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Abstract

Background: Radiation exposure and the effect of anti-scatter grids are not well studied in
premature infants during transcatheter patent ductus arteriosus closure.

This study aimed to investigate whether the use of anti-scatter grids altered the level of
radiation exposure to premature infants undergoing transcatheter patent ductus arteriosus
closure. Methods and Results: Demographic and radiation exposure data for premature infants
who underwent transcatheter patent ductus arteriosus closure at the Stead Family Children’s
Hospital from 10/2019 to 10/2021 were retrospectively reviewed and analyzed. Twenty-four
patients (41%) underwent transcatheter patent ductus arteriosus closure with anti-scatter grids,
while 34 (59%) underwent the procedure without using anti-scatter grids. At the time of
catheterization, the median age, corrected age, and weight were 4.3 weeks (3.4-6), 29 weeks
(28.1-30.9), and 1200g (1000-1600), respectively. Total radiation exposures for the dose area
product and air kerma were 2.73 pGy.m? (1.65-4.16), and 1.63 mGy (1.15-2.58), respectively.
Radiation doses were higher in the group in whom the anti-scatter grids were utilized with
dose area product of 3.33 pGy.m? (2.39-5.43) and air kerma of 2.27 mGy (1.41-3.06) versus
1.86 pGy.m? (1.46-3.60) and air kerma of 1.40 mGy (1.08-1.92). When radiation doses were
adjusted to the radiation time, no difference in radiation exposure was noticed between the
groups. Conclusions: Transcatheter patent ductus arteriosus closure in premature infants can
be safely performed with minimal radiation exposure. In the authors’ laboratory, the use of
anti-scatter grids does not impact radiation exposure in premature infants.

Persistent ductus arteriosus is commonly encountered in preterm infants, with the prevalence
being inversely proportional to the gestational age. Exposure to a haemodynamically significant
patent ductus arteriosus exposes preterm infants to increased mortality and major morbidities,
including necrotising enterocolitis, intraventricular haemorrhage, heart failure, chronic lung
disease, and pulmonary hypertension.'”> Historically, the treatment options were drug-
mediated or surgical closure. Although surgical ligation achieves definitive patent ductus
arteriosus closure, it is invasive and is associated with short- and long-term side effects,
including adverse neurodevelopmental outcomes, scoliosis, vocal cord paresis, and worsening
chronic lung disease.*” In the past, transcatheter patent ductus arteriosus closure was mostly
reserved for larger children and adults.® Over the past decade, several reports of successful patent
ductus arteriosus closure in premature infants have been published.”! Recently, the experience
with transcatheter patent ductus arteriosus closure has proliferated since the advent of the
Amplatzer Piccolo Occluder (Abbott, Plymouth, MN), which is the first and only Food and
Drug Administration approved device for use in premature infants weighing >700 g.'>

One of the side effects of catheterisation remains ionising radiation exposure, which can be
grouped into two main categories: tissue reactions and stochastic effects. The former is
secondary to radiation-induced cell death or damage, such as skin ulceration and hair loss.
Stochastic effects result from radiation-induced mutations; this can especially impact rapidly
dividing cells. Paediatric patients have a relatively increased risk given their faster-dividing cells
and longer expected life span following the exposure during which cancer can develop.!*!®
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Radiation exposure is commonly measured by air kerma, which
indicates the radiation dose received by the skin and dose area
product, which is the radiation indexed to the exposure area. Dose
area product is commonly considered a surrogate for a patient’s
stochastic risk.!®!” Although there is growing interest in utilising
echocardiography for guidance during transcatheter patent ductus
arteriosus closure, the procedure is still largely performed under
fluoroscopic guidance, which exposes infants to radiation.'®!
Radiation exposure in premature infants secondary to patent
ductus arteriosus closure is poorly studied. Moreover, the effect of
the anti-scatter grids (radiation filters) on radiation exposure has
not been described in this age group.

The primary purpose of this study was to investigate whether
the use of anti-scatter grids alters the level of radiation exposure to
premature infants undergoing transcatheter patent ductus arterio-
sus closure.

This is a retrospective single tertiary centre study on neonatal ICU
patients who underwent successful percutaneous patent ductus
arteriosus closure at the Stead Family Children’s Hospital from
October 1, 2019, to October 31, 2021. This study was approved by
the institutional review board at the University of Iowa. It was
determined that informed consent was not needed to conduct
this study.

The procedure was defined as successful when the patient left
the catheterisation lab alive with a patent ductus arteriosus device
in place. Patients with successful procedures were included in the
analysis. Patients were excluded when the procedure was not
attempted, unsuccessful, or when a major complication arose, such
as cardiac perforation or device embolisation, as complication
management usually prolongs the procedure and fluoroscopy
times and increases radiation exposure.

All premature infants with haemodynamically significant patent
ductus arteriosus whose medical therapy failed or was contraindi-
cated were referred for transcatheter patent ductus arteriosus device
closure. The neonatal hemodynamic team determined the signifi-
cance of the patent ductus arteriosus based on standardised
echocardiographic criteria. Patent ductus arteriosus care before and
after transcatheter closure and the criteria for transcatheter device
closure at the University of lowa were previously described.?

All procedures were performed using the Siemens Artis Zee
Biplane fluoroscopy system (Siemens Healthcare AG, Erlangen,
Germany).

After stabilising the patients on the catheterisation lab table
with special attention to maintaining normal core body temper-
ature, baseline transthoracic echocardiogram was performed in the
catheterisation lab to confirm the presence of the patent ductus
arteriosus and assess the flow in the aortic arch and the branch
pulmonary arteries.

All cases were performed through a single 4-Fr venous access.
The patent ductus arteriosus was crossed in antegrade fashion
using a combination of a 4-Fr Angled Glide catheter (Terumo,
Somerset, NJ) with a 0.035” Tiger wire (Abbott Cardiovascular,
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Plymouth, MN) inserted in the femoral venous sheath. Angiogram
was obtained in the patent ductus arteriosus to determine patent
ductus arteriosus’s dimensions and shape to aid device selection.
Then, the appropriate delivery system was used to deploy the
occluder device exclusively in the intraductal domain. While the
device was still attached to the delivery cable, an angiogram
through the delivery catheter and transthoracic echocardiogram
were obtained to assess the adequacy of the device position, and
flow pattern in the left pulmonary artery and the aorta. The device
was released when a satisfactory positioning was confirmed, and a
detailed transthoracic echocardiogram was obtained. The sheath
was removed, and the patient returned to the neonatal ICU after
achieving hemostasis.

Our catheterisation lab has adopted the following strategies to
reduce radiation exposure to patients and staff while maintaining
image quality. The aim is to perform the procedures safely with
minimal radiation aligning with the “as low as reasonably
achievable” (ALARA) radiation principle.'*1>

1- The fluoroscopy machine was set up to deliver the low
radiation dose by optimising fluoroscopy tube voltage and current
settings.

2- A 7.5 frames/sec is utilised for fluoroscopy and cine modes.
Of note, with our current low fluoroscopy tube voltage and current
settings, using a lower frame rate would reduce the visualisation
ability.

3- Excessive collimation (frame the image) is practised to show
only the area of interest. Collimation significantly reduces
radiation and helps counter the magnification’s negative effect
on radiation.

4- The frontal camera is utilised unless the lateral camera is
superior to show a catheter course or angiogram.

5- Simultaneous use of frontal and lateral projections during
catheter manipulation is avoided. Rather, one camera is used and
the other one is intermittently utilised to confirm the catheter
position and help adjust its direction.

6- Stepping on the pedal is avoided unless catheters/wires are
manipulated or when angiograms are taken. One frame
fluoroscopy image is sufficient to confirm the position of the
endotracheal tube, catheter, etc.

7- Unnecessary body parts or equipment are removed from the
field, especially metals, as they trigger the automatic exposure
control to increase the intensity of the X-ray.

Before 01/2021, we kept the grids in place for all patients
regardless the size. Then, we decided to remove the grids for
patients under 20 kg, hoping to lower radiation exposure.'

The primary outcome was radiation doses when the anti-scatter
grids were and were not utilised. Secondary outcomes included
procedure time, fluoroscopy time, and procedure success rate.

Basic demographic data were collected, including gestational age,
corrected gestational age, birth weight, age at catheterisation,
weight at catheterisation, and body surface area. The duration of
the procedure and radiation data were collected from the
intraoperative radiation exposure sheet. The use of anti-scatter
grids, radiation exposure from the lateral and frontal cameras, and
the total exposure doses were also collected.
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Table 1. The table summarises procedure time and radiation times and doses (total and between groups). IQR = interquartile range. M-W = Mann-Whitney AK = air
kerma. mGy = milliGray. DAP = dose area product. pGy.m? = microGray meter squared

M-W
Parameter Median (IQR) test
Group #1 Group # 2

Total (n=58) Grid in (n=24) Grid out (n=34) p value
Procedure time (min) 31.5 (25.75-39) 38 (30-46) 28 (23-34.25) <0.001
Total fluoroscopy + cine time (min) 4.3 (3.58-6.1) 5.25 (4.30-7.21) 3.9 (3.2-5.9) 0.006
Cine time only (sec) 17.6 (13.95-27.15) 24 (16.80-29.65) 15.9 (12.8-21.12) 0.002
Total frontal and lateral cameras AK radiation dose (mGy) 1.63 (1.15-2.58) 2.27 (1.41-3.06) 1.4 (1.08-1.92) 0.018
Total frontal camera AK radiation dose (mGy) 0.6 (0.4-0.9) 0.75 (0.6-0.98) 0.5 (0.38-0.7) <0.001
Total lateral camera AK radiation dose (mGy) 1(0.7-1.75) 1.35 (0.9-2.20) 0.95 (0.70-1.3) 0.103
Total frontal and lateral cameras DAP radiation dose (uGym?2) 2.73 (1.65-4.16) 3.33 (2.39-5.43) 1.86 (1.46-3.6) 0.008
Total frontal camera DAP radiation dose (uGym2) 1.16 (0.7-1.16) 1.48 (1.14-1.94) 0.81 (0.61-1.37) <0.001
Total lateral camera DAP radiation dose (uGym?2) 1.4 (0.91-2.79) 1.86 (1.08-3.39) 1.19 (0.87-2.31) 0.107
Frontal and lateral cameras AK radiation dose from cine only (mGy) 0.7 (0.5-1.13) 1(0.58-1.4) 0.6 (0.48-0.8) 0.01
Frontal camera AK radiation dose from cine only (mGy) 0.3 (0.2-0.53) 0.5 (0.3-0.6) 0.25 (0.2-0.4) 0.08
Lateral camera AK radiation dose from cine only (mGy) 0.4 (0.3-0.7) 0.55 (0.40-0.88) ‘0.35 (0.28-0.4) ‘ 0.029
Frontal and lateral cameras DAP radiation dose from cine only (uGym2) 1.26 (0.7-1.92) 1.58 (1.21-2.06) 0.81 (0.61-1.55) 0.006
Frontal camera DAP radiation dose from cine only (uGym2) 0.56 (0.35-0.98) 0.88 (0.56-1.16) 0.35 (0.28-0.73) <0.001
Lateral camera DAP radiation dose from cine only (uGym?2) 0.56 (0.35-0.96) 0.74 (0.46-1.08) 0.45 (0.28-0.71) 0.024
Total frontal and lateral cameras AK radiation dose indexed to the time (mGy/min) 0.35 (0.3-0.45) 0.37 (0.31-0.45) 0.34 (0.28-0.47) 0.625
Total frontal and lateral cameras DAP radiation dose indexed to the time 0.52 (0.44-0.73) 0.62 (0.45-0.74) 0.47 (0.40-0.72) 0.106
(uGym2/min)
Frontal and lateral cameras AK radiation dose from cine only indexed to the time 0.04 (0.03-0.05) 0.04 (0.03-0.06) 0.04 (0.03-0.05) 0.151
(mGy/sec)
Frontal and lateral cameras DAP radiation dose from cine only indexed to the time 0.06 (0.04-0.09) 0.07 (0.05-0.09) 0.05 (0.04-0.08) 0.570

(uGym?2/sec)

Descriptive analyses were performed on the total population. The
normality of the data was assessed using Shapiro-Wilk test. Non-
normally distributed data were reported as a median and
interquartile range. Patients were divided into two groups.
Group # 1 is the group in whom the anti-scatter grids were
utilised. Group # 2 included the patients who underwent patent
ductus arteriosus closure without using anti-scatter grids (grids
were removed before starting the procedure). Mann-Whitney test
was used to compare the two groups with non-parametric data. To
account for the difference in the fluoroscopy time as a confounding
factor, radiation doses in the two groups were indexed to the
radiation time. A “P” value of <0.05 was chosen to be the cut-off of
significant differences between the groups.

Sixty-two premature patients were referred for transcatheter
patent ductus arteriosus closure. The median gestational age and
birth weight were 25.1 weeks (23.7-26.6) and 687 g (576-915),
respectively. The median age, corrected age, and weight at the time
of catheterisation were 4.3 weeks (3.4-6), 29 weeks (28.1-30.9),
and 1200 g (1000-1600), respectively. Of the eligible patients,
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twenty-four underwent transcatheter patent ductus arteriosus
closure with the anti-scatter grids in place, and 34 underwent the
procedure without using the anti-scatter grids. No difference
between the groups was found in gestational age, birth weight,
procedural age, procedural corrected age, procedural weight, and
procedural body surface area.

The median total skin radiation dose and the total dose area
product were 1.63 mGy (1.15-2.58) and 2.73 pGy.m? (1.65-4.16),
respectively.

When comparing the total (cine and fluoroscopy) and from
cine air kerma and dose area product radiation doses between the
two groups, group # 1 was found to have significantly higher
radiation doses from frontal, lateral, and both cameras. Likewise,
group # 1 was found to have a higher fluoroscopy and cine times.
No difference was noticed between the groups when radiation
doses were adjusted to the time Table 1.

The procedure was successful in 58 (94%) patients in whom
statistical analysis was performed. Four patients were excluded
Figure 1.
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Referred Patients for Transcatheter PDA Closure

Included

(10/2019-10/2021)
n=62

J

n =58
Excluded

IVC dissection

Figure 1. Censor diagram summarises the excluded
patients. PDA = patent ductus arteriosus. IVC = inferior

vena cava. B/L FV = bilateral femoral vein. n=1

Procedure time (the time from placing to removing the sheath)
had a median of 31.5 minutes (25.8-39). Fluoroscopy time had a
median of 4.3 minutes (3.6-6.1).

Most of the devices used were Piccolo devices in 56 patients
(96.6%), with the KA micro plug (KA Medical, Minneapolis, MN)
used in two patients (3.4%). Specifically, the devices included a
3/2 mm Piccolo in 26 patients (44.8%), a 4/2 mm Piccolo in 25
patients (43.1%), a 4/4 mm Piccolo in five patients (8.6%), a 5 mm
KA micro plug-in one patient (1.7%), and a 3 mm KA micro plug-
in one patient (1.7%).

Small residual shunt was observed in four patients (6.7%). Two
patients were transferred back to their referring institutions within
a few days after the procedure, with no available follow-up data. In
one patient, the residual flow resolved within 1 month, while in the
fourth patient, a tiny residual flow was still present at the 6-week
follow-up.

New moderate tricuspid valve regurgitation was observed in
one patient (1.7%), which improved to mild at a 3-week follow-up
transthoracic echocardiogram. Another patient (1.7%) developed
mild left pulmonary artery stenosis, with the peak gradient
increasing from 16 mmHg at baseline to 25 mmHg after the
procedure. At the 3-month follow-up, the left pulmonary artery
stenosis resolved, with the peak gradient improving to 6 mmHg.
None of the patients developed early or late iatrogenic coarctation
of the aorta.

Historically, for premature infants with haemodynamically
significant patent ductus arteriosus, surgical ligation was consid-
ered the standard of care for definitive patent ductus arteriosus
closure when medical therapy failed or was contraindicated.
Although transcatheter closure was sporadically attempted, it was
often associated with complications, mainly attributed to the lack
of appropriate devices for premature infant use. Recently,
following the introduction of the Piccolo device, transcatheter
closure has rapidly become the preferred definitive patent ductus
arteriosus closure modality in many programmes, including
ours.!*!3-20 Qur institutional experience supports what has been
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Death in the catheterization lab

B/L FV occlusion

n=1 n=1

Device embolization
n=1

published in the literature that transcatheter patent ductus
arteriosus closure is safe with a high success rate.!>!81921

To mitigate the risk of adverse events, avoiding unnecessary
catheter manipulation is crucial, as maintaining short procedure
time and reducing X-ray radiation exposure whenever possible.'*

Increasing the kilovoltage peak of the fluoroscopy machine,
commonly known as “tube voltage,” increases the penetrating
power, in other words, the strength of the X-ray beam. Whereas
increasing the “tube current” measured in milliampere-seconds
increases the number of the produced photons by the X-ray
tube.!>2?

As the X-ray photons pass through tissues, it has three fates.
First, photons pass through the tissue reaching the image detector
(X-ray receptor). Second, photons get entirely absorbed by the
tissue. Third, photons that get deflected, which usually called
“scatter.” Scatter is more significant in larger patients due to the
thicker and denser tissues and more calcified bones. When more
photons reach the receptor, a dark black colour will be formed on
the receptor. On the contrary, as fewer photons hit the receptor, a
white colour is created; that contrast forms the black-and-white
picture we are familiar with. Scattered X-ray is like noise. It reduces
the image quality and is a source of radiation exposure to
catheterisation lab personnel and patients with no imaging
benefits.!>??

The anti-scatter grid comprises alternating lead and relatively
less radiation-absorbing materials like aluminium or carbon fibre
and is removable from the catheterisation systems when needed
(Figure 2). However, removing the grids is cumbersome and time-
consuming in some catheterisation lab fluoroscopy models.!* The
anti-scatter grid is placed between the patient and the image
detector. It improves the quality of the images by filtering the
scattered radiation, thereby preventing the scatter rays from
reaching the receptor. Nevertheless, as fewer photons reach the
detector, image brightness decreases. The automatic exposure
control of the fluoroscopy machine gets the feedback and is
triggered to increase radiation to maintain image brightness at an
acceptable range.!”?* Anti-scatter grid is more beneficial in larger
patients due to the significantly scattered rays. The substantial
improvement in the image quality commonly justifies the increase
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Figure 2. Aand B show partial removal of the anti-scatter grids (white arrows) from the frontal (a) and lateral (b) camera image detectors (white arrow). C. Shows the anti-scatter

grid is fully removed.

in radiation. Yet, in smaller children with less scattered rays, no
meaningful improvement in image quality is expected by using
anti-scatter grids. Increasing the radiation by keeping the anti-
scatter grids in place is not justified by the theoretical improvement
in the image quality.'>**?* Hence, removing the anti-scatter grids
for small children with body weight less than 20kg is
recommended to fulfil the as low as reasonably achievable
radiation principle.!*!>

In the catheterisation lab, the operator can use two different
radiation modalities. The most used one is “fluoroscopy mode,”
which utilises much lower radiation but produces images with less
quality. This mode is usually used to guide the manipulation of
equipment (wires, catheters, etc.). The obtained images aren’t
routinely stored but can be by hitting the store button when
needed. The second mode is “cine mode.” This mode utilises much
higher radiation exposure (approximately 15 times higher) but
provides superior image quality, and the obtained images get
routinely stored and can be replayed if needed. This mode is
frequently utilised for angiograms or when fine details are needed
to be visualised. The frequency (frame rate/second) of the
pulsation in fluoroscopy and cine modes can be increased or
decreased. A higher frame rate leads to sharper images but at the
expense of higher radiation exposure.'®

Due to the small heart size, aggressive image magnification is
usually required during transcatheter patent ductus arteriosus
closure. Although magnification provides better visualisation, it
comes at the expense of increased radiation exposure. Moreover,
due to the small patient size, the operator needs to stay close to the
patient, which places the interventionalist at a greater risk of
primary and scattered X-ray beam exposure. This risk is also
aggravated because the hanging acrylic shield can’t be easily
utilised due to the operator’s proximity to the patient’s chest.
Limiting radiation exposure as much as possible protects not only
the patients but also the operator and catheterisation lab staff.!>2

Since children are at a higher risk of developing cancers, it is
crucial to focus on standardising radiation exposure based on the
procedure and patient size, with an emphasis on reducing
radiation.’®?” However, this standardisation is still in its early
stages, with only a few available reports. Additionally, because
patent ductus arteriosus closure in premature infants is a relatively
new procedure, there is currently no data on standard radiation
doses. This study confirmed that patent ductus arteriosus closure
in premature infants can be done with low doses of median
dose area product 2.73 pGy.m? (1.65-4.16) and median air kerma
1.63 mGy (1.15-2.58). It is worth mentioning that radiation doses
in this study are much lower (4.3-15.7 times less) than other
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studies dealing with transcatheter patent ductus arteriosus closure
in premature infants.>1*212%2 This is probably attributed to
adopting the as low as reasonably achievable principle in our
cardiac catheterisation lab and being diligent about the risk of
radiation to the patients and the staff.

Infants born prematurely are likely at increased risk of
developing cancers, such as acute myeloid leukaemia, hepato-
blastoma, breast cancer in females, retinoblastoma, germ cell
tumours, etc.>*~*? It remains unclear what exact radiation exposure
level in preterm infants would increase their cancer risk. However,
it has been demonstrated that children’s exposure to radiation
during CT scans with cumulative doses of approximately 50 mGy
can increase the risk of leukaemia with three folds, while doses
exceeding 60 mGy can triple the risk of brain tumours.** Another
study demonstrated an overall increased cancer risk of 24% in
children and adolescents exposed to a CT scan at least one year
before the cancer diagnosis. That risk is attributed to radiation
exposure during that procedure.®®

Cumulative radiation exposure in congenital cardiac patients
can increase the cancer risk to 6.5% above the general population.*®
The lower the birth weight and gestational age, the greater the
number of total X-ray studies done. Premature infants will likely
need multiple exams during their neonatal ICU stay according to
their underlying disease and associated comorbidities.”’” It is
estimated that extremely low broth infants weighing less than 1000
gm require a median of 32 X-ray imaging studies during their
neonatal ICU stay.*® Moreover, with the fast-dividing cells and the
longer expected survival, premature infants are at a relatively
increased of developing cancer because of the stochastic effect of
radiation exposure.'* Therefore, minimising the additional
radiation exposure during patent ductus arteriosus closure is
crucial.

It is worth mentioning that the recommendation of removing
the anti-scatter grids in infants weighing less than 20 kg was made
in the era before widespread transcatheter patent ductus arteriosus
closure in premature infants. Previously, cardiac catheterizations
in premature infants were rarely performed, and no data are
available on the effect of anti-scatter grids on radiation. In this
study, radiation doses were higher in group # 1, which is the group
that had the anti-scatter grids. However, this group also has longer
procedure and radiation times. When adjusting radiation doses to
the fluoroscopy and cine times, no difference was found among the
groups in terms of radiation exposures. This is probably related to
the near absence of scattered rays due to the soft non calcified
bones and small chest thickness in premature babies. With
minimal scattered X-rays, the grids don’t significantly absorb
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radiation. Therefore, the automatic exposure control is not
triggered to increase radiation. In our current catheterisation lab
setting, we conclude that removing the grids doesn’t significantly
affect the level of radiation exposure. Our staff doesn’t need to
remove the grids before and put them back at the end of the
procedure. This helps improve our workflow.

This study has a few limitations. First, this study is a
retrospective, and a prospective randomised trial involving
multiple centres would be better powered to answer this question.
Second, as the patients in group # 1 were early in our experience,
the procedure and radiation times were longer than in group # 2.
This resulted in increased overall radiation exposure during our
“learning curve.” Third, the effect of anti-scatter grids on image
quality was not studied. However, the operators report that they
didn’t notice a difference in image quality when the grids were
removed. Fourth, the radiation doses and the effect of grids on
radiation probably can’t be generalised as it is specific to our
current fluoroscopy tube settings. Until the effect of anti-scatter
grids is specifically studied in other cardiac catheterisation
laboratories, it is recommended to remove them for premature
infants. Finally, the long-term ramifications of radiation exposure
in extremely preterm babies represent a knowledge gap. Further
studies are needed to verify the findings across different
fluoroscopy machine vendors and tube settings.

Transcatheter patent ductus arteriosus closure in premature
infants is safe and feasible. It can be done with minimal radiation
exposure when appropriate fluoroscopy machine settings are
applied and the “as low as reasonably achievable” concept is
practised. In the authors’ laboratory, the anti-scatter grids do not
affect radiation exposure in premature infants.

None.

The authors assert that all procedures contributing to this
work comply with the ethical standards of the relevant national guidelines on
human experimentation and with the Helsinki Declaration of 1975, as revised in
2008, and has been approved by the institutional committees (the Institutional
Review Board at the University of Iowa).
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