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Abstract: Cardiovascular catheterization has been applied in infant treatment for several decades. To
date, considerable research attention has been paid to cardiovascular catheterization in small neonates.
However, peripheral vascular routes of catheterization are possible obstacles for interventionists.
Umbilical vein catheterization has been reported as a route for neonates, although few attempts have
been made to investigate this approach. This study aimed to retrospectively review cardiovascular
intervention using the umbilical vein approach as applied to infants admitted to a tertiary center from
2017 to 2020. Details including the perinatal variables, indication diagnoses, and procedure devices
were collected. The enrollment included a total of 16 cases representing 17 intervention events,
with infants born at a gestation age of 22–39 weeks and body weight ranging from 478 to 3685 g at
the time of the procedure. The postnatal age ranged from 1 to 27 days. The catheter sizes ranged
from 4 to 11 Fr. Indications included being admitted for patent ductus arteriosus occlusion (n = 15),
balloon pulmonary valvuloplasty (n = 3), balloon atrial septostomy (BAS) (n = 3), pulmonary valve
(PV) perforation (n = 1), and two interventions for catheter placement for continuous venovenous
hemofiltration. The success rate for cardiovascular catheterization was 88.2% (15/17). There were two
patients for which cannulation failed due to ductus venosus closure: one intraabdominal hemorrhage
complication during continuous venovenous hemofiltration (CVVH), and one cardiac catheterization
failure of PV perforation due to failure to insert the guiding catheter into the right ventricular outflow
tract. Based on these findings, we conclude that cardiac catheterization and the placement of a
large-sized catheter through an umbilical vein in a small infant represents a safe and time-saving
method when catheterization is required.

Keywords: umbilical vein; newborn; premature infants; cardiovascular intervention; patent duc-
tus arteriosus

1. Introduction

Advances in the medical and surgical management of neonates are often predicated
upon secure vascular access [1]. Recent advances in interventional cardiovascular pro-
cedures applied during the neonatal period are alternative life-saving methods used
both for the urgent correction of clinical conditions and initial palliative therapy prior
to surgery [2,3]. The percutaneous approach to central venous cannulation is sometimes
difficult in neonates, especially in premature infants. Most commonly, the femoral vein,
or femoral artery, is used for vascular access in the cardiac catheterization of children.
Even with ultrasound guidance, setting up vascular access in infants remains challeng-
ing, especially in premature infants with a birth body weight of less than 1000 g [4,5].
By contrast, umbilical vein catheterization is a common and relatively quick and easy
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procedure in the neonatal intensive care unit (NICU) care [6]. The use of the umbilical
vessel in cardiac catheterization was first reported in 1961 for angiography, but has rarely
been mentioned of late due to recent advances in cannulation techniques [7]. However,
the increasing frequency of even smaller and lower body weight premature neonates is
resulting in an increased demand for less invasive cardiovascular interventions and central
venous cannulation. Therefore, an umbilical vein approach is a possible alternative to
cannulation [8]. Here, we report our experiences of using the umbilical vein as a route for
intervention.

2. Materials and Methods
2.1. Study Design

This study recruited patients admitted to the NICU in our institution from 1 January
2017 to 31 December 2020. Those with an age of less than 1 month and with umbilical
venous catheter insertion for a double lumen catheter or for cardiac catheterization were
included. Those who did not receive umbilical vein catheter insertion were excluded.
Infants with an umbilical venous catheter used only for intravenous drug or parenteral
nutrition were also excluded. Infants with congenital anomaly, except for isolated congeni-
tal heart disease, were excluded. Infants with numerical or mosaic chromosomal anomaly,
diagnosed prenatally or after birth, were also excluded.

Infants with umbilical vein access used for cardiac catheterization were further divided
into successful intervention (Group A) and failed intervention (Group B) groups. The study
protocol was approved by our Institutional Review Board (protocol code: A-ER-110-197).

2.2. Study Setting

This study was conducted in a 20-bed tertiary NICU at the National Cheng Kung
University Hospital in Tainan, Taiwan. The care volume of this unit is approximately
350–400 neonates treated yearly. Admitted infants are regularly cared for by two neonatol-
ogists, two residents, and one nurse practitioner.

2.3. Study Setting Procedure

The umbilical vein (UV) catheter was set up at the NICU by the pediatric resident
doctor as standard umbilical catheterization. A 4 Fr. two-lumen central venous catheter
(CVC) (Arrow ® International, Inc., Cleveland, OH, USA) or a 3 Fr. one-lumen umbilical
vein catheter (Vygon, Ecouen, France) was directly and smoothly inserted through the
umbilical vein and then withdrawn to confirm that the catheter was in the vascular lumen.
After catheter placement, the tip position was observed using a plain chest X-ray. The ideal
position of the UV catheter tip is at the junction of the inferior vena cava (IVC) and right
atrium [9–11]. In cases of correct placement, the catheter showed a slight curvature to the
right of the midsagittal line between T10 to L1 before entering the ductus venosus, and
then continued straight up or slightly leftward with the tip placed near the diaphragm
level (about T8–T10 level) or in the right atrium [10,12]. In cases of incorrect placement, the
catheter tip went rightward, and was not placed in the ductus venosus (DV) (Figure 1). In
this situation, we addressed the incorrectly positioned catheter in the catheterization lab. A
0.014-inch Runthrough guidewire was inserted into the catheter, followed by retrieving the
catheter to the level of the umbilical vein. We then advanced the guidewire through the
ductus venosus to the IVC under fluoroscopy guidance. In all cases, the procedure was
conducted at the catheterization laboratory, except in one case which included setting up
the route for continuous venovenous hemodialysis (CVVH) at the NICU and the umbilical
vein catheter being inserted directly. At the catheterization laboratory, the umbilical vein
catheter was sterilized and cut. A 0.018-inch guidewire was used to change the catheter to
a 4 Fr. introducer sheath (Merit Prelude, 7 cm) (Merit Medical Systems Inc., South Jordan,
UT, USA). We then either used the sheath or appropriately altered its size (5 Fr. (Terumo
sheath 7 cm) (Terumo Medical Corporation, MD, USA), 6 Fr. (Merit Prelude sheath, 7 cm)
(Merit Medical Systems Inc., South Jordan, UT, USA), or 11 Fr. (Flexxicon dialysis catheter,
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12.5 cm) (Bard Access Systems Inc., Salt Lake City, UT, USA)) for the procedure under
fluoroscopy. In the catheterization laboratory, we changed the umbilical vein catheter to
the introducer sheath under fluoroscope. The sheath dilator was straight and slightly stiffer
than the umbilical vein catheter. To pass through the angle between the ductus venosus
and IVC more smoothly, we slightly bent the introducer sheath dilator tip manually. The
preshaped introducer sheath dilator could help the sheath pass more easily through the
angle of the ductus venosus and IVC (Figure 2). We also attempted to lightly press the
patient’s subxiphoid area, which could help the catheter pass through [13]. Changing the
catheter with a guidewire also prevented transient constriction of the ductus venosus [14].
If the wire did not pass smoothly through the catheter until the IVC, injection of a small
amount of contrast agent could reveal the patency of the ductus venosus (Supplementary
Video S1). Finally, the sheath tip was placed at the junction of the IVC and right atrium to
prevent ductus venosus spasm.
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Figure 1. (A) AP view of correct UV catheter position. The catheter tip went straight up or slightly
leftward to the diaphragm (Case 8). (B) AP view of incorrect UV catheter position. The catheter tip
went rightward (asterisk) and not into the DV (Case 5).
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Figure 2. Introducer sheath dilator tip (Terumo 5 Fr.) was slightly bent manually. The preshaped
introducer dilator could help the sheath pass more easily through the angle of ductus venosus
and IVC.

2.4. Clinical Variables

The basic demographic data comprising gestational age, birth body weight, indica-
tions for umbilical vein catheterization, type and size of catheter or sheath used, procedure
type and equipment, age at time of procedure, and body weight were collected. Fluo-
roscopy and procedure time, complications, adverse events, and intervention outcome
were also recorded.
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3. Results
3.1. Enrollment of Study Population and Clinical Variables

During the study period, a total of 47 neonates received cardiac catheterization and
1 other neonate received CVVH through the umbilical vein. Among these infants, 32 were
cannulated using femoral routes (3 from the subclavian artery, 2 from the femoral artery,
20 from the femoral vein, and 7 from the femoral artery and vein) and were excluded.
The remaining 16 infants were included for analysis, and 15 of them received cardiac
catheterization (Table 1). A total of 10 were premature infants. The birth body weight (BBW)
was 1869 ± 1088 g (462 to 3705 g), and the birth gestational age (GA) was 32.5 ± 6.5 weeks
(22 to 39 weeks). The age and body weight on the day of the procedure were 6.1 ± 6.3 days
(1 to 27 days) and 1894 ± 1099 g (478 to 3685 g), respectively. The maximal cannulation
catheter size was 11 Fr. in a 2356 g infant (Case 4). The patient had hemodynamically
significant PDA and bilateral renal hypoplasia diagnosed after birth. After PDA occlusion,
the umbilical vein was used for CVVH. Hence, a total of 17 interventional events (15 cardiac
catheterization and 2 CVVH) in 16 infants were included in the analysis.

Table 1. Baseline characteristics.

Case
No.

Birth GA
(Weeks)

Birth BW
(g) Sex Age (Days) BW at Procedure

Day (g) Diagnosis Sheath Size
(Fr.)

1 24 + 6 660 F 2 660 PDA with PH 4
2 23 568 M 12 509 PDA with PH 4
3 22 + 4 462 M 3 478 PDA with PH 4

4 * 32 + 6 2360 M 9 2356 PDA/renal hypoplasia 4/11
5 23 + 4 588 F 27 551 PDA 4
6 35 + 2 1675 M 3 1892 AKI 8
7 38 + 6 3705 M 1 3685 TGA 4
8 29 + 2 1442 F 7 1562 PDA 4
9 25 + 6 668 M 2 668 PDA 4

10 34 + 1 1330 M 6 1397 PDA with PH 6
11 39 3555 M 5 3444 Severe valvular PS 5
12 37 + 5 2392 F 3 2448 TGA 4
13 37 + 5 2500 M 1 2634 TGA 3
14 37 + 6 2576 F 7 2542 Severe valvular PS 6
15 39 + 2 2728 M 5 2812 Severe valvular PS 6
16 38 + 5 2692 M 5 2770 PAIVS 5

* Case 4 accounts for two intervention events (PDA closure and CVVH). Abbreviations: PS: pulmonary stenosis; PAIVS: pulmonary atresia
with intact ventricular septum; TGA: transposition of the great arteries; PDA: patent ductus arteriosus; PH: pulmonary hemorrhage; AKI:
acute kidney injury; PV: pulmonary valve; BAS: balloon atrial septostomy; CVVH: continuous venovenous hemofiltration.

3.2. Intervention Details

The 15 cardiac catheterization events included 8 PDA occlusions (4 presented with
pulmonary hemorrhage) (47.1%), 3 balloon pulmonary valvuloplasty (17.6%), 3 balloon
atrial septostomy (BAS) (17.6%), and 1 pulmonary valve (PV) perforation (5.9%) (Table 2).
The procedure time was 58.0 ± 38.9 min, and most cases were completed within 1 h (10/15).
The fluoroscopy time was 15.1 ± 14.2 min.

There were 2 cases of umbilical vein cannulation failure (Case 5 and 13) that were due
to a closed ductus venous (DV), and the wire failed to pass into the inferior vena cava. The
remaining 13 cardiac catheterizations were performed successfully. However, there were
2 unsuccessful cardiac catheterization cases. In Case 9, the PDA was initially successfully
closed using a UV approach, but hemodynamic instability occurred, although echocardiog-
raphy did not reveal cardiac structure or pulmonary or systemic artery compression related
to the device. Due to the unstable hemodynamic condition, we immediately retrieved the
device. In Case 16, the guiding catheter could not advance into the right ventricular outflow
tract from the UV route. The procedure was shifted to surgical pulmonary valvotomy due
to failure to achieve cannulation in femoral vessels.
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Table 2. Intervention details.

Case
No.

Event
No. Procedure Sheath

Size (Fr) UV Cannulation Device Fluoroscopy
Time (min s)

Procedure
Time (min)

UV Cannulation
Complications Intervention Outcome

1 1 PDA occluder 4 Success ADOIIAS 5-4 9 m 22 s 23 Expired due to sepsis post CoA
operation at day 163

2 2 PDA occluder 4 Success ADOIIAS 5-4 15 m 6 s 33 Discharge

3 3 PDA occluder 4 Success ADOIIAS 3-2 10 m 22 s 40 Expired due to systemic fungal
infection

4
4 PDA occluder 4 Success ADOIIAS 5-4 19 m 54 s 57 Intraabdominal

hemorrhage Expired due to CVVH complication

5 CVVH 11 Success

5 6 PDA occluder 4 Failure
(DV closed) - 4 m 20 s 29 Shift to surgical ligation due to failure

to venous cannulation; discharged
6 7 CVVH 8 Success Discharged
7 8 BAS 4 Success 4 Fr. Bermann 5 m 50 s 59 Discharged after ASO operation

8 9 PDA occluder 4 Success ADOIIAS 5-6 7 m 52 s 28 Expired due to ARPKD with renal
failure at day 70

9 10 PDA occluder 4 Success ADOIIAS 4-2 13 m 36 s 122
Bradycardia after device deployment
then device retrieved; expired due to
pulmonary hemorrhage 2 days later

10 11 PDA occluder 6 Success AVPII 8-7 39 m 5 s 84 Discharged

11 12 Balloon
valvuloplasty 5 Success Mustang Balloon

8 mm × 20 mm 25 m 39 s 101 Discharged

12 13 BAS 4 Success 4 Fr. Bermann 13 m 29 s 34 Discharged after ASO operation

13 14 BAS 3 Failure
(DV closed) - 18 m 41 s 77 Shift to femoral vein for BAS,

discharged after ASO operation

14 15 Balloon
valvuloplasty 6 Success Sterling Balloon

7 mm × 20 mm 23 m 40 Discharged

15 16 Balloon
valvuloplasty 6 Success Sterling Balloon

7 mm × 20 mm 19 m 56 Discharged

16 17 PV perforation 5 Success - 50 m 18 s 145
PV perforation failure; femoral

cannulation failure; shift to surgical
pulmonary valvotomy and discharged

The device size is expressed in waist diameter × length (millimeter). Abbreviations: AKI: acute kidney injury; ARPKD: autosomal recessive polycystic kidney disease; ASO: arterial switch operation; ADOIIAS:
Amplatzer Duct Occluder II Additional Size; AVPII: Amplatzer Vascular Plug II; BAS: balloon atrial septostomy; CoA: coarctation of aorta; CVVH: continuous venovenous hemofiltration; DAP: dose-area product;
DV: ductus venous; PAIVS: pulmonary atresia with intact ventricular septum; PDA: patent ductus arteriosus; PH: pulmonary hemorrhage; PS: pulmonary stenosis; PV: pulmonary valve; TGA: transposition of
the great arteries; UV: umbilical vein..
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In total, 2 infants received CVVH therapy through the umbilical vein. Case 4 was
an infant with bilateral renal hypoplasia. The infant was initially under CVVH therapy
through the jugular venous route, but the cannulation site kept bleeding, and the catheter
was dysfunctional. After PDA occlusion from UV for significant left-to-right shunting
and heart failure, we cannulated the umbilical vein with an 11 Fr. double-lumen catheter
for CVVH. During the CVVH course, abdominal distention with mild intraabdominal
hemorrhage was found, which we considered to be related to a large sheath. The clinical
condition stabilized after blood transfusion. Case 6 was an infant with acute kidney injury
after birth and received CVVH through an 8 Fr. double-lumen catheter cannulated in the
UV. The etiology was not discovered, and his renal function recovered spontaneously after
14 days of renal replacement therapy.

The total UV cannulation success rate was 88.2% (15/17), and the overall success rate
of the procedure was 76.5% (13/17). The complication rate was 5.9% (1/17).

4. Discussion

The percutaneous approach to central venous catheterization is sometimes difficult
in neonates, especially in premature infants. The National Institute for Health and Care
Excellence (NICE) guidelines specify mandatory real-time 2D ultrasound in cases of per-
cutaneous puncture of the internal jugular and femoral veins [15]. Even with ultrasound
guidance, setting up vascular access in infants remains challenging, especially in premature
infants with a birth body weight of less than 1000 g [4,5]. Umbilical vein catheterization is
a common procedure in NICUs. The procedure was first reported in 1946 as a route for
exchange transfusion [16]. The umbilical vein offers a technically easy, relatively safe and
pain-free portal for intravascular catheter access in newborns. An umbilical vein catheter
(UVC) provides a good alternative to a peripheral venous catheter by reducing the need
for multiple procedures to maintain venous access, while not being associated with the
greater risks of infection or necrotizing enterocolitis [17]. The use of the umbilical vein as a
route for cardiac catheterization was first reported in 1961 [7]. Sapin et al. also reported
using both the umbilical vein and umbilical artery for cardiac hemodynamics studies in
1963 [18]. Since the 1970s, more cardiac interventions that use the umbilical vein have been
reported, including BAS, temporary pacemaker implantation, and the reinfusion route for
venovenous extracorporeal membrane oxygenation (VV-ECMO) [19–21]. Simpson et al.
reported using the umbilical vein route for pulmonary balloon valvuloplasty [22]. The
umbilical artery has also been reported as a route for balloon dilatation of aortic coarctation
and balloon aortic valvuloplasty [23,24]. Transcatheter PDA occlusion in ELBW infants
became technically feasible following the development of a new delivery sheath and de-
vice [25]. Recent data show a tendency toward early improvement in the pulmonary score
of a transcatheter occlusion group of infants compared with the surgical ligation group [26].
Previously, our group successfully used the umbilical vein for transcatheter closure of the
PDA in symptomatic premature infants weighing more than 478 g [8]. The results implied
the possibility of early prophylactic closure of the PDA in very small babies.

The DV is one of three physiological shunts of fetal circulation. The ductus reaches
the IVC at the hepatic vein confluence with a steep angle (48◦ on average) [27]. After
birth, functional closure of the ductus venosus begins when the ductus venosus blood
pressure falls, and true obliteration is completed in 15–20 days [28,29]. In this case series,
we found that early identification of the patency of the ductus venous to the IVC was
important. According to our data, we had two patients for which cannulation failed due to
ductus venous closure at days 3 and 4. In our report, the overall failure rate due to ductus
venous closure was 12.5% (2/16). It was reported that bedside targeted ultrasonography
performed by a physician can help in identifying mispositioned catheters [30,31] and that
ultrasound-guided umbilical catheter insertion could save 64 min on average [32]. The
DV size was, on average, 0.7 mm at 18 weeks GA and 1.7 mm at 40 weeks GA [27]. The
umbilical vein diameter in a full-term baby was nearly the same as the outer diameter of
a 4 Fr. introducer sheath (1.78 mm in the Merit sheath). However, the ductus venosus is
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a thin and soft vessel. It was reported that for a 10 Fr. catheter inserted into an umbilical
vein for ECMO use in a GA 39-week infant with a BW of 3.3 kg, ECMO flow approached
250 mL/min and could be regarded as safe [21]. In our report, we inserted a 11 Fr. double-
lumen catheter into a GA 32 + 6-week infant with a BW of 2356 g for 25 days for use in
CVVH.

In this study, we report our experience of using the umbilical vein as a route for
intervention in 16 newborn cases representing 17 events. The smallest patient weighed
478 g and, to the best of our knowledge, is the smallest reported case. We performed PDA
occlusion, balloon atrial septostomy, balloon pulmonary valvuloplasty, and pulmonary
valve perforation smoothly via an umbilical vein route. The umbilical vein route was
especially suitable for BAS. The ductus venosus continued on a straight path to the foramen
ovale in early pregnancy [27]. The catheter could easily pass through the foramen ovale. It
has been observed that a catheter encounters more difficultly in entering a right ventricle
compared to the femoral vein route [6]. In eight cases, PDA occlusion was conducted.
It was probably due to the help of the soft coronary guidewire that the guidewire could
easily pass through the PDA and achieve occlusion (Figure 3, Supplementary Video S2).
However, in one case, PV perforation was conducted. During the procedure, we initially
used the guidewire approach for the RVOT. However, when we attempted to advance the
guiding catheter and stiff wire to perforate the pulmonary valve, the force did not allow
for the tip of the wire to be fully passed through the pulmonary valve. This may have been
caused by the curvature between the ductus venosus and IVC. The curvature weakened
the force, preventing the wire from passing through the pulmonary valve (Figure 4). In this
report, the cardiac catheterization success rate is 73.3%. Intervention cardiac catheterization
in premature infants, especially in extremely low birth weight (ELBW) infants, is more
challenging because these patients are more fragile, and higher complication rates related
to this procedure have been reported [22,25]. Postnatal age is related to the success rate of
umbilical vein catheterization, and it was reported that the ductus venosus may be patent
for cardiac catheterization in the first week of life [19,33]. The successful catheterization rate
was higher when carried out within 48 h of life, but still with a 25% failure rate [13]. On the
other hand, Ranjit et al. reported their experience in percutaneous cardiac intervention in
infants weighing less than 1000 g. They reported that in two infants with pulmonary atresia,
pulmonary valve perforations were successfully performed [34]. The same study group
also demonstrated a short procedural time and fluoroscopic exposure time in transcatheter
PDA occlusion among infants weighing less than 1000 g, contributing to the growing
evidence of the feasibility of transcatheter cardiac intervention in these small infants [35].
The umbilical vein route may not be suitable for PV perforation in these patients, although
the umbilical vein route may be used in PDA occlusion, BAS, and pulmonary valve balloon
valvuloplasty.

Reported complications of using the umbilical vein as a catheterization route are
infection of the umbilical stump, portal vein thrombosis, arterial thrombosis, arrhythmia,
and intraperitoneal bleeding [6,33]. In this study, intraabdominal hemorrhage was noted
for only one patient after this procedure, and it subsided after blood transfusion (Case 4).

The limitations of this study are the relatively small sample size and the use of a single
center. However, we have constructed a program that is currently applicable and available
for use in the umbilical vein approach for neonatal intervention. Further data from more
applications of umbilical vein access in cardiac catheterization are needed to establish the
safety of this procedure.
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Figure 3. (A) Lateral view of transcatheter PDA occluder insertion through the UV route. The sheath
passes through the angle between the DV and IVC until reaching the RVOT. The wire passes through
the PDA until reaching the descending Ao (Case 10). (B) Lateral view of transcatheter PDA occluder
insertion through the FV route. The sheath passes through the IVC straight to the RVOT, and the
wire passes through the PDA until reaching the Ao.
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Figure 4. (A) Lateral view of transcatheter valvotomy through the UV route (Case 16). The curvature
from the DV to IVC weakened the force to pass through the pulmonary valve (asterisk). (B) Lateral
view of transcatheter valvotomy through the FV route.

5. Conclusions

In this report, we presented our experience of neonatal intervention, especially in
ELBW infants, via the umbilical vein. We have previously used the umbilical vein as a
route for PDA occlusion, balloon pulmonary valvuloplasty, and balloon atrial septostomy.
However, the umbilical vein may not be suitable in the perforation of pulmonary valves.
Chest radiography and ultrasound may be used to check ductus venosus patency prior to
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the procedure. Cardiac catheterization and the placement of a large-sized catheter through
the umbilical vein in a small infant may represent a safe and time-saving procedure, but
more investigations are need to confirm this.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/children8111017/s1, Video S1: Angiogram showing closure of DV (Case 5). Video S2: The 0.014
inch soft coronary wire can guide the catheter into PDA.

Author Contributions: Conceptualization, J.-N.W. and Y.-C.L.; methodology, J.-N.W. and Y.-C.L.;
validation, M.-L.H. and J.-M.W.; formal analysis, Y.-T.J. and Y.-J.W.; investigation, Y.-J.W. and M.-L.H.;
data curation, J.-M.W. and J.-N.W.; writing—original draft preparation, Y.-T.J. and Y.-J.W.; writing—
review and editing, J.-N.W.; supervision, J.-N.W. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of National Cheng Kung
University Hospital (protocol code: A-ER-110-197, date: 5 July 2020).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of this
study, which was approved by our Institutional Review Board.

Data Availability Statement: The datasets used during the current study are available from the
corresponding author on reasonable request.

Acknowledgments: The authors would like to thank Ting-Hui Hsieh and Lie-Chuen Wang for
administrative and technical support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Baillie, C.T. Neonatal Vascular Access. In Rickham’s Neonatal Surgery; Losty, P., Flake, A., Rintala, R., Hutson, J., lwai, N., Eds.;

Springer: London, UK, 2018.
2. Melekoglu, A.N.; Baspinar, O. Transcatheter cardiac interventions in neonates with congenital heart disease: A single centre

experience. J. Int. Med. Res. 2019, 47, 615–625. [CrossRef] [PubMed]
3. Möller, J.C.; Reiss, I.; Schaible, T. Vascular access in neonates and infants–indications, routes, techniques and devices, complica-

tions. Intensive Care World 1995, 12, 48–53.
4. Chen, K.B. Clinical experience of percutaneous femoral venous catheterization in critically ill preterm infants less than 1000

grams. Anesthesiology 2001, 95, 637–639. [CrossRef]
5. Kanter, R.K.; Gorton, J.M.; Palmieri, K.; Tompkins, J.M.; Smith, F. Anatomy of femoral vessels in infants and guidelines for venous

catheterization. Pediatrics 1989, 83, 1020–1022.
6. Porter, C.J.; Gillette, P.C.; Mullins, C.E.; McNamara, D.G. Cardiac catheterization in the neonate. A comparison of three techniques.

J. Pediatr. 1978, 93, 97–101. [CrossRef]
7. Hirvonen, L.; Peltonen, T.; Ruokola, M. Angiocardiography of the newborn with contrast injected into the umbilical vein. Ann

Paediatr. Fenn. 1961, 7, 124–130.
8. Wang, J.N.; Lin, Y.C.; Hsieh, M.L.; Wei, Y.J.; Ju, Y.T.; Wu, J.M. Transcatheter closure of patent ductus arteriosus in premature

infants with very low birth weight. Front. Pediatr. 2020, 8, 615919. [CrossRef] [PubMed]
9. Anderson, J.; Leonard, D.; Braner, D.A.; Lai, S.; Tegtmeyer, K. Videos in clinical medicine. Umbilical vascular catheterization. N.

Engl. J. Med. 2008, 359, e18. [CrossRef]
10. Campbell, R.E. Roentgenologic features of umbilical vascular catheterization in the newborn. Am. J. Roentgenol. Radium Ther.

Nucl. Med. 1971, 112, 68–76. [PubMed]
11. Oestreich, A.E. Umbilical vein catheterization—Appropriate and inappropriate placement. Pediatr. Radiol. 2010, 40, 1941–1949.

[PubMed]
12. Rubortone, S.A.; Costa, S.; Perri, A.; D’Andrea, V.; Vento, G.; Barone, G. Real-time Ultrasound for tip location of umbilical venous

catheter in neonates: A pre/post intervention study. Ital. J. Pediatr. 2021, 47, 68. [CrossRef]
13. Ashfaq, M.; Houston, A.B.; Gnanapragasam, J.P.; Lilley, S.; Murtagh, E.P. Balloon atrial septostomy under echocardiographic

control: Six years’ experience and evaluation of the practicability of cannulation via the umbilical vein. Br. Heart J. 1991, 65,
148–151. [PubMed]

14. Appleton, R.S.; Jureidini, S.B.; Balfour, I.C.; Nouri, S. Venous sheath to facilitate cardiac catheterization via the umbilical vein. Am.
Heart J. 1992, 124, 1392–1393. [CrossRef]

https://www.mdpi.com/article/10.3390/children8111017/s1
https://www.mdpi.com/article/10.3390/children8111017/s1
http://doi.org/10.1177/0300060518806111
http://www.ncbi.nlm.nih.gov/pubmed/30373426
http://doi.org/10.1097/00000542-200109000-00015
http://doi.org/10.1016/S0022-3476(78)80614-3
http://doi.org/10.3389/fped.2020.615919
http://www.ncbi.nlm.nih.gov/pubmed/33520899
http://doi.org/10.1056/NEJMvcm0800666
http://www.ncbi.nlm.nih.gov/pubmed/5582035
http://www.ncbi.nlm.nih.gov/pubmed/20890597
http://doi.org/10.1186/s13052-021-01014-7
http://www.ncbi.nlm.nih.gov/pubmed/2015123
http://doi.org/10.1016/0002-8703(92)90435-X


Children 2021, 8, 1017 10 of 10

15. National Institute for Clinical Excellence. Guidance on the Use of Ultrasound Locating Devices for Placing Central Venous Catheters
[TA49]; National Institute for Clinical Excellence: London, UK, 2002.

16. Diamond, L.K.; Allen, F.H., Jr.; Thomas, W.O., Jr. Erythroblastosis fetalis. VII. Treatment with exchange transfusion. N. Engl. J.
Med. 1951, 244, 39–49.

17. Loisel, D.B.; Smith, M.M.; MacDonald, M.G.; Martin, G.R. Intravenous access in newborn infants: Impact of extended umbilical
venous catheter use on requirement for peripheral venous lines. J. Perinatol. 1996, 16, 461–466. [PubMed]

18. Sapin, S.O.; Linde, L.M.; Emmanouilides, G.C. Umbilical vessel angiocardiography in the newborn infant. Pediatrics 1963, 31,
946–951.

19. Abinader, E.; Zeltzer, M.; Riss, E. Transumbilical atrial septostomy in the newborn. Am. J. Dis. Child. 1970, 119, 354–355.
[CrossRef]

20. Saxena, A.; Vohra, P.; Jain, Y.; Narayanan, S.; Kumar, R.K. Umbilical vein cardiac catheterization. Am. Heart J. 1993, 126, 1494.
[CrossRef]

21. Kato, J.; Nagaya, M.; Niimi, N.; Tanaka, S. Venovenous extracorporeal membrane oxygenation in newborn infants using the
umbilical vein as a reinfusion route. J. Pediatr. Surg. 1998, 33, 1446–1448. [CrossRef]

22. Simpson, J.M.; Moore, P.; Teitel, D.F. Cardiac catheterization of low birth weight infants. Am. J. Cardiol. 2001, 87, 1372–1377.
[CrossRef]

23. Weber, H.S. Catheter management of aortic valve stenosis in neonates and children. Catheter. Cardiovasc. Interv. 2006, 67, 947–955.
[CrossRef] [PubMed]

24. Sutton, N.; Lock, J.E.; Geggel, R.L. Cardiac catheterization in infants weighing less than 1500 grams. Catheter. Cardiovasc. Interv.
2006, 68, 948–956. [CrossRef]

25. Almeida-Jones, M.; Tang, N.Y.; Reddy, A.; Zahn, E. Overview of transcatheter patent ductus arteriosus closure in preterm infants.
Congenit. Heart Dis. 2019, 14, 60–64. [CrossRef]

26. Wei, Y.J.; Chen, Y.J.; Lin, Y.C.; Kan, C.D.; Hsieh, M.L.; Lin, Y.J.; Wu, J.M.; Wang, J.N. Respiratory trajectory after invasive
interventions for patent ductus arteriosus of preterm infants. Children 2021, 8, 398. [CrossRef] [PubMed]

27. Kiserud, T. Ductus Venosus. In Doppler Ultrasound in Obstetrics and Gynecology, 2nd ed.; Maulik, D., Zalud, I., Eds.; Springer:
Berlin/Heidelberg, Germany, 2005; pp. 413–427.

28. Yoshimoto, Y.; Shimizu, R.; Saeki, T.; Harada, T.; Sugio, Y.; Nomura, S.; Tanaka, H. Patent ductus venosus in children: A case
report and review of the literature. J. Pediatr. Surg. 2004, 39, E1–E5.

29. Meyer, W.W.; Lind, J. The Ductus Venosus and the mechanism of its closure. Arch. Dis. Child. 1966, 41, 597–605.
30. Saul, D.; Ajayi, S.; Schutzman, D.L.; Horrow, M.M. Sonography for complete evaluation of neonatal intensive care unit central

Support devices: A pilot study. J. Ultrasound Med. 2016, 35, 1465–1473. [PubMed]
31. Ades, A.; Sable, C.; Cummings, S.; Cross, R.; Markle, B.; Martin, G. Echocardiographic evaluation of umbilical venous catheter

placement. J. Perinatol. 2003, 23, 24–28. [CrossRef]
32. Fleming, S.E.; Kim, J.H. Ultrasound-guided umbilical catheter insertion in neonates. J. Perinatol. 2011, 31, 344–349. [CrossRef]
33. Linde, L.M.; Higashino, S.M.; Berman, G.; Sapin, S.O.; Emmanouilides, G.C. Umbilical vessel cardiac catheterization and

angiocardiography. Circulation 1966, 34, 984–988. [CrossRef]
34. Philip, R.; Towbin, J.; Tailor, N.; Joshi, V.; Johnson, J.N.; Naik, R.; Waller, B.R., 3rd; Sathanandam, S. Feasibility and safety of

percutaneous cardiac interventions for congenital and acquired heart defects in infants ≤ 1000 g. Children 2021, 8, 826. [CrossRef]
[PubMed]

35. Philip, R.; Tailor, N.; Johnson, J.N.; Apalodimas, L.; Cunningham, J.; Hoy, J.; Waller Iii, B.R.; Sathanandam, S. Single-center
experience of 100 consecutive percutaneous patent ductus arteriosus closures in infants ≤ 1000 grams. Circ. Cardiovasc. Interv.
2021, 14, e010600. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/8979185
http://doi.org/10.1001/archpedi.1970.02100050356016
http://doi.org/10.1016/0002-8703(93)90570-Y
http://doi.org/10.1016/S0022-3468(98)90035-5
http://doi.org/10.1016/S0002-9149(01)01555-7
http://doi.org/10.1002/ccd.20765
http://www.ncbi.nlm.nih.gov/pubmed/16602127
http://doi.org/10.1002/ccd.20905
http://doi.org/10.1111/chd.12712
http://doi.org/10.3390/children8050398
http://www.ncbi.nlm.nih.gov/pubmed/34063345
http://www.ncbi.nlm.nih.gov/pubmed/27229130
http://doi.org/10.1038/sj.jp.7210851
http://doi.org/10.1038/jp.2010.128
http://doi.org/10.1161/01.CIR.34.6.984
http://doi.org/10.3390/children8090826
http://www.ncbi.nlm.nih.gov/pubmed/34572258
http://doi.org/10.1161/CIRCINTERVENTIONS.121.010600
http://www.ncbi.nlm.nih.gov/pubmed/34092088

	Introduction 
	Materials and Methods 
	Study Design 
	Study Setting 
	Study Setting Procedure 
	Clinical Variables 

	Results 
	Enrollment of Study Population and Clinical Variables 
	Intervention Details 

	Discussion 
	Conclusions 
	References

