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ORIGINAL ARTICLE

Functional deficit in children with congenital

heart disease undergoing surgical correction after

intensive care unit discharge

Déficit funcional em criangas com cardiopatias congénitas

submetidas & corregdo cirirgica apds alta da unidade de terapia

intensiva

ABSTRACT

Objective: To evaluate the functional
status of pediatric patients undergoing
congenital heart surgery after discharge
from the intensive care unit, and to
evaluate the correlations among clinical
variables, functional status and surgical
risk.

Methods:  Cross-sectional  study
including patients aged 1 month to less
than 18 years undergoing congenital
heart surgery between October 2017
and May 2018. Functional outcome was
assessed by the Functional Status Scale,
surgical risk classification was determined
using the Risk Adjustment for Congenital
Heart Surgery-1 (RACHS-1), and clinical
variables were collected from electronic
medical records.

Results: The sample comprised 57
patients with a median age of 7 months

(2 - 17); 54.4% were male, and 75.5%

showed dysfunction, which was moderate
in 45.6% of the cases. RACHS-1 category
> 3 was observed in 47% of the sample,
indicating higher surgical risk. There
was a correlation between functional
deficit and younger age, longer duration
of invasive mechanical ventilation and
longer intensive care unit stay. Moreover,
greater functional deficit was observed
among patients classified as RACHS-1
category > 3.

Conclusion: The prevalence of
functional deficit was high among
children and adolescents with congenital
heart disease after cardiac surgery. Higher
surgical risk, longer duration of invasive
mechanical ventilation, longer intensive
care unit stay and younger age were
correlated with worse functional status.

Keywords: Intensive care units,
pediatric; Heart defect, congenital;
Thoracic surgery; Risk factors; Child

INTRODUCTION

Congenital heart defects are structural heart defects; they are the most
common congenital abnormality.’) They have a prevalence of approximately
9.1 per 1,000 live births” and have a negative impact on healthcare systems,
as they are associated with high rates of associated chronic diseases and motor
development delays and an increased number of annual medical visits.? In
most cases, treatment includes surgical correction with consequent admission
to the pediatric intensive care unit (ICU).®) With the technological advances in
the ICU setting, the mortality rate has decreased considerably in recent decades,
but there has been an exponential increase in perceived morbidity after hospital

discharge.®?
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Cardiac surgery has intrinsic risks due to the large
number of anatomical abnormalities in these patients,
which require highly complex and specific surgical
techniques.®® The Risk Adjustment for Congenital Heart
Surgery (RACHS-1) method has been reliably used to
assess the surgical risk and likelihood of death in these
patients, with evidence showing a direct association with
postoperative functional outcomes.®® However, this risk
assessment method does not consider factors inherent to
pediatric heart surgery or to the postoperative period, such
as gestational age, nutritional status, use of extracorporeal
circulation (ECC) and invasive mechanical ventilation
(IMV)“* and length of hospital stay.®'"

Interventions performed during hospitalization*'¥
can cause deficits in the overall functional status of
children.®!%19 Studies have shown that functional decline
is directly influenced by clinical variables®'” and by risks
inherent to the medical intervention and the underlying
disease.!”

Considering the presence of functional decline, the
Functional Status Scale (FSS) was developed for use with
children aged between 1 month and less than 18 years
to measure functional status in activities of daily living
(ADL) based on the adaptive behavior concept."® The
ESS was recently validated for the Portuguese language,"”
and recent studies using this scale have shown functional
decline after discharge from the pediatric ICU, with a
prevalence ranging from 4.6%"” to 82%."9 Factors such
as age, primary dysfunctional system, length of hospital
stay and duration of IMV have a direct influence on the
onset of deficits.!#1>17)

Studies of functional outcomes after pediatric ICU
stay have gained prominence recently, but they have
include patients with a wide range of illnesses.?*?? In
Brazil, studies on functional deficits in specific illnesses
are scarce," making it difficult to identify potential risk
groups and factors that may be associated with worsened
functional status after discharge from the pediatric ICU.

The primary objective of the present study was to evaluate
the functional status of pediatric patients after discharge from
ICU who undergoing cardiac surgery and to determine the
possible correlations with clinical variables and surgical risk.
The secondary objective was to compare clinical variables
and surgical risk among individuals with different degrees of
impairment on the FSS-Brazil.

METHODS

A cross-sectional analytical study was conducted at
Hospital da Crianga Santo Antonio, Irmandade da Santa
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Casa de Misericérdia hospital complex (ISCMPA), from
June to August 2018. The study was approved by the
Research Ethics Committee of Hospital da Crianca Santo
Anténio - Santa CasalRio Grande do Sul, under opinion
2.025.679.

The population comprised all children undergoing
surgery to correct congenital heart disease between
October 2017 and May 2018. Children of both sexes
aged between 1 month and less than 18 years who
underwent a surgical procedure for congenital heart
disease correction included in the RACHS-1 and who
were admitted to the pediatric ICU after the procedure
for longer than 24 hours were included. Parents or
guardians who agreed to their children’s participation
in the study signed an Informed Consent Form.
Patients who were readmitted to the pediatric ICU
within less than 24 hours were excluded.

The clinical variables assessed included age at
discharge from the pediatric ICU (months), weight
(kg), height (cm) and Z-score (at discharge from the
pediatric ICU), gestational age (weeks), sex, birth
weight (kg), surgery duration, duration of ECC
(minutes), length of stay in the pediatric ICU (during
the pre- and postoperative periods), duration of IMV
(in the pre- and postoperative periods), duration of
noninvasive mechanical ventilation (in the pre- and
postoperative periods), postoperative complications,
presence of comorbidities and clinical diagnosis.

The World Health Organization (WHO) software
WHO Anthro was used to calculate the Z-scores of
patients up to 60 months old, and WHO Anthro
Plus was used for patients over 61 months of age; the
“anthropometric calculator” module of both programs
was used. The analyzed Z-score corresponded to the
body mass index (BMI) for age of the entire study

sample. 29
Postoperative complications were defined as
unfavorable clinical events that occurred after

the surgical procedure that were not present
during the preoperative period, such as sepsis,
atelectasis, pneumonia, renal and respiratory system
abnormalities, and other complications. To identify
prior comorbidities, the presence of diseases before the
surgical procedure was analyzed.

Surgical risk was assessed using the RACHS-1 method,
which assesses the risk of mortality based on the surgery
the patient underwent. It was developed for use in children
(ages zero to less than 18 years) undergoing surgery for
congenital heart disease. The RACHS-1 is composed of six
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categories (1 - 6), and the higher the category, the greater
the risk to which the child is exposed. In cases in which
more than one procedure was performed, the highest risk
category was used. In the present study, we categorized the
RACHS-1 into categories 1, 2, 3 and > 3.%

Functional status was assessed within 48 hours after
discharge from the pediatric ICU using the FSS-Brazil,
which consists of six domains of functioning: mental
status, sensory, communication, motor function, feeding
and respiration. Each domain is scored from 1 to 5
(normal function and mild, moderate, severe and very
severe dysfunction), resulting in final scores ranging
from 6 to 30. The higher the score is, the worse the
functional status of the patient."® For the present study,
the outcome was analyzed in two distinct ways: we first
grouped the scores into levels of dysfunction, i.e., no
dysfunction (6 - 7), mild dysfunction (8 - 9), moderate
dysfunction (10 - 15), severe dysfunction (16 - 21) and
very severe dysfunction (> 21), a classification method
used in previous studies."*'” Secondly, we dichotomized
functional status into adequate function/mild dysfunction
and moderate/severe dysfunction.

Information on the surgical procedure and patient
clinical variables were collected by the responsible
investigator from the electronic records in the Tasy
system used at Sanmta Casa Hospital Complex. There
was no investigator blinding to the RACHS-1 category.
Functional status was assessed using the FSS-Brazil by
an investigator who was blinded to the objectives and
variables of the present study.

Statistical analysis

Data are presented as the median and interquartile
range for continuous variables and as relative and
absolute frequencies for categorical variables. Analysis of
the correlations between continuous variables and the
functional score was performed using the Spearman test.
Values of 0.30 - 0.50 (-0.30 - -0.50) were indicative of
weak correlations; 0.50 - 0.70 (-0.50 - -0.70) indicated
moderate correlations; and 0.70 - 0.90 (-0.70 - -0.90)
indicated strong correlations.?® To evaluate the differences
between the functional deficit groups (adequate function/
mild dysfunction wversus moderate/severe dysfunction),
the Mann-Whitney U test was used for continuous
variables, and the chi-square test was used for categorical
variables. The statistical software Stata 14.0 was used, and
a significance level of 5% was adopted.
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RESULTS

The total sample consisted of 75 patients, 18 of whom
were excluded (mostly because the surgical procedure they
underwent was not included in RACHS-1); thus, a total
of 57 patients were included in the present analysis. The
characteristics of the sample are shown in table 1.

Comorbidities were observed in 59.6% of the sample,
and Down syndrome with or without other comorbidities
and prematurity were the most frequent (12.3%).
Other syndromes were present in 5.3% of patients,
and malformations were present in 3.5%. Postoperative
complications were present in 87.7% of patients; the
respiratory and renal systems were the most frequently
involved, affecting 40.4% and 35.1% of the sample,
respectively. Sepsis was diagnosed in 33.3% of the patients,
pneumonia in 19.3%, and atelectasis in 14%.

Table 1 - Sample characteristics

Characteristic

Age (months) 7.0(2.0-17.0)
Male sex 31 (54.4)
Birth weight (kg) 3.0(25-34)
Term gestational age 30 (62.5)
Z-score (BMI-for-age)
Eutrophic 11 (31.4)
Underweight 16 (45.7)
Extremely underweight 8(22.9)
Congenital heart disease
AVSD + abnormal communication 1(1.8)
Complex cardiomyopathy 6 (10.5)
Aortic coarctation 6 (10.5)
Interatrial communication + interventricular communication 8 (14.0)
Fallot’s tetralogy 11 (19.3)
AVSD 7(12.3)
Interventricular communication 7(12.3)
Interatrial communication 3(5.3)
Transposition of the great arteries 2 (3.5)
Other 6 (10.5)
ECC duration (minutes) 105.0 (82.0 - 134.0)
Length of ICU stay (days) 8.0 (5.0 - 25.0)
IMV duration (days) 3.0(0.3-8.0)

RACHS-1 category
>3 27 (47.4)

BMI - body mass index; AVSD - atrioventricular septal defect; ECC - extracorporeal
circulation; ICU - intensive care unit; IMV - invasive mechanical ventilation. The results are
expressed as the median (25 - 75% interquartile range) or n (%).




The functional outcome after discharge from the
pediatric ICU, analyzed in terms of the degree of
dysfunction, is shown in figure 1. We observed a high
prevalence of functional deficit, with the mild and
moderate degrees being the most prevalent. No patient
presented very severe dysfunction.

A positive correlation was observed between surgical
risk, duration of ECC, length of stay in the pediatric
ICU and duration of IMV in the postoperative period
and the total functional score (Table 2), demonstrating
that an increase in each of these variables was associated
with a worse functional prognosis. Age had an inverse
correlation, indicating that younger children had worse
functional status.

Analyzing functional status in the dichotomized form,
30 patients had adequate function/mild dysfunction,
and 27 had moderate/severe dysfunction. We found no
difference between the groups in regard to gestational age:
8 (38.1%) patients were born preterm and 13 (61.9%)
were born at term in the group with adequate function/
mild dysfunction compared to 10 (37.0%) premature
infants and 17 (63.0%) term infants among the patients
with moderate/severe dysfunction (p = 0.940). In the
group with adequate function/mild dysfunction, 9
patients (33.3%) were classified as RACHS-1 category
> 3 compared to 18 patients (66.7%) in the group with
moderate/severe dysfunction, and the difference between
the groups was significant (p = 0.006).

Figure 2 shows the clinical variables according to
functional categories. The median age was 14.5 (6 - 49)
months in the adequate function/mild dysfunction group
and 5 (2 - 7) months in the moderate/severe dysfunction
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Figure 1 - Degree of dysfunction after discharge from the pediatric intensive care
unit. FSS - Functional Status Scale.
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Table 2 - Correlations between functional status and clinical variables

FSS total score

Variable

Correlation coefficient* p value
Age -0.483 < 0.001
RACHS-1 0.437 0.001
ECC duration 0.359 0.018
Postoperative length of ICU stay 0.648 < 0.001
Postoperative IMV duration 0.683 < 0.001

FSS - Functional Status Scale; RACHS-1 - Risk Adjustment for Congenital Heart Surgery-1;
ECC - extracorporeal circulation; ICU - intensive care unit; IMV - invasive mechanical
ventilation. *Spearman.

group (p = 0.001). Duration of ECC was similar between
the groups (p = 0.114): 95 (75 - 129) minutes for the
patients with a better functional outcome and 121 (98
- 148) minutes for the patients with a worse functional
outcome. The length of stay in the pediatric ICU was
higher in the moderate/severe dysfunction group than in
the group with adequate function/mild dysfunction: 18
(12 - 35) days versus 2 (3 - 7) days, respectively; p < 0.001.
Regarding the duration of IMV in the postoperative
period, there was also a significant difference between
groups: the group with a better functional outcome was
on IMV for 0.52 (0.08 - 2.0) days, and the group with
worse functional outcome was on IMV for 8 [5 - 20] days
(p < 0.001).

DISCUSSION

The development of morbidities after a stay in
the pediatric ICU has been reported in previous
studies,®>!41>2020 but for a wide range of diseases/
situations. Considering this scenario, the present study is
the first to investigate the functional status of pediatric
patients with congenital heart disease who have undergone
surgery and were admitted to the pediatric ICU using the
FSS-Brazil. Dysfunction was observed in the majority of
the sample, and a moderate degree of dysfunction was the
most prevalent. In addition, worse functional status was
observed among younger patients with a higher surgical
risk according to the RACHS-1, a longer IMV duration
and a longer stay in the pediatric ICU after surgery.

The high prevalence of moderate dysfunction found
in the present study corroborates the results of previous
studies.*!> Pereira et al. applied the FSS after discharge
from a Brazilian pediatric ICU and found that most of
the sample had moderate dysfunction."? Similarly, the
study by Pollack et al. showed that a moderate degree of
dysfunction was the most prevalent in patients soon after
discharge from an American pediatric ICU. However, at
the time of hospital discharge, there was an improvement

Rev Bras Ter Intensiva. 2020;32(2):261-267



265 Schunck ER, Schaan CW, Pereira GA, Rosa NV, Normann TC, Ricachinevsky CP, et al.

Ape (mathn)
100

S 1
.
.
5 r—

150
M

(CC duration (mim)
100
N

--

Moderate - Severe dysfunction

Adequate - Mild dysfunction

Adequate - Mild dysfunction Moderate - Severe dysfunction

* C

.

80 100

60

Length of ICU stay (days)
40
2

"o

20

.

e——

Adequate - Mild dysfunction Moderate - Severe dysfunction

oy D

“0

1INV duration (days)
0

g.
L ]
e .
t
ol T

Adequate - Mild dysfunction Moderate - Severe dysfunction

Figure 2 - Clinical variables according to dysfunction groups. (A) Age in months; *p = 0.001; (B) duration of extracorporeal circulation in minutes; (C) length of intensive
care unit stay in days; *p < 0.001; (D) duration of invasive mechanical ventilation in days; * p < 0.001. ECC - extracorporeal circulation; ICU - intensive care unit; IMV - invasive mechanical

ventilation.

in the functional deficit."” Although the studies by
Pereira et al. and Pollack et al. have results similar to ours,
it is important to note that both analyzed patients who
were admitted to the pediatric ICU for various reasons,
and in the present study, we included only patients in the
postoperative period of cardiac surgery.

The literature shows that after a stay in the pediatric
ICU, children present important functional impairment,
regardless of their underlying diagnosis. Possible risk
factors for functional deficit include the pediatric ICU
environment, which is poorly conducive environment
to child development; the intensive monitoring; and the
constant noises and light.?” In addition, the presence of
drains, catheters and tubes, excessive use of sedatives, and
the children’s fragile condition limit patients’ exploration
of the environment and of their physical potential.*®

In the present study, a higher RACHS-1 category
correlated  negatively with the childs functional
performance, although this correlation was weak. Previous
studies have shown that cardiac surgery is a risk factor
for the development of functional deficits.®!> Berger et
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al.® found that the higher the RACHS-1 category was,
the higher the functional deficit rate, which may vary
from 1.8% to 13.9% for those in the highest category.
In a study of pediatric patients with congenital heart
disease undergoing surgery, Polito et al.* concluded that
a higher RACHS-1 category represented a higher risk
of needing IMV for a period equal to or greater than 7
days. This finding indicates that factors related to cardiac
surgery, such as its degree of complexity, affect the clinical
care and interventions that children require during the
postoperative period and may result in increased morbidity
and significant functional decline.

Clinical variables such as the length of pediatric ICU
stay and the duration of IMV after surgery were moderately
correlated with worse functional performance, showing
the increased impact of these factors on the functional
status of children. Similar to our findings, Bone et al.*”
found three risk factors for the development of functional
deficits: emergency admission, longer time on IMV and
longer length of pediatric ICU stay. Using the Pediatric
Overall Performance Category (POPC) scale, they



demonstrated a 23% incidence of dysfunction in patients
with these risk factors, compared to an incidence of only
8.3% in the group that did not have these conditions.
Age also showed a weak correlation with functional
outcome, with younger individuals presenting a higher risk
of dysfunction.*" In younger children, the body systems,
such as the respiratory system, are immature and fragile. In
addition, neonates naturally present lower antioxidant and
body self-regulation capacity, predisposing certain systems to
injury, especially when associated with major heart surgery.
The neurological system may be negatively affected given
the changes that occur in brain perfusion and oxygenation.
60 These factors may contribute to a more complicated
postoperative period considering the lower efficiency and
availability of children’s body mechanisms, which hinder faster
recovery after physical stress and lead to a longer duration of
IMV and, consequently, a longer stay in the pediatric ICU.
We found a correlation between the duration of
ECC and the FSS-Brazil total score, but the correlation
coefhicient was weak. Children who underwent ECC
for longer exhibited worse functional status due to the
influence of ECC on the duration of IMV, the length of
pediatric ICU stay and complications.®'*? In the present
study, none of the dysfunction groups showed differences
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in ECC duration. This finding may be related to the fact
that when we dichotomized the dysfunction variable, the
ECC duration was very similar between the groups, with
little variability.

The present study has some limitations, such as the
lack of comparison of the functional status of the sample
before and after surgery; thus, it is not possible to establish
the incidence of functional deficits. However, because it
was a cross-sectional study, this limitation is associated
with the nature of the study only.

CONCLUSION

Moderate dysfunction was the most prevalent degree
of dysfunction in the pediatric population discharged
from the pediatric intensive care unit after undergoing
surgery for congenital heart disease. Possible risk factors
for functional deficits were surgical risk, younger age,
and longer invasive mechanical ventilation duration and
length of pediatric intensive care unit stay. Considering the
accelerated development and growth of children, future
studies monitoring the progression of children’s functional
status after pediatric intensive care unit discharge are
needed to guide the implementation of early intervention
plans.

RESUMO

Objetivo: Avaliar a funcionalidade de pacientes pedidtricos
submetidos a correcio cirtrgica de cardiopatia congénita apds a
alta da unidade de terapia intensiva e as possiveis correlagdes com
varidveis clinicas e risco cirtrgico.

Métodos: Estudo transversal, que incluiu criangas entre 1 més
e 18 anos incompletos, que realizaram cirurgia para corregio de
cardiopatia congénita, no periodo de outubro de 2017 até maio
de 2018. A avaliacio da funcionalidade foi realizada por meio da
Functional Status Scale, a avaliagio do risco cirdrgico se deu pelo
Risk Adjustment for Congenital Heart Surgery-1 (RACHS-1), e as
varidveis clinicas foram obtidas do prontudrio eletrénico.

Resultados: A amostra foi composta de 57 criangas, com
mediana de idade de 7 (2 - 17) meses, sendo 54,4% do sexo
masculino. Dentre as criangas, 75,5% apresentaram alteracio

na funcionalidade, e 45,6% delas tiveram disfun¢io moderada.
Cerca de 47% da amostra apresentou classificagio RACHS-1 >
3, indicando maior risco cirtirgico. Maior déficit funcional foi
associado a criangas mais novas, com maior duragio da ventilagao
mecAnica invasiva e do tempo de internagio na unidade de terapia
intensiva. Além disso, maior grau de disfuncio foi observado
entre aqueles classificados com RACHS-1 > 3.

Conclusao: A prevaléncia de disfungio foi elevada em criancas
e adolescentes com cardiopatia apds cirurgia cardiaca. Maior risco
cirtrgico, duragio da ventilagio mecanica invasiva, permanéncia
na unidade de terapia intensiva e os mais jovens apresentaram
associagdo com pior desempenho funcional.

Descritores: Unidades de terapia intensiva pedidtrica;
Cardiopatias congénitas; Cirurgia tordcica; Fatores de risco;
Crianga
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