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ABSTRACT

Background: Patent ductus arteriosus (PDA) is a congenital heart abnormality
constituting nearly 10% of all congenital heart disease, and it is the third most
common congenital heart defect. Transcatheter closure of patent ductus arteriosus now
represents the established, standard approach for the correction of a PDA throughout
the entire world. This study was a prospective observational study. The aim of this
study was to compare the feasibility, short-term clinical outcomes, and safety of
transcatheter closure of moderate to large patent ductus arteriosus in small infants
versus surgical ligation and to follow the sequences after both methods of ductal
closure by transthoracic echocardiography.

Methods: All patients were subjected to full clinical examination, chest X-ray,
electrocardiography, echocardiography, and laboratory evaluation before they were
transferred to the catheterization laboratory for undergoing an attempt of PDA closure
or surgical duct ligation. Within 24 hours after successful PDA closure, all patient
underwent echocardiographic examination to evaluate for presence of residual shunt
and protrusion of devices into surrounding structures. Follow up visits have been
scheduled at 1 and 6 months after the procedures for clinical and echocardiographic
evaluation.

Results: This study was conducted on 40 patients, 20 cases in catheter group and 20
cases in surgery group: 12 (30%) were males and 28 (70%) were females. The mean
age was 6.5 + 1.9 months in catheter group and 4.7 + 1.8 months in Surgery group,
while mean weight was 5.6 + 0.5 Kg and 4.6 + 0.8 Kg in Catheter and Surgery groups
respectively. All patients had successful transcatheter and surgical PDA closure with
no mortality in both study groups.

PDA closure was done using ADO- | in 45% of cases (n=9/20). The sizes of the
device were; ADO- | size 8/6 in 35% (n=7/20) represented the majority of patients,
followed by ADO- | size 6/4 in 10% (n=2/20). Double PDA ligation and trans-fixation
was the most common technique used in surgery group (95%). Our intervention was
without Procedure-related complications in 80% of cases of catheter group and 85%
of surgery cases. Time to discharge from hospital was shorter in catheter group with
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median time to hospital discharge 1 day versus 4 days in surgery group. Both methods
of PDA closure showed similar results as regard residual shunts and regression of left

side dilatation.

Conclusion: Transcatheter closure of moderate to large PDA in infants <6 kg using
recent devices is a feasible and effective modality of treatment with excellent results,
and thus it should be the treatment of choice in infants and children.

Key words: Amplatzer Duct Occluder, Congenital heart disease, Patent ductus
arteriosus, Transcatheter closure, surgical ligation.

INTRODUCTION

Isolated patent ductus arteriosus
(PDA) accounts for about 10% of
all congenital heart anomalies.
Its incidence is higher in
premature babies and twice more
frequent in females than in
malest?. In infancy, failure to
thrive and congestive heart failure
are indications for closure of the

PDA. If medical therapy is
ineffective, urgent intervention to
close the ductus should be

undertaken regardless of age and
sizell. Treatment of PDA has
traditionally been surgical, with
ligation or division of the ductus
arteriosus through a thoracotomy
incision or through video assisted
thoracoscopic clipping which is
less invasive than standard
thoracotomy!!. However, in recent
years, new devices have come
onto the market, percutaneous
techniques have improved and
interventionists have become more
experienced, which have all led to
percutaneous PDA closure gets
more common in infantsl,

Transcatheter PDA closure is the
standard of care in most cases and
PDA closure is indicated in any
patient with signs of left
ventricular volume overload due
to a ductusf®l. Numerous studies
have documented the feasibility of
catheter-based closure of PDA in
older  children and  adults;
however, there is a paucity of data
regarding the outcomes of
percutaneous closure of PDA in
small infants in comparison with
surgical ligation. Therefore, the
selection of treatment modality for
patients with PDA who could
undergo either technique remains
controversialll,

Ethical considerations:

1. Approval of Ethical committee
from pediatrics department,
faculty of medicine and
university was obtained before
the study.

2. Written consent from parents or
caregiver of the patient was
obtained before the study.
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3. The parents had the right to
refuse to share in the study.

4. All the data of the study are
confidential and the patients
had the right to keep them.

5. The authors received no
financial support regarding the
study or publication.

6. The authors claimed that, no
conflict of interest regarding the
study or publication.

PATIENTS AND METHODS

Population: The current study
was a prospective and
observational study with short
term follow up for six months. It
included 40 infants with moderate
to large PDA attended the out-
patient pediatric cardiology clinics
at Al Azhar university hospitals &

Abo EI-Resh university hospitals

Cairo, Egypt, 20 patients
underwent transcatheter PDA
occlusion, at the  cardiac
catheterization  laboratory  of
Specialized  Children  hospital,
faculty of medicine, Cairo
University (group 1). The other 20
patients  underwent  surgical
ligation at Bahtim Insurance

Hospital (group I1), The study
started in August 2018 and ended
in December 2020.

We included in our study
Infants less than 12 months of age
with body weight less than or
equal 6 kilograms at time of

who had
findings of
large
significant

intervention
echocardiographic
moderate to
hemodynamically
PDA.

We excluded infants with body
weight more than 6 kg and age
more than 12 months, irreversible
pulmonary vascular disease with
Rt. to Lt. shunt, tiny PDA
(pulmonary end < 1.5mm), and
infants with PDA as a part of
Complex congenital heart disease
requiring  surgery or PDA
dependent lesions.

Methodology: The patients of
both groups were subjected to:

1. Thorough history taking,
2. Complete clinical examination,
3. Plain Chest X-ray,

4. Two-dimensional and Doppler
Echocardiography.

Postprocedural outcomes of
interest  included:  vascular
complications of catheter or
surgery (thrombosis, arterial or
venous occlusion, access site
hematoma, loss of peripheral
pulsations), residual shunt, device
embolization, hemolysis,
obstruction of the left pulmonary
artery or Aorta, blood transfusion
within first 48 h. and length of
hospital stay.

Follow up: Transthoracic echo
(TTE) was conducted at 24 hours
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after successful PDA closure to
evaluate the shape and position of
the device. Color- Doppler
ultrasound was used to detect and
quantify any residual shunt.

The following were arbitrarily
defined: The severity of leakage
as assessed by color- Doppler was
defined as follows: trivial, <1 mm
diameter; mild, 1-2 mm diameter;
moderate, >2mm. Doppler
ultrasound were used to determine
flow and velocity patterns in the
descending aorta and pulmonary
artery to rule out obstruction
(maximum Doppler velocity <2-
2.5 m/s)Lel,

Follow-up with detailed TTE
was conducted at 1 month, and 6
months after surgical or device
closure using reference values for

M mode echocardiography
according to Park, MK,
Statistics:

All analyses were performed
using SPSS wversion 23 for
Windows. Measured data were
expressed as mean = standard
deviation or median. Procedural
outcomes for each age group were
compared using a chi-square test
or Fisher exact test. A P value of
<0.05 is defined as statistically
significant.

RESULTS

A total of 40 infants, 20
infants underwent percutaneous
transcatheter PDA closure at the
catheterization  laboratory in
Specialized Children’s hospital;

Cairo University, (Group 1) and
the other 20 infants underwent
surgical PDA ligation at Bahtim
insurance hospital (Group I1).

Table (1): Demographic characteristics of both study groups

Catheter Surgery 95% CI
Variable group group Di??eerir:wce L U vallju-e +
(n=20) (n=20) ower pper
Mean #SD | Mean SD
Age (months) 6.5+1.9 47+1.8 1.8 0.6 3.0 0.005
Sex (F/M) 15/5 13/7 0.731%
ratio
Weight (kg) 56+0.5 46+0.8 1.0 0.6 14 <0.001
Length (cm) 62.6 +4.2 57.0+2.8 5.6 3.3 7.8 <0.001
BSA (m?) 0.30+0.02 | 0.27 £0.03 0.04 0.02 0.05 | <0.001
Parent o o

consanguinity 4 (20%) 4 (20%) 1.000%

Down'’s 0 0 ) )
syndrome 1 (5.0%) 3 (15.0%) 0.605%

BSA,; body surface area, t. Unpaired t-test unless otherwise indicated, f. Fisher’s exact test. Cl;

confidence interval, Data are mean * SD or ratio.
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This table shows that, there regarding age, weight, length and
are  significant  differences body surface area (BSA).
between the two studied groups

Table (2): Primary presenting symptoms and clinical signs in both

study groups
Catheter Surgery
group (n=20) group (n=20)
Variable N % N % P-valuet
Primary presenting 0.810
Symptoms
Feeding difficulty 9 45.0% 6 30.0%
FTT 3 150% | 3 15.0%
Difficult breathing 7 35.0% 9 45.0%
Regurreqtchest 1 5.0% 2 10.0%
infections
Clinical signs and
Antifailure treatment
Bounding pulse 20 100.0% | 20 | 100.0% NA
Hypoperfusion 0 0.0% 2 10.0% 0.487
Hepatomegaly 2 10.0% 6 30.0% 0.235
Antifailure treatment 20 100.0% | 15 | 75.0% 0.047

FTT; failure to thrive,
t. Fisher’s exact test.

Regarding clinical while patients on Anti failure
manifestations, there is no treatment were less in surgery
significant difference between group with significant difference
catheter and surgery groups, between both groups.
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Table (3): Echocardiographic measurements in both study groups
pre-intervention

Catheter Surgery
group group 95% ClI
(n=20) (n=20)
. Mean P-
Variable Mean+SD | Mean+SD Difference Lower | Upper valuet
PDA size (mm) | 38% 1.0 | 49%09 11 17 | 05 | 0.001
PG (mmHg) 63+ 18 48 %21 15.7 3.2 281 | 0.015
LA/Ao ratio | 155+ 025 | 167013 | -0.12 025 | 001 | 0061
LVEDD (mm) | 30.1+35 | 20.7+2.2 04 15 23 | 0.667
'-VS'iODrEe’ Z | 3474186 | 491+115 | -1.44 244 | 044 | 0006
FS (%) 394 40+4 11 37 16 | 0420
ESPAP 3149 48 +12 471 238 | -104 | <0.001
(mmHg)
PAannulus | 155,13 | 122406 0.4 03 | 10 | 0241
(mm)
'-PA(r‘T’]‘/*;;’C'ty 1094014 | 1164011 | -0.07 015 | 001 | 0080
Velocity in
descending 1.04+0.49 | 1.15+0.16 -0.11 -0.35 0.12 0.338
aorta (m/s)

PDA,; patent ductus arteriosus, PG; pressure gradient, LA; left atrium, Ao; Aorta, LVEDD; left
ventricular end diastolic diameter, FS; fractional shortening, ESPAP; estimated systolic

pulmonary artery pressure, PA; pulmonary artery, LPA, left pulmonary artery

t. Unpaired t-test

This table shows that, there is
significant increase in PDA size,
LVEDD Z-score and ESPAP in

surgery  group

than

catheter

1950

group,

while

PG

was

significantly lower in surgery
group than catheter group.
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Figure (1): Agreement between catheterization and
echocardiography as regards measurement of PA end size
This figure shows that, the measurement of PA end size = -
lower limit of agreement 0.60 mm, upper limit of
between catheterization and agreement = 1.84 mm and mean
echocardiography as regards difference (Bias) = 0.62 mm.

Table (4): Types of PDA (Krichenko classification) in both study

groups
Catheter group Surgery
= group
(n=20) (n=20)
Variable N % N % P-valuet

Duct type | Type A (Conical) 17 85.0% | 18 | 90.0% | 0.605
Type C (Tubular) 1 5.0% 2 |10.0%

Type E (Elongated 2 10.0% 0 | 0.0%

Conical)
This table shows that; the common morphology among
Conical type was the most both study groups (85%).
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Table (5): Technical difficulties and complications in catheter group

Variable N %

Nil 17 | 85.0%

Technical Diff_icult arterie_ll access 1 5.0%
difficulties Bra_dycardla after device deployment 1 5.0%
Difficult advancement of catheter 1 5 0%

(small diameter of abdominal aorta) '

Nil 16 | 80.0%

Procedure-related Temporary Ios(sl\;l)ifnfsr)qoral pulsation 1 5 0%
Complications Access site hematoma (Minor) 2 10.0%
Dissection of abdominal aorta (Major) | 1 5.0%

cases and with no complications
in 80% of cases in catheter

group.

This table shows that; our
intervention was without
technical difficulties in 85% of

Table (6): Procedure time and Hospital stay duration in both study

groups
Catheter | Surgery
group group 959% ClI
(n=20) (n=20)

. Mean P-
Variable MeanzSD | Mean+SD Difference Lower | Upper valuet
Procedure | 7994932 | 553+7.4 | 246 133 | 359 |<0.001
time (min)

Hospital |1 5,09 | 4506 | -29 34 | 24 |<0.001
stay (days)

t. Unpaired t-test.
As regard the Procedure time, hospital stay was shorter in

catheter group than in surgical
group with statistical significant
difference between both groups.

it was longer in catheter group
than in surgery group, with
significant difference, while the
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Table (7): Early postoperative outcomes in both study groups

Catheter surgery
group group
(n=20) (n=20)
Variable n % n % P-valuet
Immediate occlusion 19 95% | 19| 95% 1.000
Residual shunt at end of 1 50% | 1 | 50% 1.000
procedure
Need for blood transfusion 0 0.0% | 3 | 15.0% 0.231

t. Fisher’s exact test.

This table shows that;
Immediate occlusion was
achieved in 95% of cases in both
study groups and the need for

blood transfusion was 15% in
surgery group cases with no
significant difference between
both groups.

Table (8): Echocardiographic abnormalities at 1 month post
intervention in both study groups

Catheterization Surgery
(n=20) (n=20)
Variable N % N % P-valuet
Residual shunt 0 0.0% 1 5.0% 1.000
Turbulent flow in LPA 0 0.0% 0 0.0% NA
Turbulent flow in aorta 0 0.0% 0 0.0% NA
LPA stenosis 0 0.0% 0 0.0% NA
Ao stenosis 0 0.0% 0 0.0% NA
t. Fisher’s exact test.
NA = test not applicable.
This table shows that; one case in surgery group at 1-

persistence of residual shunt in

DISCUSSION

Patent ductus arteriosus (PDA)
is considered a significant
precursor to short- and longer-
term morbidity™. In view of the
increasing number of catheter
based closures among infants*4,

month follow up.

A total of 40 infants, 20 infants
underwent percutaneous
transcatheter PDA closure at the
catheterization  laboratory in
Specialized Children’s hospital;
Cairo University, (Group 1) and
the other 20 infants underwent
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surgical PDA ligation at Bahtim
insurance hospital (Group I1).

The infants in the surgical
ligation group had lower weight,
BSA and age than those in the
percutaneous group (P <0.05) as
they were relatively younger in
age so that their weight was lower.
The mean age was 65 + 1.9
months in catheter group and 4.7
1.8 months in Surgery group,
while mean weight was 5.6 £ 0.5
Kg and 4.6 = 0.8 Kg in Catheter
and Surgery groups respectively
(Table 1). In our contemporary
experience, surgical ligation was
performed on smaller and sicker
infants. These infants  were
younger at the time of the
procedure which was similar to
the results of the study done by
Kim, H. S., et al.,[2,

The study included 28 females
(70%) and 12 males (30%) with
female to male ratio was 3:1 in
catheter group and about 2:1 in
surgery group. The female-to-male
ratio is 2:1 in most reports*l,

The Primary presenting
symptom in catheter group was
the feeding difficulty (45%) while
in surgical group was difficult
breathing (45%), while bounding
pulse was the main clinical sign
(100%) in each group, with no
statistical significant difference.
As regard the Antifailure measures

pre-intervention of the studied
cases, the surgical group had
significantly less percent of cases
(n=15/20) 75% vs. (n=20/20)
100% in catheter group. In most
cases, anti-failure drugs had been
stopped one  month  after
successful PDA closure (Table 2).

As regard the estimated
systolic pulmonary artery pressure
(ESPAP), no cases of severe
pulmonary hypertension, 25% of
cases with mild to moderate
pulmonary arterial hypertension in
catheter group vs. 65% of cases in
surgery group. The cut-off value
for mild pulmonary artery
hypertension has been assumed as
PA systolic pressure of 36 to 40
mmHg by Doppler method 41,

PDA size by echocardiography
was significantly larger in surgery
group, the mean ductal size was
3.8 £ 1.0 mm for catheter group
and 4.9 £ 0.9 mm for surgical
group (P <o.ool), while PG was
significantly higher in catheter
group, denoting that larger PDA
size usually associated with higher
systolic PA pressure, as in the
surgical group with larger PDA
diameter, the ESPAP was
significantly higher, p- value
<0.001 which can be explained by
the larger size of PDA. This was

in agreement with Lloyd TR. et
al.,[*5],
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On reviewing the TTE data of
all cases, there was evidence of
left atria, and left ventricular
dilatation. Increased LA/AO ratio
was evident in 80% of patients (n=
32/40) with a mean of 1.55+0.25
in catheter group and 1.67+0.13 in
surgery group with no significant
statistical difference. Mean
LVEDD was 30.1 + 3.5 mm and
29.7 + 2.2 mm for catheter and
surgery  groups,  respectively
(Table 3).

In our study, the minimum and
maximum diameters of the arterial
duct, measured angiographically,
were 3.20 £0.92 mm and 8.56 *
2.09 mm respectively for catheter
group. The morphologies of the
PDA were classified
angiographically based on the
categories  first described by
Krichenko et al. [, Type A
(conical) ductus in 85% of cases
(n=17/20). Type C (tubular)
ductus in 5% of cases (n= 1/20).
Type E (elongated conical) ductus
in 10% of cases (n=2/20) (Table
4). Masura et al.,®l, and Lin et
al.,[!l reported similar findings:
type A in 53/66 patients (80%),
followed by type E in 9/66
patients (13.6%). Roushdy et
al.,['®l reported that 24/42 patients
(57%) had type A, followed by
type E in 13/42 patients (30%). On
the other hand, Ammar and
Hegazy™®, reported a higher
percentages of type A in 44/47

patients (94%). Device
implantation was successful in all
20 patients (100%) in our study.

In the present study, successful

percutaneous  vascular  access
using femoral vessels was
obtained in all catheter group

patients. ADO | was deployed in
9/20 patients (45%) representing
the majority of patients. ADO Il
size 5/4 mm was used in 1 case
(5%). Hyperion PDAO cone shape
was deployed in 5 cases (25%).
All devices achieved excellent
occlusion  rates  with  low
complication rates, regardless of
PDA type.

Despite the advancement in
transcatheter PDA closure, there
are  many problems during
performance of the procedure in
infants under 6 kg: relatively large
sheath size for small vessels,
stiffness of the delivery system
with  resultant  hemodynamic
instability during device
deployment, risk of protrusion of
the device into the aorta or
pulmonary artery, poor anchoring
or stability within the PDA, and
difficult retrievability as well as
the size and morphology of the
PDA itself[2%,

In the current study, all patients
were below one year of age
(mean=6.5£1.9 months) and mean
weight 5.6+0.5 Kg, we reported no
technical problems during device
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deployment in majority of cases
(85%), while we had technical
difficulties in 3 cases (15%) in the
form of difficult arterial access in
one case (5%), bradycardia after
device deployment in one case
(5%) and difficult catheter
advancement in abdominal aorta
in one case (5%) aged 5 months
with body weight of 6 Kg due to
small diameter of abdominal aorta
(=5 mm) and with follow-up, it
resolved spontaneously with no
need for further intervention
(Table 5).

Minor complications occurred
in 3/20 patients (15%) in catheter
group, in the form of peripheral
vascular complications such as
loin  hematoma (10%) and

temporary loss of  femoral
pulsations  (5%) necessitating
anticoagulation  with  heparin

which were managed successfully
and resolved after 5 days of
treatment with no long-term
sequelae.

In surgery group, no major
complications occurred in our
study, minor complications
occurred in 3/20 patients (15%) in
the form of need for blood
transfusion which were managed
successfully.

In the current study, Catheter
group procedure time ranged from
50 minutes to 125 minutes (mean

=79.9 =+ 322 min). The
fluoroscopy time ranged from 3.03
minutes to 18.5 minutes (mean
=10.68+ 5.26 min). Lin et al.,[*"]
reported that the mean procedure
time in a similar study was 98 +19
minutes and the mean fluoroscopy
time and 8.9 *+ 1.8 minutes. While,
Parra-Bravo et al.,? reported
that the procedure time ranged
between 40-134 min (mean= 66.2
+ 24 min) and fluoroscopy time
ranged between 4- 32 minutes
(mean= 13.3 = 6.6 min).

The mean procedure time was
longer in catheter group, 79.9 +
23.2 minutes while it was 55.3 +
7.4 minutes in surgery groups,
with significant difference
between them (Table 6). our
results were in agreement to Kim,
H. S., et al.,*? who reported that,
the median PDA device closure
time (41.5 min) was longer than
the surgical ligation time (35.0
min, P < 0.01). In keeping with
our findings no cases of device
protrusion or  embolization,
Baspinar et al., and Agnoletti et
al., also reported the same
results(?? 23l,

In catheter group, immediate
occlusion, confirmed by
angiography, was achieved in
19/20 patients (95%); 1/20
patients (5%) showed trivial
postprocedural leak that
disappeared at 1-month follow-up,
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while in surgery group there was a
residual shunt in one case (5%)
1.5mm at day 1 postoperative
decreased to 1mm at 1 month
follow-up and complete occlusion
at 6 months follow-up (Tables
7&8), single ligation technique
was used in this case.

An occlusion rate of 96% was
obtained at 3-month follow-up
after transcatheter device PDA
closure in many studies®l. Our
overall residual shunt rates of
50% on post  procedure
angiogram, 5.0% at 24 hrs., and
0.0% at 6- month follow-up in
catheterization group (Tables
7&8), are similar to those found in
other large patient series(® 25 261,
Moreover, we found that
regardless of PDA type, all
devices achieved high occlusion
rates at 6-month follow-up 100%.

In surgery group, no major
complications occurred in our
study, minor ~ complications
occurred in 3/20 patients (15%) in
the form of need for blood
transfusion (Table 7) which were
managed successfully, our results
are similar to a study by
Zulgarnain, A., et al.?l who
reported higher rate of blood
transfusion in surgery group.

Follow up period was extended
to 6 months for comparison of
echocardiographic  data  and
cardiac dimensions between both

groups that was recorded before
the procedure, at one month, and
at six months after PDA occlusion,
and to detect any complication of
the procedure.

Follow-up studies following
ADO deployment have confirmed
occlusion rates of >99% within 6
months of device deployment,
with minimal complication rates!?®
291, The majority of occlusions can
be confirmed within 24 hours,
prior to discharge from hospital.

In our study, at 1- and 6-month
follow-up after closure in both
groups, weight gain, control of
respiratory infections, and
regression of LV dilatation with
normalization of the systolic
function were observed.

The mean estimated systolic
pulmonary artery pressure
measured preintervension dropped
from 31.9+9 to 28+7 mmHg at
one month, and further drop to
24+5 mmHg at 6 months after
ductal closure. In the current
study, in all cases pulmonary
artery pressure dropped to normal
value six month after PDA
closure, with similar drop in
surgery group but with significant
difference between both groups
(P<0.05) due to higher ESPAP
values in the surgery group pre-
intervention.

The mean left ventricular end
diastolic  diameter (LVEDD)
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decreased from 30.1+3.5 pre-
intervention, to 26x2 at one month
and to 25+2 at 6- month follow up.
This is similar to the findings of
another studies by Galal MO, et

al., and Ahmed R. Afifi et al.,[3%
31]

In our experience,
percutaneous PDA closure in
infants weighing <6 kg was found
to be as effective as surgical
ligation.

CONCLUSION

Transcatheter closure of PDA
is a successful and effective
treatment option for a majority of
early infants with significant
clinical symptoms with a safety
profile comparable to surgical
ligation.

Recommendations

1. Transcatheter closure of
moderate to large PDA should
be the treatment of choice in
small infants.

2. Research should continue for
better PDA occlusion devices
for smaller infants  with
hemodynamically  significant
PDA:Ss.
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