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During perioperative and postoperative procedures, reliable
intravascular access is a life-saving route for intravenous fluid
therapy, antibiotic administration, and parenteral nutrition in

critically ill neonates. Epicutaneo-caval catheters (ECCs) are
often used as an alternative to central venous catheters given
their safety in the context of prolonged use.1–3 However,
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Abstract Objective This prospective randomized controlled study aimed to compare the
ultrasound-guided (USG) technique with the standard single-wall puncture technique
for epicutaneo-caval catheter (ECC) placement in neonates.
Study Design A total of 100 neonates were included in this study. All enrolled
neonates were randomly divided into two groups (n¼50): the USG group and the
control group. The control group underwent standard single-wall puncture for ECC
placement procedures, and the USG group underwent USG ECC placement procedures.
Results The first attempt success rates (62 vs. 38%; p¼0.016) and the total success
rates (92 vs. 74%; p¼0.017) were higher in the USG group than in the control group.
The procedure time was shorter in the USG group than in the control group: 351.43
(112.95) versus 739.78 seconds (369.13), p< 0.001. The incidence of adverse events
was not significantly different between the two groups.
Conclusion Compared with the standard single-wall puncture method, USG cannula-
tion is superior for neonatal ECC placement, with a higher success rate, and decreases
the total procedural time.

Key Points
• Establishing ECCs in neonates is challenging and lead to multiple attempts and adverse events.
• Information on the efficiency of USG dynamic needle tip positioning for ECCs in neonates is lacking.
• Compared with the standard puncture method, USG cannulation is superior for neonatal ECC placement.
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establishing ECCs in these patients is challenging given their
small vascular diameters and very low weight.4,5 These chal-
lenges can lead tomultiple attempts and adverse events, such
as local tissue damage and thrombosis.

A recently reported ultrasound-guided (USG) cannula-
tion technique called dynamic needle tip positioning allows
for accurate visualization of the needle tip by alternately
advancing the needle and ultrasound probe using the short-
axis out-of-plane approach.6 This technique has shown
obvious advantages in pediatric peripherally inserted cen-
tral catheters (PICCs).7 Inserting a vascular catheter is
considered a more challenging procedure in neonates com-
pared with children, and information on the efficiency of
USG dynamic needle tip positioning for ECCs in neonates is
lacking.

Our teammodified the steps in the previously established
dynamic needle tip positioning technique, and using this
technique, we succeeded in guiding radial artery cannulation
and internal jugular vein cannulation in neonates.8,9 Hence,

we designed a randomized controlled trial to investigate the
efficacy of ultrasound guidance for ECC placement in neo-
nates. We hypothesized that accurate visualization of the
needle tip with the USG technique would be superior to
standard single-wall puncture for ECC placement in this
challenging population.

Materials and Methods

The current prospective, random, and observational study
was approved by the Institutional Review Board of Children’s
Hospital, Chongqing Medical University, Chongqing, China,
in September 2019 andwas registered in the Chinese Clinical
Trial Registry (ChiCTRIOR-2000029724). Written informed
consent was obtained from the parents of all included
children.

We enrolled neonates (<28 days after birth) scheduled to
undergo total intravenous fluid therapy or parenteral nutri-
tion between February 2020 and June 2020 at the Children’s

Fig. 1 The flow diagram according to the consolidated standards of randomized controlled trials.
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Hospital of ChongqingMedical University, Chongqing, China.
Patients with signs of skin erosions, hematomas, or bone
fracture near the insertion site or visible recent catheteriza-
tion scars were excluded. In the neonatal intensive care unit
(NICU), electrocardiography, peripheral capillary oxygen
saturation, and noninvasive blood pressure (BP) were moni-
tored. In these cases, the great saphenous vein (GSV) was
punctured by using the USG technique or the standard
single-wall puncture technique. If the catheterization fails
for three times, it is defined as unsuccessful. All patientswere
followed for 7 days to ensure adequate catheter function and
for potential complications associated with the catheter
(►Fig. 1).

Using the randomnumbermethod, enrolledneonateswere
randomly assigned to one of two groups: the USG group, in
which ECC placement was performed by using the USG
technique, or the control group, in which ECC placement
was performed by using the standard single wall puncture
method through direct visualization and palpation of the vein.

We used anUSG ECC placement approach in the USG group
using an ultrasonograph (GE Company, Loggie, Wuxi, Jiangsu,
China) with a high-frequency probe (10–22MHz) and a PI
catheter kit (1.9 Fr, Med Comp, Harleysville, Pennsylvania,
USA). The procedures in the USG groupwere performed by the
same operator who had performed more than 200 USG blood
vessel catheterizations inneonates and infants; theprocedures
in the control group were performed by the same operator
whohadperformed the standard singlewall puncturemethod
for ECCs in more than 200 neonates. All catheterizations were
conducted in the GSV in the lower limb above the popliteal
fossa. With the lower limb abducted and a tourniquet applied

to the proximal thigh, the puncture site was disinfected and
draped. The distance between the skin and GSVaswell as vein
diameter were measured with the same probe.

In the USG group, the USG technique was adopted for
puncture. Specifically, the GSV was placed under the central
arrow of the ultrasound image, and the needle was inserted
into the middle of the ultrasonic probe (►Fig. 2A). The
puncture needle remained motionless after entering the
skin. The probe was moved 2 to 3mm toward the proximal
end and adjusted with the GSV in the ultrasonic image
centered at the lower arrow and the needle positioned at
the midpoint of the ultrasonic probe. The needle could be
observed beyond the ultrasonic plane (►Fig. 2B). Then, the
ultrasonic probe was successively moved 2 to 3mm straight
toward the proximal end until it disappeared from the
ultrasound image (►Fig. 2C). Then, the needle was shifted
again until 2 to 3mm of the tip appeared in the image
(►Fig. 2D). Based on the relationship of the needle and the
blood vessel, the direction of the needlewas adjusted toward
the center of the blood vessel such that the needle eventually
pierced through the blood vessel. This procedurewas repeat-
ed until the needlewith the outer catheter was inserted as far
as possible into the GSV. After placing the outer catheter into
the vein as much as possible, the needle core was extracted.
Then, the tourniquet was released, and the ECC wire was
placed through it. Finally, the outer cannulawas peeled away.

In the control group, ECC placement was performed by
using the standard single wall puncture method through
direct vein visualization and palpation of the vein. The
needle was inserted at the mark until the needle core
was filled with blood. Then, the outer cannula was slightly

Fig. 2 The procedure of ultrasound-guided emergency cardiovascular care placement in neonates. The probe is moved to place the greater
saphenous vein at the center of the ultrasound screen under the middle mark of the ultrasonic probe. The needle is inserted at the point at which
the middle mark on the probe contacts the skin, and the needle tip, which is distinguished from the surrounding tissue, is displayed as a
hyperechoic dot on the monitor (A). The needle is advanced toward the greater saphenous vein and inserted into the center of the vessel (B). The
ultrasonic probe is successively moved toward the proximal end 2 to 3mm straight to pinpoint disappears from the ultrasound images (C). The
needle is advanced again until the tip appears in the image, based on the relationship of the needle and the blood vessels, and the direction of the
needle is adjusted (D).

American Journal of Perinatology © 2021. The Author(s).

USG for Placement of ECCs in Neonates Tu et al.



advanced according to the operator’s experience. The sub-
sequent procedures were the same as those described
above.

The insertion lengths of the ECC wire were premeasured
by using ameasuring tape from the insertion point to the 9 to
12 thoracic region, which was properly noted before starting
the procedures. After ECC placement, the tip of the ECC wire
was examined by chest X-ray.

The venous diameter was measured between the trailing
and leading edges of the vein in the short-axis plane on two-
dimensional imaging. In addition, the venous depth was
defined as the distance between the transducer and the
near edge of the vein on two-dimensional imaging. The
procedure was deemed successful when the catheter was
placed smoothly to the intended depth, and central position-
ing of the catheter was confirmed by X-ray. Each distinct skin
puncturewas defined as an attempt. The procedure timewas
defined as the time from which the skin was punctured by
the needle to the time at which the catheter had been placed
into the vessel. Complications, including local venous injury
and thrombosis, were examined during postoperative week
1. Local venous injury was defined as visible or palpable
swelling around the puncture or cannulation site after the
procedure. Thrombosis was defined as a clot detected via a
venous Doppler test. Gestational age at insertion, sex,
weight, GSV diameter, and depth were also recorded. These
variables were recorded by an intensivist who did not
perform the procedures.

Statistical Analysis
All statistical analyses were performed according to the
intention-to-treat protocol. A two-sample independent
t-test was used to compare continuous normally distributed
data, whereas the Chi-square test or Fisher’s exact test was
used to compare categorical variables between the USG
group and the control group. All statistical analyses were
performed by using SPSS 22.0 (SPSS Inc., Chicago, IL).

Results

We enrolled 105 neonates. One neonate was excluded due to
mechanical ventilation, two due to unplanned sedation, and
two due to withdrawal from the trial. The remaining 100
neonates were randomized to the USG group or the control
group in a 1:1 ratio (n¼50 each; ►Fig. 1).

All neonates required ECC placement for intravenous
fluid, drug administration, or parenteral nutrition therapy.
The neonates’ characteristics are shown in ►Table 1. No
significant differences in any parameter were noted between
the two groups.

The first attempt success rates in the USG group and in
the control group were 62 versus 38%, respectively
(p¼0.016). The total success rates in the USG group and
the control group were 92 versus 74%, respectively
(p¼0.017). The mean (standard deviation) procedure
time was shorter in the USG group compared with the
control group (351.43 [112.95] vs. 739.78 seconds [369.13],
respectively; p<0.001; ►Table 2).

The incidence of local venous injury was lower in the
USG group than in the control group (5/50 (10%) vs. 11/50
(22%), respectively; p¼0.1017). One case of thrombosis
occurred in the control group on postoperative day 7. Total
adverse events were more frequent in the USG group
than in the control group (5/50 (10%) vs. 12/50 (24%),
respectively; p¼0.0624), but the difference was not sta-
tistically significant (►Table 2).

Discussion

This randomized controlled trial demonstrated that the USG
maneuver improves the success rate of ECC placement at the
first attempt in neonates. The total success rate of catheteri-
zation, the time required for successful ECC placement, and
adverse events were superior in the USG group compared
with the control group. In our study, we specifically selected
ultrasonography with a super high-frequency probe
(10–22MHz), which can result in better imaging of the
superficial vasculature. Two conditions of our conclusion
are noted: the operator can use this type of ultrasonic
skillfully, and catheterization was performed in the GSV.

The USG technique is useful for peripheral artery and
venous catheterization in adult and pediatric patients.10–18

USG PICC placement has been recently reported, and some
studies have demonstrated its efficacy in pediatric
patients.7,19,20 However, neonates are a special group with
small vein diameters and loose vascular tissue. The use of
vascular puncture catheters under USG techniques is
considered more challenging in neonates compared with
children.4,5 Abdeyazdan et al reported ultrasound guidance
for PICCplacement comparedwith conventionalmethods, and
the difference was not significant.4 The reason for the differ-
ence in our results, compared with the results of the previous
study, could be that the USGmethod in the previous studywas
different from the USG technique used here. In our study, the
USG technique involved moving the ultrasound transducer
along with the needle, and real-time visualization of the
needle tip position was facilitated during the short axis out-
of-plane insertion technique.8,9 This technique can overcome

Table 1 Basic characteristics of neonates

Characteristics USG group
(n¼50)

Control group
(n¼ 50)

Sex (M/F) 28/22 23/27

gestational age
at insertion (wk)

33.1 (2.6) 32.3 (2.2)

Weight (kg) 1.6 (0.5) 1.6 (0.5)

Puncture site
(right/left)

29/21 22/28

Vein depth (mm) 2.0 (0.2) 2.0 (0.2)

Vein diameter (mm) 0.8 (0.1) 0.7 (0.1)

Abbreviations: F, female; M, male; USG, ultrasound guided.
Note: Continuous variables are presented as the means (standard
deviation); categorical variables are presented as counts.
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the difficulty of visualizing needle tip positioning and its
advancement toward the center of the vein during the static
ultrasound technique in that study. Marcus D’s team used a
dynamic needle tip positioning technique for USG PICC place-
ment in neonates weighing <1.5 kg.5 A high success rate
among anesthesiologists in our hospital was reported in our
preliminary trial by using the USG technique for internal
jugular vein cannulation in neonates.9 To a certain extent,
these findings support the results of our study.

There are several challenges to treating neonates with
small vein diameters and lowweight in our study population,
but the USG technique has some obvious advantages. First,
the USG technique can overcome the difficulty of distin-
guishing the vein and needle tip and can accurately confirm
their relationship. In the standard single wall puncture
method, the location of the vein is determined through direct
visualization and palpation; however, the veins of neonates
are difficult to observe and touch. In addition, the position of
the needle tip is confirmed through return blood based on
the operator’s experiences, which may cause frequent trials
due to inaccurate positioning. Visual imaging with USG can
avoid repeated puncture. Second, the advancement of the
needle through the target vein without posterior wall punc-
ture can be visualized by the USG technique. However, using
the standard single wall puncture method, advancement of
the needle toward the posterior wall puncture is judged by
the operator’s experiences. In fact, in the standard singlewall
puncture method, a key reason for failure is vein posterior
wall puncture in neonates with small vein diameters. Third,
the outer cannula andneedle are advanced up to the lumenof
the vessel for a substantial distance (�0.5–1 cm) by using the
USG technique, allowing the ECC wire to pass easily. This
procedure avoids the difficulty of the standard single wall
puncture method in which the needle and outer cannula are
only partially within the lumen, making it difficult for the
ECC wire to pass easily into the lumen. We believe that the
USG technique is effective in this study population.

Local venous injury is one of the puncture-related adverse
events associated with ECC placement. In this study, the inci-
dence of local venous injury was lower in the USG group

compared with the control group given the increased first-
attempt success rate in the USG group, which avoided repeated
peripheral vein punctures. However, the difference was not
significant, which could be due to the limited number of
punctures (within three cases) in both groups. In addition, the
incidence of thrombosis was consistent with the above result.

This study has some limitations. Using the USG technique
for ECC placement in neonates is relatively straightforward.
However, the experience level of the operators performing
dynamic needle tip positioning may affect the results. In our
study, the operator was sufficiently experienced in USG radial
artery catheterization and internal jugular vein catheteriza-
tion in neonates and infants, and had a high success rate in
these patients.8,9 In addition, we analyzed only the GSVas the
puncture site. Thus, this conclusion may not be applicable to
other puncture sites. Therefore, the conclusion regardingother
puncture points based on this method requires further study.

Conclusion

Compared with the standard single wall puncture method,
improved visualization with the USG technique is superior
for neonatal ECC placement with a higher success rate and
shorter catheterization time. Therefore, this method is wor-
thy of application in future clinical work.
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