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Abstract

Objective: To investigate the effectiveness of ultrasound-guided central ven-
ous catheterization when compared to the conventional procedure. Method: A
prospective cohort study was carried out over a 9-month period from Febru-
ary to October 2016 involving 144 inpatients at PICU of Irmandade da Santa
Casa de Sao Paulo Hospital, undergoing central venous catheterization. The
patients were matched in pairs of identical patients according to the levels of
potentially intervening variables (age, nutritional status, puncture site, profes-
sional experience), differing only as to the CVC technique: ultrasound-guided
(USG-CVC) or conventional (C-CVC). Discarding data from non-paired pa-
tients, the remaining did forming 47 pairs, matched as two related samples:
USG-CVC and C-CVC groups. Success parameters: number of puncture at-
tempts; time spent at CVC; success rate and complications. Results: In the
USG-CVC group, the number of attempts (mean = 2.04) and the time spent at
catheterization (mean = 11.89 minutes) were lower (¢ = 2.34, df = 46, £, =
2.02, p<0.05) and (¢ = 3.07, df = 46, £,,; = 2.02, p < 0.05), respectively, when
compared to the results obtained for the control group (C-GVC), (mean =
3.21) and (mean = 28.26 minutes), respectively. As to success, there was ob-
served a significant difference (£, 4 = 16.6; Q) = 12.5, p < 005) when consi-
dering only one trial (USG -CVC = 27/47; C-CVC = 9/47), but no significant
difference (£, 4 = 3.76; Q) = 3.56, p > 0.05) when considering several at-
tempts. Complications were found less frequently in the USG-CVC group
(3/47) than in the CVC-C (13/47), (F, 4 = 8.24; Q) = 7.14, p < 0.05). Con-
clusion: USG-CVC was found to be more effective than the conventional
technique, especially regarding success at the first puncture attempt.
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1. Introduction

Central venous catheterization (CVC) is defined as the placement of an appro-
priate vascular access device whose extremity reaches the superior or inferior
vena cava irrespective of the peripheral insertion site [1]. The procedure, used
since the 1930s and widespread in Pediatrics from 1945 [2], has become an im-
portant part of the clinical management in patients admitted to the pediatric in-
tensive care unit (ICU).

The intravascular access procedure can be performed by percutaneous punc-
ture or surgical dissection of the vessel to be catheterized, and the catheter can
be placed into several venous sites such as jugular, subclavian, and femoral sites.
There are some descriptions in the literature of percutaneous puncture of axil-
lary veins [3]; however, this route has not been used routinely in most services.

When choosing the site, the clinical status of the patient, the experience of the
practitioner and the indication for the insertion are to be considered. Sites are
often chosen taking into account ease of insertion, reasons for use, and lower
risk of complications. There is controversy as to the best access route. From
comparing the jugular and the subclavian veins, there is evidence that more in-
advertent arterial punctures occur, but few catheters remain poorly placed when
the access is through the internal jugular vein [4]. Other authors have observed
that complications from catheter insertion in the subclavian vein are more
common [5].

In cases of puncture of the jugular vein or the subclavian vein, preference is
given to the right side, since the pleural dome is lower (lower risk of pneumo-
thorax, especially in subclavian puncture), the path to the right atrium is more
rectilinear (lower possibility of misplacing the catheter, especially via the jugu-
lar), and the thoracic duct empties into the left subclavian vein (lower risk of
chylothorax) [1].

CVC is neither a complication-free nor risk-free procedure. In pediatric ICUs,
this procedure may be even more complex, given that it deals with a population
with small venous calibers.

Paiva et al showed in a study carried out in 2006 that among the complica-
tions stemming from catheter insertion in children, the most frequent ones were:
catheter misplacement (17.6%), arterial puncture (10.9%), and pneumothorax
(4.1%). More than three puncture attempts were associated with complications
(p = 0.004). As to management-related complications, local infection was the
main one (68.2%), which in turn was associated with: catheter replacement with
a guide wire (p = 0.008), use of mechanical ventilation (p = 0.025), and catheter
in place for more than seven days (p = 0.001) [6].

In order to reduce the risks associated with central venous catheter insertion,
the use of USG as a guide in the catheterization of the internal jugular vein, first
described by Ullman and Stoelting in 1978 [7], has increased in recent years. The
increasing number of publications has demonstrated its importance as a com-

plementary tool in pediatric critical care, reducing the incidence of complica-
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tions and errors during catheter insertion.

Available in our practice, USG-guided CVC offers additional advantages, such
as the absence of radioactive exposure for our patients, its practicality and por-
tability, besides the fact that it is also a non-invasive method [8] [9].

Based on data obtained in several studies published from 1993 to 2000, later
cited in a meta-analysis involving adults and infants by Hind et al, in 2001 [10],
the US Agency for Healthcare Research and Quality already recommended the
dynamic, real-time use of USG to guide catheterization aiming to increase pa-
tient safety [11]. In 2002, the UK’s National Institute for Clinical Excellence
recommended the use of a two-dimensional USG device in elective procedures
involving venous catheter insertion into the internal jugular vein in adults and
children [12]. In 2013, the US Agency for Healthcare Research and Quality rei-
terated its recommendation for using USG-CVC, thereby placing it among the
11 main safety practices aimed at improving patient care [13].

Studies in adults have shown that USG-guided central venous catheterization
(CVC) reduces the number of attempts and time to successful vein catheteriza-
tion [14].

The internal jugular vein is usually located anterolaterally to the carotid ar-
tery. Denys and Urestsky (1991) analyzed the position of the internal jugular
vein in 200 adult patients. In 5.5% of the patients studied, the location of the in-
ternal jugular vein was shown to be off the position predicted by the conven-
tional technique; in 8.5% of patients, the anatomy was sufficiently aberrant to
complicate blind access [15]. Thus, the main advantage of the USG-CVC tech-
nique is the visualization of structures at the puncture site and the identification
of inappropriate conditions for puncture such as thrombosis or fine caliber, as
well as anatomical variations in the position of the vein in relation to the artery
before the catheterization is attempted, thereby increasing the safety of the pro-
cedure [16] [17].

Unfortunately, there have been few studies to date involving the pediatric
population, but there is sufficient evidence supporting the fact that the anatomy
of cervical vessels in children is variable [18] [19]. The few studies that have been
published on the vascular anatomy of infants and children have shown that the
internal jugular veins may be located anteriorly, anterolaterally or posterolate-
rally to the artery.

Carotid arteries located posteriorly to the internal jugular vein are more prone
to puncturing during CVC, being found with varying frequency according to the
literature, apparently depending on the age group and as much as 10% in pedia-
tric patients [20] and 54% in adults [21].

Among the anomalies described by Alderson ef al (1993) in their ultrasound
assessment of internal jugular veins, observed in 18% of the 50 children under
the age of six included in the study, a very small diameter (<3 mm in neonates
and infants and <5 mm in older children) was found in 4% of the internal jugu-

lar veins normally located. In 2% of cases, these veins were not visualized [20].
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In 2014, Souza Neto et al. prospectively investigated the anatomical location
among the internal jugular, subclavian and femoral veins of 142 pediatric pa-
tients, finding variations such as the internal jugular vein occupying a position
that is lateral (9/142) or anterior (9/142) to the carotid artery, anteromedial to
the femoral artery (17/142), and medial to the subclavian artery (10/142 pa-
tients) [22].

Over the last two decades, two CVC techniques on pediatric patients, namely
the conventional and the ultrasound-guided techniques, have been compared as
to the number of CVC attempts, time spent at catheterization, success rate, and
complication rate during the procedure, such as arterial perforation. Verghese et
al. (2000) also compared continuous wave Doppler USG-guided CVC coupled to
a puncture needle, but this alternative technique proved to be less effective than
the usual ultrasound technique [23].

As to the number of attempts, Verghese et al (2000) found no difference in
the number of arterial punctures when comparing both techniques [23]; never-
theless, the same authors reported, in 1999, a smaller number of attempts when
CVC was guided by USG [24], which was to be later confirmed by Froelich et al
(2009) [25]. Jijeh et al (2014) were successful at the first attempt in 75% of
USG-guided punctures (mean time 3.9 minutes), 23% at the second one, and 2%
at the third one, with no complications [26]. Pirotte & Veyckemans (2007) had
achieved an 84% success rate at the first attempt and 100% at the second one
when performing dynamic USG-guided supraclavicular CVC [27].

With regard to the time spent, as found by Verghese et al (1999), the use of
USG reduced the time spent to catheter placement [24]. Pérez-Quevedo et al
(2016), in turn, the mean time to correct catheterization was 35.8 seconds [28].
Froelich et al. (2009) found no difference as to time, but commented that it va-
ried also according to the practitioners’ experience [25]. Grebenik et al (2004)
cite lack of experience as a limiting factor to the study [29].

With respect to the success rate, while in some studies [23] [25] [30] no statis-
tically significant differences were found between the two CVC techniques,
Verghese et al. (1999) and Grebenik ez al (2004) obtained higher success rates
when using USG-guided CVC [24] [29], as well as other authors, who achieved
95% [26] and 96% [28] success rates.

With regard to the occurrence of complications during CVC, Hind et al
(2003) reported that USG-guided CVC was safer [10]. Verghese et al (1999),
Grebenik et al. (2004) and Froelich et al. (2009) obtained a lower index of arteri-
al punctures [24] [25] [29]. Alderson ef al (1993), in analyzing complications
during internal jugular CVC related to anatomical variations of the internal ju-
gular veins, reported a decrease from 60% to 20% when the procedure was
guided by USG [20]. Pérez-Quevedo et al (2016), found vascular perforation
(11.9%) to be the most frequent complication [28], whereas Iwashima, Ishikawa
and Ohzeki (2008) found inadvertent puncture of the femoral artery as the most

frequent complication in the group undergoing the conventional technique (32%
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versus 7% in the USG-assisted group) [30].

Based on the fact that both the size and weight of newborns and infants, as
well as their greater mobility and the more superficial position and smaller di-
ameter of some of their vascular structures may all contribute to greater technic-
al difficulties, Pérez-Quevedo et al (2016) recognize the need for training pro-
fessionals under conditions simulating USG-guided CVC in pediatric patients
and seek to obtain data that confirm that training on experimental models can
reduce vascular catheterization complication rates in critically ill pediatric pa-
tients [28].

Aiming to obtain data to support the training of professionals in the
USC-guided CVC technique, recently adopted but still underutilized in the pe-
diatric ICU at Santa Casa de Sdo Paulo, and its routine use for the population
served, the present study was conducted to compare the USG-guided CVC with
the conventional technique as to its effectiveness and occurrence of complica-

tions.

2. Methodology
2.1. Patients

The project was approved by the Institution’s Research Ethics Committee.

This is a prospective cohort study where all children and adolescents (from
one day to 18 years of age) admitted to the Pediatric Intensive Care Unit at Ir-
mandade da Santa Casa de Misericordia de Sdo Paulo from February to October
2016 and undergoing central venous puncture in the unit's settings, and whose

parents agreed to participate in the study, were studied.

2.2. Design

Considering the particularities of the service, including the recent introduction
of the USG-guided CVC technique (which is not yet part of the routine), as well
as the absence of electronic recording of medical data and (until recently) the
absence of a logging protocol for data relative to this procedure, it was decided
for a prospective follow-up and registration of patient data and protocol imple-
mentation in accordance with the US Agency for Healthcare Research and Qual-
ity guidelines (2001) [11].

The “CVC technique type” used (independent variable) at its two levels,
namely conventional and USG-guide, will have its effectiveness assessed as to its
possible effect on the outcomes “effectiveness parameters” and “occurrence of
complications associated with the procedure” (dependent variables). Based on
the literature, considered as effectiveness parameters were the catheterization
success rate, the time spent to catheter placement, and the number of catheteri-
zation attempts.

Considering that the study was conducted at a teaching institution, most CVCs
were carried out by relatively inexperienced ultrasound-guided CVC (USG-CVC)

technicians, resident physicians specializing in pediatric intensive care in their
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third and fourth year, supervised by an experienced professor (preceptor). Occa-
sionally, the procedure is carried out solely by the preceptor. In the present study
the level of experience was considered a potentially competing variable over the
independent variable-dependent variable effect (IV-DVs).

Other potentially intervening variables also considered were age group and
nutritional status, in terms of Body Mass Index (BMI), as the possible effects on
determining the anatomical reference points of the puncture sites, as well as the
site chosen in each case.

In order to minimize the effect of the potentially intervening variables, we in-
tended, at first, to treat the obtained data as coming from pairs of patients who
were as similar as possible concerning the different levels of these variables, ex-
posed (each element of a pair) to one of the two IV levels (USG-CVC; conven-
tional CVC, C-CVC), in an attempt to counterbalance these effects. However,
the frequent unavailability of the USG equipment at the pediatric ICU jeopar-
dized the deliberately random exposure of patients to one of the two CVC tech-
niques so as to obtain a true Matched Pair Design, with the choice being limited

to the occasional availability of the equipment. We opted for a post hoc pairing.

2.3. Procedure

Hemodynamically stable patients, referred for CVC after having been suitably
classified as to the levels of the potentially intervening variable Age group (new-
born: 0 - 30 days of age; infant: 1 month to 2 years; preschool: 2 to 6 years; child:
6 to 12 years; adolescent: 12 to 18 years), Nutritional status (normal: 18.49 -
25.00; underweight; overweight), and Puncture site according to clinical indica-
tion (jugular; femoral; subclavian) were sedated with 0.2 mg/kg midazolam and
anesthetized with 1 mcg/kg fentanyl (or 2 mg/kg ketamine).

The choice of CVC technique, either conventional (C-CVC) or ultrasound-
guided CVC (USG-CVC), depended on equipment availability. The procedures
were conducted by resident physicians specializing in pediatric intensive care
supervised by an experienced preceptor or, occasionally, just by one experienced
preceptor (or two, in the case of USG-CVC).

In C-CVC, the puncture site was determined by tactile and visual inspection
of the anatomical reference sites, as described in the literature, and by using the
Seldinger technique to pass the catheter; catheter location was then radiological-
ly confirmed.

In USG-CVC, the site to be punctured was identified with the help of the
portable Site-Rite Vision® Ultrasound System, whose transducer was covered
with gel and, subsequently, with a sterile plastic protection while one of the op-
erators (resident physician or preceptor) positioned the probe in a “short-axis”
or “out-of-plane” approach. Once the vessel was identified on the ultrasound
image, the depth could be determined by the markings on the right-hand side of
the image. The other operator then performed the catheterization by the Seldin-

ger technique; catheter location was then radiologically confirmed.
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Procedure time, number of attempts, and the outcome as to success rate and

occasional complications were recorded.

3. Results

During the period from February 2016 to October 2016, 144 patients were ad-
mitted to the pediatric ICU referred for CVC with antibiotic therapy (117 pa-
tients), continuous sedation and hemodynamic monitoring (120 patients), ad-
ministration of vasoactive drugs (48 patients) and other procedures such as he-
modialysis, correction of hydroelectrolytic disorders and chemotherapy (8 pa-
tients). Sixty 60 (41.7%) were females, age ranging from 10 days to 15 years
(mean: 40.37 months; standard deviation: 54.31), with distribution frequencies
by age group as summarized in Table 1.

With respect to their nutritional status, 110 (76.4%) of patients had a lower
than normal BMI, 32 (22.2%) had a normal BMI, and only 3 (1.4%) had a condi-
tion compatible with overweight.

A total of 433 punctures were performed, with a mean of 3.01 (s = 2.66)
punctures in 144 cases, success in 101 (70.41%) of 144 cases, 34.03% (49/144) of
which cases were successful after a single puncture. CVC was USG-guided in 57
(39.58%) of 144 cases. The time spent was, on average, 22.83 (s = 27.24) minutes.

With regard to the puncture sites, 94 of 144 procedures involved the jugular
vein (65.3%), 46 (31.9%) involved the femoral vein, and 4 (2.8%) involved the
subclavian vein, with the right side having been predominant in the punctures
(69.4%), irrespective of the chosen vein.

Complications occurred in 32/144 cases (22.22%), with arterial puncture be-
ing the most frequent one, 16/144 (11.11%), followed by pneumothorax in 6/144
(4.17%), deep venous thrombosis in 2/144 (1.39%), and other complications in
8/144 (5.56%).

According to the value of the standard deviation relative to the means, age,
time and number of attempts do not present normal distribution in the pedia-
tric population who received treatment at the service. When considering the
age groups found versus the frequencies of the variables puncture site, nutri-

tional status and professional performing the procedure, the analysis of data

Table 1. Observed frequencies (£0) of patients, and respective relative frequencies in per-
centage (%), for each age range.

Age range J3) %
Neonate 6 4.2
Infant 91 63.2
Preschool 16 11.1
Child 21 14.6
Adolescent 10 6.9
Total 144 100.0
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distributed in contingency tables would require a larger sample size due to the
relatively rare categories.

Accordingly, for the purpose of analyzing any differences between the effects
of CVC technique types on the outcomes, we used data from 94 of the 144 pa-
tients who, in a post hoc pairing, formed similar pairs for potentially intervening
variables, especially differing as to the CVC technique type, composing two
paired groups with 47 cases each. The levels of the potentially competing va-
riables are shown in Table 2.

A comparison made between the USG-CVC and C-CVC groups as to the
number of CVC attempts by using the Paired #Test revealed a statistically sig-
nificant difference {r = 2.34, df = 46, £,,; = 2.02, p < 0.05}. The number of at-
tempts in the ultrasound-guided procedures was, on average, smaller (2.04) than
the number of attempts when using the conventional technique (3.21).

A comparison made between the USG-CVC and C-CVC groups as to the time
spent at CVC by using the Paired #Test revealed a statistically significant dif-
ference {t = 3.07, df = 46, £, = 2.02, p < 0.05}. The mean time of the ultra-
sound-guided procedures was shorter (13.15 minutes) than the time spent on
average when using the conventional technique (31.00 minutes).

The comparisons of the observed frequencies of success in catetherization and
complications during this procedure between the paired groups (between tech-
niques), considering the differences between pairs and within pairs, by means of
ANOVA for dichotomized data, revealed that when two similar patients in terms

of age group, nutritional status/BMI, are underwent to CVC at the same site by

Table 2. Potentially intervening variables and their respective levels, used in patient classi-
fication and ad hoc pairing, as well as their respective observed frequencies () in both
groups (CVC-USG and CVC-C) after the pairing.

Intervening variables Levels »
Age Neonate (0 - 30 days of age) 1

Infant (1 month - 2 years) 33

Preschool (2 - 6 years) 5

Child (6 - 12 years) 6

Adolescent (12 - 18 years) 2
Nutritional status Low weight: BMI < 18.49 39
Normal: 18.49 < BMI < 25.00 8

Overweight: IMC > 25.00 0

Puncture site Internal jugular veins 33
Subclavian veins 14

Femoral veins 0

Professional expertise Fellow under physician supervision 46
Physician supervisor 1

BMI, Body Mass Index; 7o, observed frequency.
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professionals with equivalent expertise, ultrasound-guided catheterization re-
sulted in less frequent complications, a statistically significant difference (£, ,, =
8.24; Q) =7.14, p<0.05) (Table 3).

However, there was observed no statistically significant difference in the
comparisons of success rates (F, 4, = 3.76; Q) = 3.56, p> 0.05) (Table 4).

Success in the first CVC attempt occurred in 57.45% of cases (27/47) in the
USG-CVC group versus 19.15% (9/47) of cases in the C-CVC group. When the
paired groups were compared, the success rate was greater in the elements of the
pairs undergoing USG-CVC (£, 4 = 16.6; Q;, = 12.5, p < 0.05) (Table 5).

Table 3. ANOVA summary-table of comparison of differences among values of observed
frequencies, at mean, of dependent variable “complications during CVC” considering the
critical values for Fand Cochran Q statistics as Fys, (1, 46) = 4.06 and 7. (2 -1) =3.84,

respectively, to verify the statistical significance at the adopted level.

SS df MS F Q
SShetween pairs 6.28 46
SSyithin pairs 7.00 47
SStechniques 1.06 1 1.06 8.24 7.14
SStesidual 5.94 46 0.13
SS 0wl 13.28 93

SS, sum of squares; df, degrees of freedom; MS, mean of squares.

Table 4. ANOVA summary-table of comparison of differences among values of observed
frequencies, at mean, of dependent variable “success in CVC” considering the critical val-
ues for Fand Cochran Q statistics as Fy; (1, 46) = 4.06 and g5, (2-1) = 3.84, respec-

tively, to verify the statistical significance at the adopted level.

ss df MS F Q
SStetween pairs 9.81 46
SSithin pairs 9.00 47
SSechniques 0.68 1 0.68 3.76 3.56
SS esidual 8.32 46 0.18
SSioral 18.81 93

SS, sum of squares; df, degrees of freedom; MS, mean of squares.

Table 5. ANOVA summary-table of comparison of differences among values of observed
frequencies, at mean, of dependent variable “Success in the first CVC attempt” considering
the critical values for Fand Cochran Q statistics as Fo; (1, 46) = 4.06 and 2. (2 -1) =

3.84, respectively, to verify the statistical significance at the adopted level.

SS df MS F Q
SShetween pairs 9.21 46
SS.vithin pairs 13.00 47
SSechniques 3.45 1 3.45 16.60 12.46
SSesidual 9.55 46 0.21
S0l 2221 93

SS, sum of squares; df, degrees of freedom; MS, mean of squares.
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4. Discussion

The aim of this study was to investigate the effectiveness of USG during a CVC
procedure in pediatric patients receiving care in an intensive care unit (ICU),
where this technique is not part of the routine, due in part to the frequent un-
availability of equipment, but still allowed for the constitution of a control group
with the increasingly rare conventional technique. This method was found to be
effective in this study, reducing the number of punctures, complications and
time spent in the procedure.

Our results are in agreement with those reported in studies published in the
literature in which, although no effect of the use of USG on the CVC success rate
was found, most USG-guided procedures were successful and had fewer punc-
tures, shorter times and a lower incidence of CVC-related complications. As ex-
pected, success after the first attempt was more frequent when the CVC proce-
dure was USG-guided.

While the unpredictable availability of the USG equipment has prevented a
matched-pairs design, the exposure of each patient to either one of the two tech-
niques may have had some degree of randomness because of such unpredictabil-
ity. On the other hand, the prospective nature of data acquisition may have, for
the purposes of population description, a lower value than a retrospectively ob-
tained sample, without the deliberate organization and precision in recording
information. Nevertheless, descriptive parameters of the population distribution
of the variables could be estimated and used in determining the sample size for

future replications.

5. Conclusion

In this study, we showed that, in a sample of critical ICU patients, USG-guided
CVC required fewer punctures, consumed less time, improved the overall suc-
cess rate and facilitated the procedure in pediatric patients. USG-guided cathete-
rization also minimized the occurrence of complications during the procedure,
permitting clear visualization of the underlying anatomy and its variations.
Therefore, we have recommended this technique be used in our pediatric inten-

sive care unit, also for the training of new professionals.
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