro-
tocol at regular time intervals up to three days after
surgery to carry out comparative analysis. This tem-
poral analysis was performed to evaluate what the
best time to estimate a clinical worsening in patients
experiencing heart surgery stress is and predict pos-
sible clinical complications and worse prognoses.
Some of the postoperative clinical outcomes and
prognoses that were mentioned and correlated with
the evaluated biomarkers were: MODS;“*4! jatro-

.(49)

genic kidney disease;*? worsening in the venous
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@2 greater need for therapeu-

oxygen saturation;
tic intervention (higher therapeutic intervention
scores);“? higher inotropic score;”*? high risk of
developing SIRS;“V longer PICU stay;"*® greater
fluid requirement;” longer use of mechanical ven-
tilation;” variation in the number of days outside
the PICU;" increased plasma lactate level;“?*® need
for the administration of hemoderivatives;?® and
immunoparalysis and higher susceptibility to hos-

pital-acquired infections.“?

Discussion

Surgical stress triggers a series of hormonal, meta-
bolic, and immune responses by means of the acti-
vation of psychoneuroimmunoendocrine pathways
that affect homeostasis in patients submitted to this
event. Over the past decades, it has been shown that
surgical procedures can activate the HPA axis, caus-
ing an increase in the level of systemic glucocorti-
coids.®” In addition, recent studies have reported
the presence of considerably deregulated levels in
a series of proinflammatory and anti-inflammatory
cytokines in the postoperative period, which are di-
rectly involved in the initiation of an acute inflam-
matory reaction and the modulation of immune

4647 Among these cytokines, some stand

responses.
out, such as IL-6, a representative of proinflamma-
tory mediators that regulate acute inflammatory re-
sponse positively, and IL-10, which acts as a typical
anti-inflammatory cytokine, inhibiting the proin-
flammatory response.!'?



Surgeries to treat congenital heart diseases are
among the causes of greater stress in the pediatric
population in the hospital setting. The challenge of
dealing with this major surgery type, combined with
the exposure to invasive intraoperative procedures,
such as CPB, triggers susceptibility to several physi-
ological disorders that impact the postoperative sta-
bility in infants and children remarkably. Regarding
the CPB procedure specifically, researchers have put
efforts developing studies that address the physio-
logical disorder caused by this stress to the body and
the risk of developing postoperative complications,
leading to worse patient prognoses and increasing
the rates of unfavorable clinical outcomes. 726444849
Multiple factors associated with CPB use contrib-
ute to originating immune deregulation and favor-
ing an acute inflammatory condition, including cel-
lular activation resulting from the contact with the
CPB “foreign” components;*” mechanical shear;®V

(52 53)

reperfusion and tissue ischemia;®? hypotension;'

nonpulsatile perfusion;*¥ hemodilution with rela-

69 administration of hemocomponents

tive anemia;
and/or hemoderivatives;*® administration of hepa-
rin and protamine;®” and hypothermia.®®

In our review, we verified the predominance
of studies that addressed CPB as an inducer of
immune-inflammatory alterations, which were re-
lated to unfavorable clinical conditions, such as:
longer PICU stay;“”?® need for administration of

@9 increase in the postoperative

' higher inotropic scores;"*

hemoderivatives;

4,26

lactate level;" ) great-

er requirement for fluid transfusion;” prolonged

7 impairment of

period on mechanical ventilation;
the cardiopulmonary function;? immunoparalysis
and increased risk of developing hospital-acquired

(43)

infections;*? hypotension, respiratory dysfunction,

and coagulopathy;“" and even severe health prob-
lems, including SIRS“Y and MODS.“4V The rele-
vance of these studies was focused on the identifica-
tion of potential biomarkers for clinical alterations
caused by the cardiac surgery procedure and CPB as
a predictive tool of clinical outcomes.

Regarding immunological imbalance caused by
surgical stress, the cytokines IL-6, IL-8, and IL-10

4,26,40,42,43

stood out in five analyzed studies ) as key

molecules in the response to stressors. Analysis of
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these studies indicated the important role of post-
operative clinical condition worsening signaling
that these cytokines modulate, given that there was
an increase in the level of the proinflammatory cy-
tokines IL-6 and IL-8 after CPB, which significant-
ly correlated with a longer PICU stay, the need for
administration of hemoderivatives, the increase in
plasma lactate levels, the need for a greater inotro-
pic support, and a greater impairment of the pul-
monary function.*?**? The exacerbated IL-10 re-
sponse, in turn, predisposed the patients to a state
of multiple organ dysfunction®”’ and immunopa-
ralysis.*?

In addition, tumor necrosis factor-X completed
the set of proinflammatory cytokines evaluated for
having the potential to predict postoperative car-
diac surgery complications.?**“*¥ However, it was
its soluble receptor with a mass of 55 kD (p55sR),
found in high concentrations in the postoperative
period, that effectively showed to be involved in un-
favorable clinical outcomes in children submitted
to surgeries to fix congenital heart disorders com-
bined with CPB. High levels of this soluble receptor
were associated with predisposition to cytokinemia
(increase in the number of cytokines and their re-
ceptors in the circulation) and the development
of SIRS and MODS. When in high levels in the
preoperative period, this soluble receptor correlated
with complications such as hypotension, respirato-
ry dysfunction, and coagulopathy.“"

Regarding the alterations in the metabolism of
patients submitted to stressful conditions, several
studies highlighted metabolites in altered levels that
hinder the body from recovering from some diseas-
es and surgeries and may even lead to clinical condi-
tions that pose risk of death.®%%3 A study” empha-
sized the need to show specifically which metabolites
are involved in the clinical conditions in children
submitted to intraoperative CPB to make it possible
to predict worse clinical outcomes for intervention.
In this study, the authors found that eight metabo-
lites were associated with the heart disease severity
and the surgical severity (3-d-hydroxibutirate, ace-
tone, acetoacetate, citrate, lactate, creatine, creati-
nine, and alanine). These metabolites were directly
associated with the number of days during which
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the patients received pediatric intensive care outside
the PICU, as well as with the inotropic score of each
patient. Overall, ketone bodies seemed to be related
to better surgical outcomes, whereas citrate, lactate,
alanine, and the creatinine/creatine ratio showed an
inverse profile. The researchers suggested, from the
reported results, that a metabolic profile could be a
clinically relevant tool to stratify patients regarding
their capacity to respond positively or negatively to
a surgery to treat a congenital heart disease.”

With regards to endocrine alterations and their
effects on the body as a response to stressors, the
selected studies examined hormones whose par-
ticipation in neuroendocrine pathways that play a
role when the body is experiencing stress has been
well established, such as cortisol and its stimulator,
ACTH,"® as well as progesterone™” and its rela-
tionship with heart surgery postoperative clinical
outcomes. These studies demonstrated that these
molecules can be used as important biomark-
ers in the preventive detection of physiological
complications.

When the body is reacting to surgical stress,
glucocorticoids play several roles in the aggression
caused by CPB. They modulate the body’s inflamma-
tory answer, stimulate the release of anti-inflamma-
tory cytokines, limit capillary permeability, promote
vasomotor tone, and sensitize adrenergic receptors

1510 Crow et al.“Y questioned

in the myocardium.’
the indiscriminate use of corticoid-based drugs in
the prevention of post-CPB inflammatory processes
after showing that alterations in postoperative cor-
tisol levels were observed when a standard dosage of
1 mg/kg of dexamethasone was administered before
heart surgery and CPB. This study reported that
high levels of dexamethasone were associated with
cortisol response suppression in the postoperative
period, which predisposed the patients to a period
of adrenal insufficiency that could impact postsur-
gical stability and recovery because of an exacerbat-
ed inflammatory response of the body. As found in
another study analyzed in the present review, high
serum free cortisol concentrations after stimulation
with CPB were associated with worse postoperative
clinical outcomes in infants and children, including
a longer PICU stay, higher inotropic scores, greater

m Acta Paul Enferm. 2021; 34:eAPE00171.

requirement for fluids, and a longer period on me-
chanical ventilation.”

Interestingly, progesterone, a sexual steroid with
potential to suppress the production of proinflam-
matory cytokines, was analyzed when in association
with IL-10 to verify a possible sexual difference
in the response to multiple organ dysfunction.“”
However, this study found no statistically significant
correlation between the hormone and the multiple
organ dysfunction condition, probably because of
the small sample size. In contrast, it was observed
that increased IL-10 levels in girls conferred them a
protection factor for the disease in comparison with
the result obtained for the boys, given that no girl
had multiple organ dysfunction while six out of ten
boys had this postoperative clinical complication.

The present review identified the predominance
of prospective descriptive observational studies (six

articles)®4%

, classified as having a level of evidence
equal to IV (weak).®” This draws attention to the
need to carry out randomized controlled trials that
are properly designed and have representative sam-
ples, with high internal validity and low risk of bias,
to allow the evidence concentrated on the identi-
fication of potential biomarkers that are clinically
important for predicting clinical outcomes to be ex-
trapolated to the population of infants and children
submitted to heart surgeries and intensive care.
Most of the studies included in the present re-
view had reduced samples (n < 30), which did not
represent the population, and did not show how
the sample calculation was performed. To minimize
type I and type II errors and increase the accuracy
of the results found, the authors suggest that new
studies be carried out, mainly randomized clinical
trials with adequate sample size. In addition, most
studies did not have a control group and did not
provide a description of the patients who were ex-
cluded or dropped-out in their methodology sec-
tion, which indicates a selection bias. Together with
the methodological limitations, the risks of uncer-
tain bias found in the analyzed studies reduce the
reliability of the evidence gathered in the present re-
view, pointing out the need to carry out new exper-
imental studies to confirm these results. Other lim-
itations of the present review include the restriction



in the studies’ publication year (between 2000 and
2019), because there could be studies that preced-
ed heart surgeries and that were designed when the
discussions about the clinical outcomes in the post-
operative period had already begun. Consequently,
the results of the present review must be evaluated
with caution, because a considerable diversity of
biomarkers, protocols, and number of participants
was found, which makes the result generalization
difficult.

Despite the limitations shown in each study, the
present review was able to gather the main publi-
cations that reported findings on potential bio-
markers that are clinically relevant for a possible
management of postoperative cardiac surgery clin-
ical outcomes in infants and/or children under in-
tensive care. These studies contribute to diagnostic
and prognostic progresses as they can allow health
professionals who work in PICU to deal with the
prediction of preventable physiological stresses and
postoperative complications more effectively, de-
livering more safety as well as timely recovery to
patients.

Conclusion

Cardiac surgery and CPB, often required in the re-
pair of congenital heart problems in infants and
children, are a stress to the body and originate phys-
iological stress, with immunological, metabolic, and
endocrine alterations. Analysis of potential biomark-
ers, especially cytokines IL-6, IL-8, and IL-10, cor-
tisol, and lactate suggested that these molecules can
be protagonists in the elucidation of the mechanisms
underlying postoperative cardiac surgery clinical out-
comes in infants and children under intensive care
and identify patients showing a high risk of develop-
ing postoperative clinical complications. These mol-
ecules can take on a protective role that is suitable
in these situations and may be used in the future as
alternative diagnostic and prognostic tools in a pre-
ventive protocol by health professionals who provide
pediatric intensive care. However, further studies,
especially well-designed randomized clinical trials,
must be performed to bridge the gap in the scientific
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literature, focusing on the effectiveness, sensitivity,
and specificity of the clinically relevant potential bio-
markers mentioned in the present review.
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