ORIGINAL ARTICLE

(o]

www. jhgd.com.br

Preterm newborns undergoing selective correction
surgery of the patent ductus arteriosus: is there still
space for these procedures?

Renan Prado'?, José Carlos Arteaga Camacho', Raul Armando Micalay Paredes', Fernando
Magalhaes Coutinho', Mariane Albuquerque Lima Ribeiro?3, Andrés Ricardo Pérez Riera?

'Santa Marcelina Hospital, Santa
Marcelina College, Sao Paulo,
SP, Brazil.

2Laboratory of Studies Design
and Scientific Writing. University
Health Center ABC. Santo André,
SP, Brazil.

3Health and Sports Science
Center. Federal University of
Acre, UFAC. Acre, Brazil.

Corresponding author
renan_prado@hotmail.com
Manuscript received: September 2018

Manuscript accepted: August 2019
Version of record online: October 2019

Abstract

Introduction: The ductus arteriosus is a small fetal structure
that connects two large arteries (aorta and pulmonary) but
becomes pathological when it is maintained after birth.
Morbidities associated with persistent patent ductus arteriosus
(PDA) may lead to the conclusion that the best approach is
early surgical treatment. However, there is evidence that
expectant (more selective) surgical management may reduce
the chances of unnecessary surgeries and their risks.

Objective: To analyze the clinical and surgical profile of
preterm newborns submitted to selective correction surgery of
the patent ductus arteriosus.

Methods: This paper contemplates a series of cases, in
which all patients submitted to the surgical treatment of PDA
in preterm infants were described retrospectively (2009-2016),
through the analysis of medical records of the Santa Marcelina
Hospital, SP-Brazil.

Results: During this period, there were 13 cases of premature
infants who underwent selective surgical correction of PDA.
Gestational age was 26.92 weeks, maternal age ranged from
15 to 44, birth weight varied between 650 and 1500g, mostly
women (61.54%). The diameter of the ductus arteriosus ranged
from 1.7 to 4.1 mm, four patients had complex congenital
heart disease (30.77%). The median courses of indomethacin
were 1.77, congestive heart failure was shown in 11 patients
(84.62%), the median age at surgery was 27.69 days and the
median duration of orotracheal intubation was 22.62 days. The
weight of the newborns at the time of the surgical act varied
between 900 and 1820g. The postoperative complications were
mostly infectious, with nine patients with bronchopneumonia
(69.23%), one patient had pneumothorax. Sepsis occurred in
two cases (15.35%) that died due to the same complication
(15.35%).

Conclusion: All preterm newborns who underwent surgery
had birth weight less than 1500g. The median arterial canal
was 3.05 mm in diameter. The median gestational age was
26.92 weeks and 62% of the cases were female. The most
frequent surgical technique was the triple clipping, there was
no bleeding or reoperation in this series of cases.
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Authors summary

Why was this study done?
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This study was performed to report the surgical results and their complications of the patent ductus arteriosus correction in preterm
infants at Santa Marcelina Hospital-SP between January 2009 and July 2016.

What did the researchers do and find?

It was performed the database at the Heart Surgery Department of Santa Marcelina Hospital to extract all cases of preterm newborn
patients who had undergone surgery to repair the congenital defect. Soon after, the electronic medical records of the patients’
hospitalization data were collected. During the study period, 13 patients who underwent surgery and had a birth weight of less than
15009 were found. The average of ductus arteriosus was 3.05 mm in diameter. Gestational age average was 26.92 weeks and 62% of
the cases were female. The most frequent surgical technique was triple clipping, with no bleeding or reoperation in this series of cases.

What do these findings mean?

Selective PDA surgery is still needed nowadays to increase the chance of survival of these newborns diagnosed with PDA and with

clinical signs of respiratory and/or heart failure.
The triple clipping technique proved to be highly effective.

Surgical indication was generally in patients with moderate to large ductus arteriosus with congestive heart failure.

Hl INTRODUCTION

Ductus arteriosus is a small arteriosus structure
which communicates two big arteries with different
resistances (aorta and pulmonar), normally present in the
infant in which becomes pathological when kept after
birth!. The patent ductus arteriosus (PDA) has different
clinic presentations, from newborn, newborns which
present symptoms only in adult life to newborns with
hemodynamical instability on the first days of birth.

With technological advances and new knowledges
and therapeutic strategies, the borders of fetal viability

Chart 1: Classification of premature newborns
according to gestational age at birth?

and neonatal have been expanded and more and more,
extremely preterm infants and with really low weight
(classified with the weight under 1.500g when born and
born prior 28 weeks of gestation) have survived? (Table 1
and 2). However, is still seen and elevated complications
rate, long hospitalization and severe disabilities on these
infants®*.

Cardiovascular system changes are frequent on the
preterm infant and among them, the patent ductus arteriosus
being the one most mentioned®'? (Chart 1 and 2).

Chart 2: Classification of premature newborn
according to birth weight at birth?

Classification Gestational age at birth

Moderate to late 32 to 37 weeks

preterm
Very preterm 28 to 31 weeks

27 weeks or less

Extremely preterm

The PDA occurs in 5 to 10% of the neonates to term
with the congenital heart disease'!', showing preference
for the feminine gender (relation gender feminine-
masculine 1:3)'5.

On the premature, the incidences can variate to 20%
to 60%, depending on the diagnostic standards used and
the population studied'®!”, but on average, around 50% of
all preterm infants presents patent ductus arteriosus>’%!12,
The gestational age and the weight when born are deeply
connected to patent ductus arteriosus in preterm neonates'®.

In premature infants with gestational age under
26 weeks, the prevalence of PDA can get to 65%'""
and on those with weight minor than 1200g at birth, this
prevalence is at 80%’ being the biggest cause of morbidity
and mortality on this population of newborns?*-%.

On the clinical-surgical conduction of the newborn
with PDA, is necessary to identify the groups that will
get benefits with the pharmacologic treatment, seen that
in reason of the low weight, the prevalent low gestational
age and the immune system of the premature infant, this
will always be the best therapeutic strategy. However, done
with this strategy, the clinic correction is a must for the
hemodynamic stability and the raise of chances of survival

Classification Birth weight
Macrosomic weight 4001g or more
Normal weight 2501g to 4000g
Low weight 1501g to 25009

Very low weight
Extreme low weight

1001g to 15009
1000g or less

on the infants with low-weight and low gestational age.
Therefore, the objective is to analyze the clinical-

surgical profile of the premature infants diagnosed with

patent ductus arteriosus and undergoing selective cardiac

surgery.

B METHODS

It is an report of a series of cases, cross-sectional*
and retrospective of newborns submitted to surgical
treatment of patent ductus arteriosus (PDA) in preterm
infant through the analyses of medical records and doppler
echocardiographic lauds held in the Department of Cardiac
Surgery of Santa Marcelina Hospital, located in the city
Sdo Paulo/SP, Brazil, in the period of January of 2009 to
June of 2016.

The surgical procedure begins with a posterolateral
thoracic incision with 1,5 to 2,0 cm, dissection of the
subcutaneous and muscle, dissection of costal pleura
or opening of the pleura till the medium mediastinum.
Dissection of the ductus arteriosus, triple clipping with the
surgical clips according to the size of the ductus, pleural
drainage (when it opened) with water seal and closing.
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Place of study

The Santa Marcelina Hospital (HSM) is a private
philanthropic institution located in the city of Sao Paulo,
Brazil. It has 700 beds and performs more than 1200
surgeries per month, which 80% are medium and high
complexity, being a regional reference and also for other
states.

It is performed around 350 births monthly.
The adopted protocol of this institution is, mainly, an
pharmacological approach, with use of indomethacin and,
in unresponsive cases or that your use is contraindicated,
is adopted the selective surgical treatment, which only can
occur when its seen clinical complications due the patent
ductus arteriosus, being basically, cardiac or respiratory
failure which can be presented for the impossibility of
orotracheal extubation.

Population and sample

The population studied included all the premature
newborns, with gestational age at birth under than 37
weeks, underwent surgical treatment of Patent Ductus
Arteriosus (PDA) at Santa Marcelina Hospital (HSM) in
the city of Sao Paulo in the period of January 2009 to June
2016.

Data base analysis

It was used the ExcelTM 2013 programs to
elaborate the data base and the version 21.0 of the SPSS
(Statistical Package for Social Research) program for
statistical analysis. The described statistics was done
through average, standard deviation, median, minimum
and maximum.

v
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Ethical aspects

The research was approved by the Committee of
Ethics in research of the Santa Marcelina Hospital, SP-
Brazil (CAAE 15136019.6.0000.0066). For the beginning
of this study it was drawn up a Term of Responsibility to
make sure that the researcher would follow with his duty to
elaborate and execute this job in agreement with Resolution
no. 466/12 of the National Health Council (BR)?.

All participants were informed about the goal and
procedures involved on the research and, after accepting to
participate, it was asked the signature of the Term of Free
and Informed Consent.

B RESULTS

It was analyzed the data base of 13 premature
newborns undergoing surgical treatment following the
protocol of selective ligation of the hospital studied.

The gestational age variated between 24 and 30
weeks (Table 1) and average of 26,92 weeks (Table 3).
Mother’s age variated between 15 and 44 years old (Table
1), the median being 27 years old (Table 3), being eight
newborns of the feminine gender (61,54%) and ten being
delivered by cesarean section (76,92%). There were twins’
births in three cases (23,08%) and the use of surfactant
in nine cases (69,23%) according to Table 1. The Apgar
test26 on the first 5 minutes of life variated between 9 and
6 points (Table 1), average 7,38 (Table 3) and the weight
at birth variated between 650g to 1500g (Table 1), with
average of 1016,15g (Table 3).

Table 1: Clinical characteristics at birth of preterm infants who subsequently underwent corrective surgery for
patent ductus arteriosus from January 2009 to June 2016, Sdo Paulo, SP.

Newborns (n=13) 1 2 3 4 5 6 7 8 9 10 1" 12 13
Variable
Gestational age (wk) 28 24 28 30 27 26 25 26 28 27 26 29 26
Maternal age (yr) 30 29 29 25 25 44 22 26 22 29 27 15 27
Caesarean section Yes No Yes Yes Yes Yes No Yes Yes Yes Yes No Yes
Birth weight (g) 1080 750 1285 1050 1020 765 650 890 990 1050 1500 1150 1030
Gender M F F F F F M F F F M M M
Twin birth Yes No No No Yes No Yes No No No No No No
Surfactant use Yes Yes No Yes No Yes No Yes Yes Yes No No  Yes
Apgar score at 5 min 8 7 6 6 7 8 9 7 9 7 8 8 6
F= Female; M=Male
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Table 2: Clinical characteristics of preterm infants at surgical correction of patent ductus arteriosus from

January 2009 to June 2016, Sao Paulo, SP.

Newborns (n = 13) 1 2 3 4 5 6 7 8 9 10 1" 12 13
Data for surgical
indication
Age (days) 54 48 30 25 16 25 24 19 24 25 32 24 14
Orotracheal 24 39 30 25 16 25 7 18 23 21 32 20 14
intubation time (days)
Courses of 3 1 2 1 3 0 2 2 1 2 2 1 3
Indomethacin
Congestive heart No Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes
failure
Ductal size (mm) 1.8 1.9 22 25 3.2 29 1.7 29 3.7 3.7 4.1 5 4
Congenital heart ASD ASD ASD ASD; No ASD ASD;
disease VSD
PS ASD ACo;AS; ASD No ASD  ASD;

MR VSD
Inotropic drugs No Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes
Creatinine (mg/dl) 0.95 0.31 0.51 0.5 0.22 0.63 025 025 0.2 0.41 0.41 0.64 0.47
Weight at surgery(g) 1125 870 1820 1400 960 930 1370 990 900 1050 1500 1150 1030

ASD (Atrial Septal Defect), VSD (Ventricular Septal Defect), PS (Pulmonary Stenosis), ACo (Aortic Coartation), AS (Aortic Stenosis), MR (Mitral

Regurgitation)

Table 3: Characterization of premature newborns submitted to surgical treatment of patent ductus arteriosus

from January 2009 to June 2016, Sao Paulo, SP.

Mean Standart deviation Median Minimum Maximum

Gestational age (wk) 26.92 1.66 27 24 30
Maternal age (yr) 26.92 6.54 27 15 44
Birth weight (g) 1016.15 226.47 1030 650 1500
Ductal size (mm) 3.05 1.02 2.9 1.7 5
Creatinine (mg/dl) 0.44 0.21 0.41 0.2 0.95
Age (days) 27.69 11.51 25 14 54
Weight at surgery(g) 1161.15 282.36 1050 870 1820
Apgar score at 5 min 7.38 1.04 7 6 9
Courses of 1.77 0.93 2 0 3
indomethacin

Orotracheal intubation 22.62 8.25 23 7 39

time (days)

Millimeter (mm); Milligrams per deciliter (mg / dl); Cycles per patient (cpp).

For surgical decision, clinical, laboratory and
echocardiographic data were considered, as described in
Table 2.

The number of indomethacin cycles ranged from
zero to three (Table 2) with average of 1.77 cycles (Table
3). Congestive heart failure with vasoactive drugs was
evident in 11 cases (84.62%). The age of the preterm
infants during surgery ranged from 14 to 54 days (Table 2)
and the average was 27.69 days (Table 3).

Orotracheal intubation time ranged from 7 to 39 days
(Table 2), with average of 22.62 days (Table 3). Creatinine
ranged from 0.2 to 0.95 mg/dl (Table 2), with an average of
0.44 mg/dl (Table 3) and the newborn’s weight at the time
of surgery ranged from 900 to 1820 grams (Table 2) with
an average of 1161.15g (Table 3). The echocardiogram
showed that the diameter of the ductus arteriosus varied
between 1.7 and 5 mm (Table 2) and its average was 3.05
mm (Table 3). Two newborns had no other associated
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congenital heart disease (15.38%); four newborns had
complex congenital heart disease described in Table 2
(30.77%) and seven newborns had PDA associated solely
with atrial septal defect (ASD) (53.85%) (Table 2).

Table 4 shows the surgical techniques used, having
the triple clipping performed on ten newborns (76.92%);
a section and suture technique of the ductus arteriosus
with absorbable thread PDS with diameter of 6-0 was used
in three cases (23,08%) and the extrapleural technique
without posterior thoracic drainage in four cases (30,77%).

Most of the postoperative complications were
infectious. Nine newborns presented bronchopneumonia
(69.23%) and in one pacient was showed superficial wound
infection (7.69%). One patient presented pneumothorax
and sepsis occurred in two cases (15.35%), which died due
to the same complication (15.35%). Deaths were observed
on the 31st and 52nd postoperative days (Table 4).
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Table 4: Surgical technique and postoperative complications of premature newborns submitted to surgical
treatment of patent ductus arteriosus from January 2009 to June 2016, Sao Paulo, SP.

6 7 8 9 10 11 12 13

Surgical technique

Yes Yes No No Yes No Yes Yes

No No Yes Yes No Yes No No

No No No No No No Yes Yes

Complications of PDA ligation

Newborns 1 2 3 4 5
(n=13)

Clipping Yes Yes Yes Yes Yes
Section and No No No No No
suture

Extrapleural Yes Yes No No No
Bleeding No No No No No
Reoperation No No No No No
Pneumonia Yes No No Yes Yes
Pneumothorax No No No No No
Chylothorax No No No No No
Phrenic nerve No No No No No
palsy

Vocal cord No No No No No
paralysis

Wound infection No No No No No
Retinopathy No No No No No
Immediate No No No No No
hemodynamic

failure

Renal failure No No No No No
relating to

scoliosis

Necrotizing No No No No No
enterocolitis

Sepsis No No No Yes No
Postoperative 0 0 0 31 0

days until death

No No No No No No No No
No No No No No No No No
Yes No No Yes Yes Yes Yes Yes
No No No No No No Yes No
No No No No No No No No
No No No No No No No No

No No No No No No No No

No No Yes No No No No No
No No No No No No No No
No No No No No No No No

No No No No No No No No

No No No No No No No No

No No No Yes No No No No
0 0 0 52 0 0 0 0

B DISCUSSION

The PDA is a heart condition most common
between premature infants. In the beginning of the 90s, it
was reported rates of 40 to 55% of premature newborns
with less than 29 weeks of gestation and/or weight under
1500g in birth?”*,

However in this decade, it is reported rates from
60 to 70% of prematures under 29 weeks of gestation and,
in proximally two thirds of the cases, it doesn’t occur the
spontaneous closure of the ductus arteriosus****. Besides,
around 50% of the neonates weighting <1000g progressed
with PDA symptomatic having the need of intervention®~.

The literature does not correlate maternal age with
the incidence of PDA, and in the present study, it was
found that the mother’s age ranged from 15 to 44 years.

Persistent ductus arteriosus remains
hemodynamically significant in premature infants for a
variety of reasons, including decreased ductal sensitivity
to partial oxygen pressure, increased circulating PGE?
and increased ductal tissue sensitivity to PGE? and nitric
oxide”*3,

Hemodynamically significant PDA is associated
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with left to right shunt of the systemic blood with
subsequent pulmonary volume overload and a diastolic
deficit that results in vital organ hypoperfusion. In infants
with very low weight, symptomatic PDA increases the risk
of prolonged ventilation, oxygen requirement, pulmonary
hemorrhage®” and bronchopulmonary dysplasia®*°,

Diastolic  deficit is associated with renal
hypoperfusion*!,  intestinal  ischemia, necrotizing
enterocolitis, reduced speed of the blood flux in the medium
brain artery**** retinopathy of prematurity and decreased
of flow in the superior vena cava with increased risk of
intraventricular hemorrhage*#’. If not properly treated,
complications of symptomatic PDA can lead to death*.

The relationship between patent ductus arteriosus
and necrotizing enterocolitis is controversial. Although
population studies have reported an association between
PDA and necrotizing enterocolitis®>', there are no
randomized controlled trials in the medical literature
examining the desirability of continuing or stopping
enteral feeding in the presence of PDA.

The treatment is initially clinical. This way, the
preterm hemodynamic variables are first stabilized. We try
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to improve the gas exchange of oxygen and carbon dioxide
by surfactant injection (this occurred in nine newborns
of the present study), it’s done oxygen supplementation,
stabilization of the neonate temperature, balance blood
volume and vasoactive drugs are administered when heart
failure is present, parameters that are related to the initial
state of the preterm infant (in this study, for example, the
Apgar test at birth was observed between 9 and 6 points,
with average of 7.38).

When echocardiographic confirmation of PDA
exists, pharmacological treatment can be included with
the administration of non-steroidal anti-inflammatory
drugs (usually indomethacin or ibuprofen). The first to
report the use of non-steroidal anti-inflammatory drugs in
the treatment of PDA were Friedman and colleagues and
Heymann and colleagues. Both works being from 197652%,

Because indomethacin inhibits the synthesis of
all prostaglandins, several adverse effects may occur,
including necrotizing enterocolitis, spontaneous intestinal
perforation®, alteration of renal function®, altered cerebral
vascular self-regulation®, retinopathy, pulmonary edema
or hemorrhage, and thrombocytopenia. Similar effects
have been observed with ibuprofen®” although they may
be less frequent.

Although it wasn’t analyzed the cases of PDA
solved with pharmacological treatment in the hospital of
the study, it is possible to state that the drug approach was
performed protocollary with intravenous indomethacin in
100% of the cases.

However, there are criteria to contraindicate the
use of cyclooxygenase inhibitors such as active bleeding
(especially intracranial or gastrointestinal bleeding),
thrombocytopenia, renal failure (increased creatinine (>
120 pmol/L) or oliguria (<0.5 mL/kg/h)), confirmation or
suspicion of necrotizing enterocolitis®.

Due to these contraindications and also the fact that
not all pharmacologically treated neonates for persistent
ductus arteriosus respond satisfactorily®’, surgical PDA
ligation can be a reasonable alternative in a high-risk
population as it results in the definitive closure of the
ductus and, therefore, can prevent associated neonatal
morbidities and accelerate extubating and weaning of
vasoactive drugs60. However, the procedure (thoracotomy)
is associated with its own set of morbidities: hypothermia,
intraoperative bleeding, wound infection, pneumothorax,
chylothorax, postoperative hypotension, vocal fold
paralysis (recurrent nerve), phrenic nerve paralysis,
infection and scoliosis® .

The correct timing that must be done the surgical
approach for closure of the ductus arteriosus is still
controversial. Some authors suggest an early surgical
approach, also known as “early ligation”*%, others
suggest a more expectant surgical approach (“selective
ligation”), which would occur only after unresponsive
pharmacological treatment and with significant
hemodynamic changes®'3206768 and there are those who
prefer non-surgical treatment, arguing that the risks
of surgical intervention outweigh the benefits and that
conservative pharmacological treatment is ideal for these
newborns, as they focus on spontaneous duct closure®7!.

Palder et al and Trus et al®® argue that surgical
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ligation should be the first option of treatment when
compared to the use of indomethacin in preterm infants
weighing less than 800g for the fact that extremely low birth
weight infants have a poor response to pharmacological
treatment’®. Some studies indicate that 40% of cases,
there is no response to the drug approach’™’ and preterm
infants weighing less than 1000g respond even less to
indomethacin’. Also, about 87% of newborns weighing
less than 1000g can initially have their ductus arteriosus
closed with the use of indomethacin, but in 47% of cases
the canals open again”’.

Still in relation to the line supporting the early
surgical approach, approximately four decades ago, several
randomized controlled studies examined the impact of
symptomatic PDA surgical ligation on neonatal pulmonary
morbidity**#*787, These studies not only demonstrated that
surgical PDA ligation decreased the need for prolonged
ventilatory support, but also avoided morbidity and
mortality associated with cardiopulmonary insufficiency
observed in infants who were not submitted to artery
duct ligation””. Lee et al.®® further concluded that “early
ligation” may decrease the incidence of necrotizing enteritis
and improve intolerance to oral feeding in preterm infants.
However, these findings are still a matter of controversy
among neonatologists®.

On the other hand, the line of conduct that defends
selective ligation advocates that this approach only
indicates surgical treatment for those newborns who remain
with heart failure or respiratory failure, despite clinical
treatment with mechanical ventilation and vasoactive
drugs3l,60,67,68,81 .

The defenders of selective ligation understand that
the surgical procedure has its own complications and, since
preterm infants have a high rate of spontaneous closure
of the PDA during the first two years after birth®’! early
ligation may expose the preterm infants to surgery which
they don’t need®’.

With improvements in the medical management
of neonates, the surgical approach could be seen as the
last step in the treatment of PDA, since sick children may
have pharmacological support which allows their growth
and, eventually, later perform transcatheter intervention
(hemodynamic interventionist procedure with no need
of surgery) in case the ductus arteriosus does not close
spontaneously®.

Proponents of the pharmacological approach often
conduct observational studies suggesting that surgical
attachment of the PDA is associated with an increased
incidence of chronic lung disease, bronchopulmonary
dysplasia, necrotizing enterocolitis, and retinopathy of
prematurity®. The results described in the present study
were related to surgical ligation. It is believed that the
selective indication (ie, later) for the closure of the ductus
arteriosus in preterm infants may decrease the number of
cases to be operated and, consequently, the complications
of the procedure, being them short or long term?! 60676881,

Analyzing the work of Jhaveri er al’!, the
indication for surgical treatment is inversely proportional
to gestational age; between 24 and 25 weeks of gestation,
surgery was indicated in 81% of cases, while for neonates
between 26 and 27 weeks, there was surgical indication in
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56% of cases. As the data presented in this study is from a
series of surgical cases, it was not possible to compare this
information, however, the average gestational age ranged
from 24 to 30 weeks, with an average of 26.92 weeks with
a standard deviation of 1.66.

Still regarding the work of Jhaveri er al?, the
researchers found that in only 33% of the cases belonging
to the group of neonates who were submmited to selective
canal ligation surgery had persistent arterial channels
classified echocardiographically as moderate to large in
size Kluckow and Evans classification®?. However, in the
work presented here, 100% of the studied PDAs were of
moderate to large size, ranging from 1.7 to 5 mm (average
3.05 mm in diameter).

These divergences could suggest that only the size
of the PDA is not a determinant for surgical indication and
the hemodynamic repercussion as a criterion for surgery
should also be considered. In addition, the one-millimeter
diameter difference in ductus arteriosus represents big area
difference when considering preterm infants weighing less
than 1000g.

The present study only retrospectively evaluated
infants who were submitted to selective ductus arteriosus
persistent corrective surgery (thirteen cases) and did not
consider clinically treated infants. Nine newborns (69.23%)
required the use of exogenous pulmonary surfactant;
however, it was not enough to generate hemodynamic
stability. The average prescribed cycles of indomethacin
was 1.77 and ibuprofen was not used. Even so, 11 preterm
infants (84.62%) had congestive heart failure, requiring the
use of vasoactive drugs and two of them had respiratory
failure (15.38%). In the study by Jhaveri et al.’!, the main
reasons for ligation were increased ventilatory requirements
(87%) and/or persistent hypotension requiring inotropic
support (39%), which could not be explained by other
causes.

It was also observed that the average age of preterm
infants at the time of surgery in this study was higher
(27.69 days) when compared to the studies by Jhaveri et
al'" which was 23 days and Lee et al.® which was 15
days. This shows that the indication of newborns for
surgical approach by the hospital’s Heart Team was even
more expectant and conservative in this study.

Another important factor was the difference between
birth weight, which ranged from 650g to 1500g with an
average of 1016.15g and weight at the time of surgery that
ranged from 900 to 1820g, with an average of 1161.15g. It
was possible to observe an average gain of approximately
150g. However, the most underweight child who went to
surgery gained 720g operating with 1370g and not 650g
(important for intraoperative anesthetic control and to
avoid sequelae due to the size of the surgical incision).

After the surgical procedures of closure of the ductus
arteriosus described in this study, some postoperative
complications were observed, most of which were
infectious, nine neonates developed bronchopneumonia
(69.23%); one patient presented superficial wound
infection (7.69%) and one case of pneumothorax (7.69%).
The high rate of pneumonia is believed to be related to
prolonged preoperative orotracheal intubation time, which
ranged from 7 to 39 days, with an average of 22.62 days.
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Lehenbauer et al.® showed the cases of preterm
infants who were underwent surgical ligation between
2003 and 2015 and reported that morbidity in preterm
infants weighing less than 1000g was 2.4%. In this study,
two newborns (1.2%) had pneumothorax requiring chest
drainage, one patient (0.6%) had recurrent laryngeal nerve
injury, and one patient (0.6%) had significant intraoperative
bleeding.

Jhaveri et al’', Lee et al.®® and Madan et al®
had postoperative mortality rates of 9%, 19% and 20%,
respectively. In the study here presented, there were two
cases of sepsis that resulted in death (15.35%). It was
observed that the deaths occured 31 and 52 days after
the procedure, which leads to clinical rather than surgical
complications.

However, it is important to note that both neonates
who died also had complex congenital heart disease (PDA
+ ASD + VSD in one case and PDA + Aortic Coartation +
Aortic Stenosis + Mitral Insufficiency in the second case).
This association between PDA and other congenital heart
disease is not uncommon. There were two newborns with
no other heart disease (15.38%), but four newborns had
complex heart diseases described in Table 2 (30.77%) and
seven newborns had PDA solely associated with atrial
septal defect (ASD) (53.85%).

The association of PCA and ASD is frequent in
preterm infants, considering that both are physiologically
necessary conditions for intrauterine life, and both have the
possibility of spontaneous closure. Rivera et al.® revealed
a prevalence of congenital heart disease in low birth weight
preterm infants of 13.2: 1000 newborns alive and Guitti®
observed a congenital heart disease rate of 5.5: 1000
newborns alive, regardless of newborn weight.

Jhaveri et al? analyzed that the selective
approach was associated with decreased canal ligation
rates (72% versus 100%, p <0.05). Although preterm
infants were exposed to longer PDA shunts for longer
periods in the conservative treatment period, the rates
of bronchopulmonary dysplasia, sepsis, retinopathy of
prematurity, neurological injury and death did not change,
and the overall rate of necrotizing enterocolitis was
significantly lower.

In this study, it was observed that the surgical
clipping technique used in ten cases (76.92%) was
highly effective, without the need of reoperation, with
100% resolution and with low complications rate. The
sectioning and suturing technique performed in three cases
(23.08%) was performed in newborns with very large
ductus arteriosus, where the clip sizes did not allow their
complete occlusion. The extra pleural technique without
posterior thoracic drainage that was performed in four
cases (30.77%) was always tried first, but the delicate
pleura of the preterm infants and the size of the surgical
incision needed to perform the procedure do not always
make this technique possible.

Another important parameter to consider is the place
where the surgical procedure is performed. Because of the
instability of premature infants and the risk of ICU transfer
to the operating room, in some centers surgery is routinely
performed in neonatal ICUs”™®, In the study presented here
all surgeries were performed at the Surgical Center, since
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the neonatal ICU where the study was performed does not
have the necessary infrastructure to perform the surgical
ligation on there.

The retrospective nature and modest size of the
sample limits the type of analysis that can be performed
and the conclusions that can be done. It was not possible
to conclude whether expectant conduct was an approach
with superior results in case early surgical treatment had
been performed.

In addition, this study focused on short-term
morbidity and mortality and did not assess the possible
complications of these newborns in long-term, such as
sensorineural dysfunction.

In conclusion, all preterm infants who were
submitted to surgery had a birth weight of less than 1500g.
The average ductus arteriosus was 3.05mm in diameter. The
average gestational age was 26.92 weeks and 62% of the
cases were female. The most frequent surgical technique
was triple clipping, there was no bleeding or reoperation in
this series of cases. Selective PDA surgery is still needed
today to increase the chance of survival of these newborns
diagnosed with PDA and with clinical signs of respiratory
and or heart failure.
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Resumo

Introdugao: O canal arterial € uma pequena estrutura fetal que comunica duas grandes artérias (aorta
e pulmonar), mas que se torna patoldgica quando se mantem apds o nascimento. As morbidades
associadas a persisténcia do canal arterial (PCA) podem levar a conclusdo de que a melhor conduta
seja o tratamento cirurgico precoce. No entanto, ha evidéncias de que a conduta cirdrgica expectante
(seletiva), poderia diminuir os riscos de cirurgias desnecessarias e suas complicagdes.

Objetivo: Analisar o perfil clinico-cirirgico dos recém-nascidos pré-termos (RNPT) submetidos a
cirurgia seletiva de correcdo da Persisténcia do Canal Arterial.

Método: Este trabalho contempla uma série de casos, onde foram descritos retrospectivamente (2009-
2016) todos os recém-nascidos submetidos ao tratamento cirdrgico de PCA em RNPT através da
analise de prontuarios do Hospital Santa Marcelina, SP-Brasil.

Resultados: Neste periodo, observou-se 13 casos de prematuros que foram submetidos a corregéo
cirurgica seletiva da PCA. A idade gestacional média foi de 26,92 semanas, a idade materna variou
entre 15 e 44 anos. O peso ao nascimento variou entre 650 e 1500g e houve prevaléncia do sexo
feminino (61,54%). O diametro do canal arterial variou entre 1,7 e 5 mm, quatro recém-nascidos
apresentaram cardiopatia congénita complexa (30,77%). A média de ciclos de indometacina foi de
1,77. Ainsuficiéncia cardiaca congestiva se evidenciou em 11 recém-nascidos (84,62%); a idade média
no ato cirurgico foi de 27,69 dias e a média do tempo de intubagéo orotraqueal foi de 22,62 dias. O
peso no momento do ato cirdrgico variou entre 900 e 1820g. As complicagdes pds-operatérias foram
em sua maioria infecciosas, observando-se nove recém-nascidos com broncopneumonia (69,23%); um
paciente apresentou pneumotorax. Ocorreram sepse em dois casos (15,35%) que evoluiram para 6bito
por esta mesma complicacéo (15,35%).

Conclusao: Todos os RNPT que foram submetidos a cirurgia tiveram peso ao nascimento menor de
1500g. A média de canal arterial foi de 3,05 mm de diametro. A idade gestacional média foi de 26,92
semanas e 62% dos casos eram do sexo feminino. A técnica cirdrgica mais frequente foi a da tripla
clipagem, ndo houve sangramento ou reoperacao nesta série de casos. A cirurgia seletiva de PCA
ainda se faz necessaria nos dias atuais.

Palavras-chave: persisténcia do canal arterial, cirurgia cardiaca, cardiopatias congénitas, recém-
nascido prematuro, recém-nascido de baixo peso.
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