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ABSTRACT
Objectives. Describe ultrasound-guided central 
venous catheterization use comparing the 
number of attempts (1 versus 2 or more attempts) 
in relation to catheters placed in the internal 
jugular vein (IJV) versus the femoral vein (FV).
Material and methods. Descriptive, prospective 
study of central venous catheters (CVCs) inserted 
via ultrasound-guided puncture in patients aged 
1 month to 18 years. A multivariate regression 
model was done considering the primary 
endpoint, first puncture success in relation to 
the insertion site (IJV versus FV), and predictors 
of success.
Results. A total of 257 CVCs were inserted: IJV 
118 (45.9%), FV 139 (54.1%); 161 (62.7%) were 
inserted in the first attempt and 96 (37.3%) 
required more than 1 attempt. IJV insertions were 
successful with the first puncture in 86 patients 
(53.5%) and FV insertions, in 75 (46.5%) (p 0.0018; 
OR: 0.43 [95% CI: 0.24-0.76]). There were 21 (8.1%) 
immediate complications: 3 (1.86%) were related 
to the first puncture, 18 (18.75%), to more than 
1 puncture (p 0.0001 [95% CI: 3.36-45.68]). There 
were 4 cases of severe complications, including 
pneumothorax.
Conclusions. Ultrasound-guided venous 
catheterization demonstrated to be significantly 
successful in the first attempt when using the IJV 
versus FV, especially in infants younger than 
6 months. Immediate complications occurred 
more frequently in patients requiring more than 
1 puncture.
Key words: ultrasound, vascular access devices, 
adverse events, pediatric intensive care units, 
pediatrics.
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INTRODUCTION
Vascular catheterization is an 

essential technique for critically ill 
patient care. It is very important to 
establish a venous access, which may 
be a technical challenge due to vessel 
size in pediatric age.

Reports have been made since 1977 
about ultrasound-guided vascular 
access insertion. In the guidelines 
published by the American Society 
of Echocardiography and the Society 
of Cardiovascular Anesthesiologists 
and the NICE guidance, Toianos et 
al., recommend ultrasound-guided 
vascular catheterization whenever 
available,  both in children and 
adults.1,2

Ul t rasound use  reduces  the 
number of attempts and procedure 
duration, increases the successful 
i n s e r t i o n  r a t e ,  a n d  r e d u c e s 
complicat ions compared to the 
skin surface anatomic landmarks 
technique. This is feasible because it 
allows to directly locate the position 
of anatomic structures in real time, 
highlighting pathological anomalies 
(thrombi) or physiological anomalies, 
such as displacements or abnormal 
vessels.1

D e  S o u z a  e t  a l . , 3  o b s e r v e d 
a high first attempt success rate: 
95% of ultrasound-guided venous 
punctures compared to 34% in the 
control group. Complications were 
significantly lower in the ultrasound-
guided group.  Pietroboni 4 and 
Rivera-Tocancipá5 published similar 
results. Currently, the ultrasound 
is considered the gold standard in 
clinical practice in adults.1
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In infants and children, some trials assessed 
central venous catheterization using the IJV, 
but the evidence is scarce in younger babies.1 
Timsit et al.,6 published a guideline based on 
an expert consensus about children and adults 
(GRADE approach), which stated that ultrasound-
guided should be used to reduce mechanical 
complications in IJV (grade 1, high level of 
evidence and strong recommendation). No study 
comparing 2 anatomic sites, IJV versus FV, has 
been found.

The objective of this study was to describe 
our experience using ultrasound-guided central 
venous catheterization in a pediatric intensive 
care unit, compare 2 anatomic sites, IJV versus 
FV, and establish if this technique improves first 
puncture success.

MATERIAL AND METHODS
This was a descriptive, prospective, and 

observational study. Its primary endpoint was 
to compare the use of ultrasound-guided CVC 
insertion and establish the relationship among 
the number of attempts (1 versus 2 or more 
attempts), the puncture site (IJV-FV), patient age 
and weight.

A secondary endpoint was to assess whether 
there was a relationship between the site and 
number of punctures performed in patients with 
a weight of less than 10 kg and 10 kg or more. 
Immediate complications associated with the 
technique were assessed.

The accessible population included patients 
aged 1 month to 18 years admitted to the pediatric 
intensive care unit (PICU) between May 2018 and 
December 2019. Patients who required ultrasound-
guided CVC insertions were included. The vessel 
for CVC insertion had not been catheterized 
before.

Vascular access insertion was defined as 
successful if achieved in 1 puncture attempt; 
failure, as more than 1 attempt. If the operator 
performed a new puncture, even without 
complete ly  removing the  needle ,  i t  was 
considered a new attempt. Catheterized vessels 
were selected at the operator’s discretion.

Age was grouped into younger than 6 months 
and 6 months and older, based on distribution. 
Patients included in the first and second quartiles 
were assigned to the first group, and those in the 
third and fourth quartiles, to the second group. 
In terms of weight, patients were divided into 
those with a weight of less than 10 kg and 10 kg 
or more.

Complications were defined as untoward 
effects directly related to the procedures, arterial 
puncture, bruising, pneumothorax, thrombosis, 
and catheter-associated infections. Screening 
was done based on clinical data, chest X-ray, 
ultrasound, and microbiological cultures. 
The insertion method was defined as safe if 
severe complications did not exceed 5%. Severe 
complications were those that required a pleural 
drainage tube or blood product administration, 
or resulted in death attributable to the procedure.

A written consent, signed by parents or tutors, 
was obtained upon admission to the ICU to 
authorize any practice necessary to provide care 
to their children while in the ICU.

Procedures were performed by 2 operators: 
1 was in charge of guiding the procedure and 1, 
of attempting the puncture.

Peltan et al.,7 and the Safety Committee 
of the Japanese Society of Anesthesiologists8 
recommend that central venous catheterization 
and management education requires standardized 
structures and simulations. First, second, and 
third year fellows and staff physicians involved 
were trained on ultrasound scanner use and 
technique performance. The training program 
consisted in a virtual stage, which was theoretical, 
mandatory, delivered online, and offered activities 
in the hospital’s online campus, and an in-person 
stage, conducted at the Garrahan Simulation 
Center, where trainees learned to recognize 
and locate vascular structures using ultrasound 
guidance. A silicone phantom specially designed 
for training was used (Figure 1). Training programs 
on ultrasound-guided vascular cannulation help 
to acquire basic knowledge and its practical 
applications, and are usually carried out using 
simulation models.9,10

We used a Sonosite-nerve 180 PLUS® device 
with a linear matrix transducer L25/10 at 5 MHz 
(SonoSite, Inc., Bothell, WA). The transducer 
was covered in a sterile sheath. The patient was 
positioned using the usual technique to achieve 
an adequate vessel exposure. Using the B-mode 
(two-dimensional), the transducer was guided 
in the short or cross-sectional axis, where the 
vessel is seen as an anechoic circle on the screen 
(Figure 2) and the needle appears as a hyperechoic 
point. In the longitudinal axis, the vessel appears 
parallel to the skin with the needle in the same 
plane, to localize the vascular bundle.11

The vein was centered on the screen and the 
operator performed the necessary punctures 
(maximum 3) until obtaining the venous flow 
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Figure 1. Simulator for ultrasound-guided central venous catheterization practice (internal jugular vein). The lower image 
shows a 2D longitudinal section of the vein and the needle inside on the ultrasound scanner screen.

Figure 2. E2D ultrasound to identify the anatomy of the target vein. Image of the short-axis cross-section of the right 
internal jugular vein (V) and its anatomical relationship to the carotid artery (A)

required for catheter insertion. The Seldinger 
technique was used with a multilumen CVC 
(4-12 Fr) (Arrow International). Patients were 
given ketamine 2 mg/kg/dose and midazolam 

0.1 mg/kg/dose for analgesia. Patients receiving 
mechanical  vent i lat ion received muscle 
relaxants.12
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Statistical analysis
Continuous variables are summarized as 

mean and standard deviation (SD) or median 
and interquartile range (IQR 25-75); categorical 
variables are expressed as percentage.

The association between potential predictors 
and the primary endpoint was assessed using 
a bivariate and multivariate logistic regression 
analysis. Student’s t test or Wilcoxon test were 
used to compare continuous variables, and the 
χ² test for categorical variables.

A p value < 0.05 was considered as significant, 
with a 95% confidence interval (CI) .  The 
multivariate analysis included the variables that 
showed a significant p value < 0.25 in the bivariate 
analysis. The significant variables observed in 
the multivariate model were included in the final 
model. The final model was calibrated using 
the Hosmer-Lemeshow goodness-of-fit test and 
the ROC curve, accepting a p value > 0.05 as an 
adequate calibration.13,14

The statistical analysis was performed with 
the software Stata 14 Stata-Corp LLC® package.15

RESULTS
A total of 257 CVCs were placed using 

ultrasound guidance (Figure 3). Patients’ median 
age and weight was 8 months (IQR 25-75: 5-24) 
and 8 kg (IQR 25-75: 5-11), respectively.

There were 93 patients who weighed less than 
10 kg in whom only 1 puncture was required 
(57.8%) versus 68 (42.2%) who required more than 
1 attempt (p 0.036; OR: 1.77; 95% CI: 1.00-3.17).

In relation to the number of attempts, 
161 CVCs (62.7%) were inserted in the first 

attempt and 96 (37.3%) required more than 
1 attempt.

There were 86 patients (72.9%) who had a 
successful insertion in the IJV in the first attempt 
versus 32 (27.1%) who required more than 
1 attempt (p 0.0018; OR: 0.43; 95% CI: 0.24-0.76) 
(Table 1).

In a secondary analysis to relate the number 
of punctures, the site (IJV versus FV), and 
patient weight (< 10 kg and ≥ 10 kg), those with 
a weight of less than 10 kg had a better outcome 
when the insertion site corresponded to the IJV 
because they had a lower risk for more than 
1 attempt than those in whom the FV was selected 
(p 0.0005; OR:  2.5 versus 3.2). The same pattern 
was observed in patients younger than 6 months 
(p 0.0005; OR: 2.78 versus 2.59).

Technique-related complications occurred in 
8.1% of cases: 4 corresponded to pneumothorax 
(1.5%) and the rest, to arterial punctures and 
bruising. It was evidenced that patients who 
required more than 1 puncture had 12 times 
more complications than those who achieved a 
successful insertion in the first attempt.

The multivariate logistic regression model 
included variables that showed a significant 
p value < 0.25 in the univariate analysis (Table 2). 
The variables related to the site of insertion 
(jugular/femoral), the physician guiding the 
procedure, and complications were significant 
and, therefore, independent predictors in relation 
to the primary endpoint (Table 3).

The logistic regression model was calibrated 
using the Hosmer-Lemeshow test; and groups 
were created based on the risk estimation reported 

Figure 3. Flowchart of patients included in the study

CVC: central venous catheter; IJV: internal jugular vein; FV: femoral vein.

CVC
n = 257

FV (n = 139)
(54.1%)

IJV (n = 118)
(45.9%)

>1 attempt
64 (46.1%)

>1 attempt
32 (27.1%)

1 attempt
75 (53.9%)

1 attempt
86 (72.9%)
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by the model according to the combination of 
different variables with a p value of 0.12.

The model’s discrimination was done using an 
area under the ROC curve, with a value of 0.69.

DISCUSSION
Historically, in our hospital, central venous 

catheterization in the FV has been selected as 
a preferential site, probably due to its lower 

Table 1. Demographic characteristics of the population and results of univariate analysis

 Total 1 puncture > 1 puncture p value OR (95% CI)
  attempt (%) attempt (%) 
 (n = 257) (n = 161) (n = 96) 

Age (months old)
< 6 months 102 (39.6) 60 (37.3) 42 (43.7) 0.30 1.30 (0.75-2.25)
≥ 6 months 155 (60.3) 101 (62.7) 54 (56.3)  

Weight     
< 10 kg 161 (62.7) 93 (57.7) 68 (70.8) 0.036 1.77 (1.00-3.17)
≥ 10 kg 96 (37.3) 68 (42.3) 28 (29.2)  

Sex (female) 131 (50.9) 82 (50.9) 49 (51.04) 0.98 0.99 (0.58-1.70)
Route

Internal jugular vein 118 (45.9) 86 (53.5) 32 (33.4) 0.0018 0.43 (0.24-0.76)
Femoral vein 139 (54.1) 75 (46.5) 64 (66.6)  

Inserting physician     
F1 133 (51.7) 77 (47.8) 56 (58.4) 0.10 0.65 (0.38-1.12)
F2 124 (48.3) 84 (52.2) 40 (41.6)  

Guiding physician
Assistant and F3 122 (47.4) 72 (44.7) 50 (52.1) 0.25 0.74 (0.43-1.27)
F1 and F2 135 (52.6) 89 (55.3) 46 (47.9)  

Gauge     
< 5.5 Fr 212 (82.5) 130 (80.7) 82 (85.5) 0.34 0.71 (0.33-1.48)
≥ 5.5 Fr 45 (17.5) 31 (19.3) 14 (14.5)  

Immediate complications 21 (8.1) 3 (1.86) 18 (18.75) 0.0001 12.15 (3.36-45.68)

F1: first year fellow; F2: second year fellow; F3: third year fellow; OR: odds ratio; CI: confidence interval; Fr: French.

Table 3. Final multivariate model. The table shows independent predictors compared to the primary endpoint

Variable OR (95% CI) p value

Percutaneous (jugular/femoral) puncture site 0.33 (0.18-0.60) 0.0001
Physician performing ultrasound guidance (F3 or staff physician) 0.50 (0.28-0.90) 0.022
Immediate complications 14.31 (3.9-51.9) 0.0001

OR: odds ratio, CI: confidence interval; F3: third year fellow.

Table 2. Complete multivariate model. The table shows the variables included in the model  
with a p value < 0.25

Variable OR (95% CI)

Weight (< 10 kg or ≥ 10 kg) 1.77 (1.00-3.17)
Percutaneous jugular/femoral puncture site 0.43 (0.24-0.76)
Physician performing ultrasound guidance (F3 or staff physician) 0.74 (0.43-1.27)
Physician performing percutaneous puncture (fellow) 0.65 (0.38-1.12)
Immediate complications 12.15 (3.36-45.68)

OR: odds ratio; CI: confidence interval; F3: third year fellow.
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risk, away from the chest structures, to prevent 
potentially vital and trauma injuries in the 
confluence of the subclavian vein and the internal 
jugular vein and in its close relation with the 
internal carotid artery, the lung, and the pleura. 
In general, these catheters were inserted using the 
anatomic landmark-guided technique, nowadays 
replaced by ultrasound guidance, a paradigm 
shift in relation to a routine procedure performed 
in the ICU, which offers safety and effectiveness 
benefits, as demonstrated by various publications. 
The Point-Of-Care Ultrasound (POCUS) Working 
Group of the European Society of Paediatric 
and Neonatal Intensive Care16 recommends 
ultrasound-guided percutaneous CVC insertion, 
both in adults and children, as described by the 
NICE guidance2 in 2002.

Our study results showed that a successful 
ultrasound-guided CVC insertion is related to 
a lower number of punctures in the IJV versus 
the FV. IJV insertions showed a 53.5% successful 
first puncture rate, compared to 46.5% with FV 
insertions. The same association was observed in 
infants younger than 6 months and children with 
a weight of less than 10 kg, who accounted for the 
most vulnerable population.

Reyes Ríos et al.,17 analyzed ultrasound-guided 
central venous catheter insertion in newborns and 
infants and concluded that using ultrasound 
guidance increased first attempt success in 75% of 
infants and in 50% of newborns. López Alvarez et 
al.,18 reported a 79% success rate, associated with 
a larger diameter and a lower vessel depth, and a 
significant difference between the IJV and the FV; 
they also reported a lower number of punctures 
to achieve a successful catheterization in the 
first attempt. IJV catheterization in newborns 
and children is a strong recommendation based 
on level A evidence.2,3 Multiple studies have 
demonstrated a lower risk for cannulation 
failure, artery puncture, and a higher success 
rate in the first attempt with a lower incidence of 
complications.19,20

In our study, although the procedure duration 
was not assessed, it was estimated to be probably 
shorter because, in particular, duration is usually 
directly related with the number of punctures and 
successful catheter insertion.

No significant differences were observed 
between first and second year fellows in terms of 
number of punctures, so this does not appear to 
depend on years of experience but on training prior 
to performing the procedure. Froehlich21 published 

that ultrasound-guided CVC insertion in children is 
associated with a lower number of attempts and a 
shorter insertion time among residents.

Verghese et al.,22 compared ultrasound use 
by inexperienced operators (fellows) for IJV 
cannulation versus the anatomic landmark-
guided technique and found that success, 
cannulation time, and a lower incidence of carotid 
puncture improved with ultrasound guidance. 
The same conclusions were described by Aouad.23

T h e  m u l t i v a r i a t e  a n a l y s i s  s h o w e d  a 
significant difference in terms of the physician 
guiding the procedure. This may be related to a 
greater level of experience and a better structure 
visualization and positioning technique, which 
may facilitate the procedure. On their side, 
Fresado et al.,24 did not find any difference in the 
technique with 1 or 2 operators.

Our study found 8% of complications; the 
most frequent ones were artery punctures and 
bruising in the puncture site and were directly 
related to the number of punctures performed. 
The results of our study reinforce what has been 
demonstrated in adults: ultrasound guidance 
increases the success rate and is associated with a 
lower risk for complications.25,26 Dambkowski et 
al.,27 like Froehlich et al.,21 described inadvertent 
vascular, nervous or pleural structures punctures 
as the most common adverse events and 
assigned ultrasound guidance a relevant role in 
complication prevention.

A significant limitation of our study was the 
lack of follow-up, which did not allow us to screen 
for potential complications in the long term. 
Another weakness is the lack of a control group 
or historical records, which would not allow us 
to state that this insertion method is superior to 
the one used previously (anatomic landmarks). 
However, and in the light of the bibliographic 
evidence and its generalized use in the ICU, such 
comparison did not seem ethical. Most articles 
published about pediatrics mention ultrasound 
use for central vascular access insertion, with a 
reduced insertion time and a reduced number of 
attempts and complications, such as thrombosis 
and catheter-associated infections.28-30

The variables related to the site of catheter 
insertion (IJV or FV), the physician guiding 
the procedure, and immediate complications 
demonstrated to be independent predictors in 
relation to the number of punctures performed 
during CVC insertion.
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CONCLUSION
2D ultrasound has demonstrated to be 

very useful and safe for CVC insertion, with 
a successful first attempt rate, especially into 
the IJV, in infants younger than 6 months, 
and children with a weight of less than 10 kg. 
Immediate complications occurred more 
frequently in patients requiring more than 
1 puncture. n

Acknowledgments
The authors would like to thank Horacio Questa, 

M.D. and Head of the Surgery Clinic of Hospital 
Nacional de Pediatría “Prof. Dr. Juan P. Garrahan,” 
for his valuable help with training in ultrasound-
guided vascular access insertion in children.

REFERENCES
1. Troianos CA, Hartman GS, Glas KE, Skubas NJ, et al. Guidelines 

for performing ultrasound guided vascular cannulation: 
recommendations of the American Society of Echocardiography 
and the Society of Cardiovascular Anesthesiologists. J Am Soc 
Echocardiogr. 2011; 24(12):1291-318.

2. NICE. Guidance on the use of ultrasound locating devices 
for placing central venous catheters. October 2002. 
[Accessed on: October 28th, 2021]. Available at: www.nice.
org.uk/guidance/ta49

3. de Souza TH, Brandão MB, Santos TM, Pereira RM, 
Nogueira RJ. Ultrasound guidance for internal jugular 
vein cannulation in PICU: a randomised controlled trial. 
Arch Dis Child. 2018; 103(10):952-6.

4. Pietroboni PF, Carvajal CM, Zuleta YI, Ortiz PL, et al. 
Landmark versus ultrasound-guided insertion of femoral 
venous catheters in the pediatric intensive care unit: An 
efficacy and safety comparison study. Med Intensiva (Engl 
Ed). 2020; 44(2):96-100.

5. Rivera-Tocancipá D, Díaz-Sánchez E, Montalvo-Arce CA. 
Ultrasound versus anatomical landmarks: Immediate 
complications in the central venous catheterization in 
children under 18 years of age. Rev Esp Anestesiol Reanim 
(Engl Ed). 2018; 65(7):366-72.

6. Timsit JF, Baleine J, Bernard L, Calvino-Gunther S, et 
al. Expert consensus-based clinical practice guidelines 
management of intravascular catheters in the intensive 
care unit. Ann Intensive Care. 2020; 10(1):118.

7. Peltan ID, Shiga T, Gordon JA, Currier PF. Simulation 
Improves Procedural Protocol Adherence During Central 
Venous Catheter Placement: A Randomized Controlled 
Trial. Simul Healthc. 2015; 10(5):270-6.

8. Safety Committee of Japanese Society of Anesthesiologists. 
Practical guide for safe central venous catheterization and 
management 2017. J Anesth. 2020; 34(2):167-86.

9. Nolting L, Hunt P, Cook T, Douglas B. An inexpensive 
and easy ultrasound phantom: a novel use for SPAM. J 
Ultrasound Med. 2016; 35(4):819-22.

10. Hauglum SD, Crenshaw NA, Gattamorta KA, Mitzova-
Vladinov G. Evaluation of a low-cost, high-fidelity animal 
model to train graduate advanced practice nursing students 
in the performance of ultrasound-guided central line 
catheter insertion. Simul Healthc. 2018; 13(5):341-7.

11. Tamagnone F, Previgliano I, Merlo PM, Benay CG. Pocus: 
Manual Práctico Ultrasonografía Crítica. 2.a ed. Ciudad 
Autónoma de Buenos Aires: Corpus; 2021.

12. Galván ME, Flores Tonfi ML. Analgosedación en la Unidad 
de Cuidados Críticos Pediátricos. In: Moreno G, Iolter T 

(eds). Manual de Emergencias y Cuidados Críticos en 
Pediatría. 3.a ed. Ciudad Autónoma de Buenos Aires: 
Sociedad Argentina de Pediatría, 2020.Pages.1041-57.

13. Hanley JA, McNeil BJ. The meaning and use of the area 
under a receiver operating characteristic (ROC) curve. 
Radiology. 1982; 143(1):29-36.

14. López de Ullibarri Galparsoro I, Píta Fernández S. Curva 
de ROC. Cad Aten Primaria. 1998; 5(4):229-35.

15. StataCorp. Stata Statistical Software: Release 14. College 
Station, TX: StataCorp LP; 2015.

16. Singh Y, Tissot C, Fraga MV, Yousef N, et al. International 
evidence-based guidelines on Point of Care Ultrasound 
(POCUS) for critically ill neonates and children issued 
by the POCUS Working Group of the European Society 
of Paediatric and Neonatal Intensive Care (ESPNIC). Crit 
Care. 2020; 24(1):65.

17. Reyes Ríos P, Girón Vallejo O, Ruiz Pruneda R, Martínez 
Castaño I, et al. Utilidad de la ecografía en la colocación de 
catéteres venosos de larga duración en neonatos y lactantes. 
Cir Pediatr. 2016; (29):149-52.

18. López Álvarez JM, Pérez Quevedo O, Ramírez Lorenzo T, 
Limiñana Cañal JM, Loro Ferrer JF. Canalización vascular 
ecoguiada: Experiencia en el paciente pediátrico crítico. 
Arch Argent Pediatr. 2018; 116(3):204-9.

19. de Souza TH, Brandão MB, Nadal JAH, Nogueira RJ. 
Ultrasound Guidance for Pediatric Central Venous 
Catheterization: A Meta-analysis. Pediatrics. 2018; 
142(5):e20181719.

20. Montes-Tapia F, Rodríguez-Taméz A, Cura-Esquivel I, 
Barreto-Arroyo I, et al. Efficacy and safety of ultrasound-
guided internal jugular vein catheterization in low birth 
weight newborn. J Pediatr Surg. 2016; 51(10):1700-3.

21. Froehlich CD, Rigby MR, Rosenberg ES, Ruosha L, et al. 
Ultrasound-guided central venous catheter placement 
decreases complications and decreases placement attempts 
compared with the landmark technique in patients in a 
pediatric intensive care unit. Crit Care Med. 2009; 37(3):1090-6.

22. Verghese ST, McGill WA, Patel RI, Sell JE, et al. Comparison 
of three techniques for internal jugular vein cannulation 
in infants. Paediatr Anaesth. 2000; 10(5):505-11.

23. Aouad MT, Kanazi GE, Abdallah FW, Moukaddem 
FH, et al. Femoral Vein Cannulation Performed by 
Residents: a comparison between ultrasound-guided and 
landmarktechnique in infants and children undergoing 
cardiac surgery. Anesth Analg. 2010; 111(3):724-8.

24. Milling T, Holden C, Melniker L, Briggs WM, et al. 
Randomized controlled trial of single-operator vs. two-
operator ultrasound guidance for internal jugular central 
venous cannulation. Acad Emerg Med. 2006; 13(3):245-7.

25. Prabhu MV, Juneja D, Gopal PB, Sathyanarayanan M, et 
al. Ultrasound-guided femoral dialysis access placement: a 
single-center randomized trial. Cli J Am Soc Nephrol. 2010; 
5(2):235-9.

26. Kwon TH, Kim YL, Cho DK. Ultrasound-guided 
cannulation of the femoral vein for acute haemodialysis 
access. Nephrol Dial Transplant. 1997; 12(5):1009-12.

27. Dambkowski CL, Abrajano CT, Wall J. Ultrasound-
guided percutaneous vein access for placement of Broviac 
catheters in extremely low birth weight neonates: a serie 
of 3 successful cases. J Laparoendosc Adv Surg Tech A. 2015; 
25(11):958-60.

28. Oulego-Erroz I, González-Cortes R, García-Soler P, 
Balaguer-Gargallo M, et al. Ultrasound-guided or landmark 
techniques for central venous catheter placement in 
critically ill children. Intensive Care Med. 2018; 44(1):61-72.

29. Milling T, Holden C, Melniker L, Briggs WM, et al. 
Randomized controlled trial of single operator vs. two-
operator ultrasound guidance for internal jugular central 
venous cannulation. Acad Emerg Med. 2006; 13(3):245-6.

30. Lau CS, Chamberlain RS. Ultrasound-guided central venous 
catheter placement increases success rates in pediatric 
patients: a meta-analysis. Pediatr Res. 2016; 80(2):178-84.




