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ABSTRACT:

Background: Transcatheter closure of Patent Ductus Arteriosus (PDA) is considered an
excellent treatment option for children requiring PDA closure due to its low
morbidity and mortality rates. Theoretically, after PDA closure, there should be a
gradual improvement in left ventricular volume overload and remodeling. However,
numerous studies have shown that there is a temporary decline in left ventricular
function immediately following PDA closure.

Objectives: To see the correlation of ductal size with changes in left ventricular
systolic function by echocardiography in children undergoing transcatheter closure of
PDA.

Materials and methods: It was a cross sectional study. All pediatric inpatients =6
months of age, diagnosed as a case of PDA and planned for device closure were
enrolled in the study. M-Mode, 2D, Color Doppler and 2D speckle tracking
echocardiography was done by GE Echo machine Model VividS70N using probes
5MHz (5s) and 6MHz(6s). Electrocardiogram (ECG ) gated echo was done at base
line (prior to closure of PDA), after 24 hour post closure and after 1 month post
closure, in order to evaluate the immediate and short term changes in left ventricular
systolic function from the baseline, using the following parameters: Left Ventricular
Ejection Fraction (LVEF) and Left Ventricular Fractional Shortening (LVFS). The total
sample size was 35. Data were collected on a pre-tested questionnaire. Data
analysis was carried out by using the SPSS version 22.0 windows software.
Continuous data were expressed as mean ZSD and analyzed by paired t-test.
Categorical data were expressed as frequency and percentages. Correlation was
seen using Pearson’s correlation. P-value < 0.05 was considered statistically
significant.

Results: The mean age of the study subjects was 46.69 *+ 41.8 months with mean
body surface area of 0.56 £0.25m2 (0.32-1.3). Females were predominant with
74.3% and males were 25.7%. The mean PDA size was 3.35 + 0.77mm and the LA:
Aorta ratio was 1.45 £ 0.24. The LVEF, LVFS were reduced from 70.1113.81 to
57.3415.0, 39.28+3.14 to 32.014.54 respectively 24hours after device closure.
This reduction of LVEF, LVFS were statistically significant (p<0.01). At 1 month post
device follow up all the parameters returned to near baseline level. PDA size was
found to be negatively correlated with early changes in left ventricular functions i.e.
larger the PDA size, greater is the reduction in LV function post PDA device.
Conclusions: Transcatheter closure of PDA can lead to transient reduction in left
ventricular systolic function which improves gradually after a month; however, close
monitoring is required. Larger the PDA size, greater is the reduction in LV function.
As such moderate to large PDAs should be followed up more cautiously and
immediate timely intervention is needed, if severe deterioration is found.

Keywords: Patent ductus arteriosus, Transcatheter closure, Left ventricular systolic
function
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Introduction:

The ductus arteriosus is a normal fetal structure
that developed by sixth week of gestation from 6t
brachial arch. It maintains the communication
between the aorta and pulmonary arteries. !
During intrauterine life, 10% of the cardiac output
passes through the lungs. The remaining 90% is
shunted via the ductus arteriosus to the aorta and
systemic circulation. After birth, most of the right
ventricular output should pass through the lungs to
facilitate proper gas exchange. In order to make
this possible, the ductus undergo constriction and
functional closure soon after birth in term neonates.
80% of the ductus arteriosus in term infants closes
in 48hours and nearly 100% by 96 hours. Failure
of this normal closure results in problem in pre-term
neonates 2 While ductus constriction usually leads
to functional and anatomic closure, in some cases
the ductus may close only or not at all.

Patent ductus arteriosus (PDA) is a common
congenital heart defect resulting from the failure
of the fetal ductus to close normally. It is estimated
that isolated PDA occurs in approximately 0.05%
of all live births, accounting for 5% to 10% of
congenital heart defects3

The classification of PDA is based on the size of
the internal ductal diameter in the lateral
angiographic view, ranging from silent (less than 1
mm) to large (more than 5 mm).4

Clinical presentations vary depending on the size
of the PDA, with small PDAs often being
asymptomatic and large PDAs leading to heart
failure and growth retardation.s

The hemodynamic impact of PDA is primarily
determined by the degree of shunting.’
Hemodynamically significant left-to-right shunting
through the PDA causes pulmonary over-circulation,
resulting in left ventricular volume overload and
remodeling.’ Over time, this high-pressure, large
volume shunt can lead to irreversible pulmonary
vascular obstructive disease.

The presentation of PDA depends upon patient
age and size of the defect. Infants with moderate
to large PDA may present with symptoms of CHD,
including poor feeding with failure to thrive,
tachypnea and diaphoresis, within few weeks of
life as left to right shunt increases with the falling
PVR.

The diagnosis of PDA is typically made based on
clinical findings and confirmed by transthoracic
echocardiography (TTE), which is the primary
imaging modality. Color Doppler is highly sensitive
in detecting the presence of PDA and assessing the
degree of ductal shunting. Various
echocardiographic techniques, including M-mode,
two-dimensional (2D) echocardiography, and
speckle tracking echocardiography for myocardial
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deformation imaging, can provide quantitative
information about left ventricular function.® 2D
biplane Simpson's method is recommended for
estimation of LV volumes and ejection fraction. On
the other hand, myocardial strain is a principle for
quantification of left ventricular (LV) function which
is now feasible with speckle tracking
echocardiography.

Treatment options for PDA include surgical and
transcatheter closure.578 Regardless of age,
closure is necessary to prevent bacterial
endarteritis in patients with small PDAs and to
manage congestive heart failure and pulmonary
vascular disease in those with large PDAs.?
Compared to transcatheter closure, surgical
ligation of PDA has disadvantages such as a
higher risk of complications including bleeding, the
need for general anesthesia and intubation, longer
hospital stays, higher costs, and requiring a highly
skilled and larger surgical team10.11

Transcatheter closure has emerged as the
preferred treatment option for PDA since the first
successful experience of transcatheter occlusion by
Porstmann in 1971. It has a high closure rate
exceeding 90-95%, which has improved over time
due to device modifications, advancements in
techniques, and increased operator expertise.”.12
Serious complications following transcatheter PDA
closure, such as embolization, infection, and
vascular access thrombosis are rare.'314 The
Amplatzer duct occluder is a widely accepted
device for PDA occlusion due to its safety and
effectiveness.'s

Theoretically, PDA closure is expected to
gradually  improve left ventricular volume
overload and remodeling.'¢'7 However, several
studies on children undergoing transcatheter
device closure have reported an immediate
decline in left ventricular performance.?8
Moreover, limited studies have explored the
alteration in LV hemodynamics, especially diastolic
function, following transcatheter closure of PDA in
pediatric population and the correlation between
PDA size and post closure early changes in LV
function. These forming the basis of this study.

The results obtained will give an idea about opting
for timely intervention as and when necessary,
after clinical correlation.

Furthermore, it will also prompt clinicians to be
more cautious when dealing with follow up of PDA
device closure.

Objectives of the study:
General Objective:
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e To determine the immediate and short-term
changes in Left ventricular systolic function in
children undergoing transcatheter closure of
Patent ductus arteriosus.

Specific Objectives:

e To see the baseline left ventricular systolic
function in children with PDA prior to
transcatheter closure.

o To see the immediate (after 24hours) and short
term (1 months) after echocardiographic
changes in LV systolic function in children after
transcatheter closure of patent  ductus
arteriosus.

e To see the correlation of ductal size with LV
functional changes.

Materials and Methods

Study population:

This  cross-sectional  study was  conducted
in Department of Pediatric Cardiology,
Bangabandhu Sheikh Mujib Medical University,

Dhaka from November, 2019 to October, 2020. A
total of 35 Pediatric inpatients = 6émonths of age,
admitted in the Department of Pediatric
Cardiology, BSMMU for transcatheter closure of
PDA were selected by consecutive purposive
sampling. Written informed consent was obtained
from the parents of study subjects after proper
explanation.
Selection of patients:
Inclusion criteria: All pediatric patients>6months of
age with hemodynamically significant PDA causing
left ventricular volume overload (left atrial to
aortic diameter ratio in long axis transthoracic
echocardiography >1.2:1 and exclusive left to
right blood shunt through PDA) undergoing
transcatheter device closure were enrolled in the
study.

Exclusion criteria:

e Patients having other associated congenital
heart disease like ASD, VSD, PS, CoA, etc.

e Patients not suitable for transcatheter closure,
PVR > 8wU/m2, or anatomy other than
Krichenko type A and B,

e Critically ill patients.

e  Parents unwilling to enroll their child in the
study were excluded from the study.

Study Procedure:

All pediatric inpatients =6 months of age who got

admitted in department of Pediatric Cardiology

following inclusion and exclusion criteria were
included in the study. Meticulous history taking and
clinical examination was done. CBC, CRP, blood
grouping, serum ALT, serum creatinine, chest x-ray,

a Tertiary Care Hospital

ECG, HBsAg, VDRL, PT, APTT, BT, CT were done as
part of routine pre-procedure investigation.
Echocardiography:

ECG gated echocardiography was done with GE
Echo machine Model VividS70N after sedation by
oral Chloral hydrate (50mg/kg), as prescribed by
the pediatric cardiologist for some patients as per
need. Patients were examined in supine and
lateral positions. All standard echocardiographic
views: apical 4 chamber and 5 chamber,
parasternal long axis and short axis, ductal view
and suprasternal views, subcostal, were recorded
in all patients. Probes 5Hz (5s) and 6MHz (6s)
were used. M-mode, 2D, Color Doppler were the
echo modalities used. The PDA was visualized and
measured in high left parasternal short axis and
suprasternal views by 2D echo and confirmed by
Color Doppler. M-Mode was used to obtain the
LA: Aorta ratio and fractional shortening in
parasternal long axis view, measured in systole.
LVEF was computed automatically from LV end-
diastolic and end-systolic volumes according to the
Simpson’s modified biplane method in apical 4
and 2 chamber views.

Echocardiography was done in single machine by
single pediatric cardiologist and measurements
were taken in 3 cardiac cycles to avoid intra
observer variability and recorded at baseline.
Cardiac Catherization:

Suitable patients underwent transcatheter device
closure using dissociative anesthesia with ketamine.
The procedure involved cardiac catheterization
through the femoral route. Heparin was
administered to prevent coagulation after vascular
access, with a dosage of 100 units/kg. Various

catheters, including NIH, Pigtail, RCA, and
multipurpose catheters, were utilized.
Angiographic assessment was performed by

crossing the PDA and positioning the catheter in
the descending thoracic aorta. Standard lateral
view angiograms were taken to determine PDA
size, while the right anterior oblique (RAO) view
provided better visualization of the PDA. Following
sizing, skilled pediatric cardiologists closed the
PDA using a ductal occluder device (Amplatzer
type). Successful deployment of the device was
confirmed with a repeat angiogram to assess

device positioning and identify any residual
leakage. After 24 hours, repeat
echocardiography was conducted to evaluate

immediate changes in left ventricular systolic
function compared to baseline. Patients were
discharged on Day 7, in accordance with
institutional  protocol, after completing the
antibiotic course. Follow-up appointments were
scheduled for 1 month after PDA device closure to
reassess echocardiographic changes in left
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ventricular function and compare them to baseline
findings.

Statistical analysis

Data analysis was carried out by using the
Statistical Package for Social Science (SPSS)
version 22.0 windows software. Continuous data
were expressed as mean £SD and analyzed by
paired t-test. Categorical data were expressed as
frequency and percentages. Correlation was seen
using Pearson’s correlation. P-value < 0.05 was
considered statistically significant
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Results:

A total of 35 patients were selected for the study.

Demographics
The mean age of the study subjects was
46.69141.8 months (7-156 months). The

anthropometric measurements revealed mean BSA
was 0.561+0.25m2 (range-0.32-1.3), with the
mean weight being 12.917.28kg (6-36kg) and
height 94.2 £19.7cm (65-154cm)(Table 1).

Table-l: Distribution of study subjects based on anthropometric characteristics (N=35)

Variables Mean 1SD Range
Age (months) 46.69 £ 41.8 7-156
Weight (kg) 12.91 £7.28 6-36
Height (cm) 94.20 £19.79 65-154
Body surface area (m?2) 0.56 +0.25 0.32-1.3

The study population had female predominance with 26 (74.3%). Males were 9 (25.7%) (Fig 1)

26(74.3%)

o
=
1

Frequency

9( 25.7%%)

Male Female

=
i

Gender

Fig 1: Bar diagram showing distribution of study subjects
based on gender.

Clinical parameters showed that the most common presenting
complaints in this study group was recurrent RTI (100%),
followed by dyspnea (94.3%) and history of poor feeding
with suck pause suck cycle (54.3%).

Table-ll: Distribution of study participants based on presenting complaints (N=35)

Variables Frequency Percentage
(%)

History of suck 19 (54.3)

pause suck cycles

History of poor 18 (51.4)

feeding

History of 35 (100)

recurrent RTI

Dyspnea (Ross

classification)

Class -l 33 (94.3)

Class- Il 2 (5.7)

Class —lll 0 0
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Table-lll: Echocardiographic parameters of study subjects at baseline (N=35)

Variables Mean *SD Range
Ductal size (mm) 3.35+0.77 2-54
LA: Aorta ratio 1.45 £ 0.24 1.23-2.18
LV Systolic
function
LVEF (%) 70.4814.79 61-77
LVFS (%) 39.7413.76 34-46

Figure-2: Pie chart showing distribution of study
subjects based on size of PDAThe figure 2 represents
most of the patients had moderate size PDA i.e. 54.3%,
g Mederaie | 37 15% had small size and 8.6% had large size PDA

m| Large

W[ Small

Table-l1V: Echocardiographic parameters of left ventricular systolic function before and after PDA
device closure at 24 hours and 1 month (N=35)

LV systolic Before closure 24hours after pe 1month after pb
function closure closure
parameters

Mean £SD Mean £SD
LVEF (%) 70.11£3.81 57.34%5.0 <0.001s 68.2616.78 0.139ns
LVFS (%) 39.28+3.14 32.0+4.54 <0.001s 38.91+3.91 0.662ns

In the study, after 24 hours of device closure, LVEF, LVFS were significantly reduced from 70.11+3.81 to
57.3415.0, 39.2813.14 to 32.014.54 respectively (p<0.01). At 1 month post device follow up all the
parameters returned to near baseline level.

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /4253 5



https://esmed.org/MRA/index.php/mra/article/view/4253

R? Linear = 0,385
-5.00~ .

.
10004 . “ .
.
.

-15.00 .

change in LVEF (%)

-20.00-

-25.00

T T T T T
200 250 300 350 400 450 500
PDA size (mm)

Correlation of Ductal size with Left Ventricular Systolic Function Changes by
Echocardiography in Children after Transcatheter Closure of Patent Ductus Arteriosus in
a Tertiary Care Hospital

Figure-3: Scatter plot diagram showing correlation between ductal size with early changes in LVEF (early

post closure LVEF-pre closure LVEF).
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Figure-4: Scatter plot diagram showing correlation between ductal size with early changes in LVFS (early

post closure LVFS-pre closure LVFS)

PDA size was found to be strongly negatively correlated with early changes in LVEF and LVFS as shown in
Fig 3 and 4, i.e. larger the PDA, greater the reduction in LVEF and LVFS.

Discussion:

Our study aimed to find out if echocardiographic
changes occur in LV function after transcatheter
closure of PDA and to investigate the correlation
between PDA size and changes in left ventricular
systolic function as assessed by echocardiography
after transcatheter closure of PDA.

The mean age of the study subjects was 46.69+%
41.8 months (7- 154 months) with majority of the
patient being female 26(74%). Male comprised
25.7% Of the total study population. The exact
reason of female preponderance is not clear, but
the phenomenon was observed that female are
more commonly affected by PDA than males, by
ratio of around 2:1 19

The anthropometric measurements revealed mean
BSA was 0.5610.25 m2 (range 0.32 to 1.3), with
the mean weight being 12.917.28kg (6-36kg) and
height 94.2+ 19.7em(65-15%9cm). These
parameters were similar to the characteristics of the
patients in the study conducted by Indian
researcher ¢ Clinical parameters showed that the
most common presenting complaints in this study
group was recurrent RTI (100%), followed by
dyspnea (94.3%) and history of poor feeding with
suck pause suck cycle (54.3%). This observation
reflects that clinical history of patient with
hemodynamically significant PDA invariably have
features of failure to thrive, poor feeding, dyspnea
depending on the ductal size and quantity of left to
right shunt (Schneider and Moore 2006). The mean
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ductal size at pulmonary end was 3.35+0.77mm(2-
5.4mm). Most of the patient ,54.3% in this study
had moderate PDA and only large PDA which was
similar to study conducted in Indian population ¢

In this study, we observed a significant reduction in
ejection fraction (LVEF) and fractional shortening
(LVFS) immediately after PDA closure (p<0.001),
which improved after 1 month. The assessment of
left ventricular systolic function at the 1-month
follow-up showed no significant difference
compared to the pre-closure status (p>0.05). These
findings are consistent with previous studies
conducted in children.?:20.21

The observed immediate reduction in LVEF and
LVFS can be explained by the association of PDA
with left-to-right shunting, which increases left
ventricular preload. According to Frank-Starling's
Law, increased preload leads to enhanced
contractility (SF and EF). However, PDA closure
results in a sudden decrease in left ventricular
preload,  resulting in  decreased systolic
performance. Another possible explanation for this
observation is the sudden increase in afterload due
to the termination of blood flow through the PDA
and the transition from low-resistance pulmonary
circulation, which contributes  to systolic
dysfunction.?2!

Additionally, our study demonstrated a negative
correlation between PDA size and changes in left
ventricular systolic function, indicating that larger
PDA size is associated with greater deterioration of
LV function. This finding is consistent with studies
conducted among the Egyptian, Iranian, and Saudi
Arabian pediatric populations, which have shown
that PDA size can serve as a useful predictor for
early reduction of LV function following
closure.1214.17

Overall, our findings contribute to the existing body
of knowledge on the impact of PDA closure on left
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ventricular  systolic  function, emphasizing the
importance of considering PDA size in assessing
post-closure outcomes. However, further research
with a larger sample size and diverse populations
is warranted to confirm and expand upon these
findings.

However, correlation of ductal size with diastolic
function was not analyzed separately in any of the
studies. Hence, the present study provides a basis
for research in this area.

Conclusion:

In conclusion, our study revealed a transient
reduction in left ventricular systolic function
following PDA closure, with subsequent recovery
towards baseline levels within one month. The
findings also support the notion that larger PDA
size is associated with a greater decline in LV
function. However, given the limitations of our study,
including its single-center nature and relatively
short follow-up period, further investigation
involving longer-term and multi-center studies with
more extensive monitoring is warranted. Such
studies will provide a more comprehensive
understanding of the impact of PDA closure on left
ventricular function and help guide clinical decision-
making.

Limitation:

Shorter duration of follow up Single center study
Difficulties in the visualization of certain parts of the
left heart because of restricted acoustic windows
and challenges in the quantitative assessment of left
ventricle function.
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