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ABSTRACT

Objective: Central venous catheterization is a technically difficult procedure in pediatric patients. 
Ultrasound guidance is becoming popular during the procedure. This study is designed to exam-
ine the success rate of ultrasound guidance during internal jugular vein catheterization and fac-
tors influencing the success rate in pediatric patients.
Methods: Pediatric patients who underwent central venous catheterization within a period of 12 
months were included in the study. After routine anesthesia induction and treatment, patients 
were positioned for catheterization. Ultrasound-guided catheterization was performed. The per-
former specified the time to switch cutdown method for catheterization. The patients’ demo-
graphic characteristics, the performers’ experience, cannulation side, number of attempts and 
complications were recorded. Success was defined as accomplishment of ultrasound-guided 
catheterization. 
Results: In 144 out of 180 patients, cannulation was achieved at the first attempt. Only in 8 
catheterization procedures, more than one performer tried to realize the intervention. Nine 
patients had cutdowns for cannulation, which meant that ultrasound guidance was successful in 
cannulation of 171 (95%) patients. Seven cutdowns were performed by the attending physicians, 
and the other two by residents. Complications as arterial puncture, hemothorax, and pneu-
mothorax were not seen during catheterization. 
Conclusion: Ultrasonografi is a very useful tool for catheterization in pediatric patients even in 
inexperienced hands. Experience is an important factor for improving the success.
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ÖZ

Amaç: Santral venöz kateterizasyon pediyatrik hastalarda teknik olarak zor bir işlemdir. İşlem 
sırasında ultrason rehberliği popüler hale gelmektedir. Bu çalışma, pediyatrik hastalarda internal 
juguler ven kateterizasyonu sırasında ultrason rehberliğinin başarı oranını ve başarı oranını etki-
leyen faktörleri incelemek için tasarlanmıştır.
Yöntem: 12 ay boyunca santral kateter yerleştirilen pediyatrik hastalar dahil edildi. Rutin aneste-
zi indüksiyonu ve tedavisinden sonra hastalara kateterizasyon için pozisyon verildi. Kateterizasyon 
ultrason rehberliğinde yapıldı. Ne zaman cut-down’a dönüleceğine kateteri takan kişi karar verdi. 
Hastaların demografik özellikleri, uygulayıcı deneyimi, kanülasyon tarafı, deneme sayısı ve komp-
likasyonlar kaydedildi. Başarı, ultrason rehberliği ile kateterizasyon olarak tanımlandı. 
Bulgular: İlk girişimde 180 hastanın 144’ünde kanülasyon yapıldı. Yalnızca 8 kateterizasyon işle-
minde, birden fazla kişi deneme yaptı. Dokuz hastada kanülasyon için cut-down kullanıldı, bu da 
ultrason rehberliğinin 171 (%95) hastanın kanülasyonunda başarılı olduğu anlamına geliyor. 
Dokuz cut-downın 7’si asistanlar, 2’si uzmanlar tarafından gerçekleştirildi. Kateterizasyon sırasın-
da arteriyel ponksiyon, hemotoraks ve pnömotoraks gibi komplikasyon görülmedi.
Sonuç: Ultrasonografi, deneyimsiz ellerde bile pediyatrik hastalarda kateterizasyon için çok yarar-
lı bir araçtır. Deneyim, başarının iyileştirilmesinde önemli bir faktördür.
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INTRODUCTION

Opening a central venous access may be essential in 
pediatric patients for the administration of fluid, 
blood product (s), medications, parenteral nutrition, 
renal replacement therapy and hemodynamic moni-
toring. Achievement of a central venous access in 
pediatric population can be challenging. Failure rates 
in pediatric patients, range from 5% to 19%, with 
reported complication rates varying from 2.5% to 
22% (1,2). Complications related to realization of cent-
ral venous access include; arterial puncture, nerve 
injury, pneumothorax, thrombosis, hematoma and 
even death (3). 

Central venous catheter placement is technically 
difficult in pediatric patients because of anatomic 
variations due to smaller size of the patient. The 
landmark technique has been the standard approach 
for many years. As compared to landmark method; 
in pediatric patients the use of ultrasonography (US) 
has been associated with an increased success rate, 
decreased operation time, reduced number of 
attempts, and decreased number of carotid artery 
punctures (4-7). Failure rates at first attempt have 
been documented as 60% in pediatric patients (7,8).

Ultrasound-guided internal jugular vein cannulation 
has found to be safer and more successful than 
‘’landmark technique’’ in pediatric patients (9,10). In 
2001 Agency for Healthcare Research and Quality 
reported that ultrasound-guided central venous cat-
heter placement as one of the top 11 highly-proven 
patient safety practices (11). However, ultrasound gui-
dance is still found to be limited in use because of 
the time delay during procedure (12).

There are many factors that affect the success rate 
and occurrence of complications including patients’ 
size, site of cannulation, operator‘s experience, pre-
vious cannulations, and vascular anomalies. This 
study is designed to examine the success rate of ult-
rasound guidance during internal jugular vein cathe-
terization and factors influencing the success rate in 
pediatric patients. 

MATERIAL and METHODS

Following ethics committee approval (13968; 

13.03.2014), pediatric patients who underwent cent-
ral venous catheterization within a period of 12 
months were included in the study. Informed paren-
tal consent was obtained in each case. Inclusion cri-
teria were; ASA I-III, patients aged >1 month, central 
venous catheterization indicated for several reasons 
(fluid replacement, medication, feeding). Exclusion 
criteria were; parental refusal, and <1 month of 
age. 

The patients were taken into operating room and 
routine monitorisation applied for each patient. 
Following induction of anesthesia with either inhala-
tional or intravenous agents, airway was secured 
using laryngeal mask, tracheal tube or tracheostomy 
cannula. Anesthesia was maintained using sevoflura-
ne 2-3% in an oxygen/nitrous oxide mixture.

The patients were placed in supine position with a 
shallow pillow under their shoulders. The pillow pro-
vides about 150° of neck extension and adjusting the 
table to Trendelenburg position achieves effective 
venous filling. Then the head is rotated to the cont-
ralateral side of cannulation to provide space for 
handling and stretching of the veins. After skin pre-
paration for sterile procedure, real-time 2D ultraso-
und machine, Venue 40 (General Electric Company®, 
Wauwatosa, WI, USA) with a 12L-SC linear probe was 
enclosed in a telescopically folded sterile sheath. The 
performer placed the probe on the neck perpendicu-
lar to the skin, lateral to the trachea and superior to 
the clavicle. The internal jugular vein lies laterally to 
the carotid artery, into the center of the triangle 
formed by the two lower heads of the sternocleido-
mastoid muscle and the clavicle. The carotid artery 
and internal jugular vein could be distinguished by 
their characteristics by using out-of-plane approach, 
so the veins were visualized in short axis. When the 
best image of the jugular vein was obtained, the 
middle point of the probe was aligned on the jugular 
vein. Following identification of the ideal puncture 
site, the needle was inserted from the midpoint of 
the probe. When the flashback into the syringe was 
observed, the guide wire was inserted through the 
needle. After confirming the position of the guide 
wire by fluoroscopy, cannulation was completed by 
using Seldinger’s technique. Fluoroscopy was used 
to determine the final position of the catheter tip. 
Either a 4 or 5 Fr double-lumen central venous cat-
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heter (Arrow International®, Reading, PA, USA) was 
used according to patient’s age.

The right side was always the index choice for cannu-
lation. After four unsuccessful attempts, the cannu-
lation side was shifted. If the patient had undergone 
cannulation from the right side before, then left side 
was used for cannulation as index choice. The per-
former decided when to use cutdown method. 
Switching to cutdown method was defined as ‘failure 
of cannulation’. 

Age, weight, diagnosis, airway device, history of can-
nulation, the performer’s experience resident or 
specialist, years of experience, number of attempts, 
cannulation side, number of cutdowns, duration of 
surgery, and anesthesia and catheter-related compli-
cations were recorded. 

Data analysis was performed with statistical softwa-
re (SPSS for Windows, version 15, SPSS Inc., Chicago, 
IL, USA). Descriptive statistics of variables with nor-
mal distribution were expressed as mean ± standard 
deviation and those with abnormal distribution as 
median (minimum-maximum). The nominal variab-
les were expressed as numbers and percentages (%). 
The differences between the mean values were eva-
luated by t-test, and between median values by 
Mann-Whitney U test. Nominal variables were eva-
luated with Pearson χ2 test (chi-square test) or Fisher 
exact test. Statistical significance was set at P≤.05. 
According to the statistical power analysis, the results 
of 172 study patients were within 95% confidence 
interval.

RESULTS 

During a 12-month period, 180 central vein cathete-
rization procedures were performed. 

Median age of the patients was 36 months (range, 1 
month-18 years), and a median weight was 15.5 kg 
(range, 1-85 kg). The indications are shown in Table 
I. Seventeen (9.4%) out of all (n=180) patients had 
more than one diagnosis. 

Airway management was performed either by using 
laryngeal mask airway (LMA) (144/180), endotrache-
al tube (35/180) or via tracheostomy cannula 
(1/180). 

The performers were either attending physicians or 
residents. Ninety-nine (55%) attending physicians, 
and 81 (45%) residents performed catheterizations. 
The median years of experience of attending physici-
ans, and residents were 4 (range, 2 to 5) and 3 
(range, 1-5) years, respectively.

 

Venous catheterization was performed successfully 
in 144 out of 180 patients at first attempt (Table II). 
Only in 8 patients more than one performer attemp-
ted catheterization.

In 9 patients cutdowns were performed for cannula-
tion, which means that US guidance succeeded in 
cannulation of 171 (95%) patients. The seven out of 
nine cutdowns were applied by attending physicians, 
and others by residents. There was no difference 
between attending physicians, and residents as for 

Table I. Indications for central vein catheterization

Indications

Hematologic disorders
Malignancy
Surgery for gastrointestinal pathology
Neurosurgical disorders
Renal insufficiency
Other

Number of patients (%)

100 (%55.56)
43 (%23.89)
26 (%14.44)

4 (%2.22)
2 (%1.11)
5(%2.78)

Table III. The characteristics of the patient who had cut-down for 
catheterization

Age 
(months)

36
36
1
4
2
60
48
36
2

Weight 
(kg)

16
14
3
7
6

22
8

15
5

Performer

Attending
Resident
Attending
Attending
Attending
Resident
Attending
Attending
Attending

Performer 
experience (years)

5
3
4
5
3
4
4
3
3

Table II. Number of attempts 

Number of attempts                                                          

1
2
3
4
5

Number of patients (%)

144 (80)
23 (12.8)

6 (3.3)
5 (2.8)
2 (1.1)

Number of 
attempts

3
2
1
1
1
2
2
3
2
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using of the cutdown method (p=0.179) (Table III). 
There was a difference between patients who had 
successful and unsuccessful cannulation in terms of 
their age and weight. The median age of the patients 
who had cannulation via cutdown was 0.29 years 
(0.08-13 min-max) (p=0.002), and the median weight 
was 5 kg (3-15 min-max) (p<0.001).

Venous access times differed between attending 
physicians, and residents. The median access time 
related to attending physicians’ performance (the 
time between penetration of needle and replace-
ment of catheter) was 15 min (range, 5-60 min), 
while it was 20 min (range, 5-45) for residents 
(p=0.021) (Table IV). 

There was no complication like arterial puncture, 
hemothorax, and pneumothorax during catheteriza-
tions. 

DISCUSSION

In conclusion, as an outcome of this study, US gui-
dance has significantly achieved meaningful success 
in internal jugular vein cannulation in pediatric pati-
ents and the performers’ experience is an important 
factor during this procedure. There is a reverse pro-
portion between years of experience and number of 
cutdowns performed. 

Central vein catheterization is generally performed 
to infuse drugs (especially chemotherapeutics) and 
fluids in pediatric patients. The practice of US du-
ring central venous catheterization was described in 
1990’s and has gained popularity over years (13). Be-
fore US guided-catheterization, landmark technique 
was preferred for central vein cannulation. A number 
of studies have shown that US technique is superior 
to landmark technique (4-6,14-16). 
 

Central venous cannulation can be difficult in pedi-
atric patients related to small size of the patients, 
and anatomical variations. Many factors affect the 
success of the procedure; the cannulation side may 
be also an important factor as well. As a conclusive 
remark, Hind et al. (9) suggested that right jugular 
vein offers higher success rate for US-guided central 
venous cannulation. In support of this assumption, 
in the current study, right side was preferred for the 
first attempt unless any catheterization was perfor-
med previously.

Number of attempts is associated with higher comp-
lication rates. In a meta-analysis, Hind et al. (9) conc-
luded that complications are directly proportional 
to the number of attempts. Asheim et al. (17) found 
that 40 out of 42 patients had successful US-guided 
cannulation at first attempt. Complication rates were 
highest with more than 3 cannulation attempts (17,18). 
So cannulation attempts would be a meaningful out-
come measure when evaluating the success rates 
of US guidance. US -guidance allowed the ability to 
visualize and avoid critical structures during central 
venous catheterization (19,20). In fact, good visualiza-
tion of the vein improves and facilitates the needle’s 
insertion. In our practice, we used the midpoint of 
the probe as the insertion point, and stabilized the 
image of vein to the middle of the probe. We were 
able to achieve cannulation of internal jugular vein in 
144 (80%) out of 180 patients at the first attempt.

Using US guidance for central venous catheterization 
clearly improves the success of the procedure. Achi-
evement of US-guided catheterization using percuta-
neous method was defined as success while cathete-
rization with cutdown method as failure in the study. 
In the recent study, in only 9 patients cutdown was 
used, so the success rate was calculated as 95%. In a 
large case series including 500 children, the success 
rate was 99.8% (21). 

Only 2 out of 9 cutdowns performed by the residents 
which shows that US is really a helpful tool in cathe-
terization even by less experienced performers. Ho-
wever there was no significant difference between 
residents and attending physicians, because atten-
ding physicians apparently performed higher num-
ber of cutdowns than residents. This condition could 
be explained by the fact that generally the specialists 

Table IV. Comparison between attendings and residents

Cut-down (n of patient)
Time (min) (median, min-max)
Experience (year)
Performance (n of patients) 
(percentage to total n of 
patients)

Attendings
(n=94)

7/94
15 (5-60)
3.93±0.62
49 (52.2%)

Residents
(n=81)

2/81
20 (5-45)
2.78±0.90
36 (45%)

P

0.179
0.021

<0.001
0.310
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performed more difficult cases. However less experi-
enced operators achieved higher success rates with 
the use of US (6). 

Other factors that may affect the success of cathe-
terization could be gender, age and body weight of 
the patients. According to our results age and weight 
might account for the difference. Smaller age and 
weight seem to be negative factors during central ve-
nous catheterization. 

As for the duration of catheterization, the attending 
physicians performed catheterizations quicker than 
the residents as expected. Expertise in US practice 
will reduce the number of attempts, duration of can-
nulation and complication rates (22). In a recent study, 
as the experience of the performer increased, the 
time needed for cannulation decreased. 

However, comparing US-guided technique with land-
mark technique would probably lead to achievement 
of more remarkable results, unfortunately negligen-
ce of this issue may be the limitation of this study. 
But we thought it would be unethical not to use US 
for central vein catheterization while owning an ult-
rasound for catheterization.

As a conclusion, ultrasound is a very useful tool for 
central venous catheterization in pediatric patients. 
Experience is an important factor for improving the 
success rates. Good visualization using ultrasound 
aids in the catheterization and increases the success 
rates at first attempt, which is directly related to lo-
wer rates of complications.

Ethics Committee Approval: Ankara University Fa-
culty of Medicine Clinical Research Ethics Committee 
approval was obtained (2014 / 04-185-14).
Conflict of Interest: None
Funding: None
Informed Consent: The patients’ consent were ob-
tained.
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