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Ultrasound-guided vascular cannulation.
Experience in critically-ill pediatric patients
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ABSTRACT

Introduction. Central vascular cannulation in
childrenisahighly complex technique and poses
many difficulties. Vascular ultrasound can make
this procedure easier.

Objective. To describe the characteristics of
ultrasound-guided vascular cannulation in
critically-ill pediatric patients.

Population and methods. Outcome measures
prospectively recorded were vessels most
frequently cannulated, their localization, the
measurement of their diameter/depth, the
success rate and complications developed,
among others.

Results. One hundred and twenty four vascular
punctures were performed in 86 pediatric
patients. Vascular accesses were the femoral
vein (39.7%), followed by the femoral artery
(27.2%) and the internal jugular vein (14.7%).
Femoral vessels were localized at a depth
of 0.75 + 0.25 mm, with a mean diameter of
0.31 + 0.16 mm. The depth of jugular vein
vessels was smaller (0.64 + 0.24 mm) and their
overall diameter, larger (0.44 + 0.19 mm). The
mean number of attempts in ultrasound-guided
cannulations was 2.2 + 1.3. The success rate
was 79% and was associated to a larger vessel
diameter (0.39 + 0.20 mm vs. 0.28 + 0.13 mm,
p=0.01)and alowernumber of attempts (1.90+1.16
vs. 345 + 1.77, p= 0.001). Complications were
accidental puncture of another vessel (5.3%) and
hematoma formation during puncture (2.3%).
Conclusions. In the pediatric patients studied,
ultrasound-guided vascular cannulationallowed
vessel visualization and measurement of their
depth and diameter; the success rate was high
and it was associated to alow complication rate.
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INTRODUCTION

Central venous cannulation is a
usual procedure for the management
of critically-ill patients.

In pediatric patients, the technical
complexity and difficulties are higher
due to the following factors: a) greater
difficulty to localize vessels based
on anatomical landmarks; b) smaller
vascular diameter which renders
vascular palpation and visualization
more difficult; ¢) greater capillary
fragility which favors vein rupture;
d) higher risk of puncturing or
damaging non-desired structures;
e) anatomical variation of vessels;
f) clinical situations which require
multiple and long-lasting vascular
accesses (large preterm infants,
chronic pediatric patients, long length
of stay at the Intensive Care Unit), and
g) less collaboration from patients.™

In pediatric patients, the failure
rate associated to the technique
based on anatomical landmarks
ranges from 20% to 55%, and the
complications rate, from 10% to
25%.%® These complications, as well
as vessel cannulation failure, increase
in shock, dehydration, swelling or
coagulopathy situations, which are
generally associated to the critically-
ill patient.

Vascular ultrasound is used in
adult patients to facilitate ultrasound-
guided vascular cannulation.
In pediatric patients, it is being
implemented gradually, reducing
the failure rate to 1.2%-6%, and the
number of cannulation attempts,
and has an associated decrease of
complications between 5% and 6.5%.%°

The purpose of this study was
to describe the characteristics of
ultrasound-guided vascular cannulation
in critically-ill pediatric patients.
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POPULATION AND METHODS

Descriptive, prospective, observational
study conducted along 4 years (January 2013 to
December 2016) at a Pediatric Intensive Care Unit
(PICU) with 10 multipurpose beds and a mean of
300 admissions per year, which included pediatric
patients between 1 day old and 16 years old, who
required an ultrasound-guided central venous
cannulation as per the following protocol.

Ultrasound-guided localization and
measurement of vessels to be cannulated in
pediatric patients were performed, mainly the
femoral artery (FA), femoral vein (FV) and
internal jugular vein (IJV), since these were the
most frequently cannulated vessels in pediatric
patients.

The ultrasound cross-sectional (axial) plane
with an out-of-plane approach was the most used
view. Vascular cannulation was performed using
the standard or modified Seldinger technique for
peripherally-inserted central catheters.!

DEFINITIONS

* Vascular depth (Dp): Distance from the surface
of the skin to the anterior wall of the vessel,
measured by vascular ultrasound.

e Vascular diameter (Dm): Distance from the
anterior wall to the posterior wall of the vessel,
measured by vascular ultrasound.

* Axial (transverse) view with an out-of-plane
approach: The ultrasound probe was placed
perpendicularly to the vascular structure,
thus forming an axis of approximately 90°.
The visualization of vascular structures was
circular.

* Success rate: Successful vascular cannulations
among all the patients undergoing an
ultrasound-guided vascular puncture.

* Success rate at first attempt: Percentage of correct
vascular cannulations after only one attempt.

* Cannulation to relocate the guide: Puncture
of the vessel in which blood spontaneously
reflows or does so after aspiration with the
syringe, and the insertion of the guide is
achieved after moving the needle or modifying
its angle.

* Puncture without cannulation: Puncture of the
vessel in which blood spontaneously reflows
or does so after aspiration with the syringe,
without being able to insert the guide even
after moving the needle or modifying its angle.

* Number of attempts: Number of punctures
performed removing all the needle and
introducing it again for correct vascular

cannulation or needle visualization. The
modification of the needle direction or depth
for vascular cannulation or optimization of
ultrasound visualization was not considered
an attempt.

* Accidental puncture of another vessel:
Puncture of a non-desired vessel.

* Hematoma: Decrease of the caliber of the
vessel to be punctured or worse vessel
differentiation regarding the infiltration into
surrounding tissue due to blood extravasation
after failed vascular puncture.

* Body surface area (BSA): Expressed in square
meters (m?) and calculated based on Mosteller
formula."

BSA: Vheight (cm) x weight (kg) /3600

The statistical analysis was performed using
the Statistical Package for Social Sciences, version
19, for Windows (SPSS Inc., Chicago, IL, USA).

Qualitative outcome measures were
summarized using their frequencies and
percentages, and numerical outcome measures
by their means, typical deviations and medians,
which were analyzed using the Chi-Square test
of independence and the Student’s ¢ test for two
independent samples, respectively. The level of
significance was 5%.

Children’s parents or legal representatives
were requested to sign an informed consent. The
Study Protocol was conducted in accordance with
the basic principles of the Declaration of Helsinki
and the World Medical Association'?, and was
approved by the Hospital’s Institutional Review
Board.

The authors state there are no conflicts of
interest to be declared in relation to this study.

RESULTS

Ninety eight pediatric patients were included
in the study throughout 4 years. Out of these,
12 patients were excluded: 2 because their families
did not give their Informed Consent; 6 because
of the poor quality of their ultrasound images
(patients with fluid overload, swelling or obesity),
and 4 due to the lack of technical availability of
the ultrasound machine. Finally, 86 patients were
included in the study; they were subjected to
124 ultrasound-guided vascular punctures (68%
of veins, 32% of arteries). The annual percent
increased from 5% to 42%. The anthropometric
characteristics of the pediatric population studied
are presented in Table 1.

Vein vascular accesses most frequently used
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were the femoral access (58%) followed by the
jugular one (23%), while the femoral artery was
the most used (86%) in arterial access.

Table 2 and Figure 1 show the depth (Dp) and
diameter (Dm) measurements of the main pediatric
vessels studied. Femoral vessels were located at a
higher Dp than jugular vessels: 0.75 + 0.25 mm vs.
0.64 + 0.24 mm, p= 0.08; and their mean Dm was
smaller than that of the jugular vessels: 0.31 + 0.16
versus 0.44 + 0.19 mm, p= 0.08.

The mean number of attempts for ultrasound-
guided vascular cannulations was 2.23 + 1.34.

The success rate for ultrasound-guided
vascular cannulations was 79.4%, ranging from
85% for jugular vessels to 78% for femoral
vessels (83% for veins and 70% for arteries).
Figure 2 shows the success rate associated to
the cannulated vessels. Other less frequently

TaBLE 1. Characteristics of the pediatric population studied.
N: 86

cannulated vessels (like the axillary vein or artery,
the brachial vein or artery, or the radial artery)
yielded success rates of 100%, but the number of
cases was low and, therefore, not representative.

The success rate of ultrasound-guided vascular
cannulation was associated to the following factors:
a) a larger vessel diameter, 0.39 £ 0.20 mm vs.
0.28 £ 0.13 mm, p = 0.01 [95% confidence interval,
95% CI; range: -0.17 to -0.04]; b) a smaller number
of attempts, 1.90 £ 1.16 versus 3.45 + 1.27, p= 0.001
[95% CI; range: 1.06 to 2.05]. The success rate at the
first attempt was 53%, and reached 90% if 3 attempts
were needed.

Puncture without cannulation was performed
in 20.5% of cases, and the guide had to be
relocated for a correct vascular cannulation
in 34.8% of the cases. This was associated
to younger patients (36.8 + 53.6 months vs.

TaBLE 2. Ultrasound measurements of the main studied
vessels among the pediatric population

Punctures Mean SD 95% CI Range N Mean SD 95% CI Range

Age (months) 124 55.56 62.12 [44.06-66.36] 0.70 216.00 Dp-FA 37 0.75 0.26 [0.68-0.88] 0.30 1.80
Height (cm) 124 88.41 38.71 [81.40-95.08] 44.00 170.00 Dp-FV 54 0.77 0.30 [0.68-0.83] 0.40 2.00
Weight (kg) 124 17.79 16.24 [14.89-20.61] 2.40 60.00 Dp-JV 20 0.65 0.24 [0.55-0.76]  0.30 1.30
Body S‘fface Dm-FA 37 0.36 022  [0.31-0.44] 0.15 0.82
area (m?) 124 0.64 043 [056-0.71] 0.7 1.58 Dm-FV 54 037 0.20 [030-041] 0.16 1.01
Dm-IJV 20 0.45 0.19 [0.37-0.54] 0.18 0.80

N: number of patients; SD: standard deviation;
CI: confidence interval.

N: number of vessels measured; Dp: depth; Dm: diameter;
FV: femoral vein; FA: femoral artery; IJV: internal jugular vein;
measures are expressed in cm; SD: standard deviation;

CI: confidence interval.

FIGURE 1. Measurement of vascular depth and diameter in a 12-year-old girl (left) and a 23-month-old boy (right)

+ Dp=0.530cm
xDm=0.568 cm

RFA: right femoral artery; RFV: right femoral vein; Dp: depth; Dm: diameter; RIJV: right internal jugular vein.
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78.6 + 64.3 months; p= 0.001 [95% CI; range:
19.81 to 66.54]) and smaller body surface area
(0.52 £ 0.39 m? vs. 0.79 + 0.42, p= 0.001 [95% CIL;
range: 1.06 to 0.44]).

The following complications can be mentioned
in relation with ultrasound-guided vascular
cannulation in pediatric patients: accidental
puncture of another vessel (5,3%) and hematoma
formation during puncture (2.3%).

DISCUSSION

Through the use of ultrasound, this study
allows to locate those vessels which are most
frequently cannulated in pediatric patients, to
measure them, to make their cannulation and
relevant maneuvers easier, and to lower the
complication rate related to the technique. Facing
the difficulties of cannulating children, particularly
younger children, ultrasound is an extremely
useful tool.

Achieving a venous access in pediatrics may
be a challenge for medical as well as nursing staff.
This situation was clearly described by Orlowski
in 1984,"® who coined the following statement:
“My kingdom for an intravenous line”.

Even in vascular cannulations performed
by experienced and qualified staff, intravenous
access may be difficult to achieve in children,
with failure rates between 20% and 55% and
complication rates from 10% to 25%, depending
on the different series.*®

In 2001, the Agency for Healthcare Research
and Quality!* concluded that placing a central
catheter with the help of ultrasound guidance
was one of the most underused procedures, and
that its incorporation to medical practice would
improve the safety of patients.

There is a positive trend towards using the
ultrasound-guided cannulation technique in
critically-ill patients, which has been increasing
throughout the last decade,’®'® and was also
confirmed for pediatric patients. This fact
was reflected in our work, with an increase of
ultrasound-guided vascular cannulation use in
the past 4 years.

Femoral and jugular vessels are the most
frequently cannulated in pediatric patients.* When
analyzing their location and depth and diameter
measures, it can be observed that femoral vessels
are located deeper and have a smaller diameter
than jugular vessels.”® These data might support
the recommendation of IJV cannulation with the
help of ultrasound, since most of the time, pediatric
patients present the two most favorable conditions: a
superficial location and a larger vascular diameter."?

Regarding vascular depth and diameter, it
should be pointed out that ultrasound-guided
vascular cannulation success rate falls below
56% in vessels with a diameter smaller than
0.3 cm, and achieves a 92% success in vessels
with a diameter larger than 0.6 cm; hence, the
likelihood of success for ultrasound-guided

FIGURE 2. Distribution of ultrasound-guided cannulation in relation to the vessel punctured
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FV: femoral vein; FA: femoral artery; IJV: internal jugular vein; Br V/A: brachial vein or artery; Ax V/A: axillary vein or artery;

RA: radial artery.
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vascular cannulation increases by 1.79 per each
millimeter increase in vascular diameter, and
that beyond 1.6 cm, vascular depth represents
a decrease in the success rate.?! Furthermore,
vascular cannulation can be optimized through
the relocation maneuver of the guide or puncture
needle. The best ultrasound approach is still
under debate

The success rate recorded in our study is
slightly lower than that of other published
series.®?

Yet, it is worth noting that a 90% success
rate was achieved with a third attempt and that,
in about 20% of the cases, it was possible to
puncture the vessel but not to cannulate it. Within
a population of 169 adult patients, Panebianco
et al.! observed an ultrasound-guided vascular
cannulation success rate of 90% after 3 attempts
in peripheral veins.

The complication rate was similar to that
presented by other authors.®® Iwashima et al.,”
mentioned that compared to a 32% for anatomical
landmark, FA accidental puncture occurred in 7%
of pediatric patients when ultrasound was used.
A study carried out by Suk et al.,* points out
that this extremely high rate of arterial puncture
may be due to the anatomical variations of
vessels, which can achieve a femoral artery/vein
overlapping as high as 74% in children. The same
happens with cervical vessels, since the internal
carotid artery can overlap the IJV or present these
anatomical variations in relation to the internal
carotid artery in as much as 54% of cases.”

In comparison with the standard technique
which uses anatomical landmarks, the use of
ultrasound to cannulate central vessels in children
reduces the number of attempts resulting in a
lower complication rate.?® Most complications
are associated to the multiple attempts to
puncture the vessel with the needle to achieve
cannulation.'*?2%3 The risk of complications
significantly increases after two punctures of the
same vessel,?® and this increase is six times higher
after three attempts.* Likewise, Ueda et al.>!
conclude that a larger diameter is significantly
associated to the success rate of a first attempt.

Despite the results obtained and the
advantages described regarding the use of
vascular ultrasound for the vascular cannulation
of pediatric patients, this technique presents some
limitations which should be noted: a) it requires
a learning curve; b) it is limited as regards
vascular depth and diameter; c) it becomes more
challenging in younger patients; d) it requires

either the pediatric patient cooperation or his/her
previous sedation-analgesia to allow an optimum
ultrasound visualization; and e) it is necessary to
improve the development of equipment adapted
to pediatric patients to achieve the ideal results in
ultrasound-guided vascular cannulation.

This study underscores that ultrasound is a cost-
effective, harmless, low-complexity technique for
critically-ill pediatric patients. These characteristics,
together with the optimization of vessel
visualization and the fact that it renders cannulation
easier, make it a recommendable technique and
encourage the development of a protocol for both
vascular puncture and cannulation.

CONCLUSIONS

In the pediatric patients studied, ultrasound-
guided vascular cannulation allows vessel
visualization and measurement of their depth
and diameter; it has a high success rate and is
associated to a low complication rate. B
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