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Background: Central venous catheterization is not the first choice of vascular access in neonates. Success depends
on the size of the vessel and the skill of the health professional performing the procedure. The internal jugular
vein provides a predictable path for central venous cannulation, although it is more difficult to cannulate infants
than adults and even more difficult in smaller newborns.
Methods:We conducted a prospective study in 100 newborns, in which a 4 Fr ultrasound-guided central venous
catheter was placed in the right internal jugular vein (RIJV). The study population was low birth weight (LBW)
newborns b2500 g, very low birth weight (VLBW) newborns b1500 g and extremely low birth weight (ELBW)
newborns b1000 g.
Results: There were 53% female patients, mean gestational age was 31 weeks, mean weight 1352 g and the CVC
was placed at a mean of 12 days of extrauterine life. Birth weight distribution was 39% LBW; 33% VLBW and 28%

ELBW.Ameanof two (1–8) attemptswerenecessarywith a procedure durationof 16.8 (10–40)minutes. Success
of RIJV catheterization was 94%. One attempt was necessary in 50% and up to 5 attempts in 95.7%. Success by
weight was VLBW, 97.2%; ELBW, 92.9%; LBW, 91.7%. A venous hematoma occurred in 5% of cases.
Conclusions:Ultrasound-guided RIJV cannulationwith real-time visualization to gain access to the central venous
circulation in low birth weight newborns is effective and safe.

© 2016 Elsevier Inc. All rights reserved.
The most frequently performed invasive procedure in a neonatal in-
tensive care unit is placement of an intravascular catheter [1]. With the
advancements in technology and better prenatal care and neonatal
therapy, the survival of low weight newborn patients is greater every
day. Some of these infants will require a catheter for monitoring blood
pressure, drawing blood samples, and delivering fluids and drugs [2,3].

Central venous catheterization is not the first choice of vascular ac-
cess in neonates. The first choices include peripheral lines, umbilical
catheters, and central venous access through a peripheral vein. Success
in achieving these accesses depends on the size of the vessel and the
skill of the health professional performing the procedure. When these
options for venous access are not possible, a central venous line is con-
sidered [2,4,5].

Traditionally central lines are inserted in neonates by venous
cutdown [6] or percutaneous puncture guided by anatomical reference.
However, complications such as arterial puncture, pneumothorax,
Nuevo Leon, Departamento de
Madero y Gonzalitos s/n, Mon-

ontes-Tapia).

al, Efficacy and safety of ultras
i.org/10.1016/j.jpedsurg.2016
hemothorax and evendeath have occurred secondary to catheterization
by anatomical references, making this a high-risk procedure [7].

The internal jugular vein (IJV) provides a predictable path for central
venous cannulation, but in children, a failed attempt of catheterization
of the RIJV guided by anatomical references is inversely proportional
to age, and it occurs in up to 60% of infants less than 3 months of age
compared with adult patient populations (16%) [8–10].

According to reports in the literature, anatomic factors are among
the most frequent causes of failure of percutaneous insertion of a CVC,
since in low birth weight newborns, the muscle and bone reference
points are often difficult to palpate or locate [11,12].

In adults, percutaneous catheterization guided by ultrasound has
been widely reported and is today the technique of choice because of
its efficacy and low complication rate [13,14]. In pediatric patients, the
benefits of using ultrasound for the placement of a central venous ac-
cess have also been demonstrated when compared with using anatom-
ical references [15–19]. However, there are no data evaluating low
weight newborns.

The objective of this study was to evaluate the efficacy and safety of
ultrasound-guided RIJV access in a population of low-weight newborns
attended in a neonatal intensive care unit in an academic teaching hos-
pital in northeast Mexico.
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1. Methods

Newborns with a body weight less than 2500 g were included. A
central venous catheter (CVC) was requested after conventional vascu-
lar accesses (umbilical, peripheral or femoral) had failed. The same pe-
diatric surgeon (FMT) performed all ultrasound evaluations and
procedures of the RIJV. The study was previously approved by the Insti-
tutional Ethics Committee (PE006) and in all cases; parent informed
consent was obtained before the procedure. Newborns with any type
of right cervical lesion were excluded. Those who had not undergone
a RIJV ultrasound evaluation before the procedure were eliminated.

The study variables were gestational age and weight. Newborns
were classified in three groups: low birth weight (LBW) newborns,
1501 to 2500 g; very low birth weight (VLBW) newborns, 1001 to
1500 g; and extremely low birth weight (ELBW) newborns b1000 g.;
data regarding sex, diagnosis, days of extrauterine life and type of ven-
tilation, were recorded.

A MicroMaxx (Sonosite, Inc., Bothell, WA) portable ultrasound with a
4–8 Mhz transducer was used. Evaluation and vascular access were per-
formed with the transducer in short-axis view (SAX), viewing the RIJV
cross-sectionally. The time required for placement of the catheter was re-
corded, from the moment a sterile field was placed until fixation of the
catheter to the skin. Also, the number of attempts needed for placement
and the complications associated with the procedure were recorded.

1.1. Insertion technique

The patientwas sedated intravenouslywithmidazolam and fentanyl
and placed in a supine position with a roll under the shoulders and the
head rotated 40° to the left. In VLBWand ELBW infants, the skin over the
RIJV is stretched upwards with Micropore® (3M Company, Two Har-
bors,MI) in the cephalic and caudal directions. The skin tractionmethod
was performed to prevent collapse of the internal jugular vein [20]
(Fig. 1). A 4 Fr. double lumen CVC was used, however the length varies
Fig. 1. The skin tractionmethod in a patient of 740 g, the skin over the RIJV is stretched up-
wards with Micropore® in the cephalic and caudal directions.
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according to availability in the hospital, 4 cm and 8 cm Cook Spectrum
(Cook ® Cook Critical Care, Bloomington, IN) or 13 cm (Arrow ® Inter-
national, Inc. USA).

Using an aseptic technique, sterile dressing and local anesthesiawith
1% lidocaine, a puncture wasmadewith real-time ultrasound guidance.

RIJV puncture was done by transfixion with a short 22-gauge intrave-
nous catheter for LBW infants and a 24-gauge in VLBW and ELBW infants
(Fig. 2). A 0.018″ guidewire was used in LBW infants and a Runthrough™
0.014″ intravascular microguide (Terumo Medical Corporation, Japan) in
VLBWand ELBW infants. A different caliber guidewirewas used to ensure
canalization of the RIJV in very small infants.

The catheter was introduced using the Seldinger technique and it
was fixed with 4-0 polypropylene. A chest X-ray was taken to confirm
the location of the catheter tip.

1.2. Statistical method

Statistical analysiswas performed using IBMStatistics 19 forWindows.
Continuous variables were reported measures of central tendency

and dispersion; and proportions for nominal or categorical variables. A
stratified analysis based on body weight was performed according to
the three groups (LBW, VLBW and ELBW). For the variable number of
attempts and success of the procedure of placing a CVC in the RIJV, a
comparative analysiswasperformed according to theweight of the sub-
jects using the Mann–Whitney test, considering a P value b .05 as a sta-
tistically significant difference.

2. Results

One hundred newborns with a birth weight below 2500 g were in-
cluded during the period of August 2009 to December 2011. Of the
total, 53% were females. According to gestational age, 96% were prema-
ture, and of these, 19% were extremely premature. Mean gestational age
was 31±3.3weeks;meanweightwas 1352±458 g, and CVCplacement
was at 12± 14 days of extrauterine life. Based onweight, 39% were LBW
infants (1501–2480 g), 33% were VLBW infants (1030–1470 g), and 28%
were ELBW infants (540–960 g). At the time of the procedure, 73% had
assisted ventilation. The diagnoses at the moment of CVC placement
were sepsis 39%, hyalinemembrane disease 23%, necrotizing enterocolitis
14%, postsurgical 10%, and other diagnoses in 14%.

The anteroposterior cross-sectional diameter of the RIJV in the study
population was 2.2± 0.7 mmwith a distance from the skin to the ante-
rior wall of the vein of 3.6 ± 1.1mm [21]. Amedian of 2 (1–8) attempts
was performed to achieve RIJV canalization, with the mean duration of
the procedure being 16.8 (10–40) minutes. The overall success rate of
CVC placement in the RIJV was 94%. Failure occurred in 6 patients
(6%). Of these, in five patients (5%), a non-pulsatile, non-expanding he-
matoma of the puncture site was found and failure to pass the
guidewire occurred in one patient (1%). All cases of hematomawere as-
sociated with puncture of the RIJV and nonewith puncture of the carot-
id. There were no cases of pneumothorax or hemothorax. Of the 94
patients in which canalization of the RIJV was achieved, in 47 (50%) it
was accomplished on the first puncture and in up to 5 attempts, 43
more newborns were cannulated successfully, with an accumulated
success rate of 95.7% (Table 1).

In the six patients in which the procedure originally failed, the CVC
was placed in the left internal jugular vein in 2, the right femoral vein
in 2, the right subclavian vein in 1 and in the left subclavian vein in 1.

2.1. Procedure success by groups

The procedure was successful in 92.3% (n = 36) in the LBW group
(n = 39) and was accomplished on the first attempt in 55.6% (n =
20) and after up to five attempts in 97.2% (n = 35). In VLBW (n =
33) infants, the procedure was successful in 97% (n = 32) and was ac-
complished on the first attempt in 43.8% (n = 14) and after up to five
ound-guided internal jugular vein catheterization in low birth weight
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Fig. 2. a. The punction in the patient of Fig. 1with a short 24-gauge intravenous catheter. b. The ultrasound image represents the short 24-gauge intravenous catheter tip (arrow) inside the
right internal jugular vein.

Table 2
Number of attempts by group, frequency and success.

Group Attempts (#) Frequency Success (%) Accumulated
success (%)

LBW, n = 36 1 20 55.6 55.6
2 7 19.4 75.0
3 5 13.9 88.9
5 3 8.3 97.2
6 1 2.8 100
Total 36 100

VLBW, n = 32 1 14 43.8 43.8
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attempts in 100% (n = 32). In the ELBW group (n = 28), the procedure
was successful in 92.9% (n = 26) and was accomplished on the first at-
tempt in 50% (n = 13), and after up to five attempts in 88.5% (n = 23)
(Table 2).

2.2. Procedure failure by groups

LBW infants had the greatest number of procedure failures with 3
(7.7%), followed by ELBW infants with 2 (7.1%). All were secondary to
a venous hematoma. This was the cause of failure of canalization of
the RIJV after a mean of seven attempts in the LBW group and after
five in the ELBW group. In the VLBW group, only one patient had a pro-
cedure failure because the guidewire could not be passed. There were
no deaths associated with the procedure.

3. Discussion

This study presents a population of 100 newborns with a weight
range from 540 g to 2480 g with 96% being premature, conditions that
carry a high risk of morbidity and mortality [22]. The efficacy of
ultrasound-guided RIJV catheterization in our study was 94%. Arul
et al. [23] reported 100% success in a population of infants with a
mean weight of 2900 g, but in our study patients had a lower mean
weight of 1352 g. In the present report, the group that had the greatest
success in CVC canalization was VLBW infants (97%), followed by the
ELBW group (92.9%) and the LBW group (92.3%) with no statistical dif-
ference. We have not found previous reports of newborn populations
stratified as in this study, only isolated clinical cases or cases reports
that mention the feasibility of ultrasound-guided IJV access [23–25].

The number of attempts needed to canalize the RIJV was a mean of
two. We canalized 50% of newborns on the first attempt and 95.7%
after up to 5 attempts.

The group with the greatest success on the first puncture was LBW
infants (55.6%); the main reason they probably achieved canalization
on the first puncture was their greater weight, and also, possibly be-
cause of the larger RIJV diameter compared to ELBW (50%) and VLBW
infants (43.8%) [21].
Table 1
Correlation between number of attempts and procedure success.

Attempts Cases n = 94 Success rate (%) Accumulated success (%)

1 47 50 50
2 18 19.1 69.1
3 14 14.9 84
4 6 6.4 90.4
5 5 5.3 95.7
6 3 3.2 98.9
8 1 1.1 100
Total 94 100
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Although there is no literature that quantifies the number of at-
tempts to achieve canalization of the RIJV in a similar population, in pe-
diatric patient publications, the range iswide, although up to 7 attempts
for percutaneous catheterization have been reported [26–30]. In this
study, the only case that required eight attempts was in a newborn
weighing 690 g and this was owing to technical problems related to
the guidewire because of the small vessel diameter.

A parameter that must be determined is the time it takes to perform
the procedure; however, there is no established standard; i.e., there are
studies that only measure the time needed to canalize the vein (12 s),
while others measure the time from puncture to CVC placement
(4.5 min) [28,30–32]. In the present report, the mean time to perform
canalization was 16 ± 6 min. The reason for the longer time was that
we measured the total time from placement of sterile fields to fixation
of the catheter with suture and placement of the adhesive patch. We
did not find differences in procedure time between the groups.
Verghese et al. [27] reported that after 45 min of trying to canalize the
vein, this route should be abandoned. In our group themaximumproce-
dure time was 40 min.

Failure to achieve canalization of the RIJV occurred in six patients; in
five because of a venous hematoma,which caused collapse and/or vaso-
constriction of the RIJV. There is a direct relationship between the num-
ber of attempts and complications such as thrombosis, sepsis, and
puncture of adjacent structures, especially the carotid. In the literature,
attempts performed using anatomical references reported carotid punc-
ture in 8.5% to 25% [27,32,33].
2 7 21.9 65.7
3 5 15.6 81.3
4 5 15.6 96.9
5 1 3.1 100
Total 32 100

ELBW, n = 26 1 13 50 50
2 4 15.4 65.4
3 4 15.4 80.8
4 1 3.8 84.6
5 1 3.8 88.5
6 2 7.7 96.2
8 1 3.8 100
Total 26 100

LBW: low birth weight; VLBW: very low birthweight; ELBW: extremely low birth weight.

ound-guided internal jugular vein catheterization in low birth weight
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In our study, we knew that no hematoma was secondary to arterial
puncture because the punctures were guided by ultrasound (in real
time) andbecause of the characteristics of the hematoma (non-pulsatile
and non-expanding).

In the group of LBW and ELBW infants, we found a mean of 7 and 5
attempts, respectively, with the complication of a RIJV hematoma. It is
important to consider that attempts or any nociceptive action in these
groups of patients can cause damage to the cardiovascular and neuro-
logical system; therefore, as in peripheral access, a maximum of five at-
tempts would be the best recommendation to change to another
anatomical site; also, this procedure should always be performed with
good pain control.

Sigaut et al. [34] reported that there is little benefit in using ultra-
sound for those who have experience in percutaneous canalization,
but in individuals with less experience it is useful to acquire the skill.
However, this analysis was conducted only in studies with patients
older than 1 month and did not include low birth weight or premature
newborns. In the present study, operator experience was an important
variable for success of the procedure. Since the first author has experi-
ence in catheter placement using anatomical references and also use
of ultrasound for vascular access in pediatric patients [21,35] but not
in infants b2500 g, we believe that this experience produced a lower
learning curve than if he had been naive in vascular access. On the
other hand, the acquisition of skills and competence in vascular access
in this group of infants (b2500 g), requires training and regular practice.

Another variable is technology, which is rapidly evolving. In the pres-
ent report, we used a 8–4 MHz transducer; however, with the advent of
more powerful computers and 13–6 MHz transducers, image quality
will improve and smaller diameter veins will be accessible, although we
will still have to wait for smaller diameter CVCs with more lumens.

The advantage of ultrasonographic assessment of the RIJV in a low
birthweight newborn population is adequate visualization of structures
before the puncture. With it, one can measure depth, vein diameter,
intraluminal conditions (patency), and also determine anatomic varia-
tions and the relationship of the vein with the ipsilateral carotid artery.
In conclusion, the greatest benefit of RIJV ultrasound guided cannulation
with real time visualization in low birth weight newborns is the in-
crease in efficacy and safety, while reducing complications.
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