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NEUROPSYCHOMOTOR DEVELOPMENT BEFORE
AND AFTER OPEN-HEART SURGERY IN INFANTS

Tais Sica da Rocha', Ana Guardiold?®, Jefferson Pedro Piva’,

Cldudia Pires Ricachinevski’, Aldemir Nogueira®

Abstract — There are few Brazilian studies on neuropsychomotor follow-up after open-heart surgery with
circulatory bypass in infants. Twenthy infants had neurodevelopmental outcomes (neurological exam and
Denver Il test) assessed before open-heart surgery, after intensive care unit discharge and 3—6 months after
hospital discharge. Heart lesions consisted of septal defects in 11 cases (55%). The mean circulatory bypass time
was 67123.6 minutes. Fifteen infants had altered neurological examination and also neurodevelopment delay
before surgery. After 6 months it was observed normalization in 6 infants. When Denver Il test indexes were
analysed, it was observed an improvement in all domains except personal-social. Although those infants were
in risk of new neurological findings, an early improvement on neuropsychomotor indexes were seen.
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Desenvolvimento neuropsicomotor de lactentes antes e apés cirurgia cardiaca

Resumo - As alteragdes neuroldgicas em lactentes com cardiopatia congénita podem agravar seu quadro
clinico e levar a sequelas permanentes. Foi realizada uma coorte prospectiva, com 20 lactentes, com idade
média de 6,7+4,2 meses, avaliando-se o perfil de desenvolvimento e o estado nutricional. Utilizou-se o exame
neuroldgico e o teste de Denver Il. Os testes foram aplicados 24h antes da cirurgia, na alta da unidade de
terapia intensiva e 3 a 6 meses apds. Os defeitos septais ocorreram em 11 casos (55%). O tempo médio de
circulagao extra-corpérea foi de 67ff123,6 minutos. Quinze criangas tinham exame neurolégico alterado e
atraso no desenvolvimento neuropsicomotor antes da cirurgia, cuja normalizacao foi observada somente em
seis apds 6 meses .Quanto aos indices de Denver Il, houve aumento em todos dominios, exceto o pessoal-
social. O escore Z médio para peso antes da cirurgia foi —2,814+1,98 e ap6s —1,08+1,47 (p<0.05), o qual foi
realizado em média 5.211.5 meses apos a alta hospitalar. Melhora precoce tanto no desenvolvimento como
no estado nutricional pode ser observada neste grupo de lactentes apds a correcao cirurgica.

PALAVRAS-CHAVE: cirurgia cardiaca, atraso no desenvolvimento neuroldgico, teste de Denver Il, cardiopatia

congénita.

Corrective cardiac surgery involves a series of com-
plex and high risk procedures and a large number of them
expose the brain to hypoxic ischemic insults'. Prospective
studies have shown that 100% of children who undergo
cardiac surgery present with central nervous system dys-
functions in the immediate post-operative period” as a
consequence of alterations in the cerebral blood flow. If

the hypoxic ischemic insult is acute and extensive, the
patients may not regain consciousness in the immediate
post-operative period and stand increased chances of ir-
reversible sequelae. Some of the neurological findings that
may be observed are seizures, alterations of conscious-
ness, behavioral disorders, intellectual impairment, focal
deficit, involuntary movements, and lesions to the periph-
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eral nervous system. Recent studies have assessed the in-
fluence of diverse circulatory bypass techniques on the
neuropsychomotor development of newborns with trans-
position of the great arteries". More recently, the reper-
cussions of circulatory bypass and moderate hypotherm-
ia for the correction of common defects, such as septal
defects and tetralogy of Fallot, have been studied’™. It
is known that infants with congenital heart disease have
low weight gain"°. After the surgery, nutritional devel-
opment is restored. The positive relation between nutri-
tional status and delayed psychomotor development was
only determined in preschoolers years after the surgery.
Breakthroughs in diagnosis, in early indications, as well
as in the field of cardiac surgery and post-operative care
result in increased survival rates among patients with con-
genital heart disease. These children often develop neu-
rological alterations brought on by pre-operative, trans-
operative and post-operative factors. Such neurological
complications may aggravate the patientsi clinical condi-
tion and subsequently their prognoses; hence the impor-
tance of their investigation in order to avoid sequelae”.
This study was carried out in order to assess the impact
of cardiac surgery on the nutritional status and psycho-
motor and neurodevelopment in infants who underwent
circulatory bypass with moderate hypothermia after 6
months from surgery performed before 24 months of age.

METHOD

A prospective series of cases was carried out with cardiac
surgery patients who were consecutively admitted at the pedi-
atric intensive care unit (ICU) of the Hospital da Crianga Santo
Anténio, which integrates the Complexo Hospitalar Santa Ca-
sa in Porto Alegre.

Sample

All patients aged 1 month to 2 years who underwent cardi-
ac surgery with circulatory bypass and were admitted consec-
utively in the period between April 2001 and September 2002
were included in this study. Patients with a history of prior se-
vere neurological disease, seizures or the use of anticonvulsant
drugs were excluded.

All the patients were operated on by the same surgical and
postoperative care team.

Instruments

Neurological assessment — The neurological assessment was per-
formed by a pediatric neurologist at the patientis hospitalization
for the surgery, at discharge from the ICU and again between 3
and 6 months from postoperative period.

The neurological assessment consists of a neurological ana-
mnesis” and a neurological examination®?. The latter evaluates
the following items: behavioral status, attitude, static balance,
dynamic balance, fine motor skills, gross motor skills, strength,
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coordination, muscle tone, automatic movement, involuntary
movement, myotatic reflex, exteroceptive reflex, primitive re-
flex activity, sensitivity, cranial nerves, spinal cord, rigidity of the
nape and skull (head, biauricular and antero-posterior breadths
and fontanelles)®. Additionally, a neurodevelopment examina-
tion was conducted in order to evaluate the evolution profile of
motor skills, posture, praxic and gnostic functioning as well as
sociability and language ® . After admission to the ICU, the par-
ents of the patients with neurological alterations were advised
to stimulate their children and forward them to physical therapy.

At each assessment, the neurologist offered a global con-
clusion by defining the examination as normal, when both the
classical neurological examination and the development profile
were normal, or as altered, when there was at least one altera-
tion in both the examination and the profile.

Denver Il test — Neuropsychomotor development was also as-
sessed using the Denver I, which was applied by two blind inde-
pendent pediatricians. The agreement between the examiners
regarding the total assessed items on the test varied between
89 and 100%.

Two interpretations of the test were used. The first was in
accordance with the manual criteria® for normal and suspicion
of delay. The second took into account the tasks fulfilled suc-
cessfully and those deemed compulsory according to the age of
the patient. Compulsory tasks were those whose age was above
the 90 percentile. Achievement percentage was calculated by
dividing the number of successful tasks by that of compulso-
ry tasks. This achievement percentage was named the Denver ||
score and was calculated for each domain of the test.

Ethics

The study was approved by the Ethics Committee of the
Complexo Hospitalar Santa Casa de Porto Alegre and parents
signed the informed consent.

Logistics

The first neurological assessment and that of neuropsycho-
motor development were carried out a day before the surgery
by the neurologist and by the pediatrician, respectively.

The children were followed up for the full length of their
stay at the hospital in search of complications related to the sur-
gical procedure or neurological complications.

Thus, each individual had a protocol containing the studied
variables, the Denver Il test protocol and the standardized am-

bulatory protocol.

Variables of interest

The variables of interest were categorized as follows: relat-
ed to the heart disease: type of defect (cyanotic and acyanotic);
age and weight on the day of the surgery; weight Z score; relat-
ed to the transoperative period: degree of hypothermia; bypass
and aortic clamping time.
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Statistical analysis and data processing

The descriptive variables were presented in percentages, av-
erages, standard deviations, means and amplitudes.

Mc Nemaris Chi-square test was used for the comparison of
the categorical variables between groups: normal x delayed, cy-
anotic X acyanotic.

The t-Student test was used to compare the pre and post
surgical means for the Denver |l scores, adaptive and gross mo-
tor skills, language and personal-social domains, as well as for
the Z score.

The t test was used for the comparison between the means
of several variables (length of ICU stay and circulatory bypass
and clamping time) between normal and delayed infants.

The Z score was calculated using NCHS data.

The SPSS 10.0 for Windows was used for all statistical
analyses.

RESULTS

Initially, 25 children aged 6.7+4.2 months and with a
mean weight of 5.31+2.2 kg (Table 1) were included in the
study. There were 5 deaths after the surgery.

Approximately 40% (8) of the cardiac surgeries were
performed on children with cyanotic heart diseases. The
septal defects present in 11 of 20 patients were the most
frequent (Table 2).

Four (20%) children required surgical re-intervention
while still in the ICU. Six patients had other complications
such as ectopic junctional tachycardia, total atrioventric-
ular block, quilothorax, atelectasis, bronchopneumonia (2
patients) and pneumothorax. Seven (35%) patients had to
be readmitted to the hospital within the 6 month period
between the first and the last assessment, yet not due to
cardiac problems.

The neurological examination performed at ICU dis-
charge took place on average on the 13.417.6 day of hos-
pitalization. When comparing the preoperative neurolog-
ical exams and those at ICU discharge no changes were
found in 19 patients (95%), whereas 1 child demonstrat-
ed recovery. The ambulatory reassessment of the neuro-
logical examination was conducted on average at 5.2+1.5
months after hospital discharge (3 to 8 months). Six out of
the 15 patients considered clearly delayed in the neurol-
ogistis initial examination had normal outcomes (p=0.03)
(Table 3). When comparing the pre-operative and ambula-
tory assessments regarding the prevalence of suspicion of
delay as defined by the Denver Il test a reduction of sus-
pect cases from 75% to 55% (p=0.12) was found.

The average Z score for weight prior to the surgery
was of —2.814£1.98 and of —1.08+1.47 (p=0.0000) after it,
also conducted on average at 5.2+1.5 months after hospi-
tal discharge,proving significant improvement of these pa-
tientsi nutritional status after the correction.

In addition, it was found that there was an associa-
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Table 1. General characteristics.
Variable Value
General data
Age (£sd) in months 6.7+4.2
Median [range] 6[1-19]
Weight (sd) in Kg 531+2.2
Median [range] 4.6 [2.4-11]
Severe malnutrition (z score < -3) (%) 15 (75)
Trans-operative variables
CBP time (+sd) in minutes 67+23.6
Median [range] 65 [39-105]
Clamping time (+sd) in minutes 341%16
Median [range] 34 [0-56]
Post-operative variables
Surgical re-intervention (%) 4 (20)
Complications in the ICU (%) 6 (30)
Length of ICU stay (+sd) in days 13.417.6
Median [range] 10.5[7-29]

*Data expressed as meantstandard deviation, median; ICU: intensive care
unit; CBP: circulatory bypass; [min—max] or number (%) of patients.

Table 2. Distribution of cardiac defects.

Cardiac defect N %
Ventricular septal defect (VSD) 5 25
Atrioventricular septal defect 5 25
Non-cyanotic Shone’s complex 1 5
Aortic stenosis with VSD 1 5
Fallot’s tetralogy 2 10
Total anomalous pulmonary
venous return 2 10
Pulmonary atresia with VSD 1 5
Cyanotic Pulmonary stenosis with VSD 1 5
Atrial septal defect with 1 5
pulmonary stenosis
Truncus ateriosus type | 1 5
Total 20 100

Table 3. Pre-operative, postoperative and outpatient neurodevel-
opment by pediatric neurologist.

Neurodevelopment evaluation by pediatric neurologist

Pre-operative*  Postoperative =~ Outpatient*
(n) (n) (n)
Normal 5 6 n
Altered 15 14 9
*y*de Mc Nemar; p=0.03

tion between malnutrition (weight Z score < -2 for age)
in the follow-up and delay in development, with a rela-
tive risk of 5.25 (IC 95%; 1.44 to 19.11; p=0.03). It was also
found that there was a positive correlation between the
weight Z score and the Denver Il scores in all domains in
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Table 4. Pre-operative and 3 to 6 months after surgery Denver Il Score (%) by pediatricians.

Mean prexSD  Mean posttSD

Difference mean’[%]

[%]* [%]* [C195%] p value’ Effect size Magnitude
Total [%] 73.2£20.5 90.2118.4 17.05 [10.85 to 23.25] .0001 1.29 Large
Gross motor [%] 67.5+25.7 83119 15.5[3.51to 7.5] 0.014 0.6 Moderate
Fine motor [%] 76.351£28.9 92.7£18.54 16.35 [5.4 to 27.33] 0.006 0.7 Moderate
Language [%] 69.61253 92942313 2335 [17.01 to 29.7] .0000 1722 Large
Personal-social [%] 82.9+25.6 9214+20.5 9[2t0204] 0.105 0.38 Small

*Mean pre: mean score of sample before surgery; Mean post: mean score 3 to 6 months after surgery; “Mean pre - mean post; 'Student t test.

Table 5. Comparison of Denver Il test indexes between cyanotic and non-cyanotic.

Variable Cyanotic (8) [meanzsd] Non-cyanotic (12) [meantsd] p value Effect size Magnitude
Gross motor [%] 84412,8 8234227 0.84 0.09 trivial
Language [%] 97.6x17 89.7126.3 0.44 04 small
Fine motor [%] 100+5.8 85.9+21.1 0.02 0.8 moderate
Personal-social [%] 91.4%17.8 92.122.8 09 0.05 trivial
Total [%] 94.6t13.4 87.2+20.7 0.35 0.4 small

the postoperative period (p<0.05); with correlation coef-
ficient of 0.72 for gross motor and language, 0.62 for fine
motor and 0.49 for personal-social,respectively.

The pre-operative value of the Denver Il score in-
creased after surgery in all domains except for the person-
al-social one. The total score (sum of all domains) and the
language domain had large effect size magnitude, while
the motor domains had moderate magnitude. (Table 4)

When comparing the children whose delay persisted
to those considered normal by the neurological examina-
tion no difference was found in the following variables:
length of ICU stay, age at correction, weight before surgery
as well as circulatory bypass and aortic clamping time.

In this sample, we observed only a tendency for all the
scores of the Denver Il to be more elevated in patients
with cyanotic heart disease. However, cyanotic heart dis-
ease patients only demonstrated a better performance on
fine motor skills (Table 5).

DISCUSSION

This longitudinal neurodevelopmental follow-up study
of infants submitted to cardiac surgery and circulatory by-
pass, showed: (A) the elevated prevalence of alterations in
the neurological and developmental examination found
in the pre-operative stage (75%) is reduced (45%) in the
examination conducted on average 5 months afterwards
(B) infants acquire further motor and cognitive skills, as
verified by the improvement on the Denver Il scores (C)
nutritional status is also improved (C) no correlation was
found between transoperative factors, circulatory bypass
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and clamping time and development outcomes; (D) chil-
dren with cyanotic heart diseases had better scores on the
adaptive motor domain.

Given the small sample in this study, we were only able
to observe differences related to major effects. However,
for important variables which may not express such dra-
matic effects (bypass time, for instance) this sample may
have been insufficient to verify effects on development.

The abnormal neurological examination even before
the surgery has been described in earlier studies. Delay
prevalence is estimated to be at 38%”. In our population
it was even higher, reaching 75% of the children prior to
the surgery. The pathology of congenital heart disease is
a risk for good neurological performance, which justifies
the finding of a high prevalence of children with altered
neurological exams prior to the surgery®. Infants submit-
ted to cardiac surgery with bypass are a risk population
for new findings. The main reasons behind this increased
risk are situations which occur during and after the sur-
gery, such as the formation of emboli, hypothermia and
loss of cerebral regulation as well as inflammatory and
metabolic alterations. In our study, however, a drop from
75% to 45% was found in the number of individuals with
neurodevelopmental delay between the pre-operative pe-
riod and at 5 months after the surgery. Nonetheless, the
persistence of neurological alterations, even with longer
assessment periods between one evaluation and the oth-
er is described, being worse in cyanotic patients*.

An analysis of the use of the Denver Il test on a popu-
lation of children with heart disease becomes necessary.
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In this population, studies on development usually use
psychometric scales. The Denver Il test is widely used in
triage for delay in the pediatric population from zero to
6 years of age. Denver |l results are expressed in terms of
the percentage of what is expected based on age, which
enables a quantification of the improvement on scores. In
the language domain, for instance, there was a mean in-
crease of 23% on the score before the correction, which
may have varied between 17 and 30% according to the re-
liability interval calculated for this domain. Another in-
terpretation of the Denver Il scores is that it demonstrat-
ed a further restoration of development rates at approx-
imately 20% five months after the surgery in all domains
of the test, except for the personal-social one. However,
what this means in terms of future development or even
whether this rate of development is maintained is yet to
be further determined.

It is important to point out the validity of trans-op-
erative and pos-operative measures for neurological out-
come. A large number of studies state that bypass time is
one of the main factors associated with untoward neuro-
logical outcomes, given that the higher the likelihood of
embolisms, and deregulation caused by hypothermia, the
higher the inflammatory and metabolic activity”. Another
trans-operative factor that is often cited in the literature
is the correction or not of the pH by the temperature.
The use of a more alkaline pH (alpha-stat not corrected
by temperature) has proven to confer lower cerebral pro-
tection potential. There is a positive correlation between
pCO; and development scores®. When combined with
deep hypothermia the alpha-stat strategy plays a protec-
tive role in terms of neurological outcomes. There is no
evidence yet of this effect when coupled with moderate
hypothermia, which was the method used in this study. It
must be highlighted that our study was incapable of de-
tecting paroxistic neurological events. Seizures, which are
indubitably the most common in the post-operative peri-
od, were not found in the individuals who completed the
study. The 2 patients who seized died while still in the ICU.
Both were diagnosed with associated genetic syndrome,
and one of them had obstruction of the aortic arch. There
is a correlation between risk of seizures and pre-existing
genetic diseases, deep hypothermia with circulatory arrest
for over 60 minutes and obstruction of the aortic arch?.

When cyanotic and acyanotic patientsi scores for all
the Denver Il domains were compared, only a minor dif-
ference was found, though contradicting most of the ex-
isting literature, cyanotic cases tended to have worse out-
comes. Factors such as degree of previous heart insuffi-
ciency and degree of cyanosis (in newborns, saturation
<85% was significantly associated with abnormalities)”
could have explained the difference found, yet they were
not assessed.
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Important situations such as socio-economic level, ac-
idosis and pre-operative hypoxia as well as signs of low
post-operative debt, all of which provide for a greater risk
of significant future delays, were not assessed®.

The proven significance of weight gain in restoring de-
velopment in post heart-surgery patients at such an ear-
ly phase of development (under 24 months of age) is an
original finding of our study. There are studies in the liter-
ature which only assess pre and post weight gain without
assessing psychomotor development concomitantly™'s".
There are several theoretical explanations for these find-
ings. Some patients are already born underweight, yet no
hemodynamic pattern of fetal circulation was associat-
ed with this finding. The fact that congenital heart dis-
ease patients have an increased metabolic demand yet
a reduced capacity for caloric intake may contribute to
their low weight. Endocrinological factors may also be in-
volved; the role of IGF-1is being studied. Other favorable
and unfavorable factors towards the normal development
of these children must also be further studied.

Other possible explanations for the childrenis im-
provement regarding the tasks set are higher tolerance
to exercise, enhanced physical capacity, or better interac-
tion with parents, all of which may facilitate performance
of the tasks.However, the future of these children may be
compromised due to delays before the procedure”.
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