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4 Universidade do Oeste Paulista (UNOESTE), rua José Bongiovani, 700, 19050-920, Presidente Prudente, São Paulo, Brasil
5 Centre Hospitalier Universitaire de Grenoble, Service de Neuroradiologie BP 217, Grenoble, Cedex 38043, France
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Editors’ key points

† This study investigated
localization of the internal
jugular (IJV), subclavian
(SCV), and femoral (FV)
vein sites.

† The relevant percentages
of anatomic variations
obtained for all these
areas support the future
systematic use of
ultrasound guidance to
facilitate central venous
cannulation in paediatric
patients.

Background. The aim of our study was to describe the anatomic relationships in internal
jugular (IJV), subclavian (SCV), and femoral (FV) vein sites.

Methods. One hundred and forty-two children had a two-dimensional (2D) ultrasound (US)
evaluation of IJV, SCV, and FV sites. They were enrolled according to their age: 0–1 month
old (n¼9), 1 month old to 2 yr old (n¼61), 2–6 yr old (n¼22), 6–12 yr old (n¼32), and 12–
18 yr old (n¼18).

Results. We found about 7.7% variation for the IJV. The most common anatomic variations
were a lateral (nine children) or anterior (nine children) position of the IJV to the carotid
artery. Regardless of the age category, about 9.8% of the anatomic variations were found
for the FV. The most common anatomic variation in our study was that the FV ran
anteromedially to the femoral artery (17 children). Anatomic variation of the SCV,
regardless of age category, was about 7.4%. The most common anatomic variation was the
SCV, which ran medially (10 children) to the subclavian artery.

Conclusions. The relevant percentages of anatomic variations obtained for all these areas
support at least a systematic US screening before attempting to obtain central venous
access, ideally using a US-guided technique.
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The main sites for central venous catheter insertions are the in-
ternal jugular (IJV), subclavian (SCV), femoral (FV), and arm
veins (cephalic and basilic). In most cases, the success rates
of catheter insertion are higher when using two-dimensional
ultrasound (US) techniques.1 – 4 US guidance for central
venous access is mandatory, especially when there is a risk of
hypovolaemia or anterior cannulation failure, in morbidly
obese patients and in young children.1 – 4 Anatomic variations,
occurring in up to 18% of patients, could explain the occurrence
of catheterization failures or complications of this landmark
technique.5 6 US evaluations were able to confirm variations
in the position of the IJV and highlight other malpositions of
the FV and the SCV in a paediatric population. The aim of our

study was to describe the anatomic relationships of the IJV,
SCV, and FV sites.

Methods
Patients

This study was approved by the local ethics committee and
was in accordance with the Declaration of Helsinki (2000).
After explaining the experimental procedure, we obtained
parental written informed consent.

We prospectively studied paediatric patients for elective
neurosurgery who underwent general anaesthesia with mech-
anical ventilation in the supine position before fluid expansion.
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Patients with previous ventriculoatrial shunt, regional surgery
or irradiation, cannulation, or deep venous thrombosis were
excluded.

Technique

Structures were analysed with a US device (Acuson X300
Ultrasound System, Siemens Medical Solutions USA, Malvern,
PA, USA). The US images were performed by a team practising
in the anaesthesiology and intensive care unit of the Hôpital
Neurologique Pierre Wertheimer (F.Du., S.G. and E.P.S.N.).

All children fasted for 6 h, but were allowed clear fluids
(10 ml kg21) up to 2 h before surgery. Anaesthesia manage-
ment of all patients followed standard procedures. After
anaesthesia induction, mechanical ventilation was started.
No positive end-expiratory pressure (PEEP) was applied
during the mechanical ventilation. No neuromuscular blocking
agent was administered. Haemodynamic variables, including
heart rate and systolic, diastolic, and mean arterial pressures,
were continuously monitored and recorded before and after
measurements.

After anaesthetic induction and 15 min before US measure-
ments, the patient was placed in a reverse Trendelenburg pos-
ition of 158, a suitable posture according to the predefined
central venous site: neutral position of the head (IJV); lower
limb abduction (FV) and neutral head position with atransverse
block placed under the shoulders (SCV). The US used for this
study involved the acquisition of real-time two-dimensional
(2D) images using a transducer at high frequencies (user
selectable multi-hertz imaging with 2D beam steering and
trapezoidal imaging capabilities, frequency bandwidth 5–13
MHz and a VF13-5SP transducer if the patient’s weight was
,10 kg). The vein was identified by its position relative to the
artery and its absence of pulsatility and collapsibility were
studied by applying gentle pressure. Normal vein locations
were defined by their position relative to the satellite artery:7 8

† anterolateral for the IJV, the transducer was placed at the
level of the cricoid cartilage (Fig. 1A);

† posteromedial or medial for the FV, the transducer was
placed below the inguinal ligament over the pulsation
of the femoral artery (Fig. 1C); and

† anteromedial for the SCV, the transducer was placed
infraclavicularly (Fig. 1F).

The following parameters were measured: vein and artery
diameter, the depth and distance between them, and the
position of the vein compared with the artery (eight possible
quadrants: anterior, posterior, medial, lateral, anteromedial,
anterolateral, posteromedial, and posterolateral). To achieve
accurate measurements, all images were obtained by the same
investigator and were analysed later by two other investigators.

The internal diameters of the blood vessels were measured
from the lateral to the medial wall using a calliper. The US
device was calibrated so that the image projected was
magnified at a 2:1 ratio. Measurement accuracy was on the
order of 0.01 cm.

There were five age groups in this study: 0–1 month old (i.e.
birth to 30 days old); 1 month old to 2 yr old (i.e. 31 days old to
the day before the second birthday); 2–6 yr old (i.e. from the
second birthday to the day before the sixth birthday); 6–12 yr
old (i.e. from the sixth birthday to the day before the 12th birth-
day), and 12–18 yr old (i.e. from the 12th birthday to the day
before the 19th birthday). The data collected included age,
gender, weight, body surface area (BSA), diagnosis according
to the neurosurgical procedure, cross-sectional vessel diam-
eter and depth (from the skin surface), and the time required
to measure the three bilateral vessels in the central sites
using the US procedure. BSA was calculated based on height
and weight using the Haycock method.9

Statistics

The Fisher exact test was performed to compare anatomic
venous location variations between the right and left sides
within each age category. All results are expressed as median
[median absolute deviation (MAD)], except age, which is
expressed as median and range. P-values less than the chosen
level of 0.05 were regarded as statistically significant. All statis-
tical analyses were performed using StatView for Windows
(version 4.57; Abacus Concepts, Berkeley, CA, USA).

Results
A total of 142 children, ASA I or II, were enrolled in this pro-
spective study. None of the patients had a history of previously
attempted central venous cannulation. The patient character-
istics of the study subjects are summarized in Table 1.

A total of 852 measurements (three central venous sites
explored bilaterally in 142 patients) were performed with the
US procedure, lasting 13 (4) min for each patient. Anatomic
variations are presented in Table 2 and in Figure 1B, D, E, G, and H.

The cross-sectional internal diameters of the blood vessels
studied are summarized in Table 3. There were no accidental
arterial punctures in the children who underwent central
venous cannulation.

Discussion
US is considered the gold standard for vascular access place-
ment. Many authors have stated that direct US visualization
of a central vein provides advantages over ‘blind’ techni-
ques.3 – 5 10 – 18 The main advantage of US-guided interventions
lies in the fact that the needle position can be seen in real-time,
which increases the number of successful central venous
cannulations.4 17

Even though both the National Institute for Health and Care
Excellence and new evidence-based guidelines recommend
the use of US guidance when placing central venous catheters,
this has not been universally accepted.4 13 19 – 21 Critics have
raised concerns about the small evidence base and have ques-
tioned the advantages of US for regular practitioners.19 – 21

Furthermore, US has its limitations in vascular access: the
need for special equipment, the high cost, and the time
required to master the technique.3 4
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Despite these disadvantages, US-guided venous access has
many clinical advantages and may reduce costs by reducing
complications.22 23 Studies of the quality and performance of
US systems have been increasing, and the number and types
of imaging procedures.4 24 Also, operators with little or no US
experience can rapidly learn US procedures and improve their
speed and accuracy by performing simulated interventional
US procedures.25

Other studies have measured the lengths and diameters of
central veins and arteries in children using autopsy,26

ultrasonography,6 26 27 or computerized tomography (CT).28

Even though these studies were not performed under the
same conditions or in the same age group, they found vessel
dimensions that were close to our measurements (Table 3).

Internal jugular vein

The position of the head and the landmarks chosen for IJV
access have been shown to influence the diameter of the
IJV.29 30 Studies have shown that the Trendelenburg position
without a roll under the shoulders is the best position.29 30

Lateral Anterior

IJV

CA
CA

ANT

LAT 3.2%

POST

1.4%

MED

A-L
3.2%

P-L

A-M

P-M

92.2%

FA FV

Lateral Anterior

POST

FA

ANT

LAT 1.1%

0.7%

MED

2.1%

A-L

6.0%

P-L

A-M

P-M

90.1%

FV

FA

Lateral
Anterior

SCA

SCV

Pm

Pl

Lateral Anterior

SCA

ANT

LAT 0.4%

POST

2.1%

MED3.5%

A-L

P-L

A-M

P-M

92.5%

0.4%

0.4%

0.7%

SCA

SCV

Lateral Anterior

A B

C D E

F G H

Fig 1 (A)Two-dimensional US probe placed at the level of the cricoid cartilage to obtain the transversal view of the IJV. (B) Normal (solid bold) and
variation (dashed) in position of IJV relative to CA. Normal IJV locations were defined as anterolateral. (C) Two-dimensional US images (transversal
view) of FV and FA. The transducer was placed below the inguinal ligament, over the pulsation of the FA. (D) Normal (solid bold) and variation
(dashed) in position of FV relative to FA. Normal FV locations were defined as posteromedial or medial. (E) Two-dimensional US images (transversal
view) with an example of a vessel malposition. The FV is posterior from FA. (F) Two-dimensional US images (transversal view) of SCV and SCA. The
transducer was placed in infraclavicular level. (G) Normal (solid bold) and variation (dashed) in position of SCV relative to SCA. Normal SCV locations
were defined as anteromedial. (H) Two-dimensional US images (transversal view) with an example of a vessel malposition. The SCV is anterior from
SCA. A-L, anterolateral; A-M, anteromedial; ANT, anterior; CA, carotid artery; FA, femoral artery; FV, femoral vein; IJV, internal jugular vein; LAT,
lateral; MED, medial; Pl, pleura; Pm, pectoral muscles; P-L, posterolateral; P-M, posteromedial; POST, posterior; SCA, subclavian artery; SCV, sub-
clavian vein.
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The Trendelenburg position is used during IJVcannulation to
distend the veins by increasing the venous return in the jugular
vessels. One possible mechanism is by increasing the height
between the right atrium and the right IJV so there is a de-
crease in the venous return to the heart via the superior vena
cava.29 30 However, in a study by Verghese and colleagues,29

the Trendelenburg position was found to have less effect on
the infants (1 month to ,1 yr) than on older children (1–6
yr), probably because the small-sized IJV does not have as
much elasticity or compliance. The Trendelenburg position
may also minimize the chance of gas embolism.29 30

In addition, overlaps between the IJVand the carotid artery
(CA) increase as the head is rotated contralaterally.18 Conse-
quently, IJV–CA overlap increases the likelihood of uninten-
tional CA puncture by a through-and-through puncture of the
vein.4 31 Moreover, the anterior wall of the vein is compressed
as the needle approaches the vein, allowing puncture of its

anterior and posterior walls without blood aspiration into the
syringe.31

In our IJV study, we found that about 7.7% of patients had
US anatomic variations. Our results were less than in other
studies, which found anatomic variations of the IJV in up to
18% of patients.5 6 However, in our study, the percentages of
US anatomic variations were different according to age cat-
egory. For example, in the 1-month to 2-yr age category, US
anatomic variations were about 9% of patients (considering
anatomic variations on both sides). In our study, the most
common anatomic variations were that the IJV ran lateral
(nine children) or anterior (nine children) to the CA (Fig. 1B).

Femoral vein

The FV is typically located medial to the common femoral
artery, but significant vessel overlap may occur, particularly
in children.7 32 Some studies have demonstrated that the
reverse Trendelenburg position and inguinal compression on
the ipsilateral fossa can increase the FV cross-sectional area
in paediatric patients.6 28 33 34

Just as with the IJV, position is a very important factor in
measurements; hip rotation with 608 leg abduction decreased
femoral artery overlap at the level of the inguinal crease in both
infants and children.34 35 Warkentine and colleagues7 found
that 4% of paediatric patients have an FV that is partially
overlapped by the femoral artery and 8% of paediatric patients
have an FV that is completely under the femoral artery. In
contrast, Suk and colleagues35 found that the femoral artery
partially or completely overlaps the FV in most infants and
children, regardless of the level and leg position.

Table 1 Patient characteristics of the 142 subjects included in the
study. Data are expressed as median (MAD)

Age category
months or
years

Number
of
children

Weight
(kg)

Size (cm) Body
surface
area (m2)

0–1 month 9 3 (0.6) 50.7 (0.5) 0.21 (0.02)

1 month–2 yr 61 8 (2.2) 65 (7) 0.39 (0.08)

2–6 yr 22 15 (2) 102 (5.5) 0.64 (0.06)

6–12 yr 32 29 (6.2) 132.5 (10) 1.02 (0.16)

12–18 yr 18 56 (7) 164 (10) 1.72 (0.10)

Table 2 Variations in sonographic according to age category. IJV, FV, SCV, total number of measures¼number of patients×2 (bilateral)×3
(number of central venous sites explored)

Age category Total number of measurements IJV FV SCV All %

0–1 month 54 2 3 1 6 11.1

1 month–2 yr 366 11 15 10 36 9.8

2–6 yr 132 7 2 5 14 10.6

6–12 yr 192 0 5 2 7 3.6

12–18 yr 108 2 3 3 8 7.4

All (%) 852 22 (7.7%) 28 (9.9%) 21 (7.4%) 71 (8.3%)

Table 3 US measures of cross-sectional internal diameters of the deep veins and arteries according to age category. CA, carotid artery; IJV, internal
jugular vein; FV, femoral vein; FA, femoral artery; SCV, subclavian vein; SCA, subclavian artery; n, number of patients; mm, mean of bilateral
cross-sectional internal diameters of the central vessel expressed in millimetres [(right side+left side)/2]. Data are expressed as median (MAD)

Age category IJV (mm) CA (mm) FV (mm) FA (mm) SCV (mm) SCA (mm)

0–1 month (n¼9) 5.5 (0.8) 3.0 (0.5) 3.8 (0.6) 2.8 (0.3) 5.6 (0.9) 3.5 (0.3)

1 month–2 yr (n¼61) 8.9 (1.6) 4.3 (0.5) 4.5 (0.9) 3.1 (0.5) 5.5 (0.9) 4.1 (0.7)

2–6 yr (n¼22) 10.5 (1.6) 5.3 (0.5) 7.3 (0.8) 5.0 (0.6) 6.9 (1.0) 4.4 (0.5)

6–12 yr (n¼32) 11.9 (1.8) 6.0 (0.6) 7.7 (1.3) 5.9 (0.8) 8.5 (1.4) 5.6 (1.2)

12–18 yr (n¼18) 11.3 (1.9) 6.9 (0.7) 8.9 (1.2) 7.4 (0.7) 11 (2.0) 6.6 (0.8)
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In our study we found about 9.8% of patients had anatomic
variations, regardless of the age category. However, as with the
IJV, the percentages of US anatomic variations are different
according to age. For example, in the 1-month to 2-yr age cat-
egory, US anatomic variations occurred in about 24% of
patients (considering anatomic variations on both sides). The
most common anatomic variation in our study was the FV
that ran anteromedially (17 children) to the femoral artery
(Fig. 1D).

Subclavian vein

US vascular cannulation of the SCV in children has been less
studied than the IJV and FV.3 4 27 Pirotte and Veyckemans3

suggest a subclavian approach, which means placing the US
probe at the supraclavicular level to obtain a longitudinal
view of the SCV and gaining access to the vein via the usual
infraclavicular route to cannulate it under ultrasonographic
control. Grousson and colleagues36 suggest a more lateral ap-
proach for both infra- and supraclavicular probe positioning to
optimize the thoracic apex view. The main advantage of this
approach is that it identifies the bone markers, subclavian
vessels, and pleural dome on the same screen. With this specif-
ic US beam orientation, the different anatomic structures are
aligned to better prevent pneumothorax since the pleural
dome is protected by the first rib.36

Anatomic variations of the SCV in our study, considering all
age categories, occurred in about 7.4% of patients. However, as
for IJV and FV, US anatomic variation percentages were differ-
ent according to the age group. In the 1-month to 2-yr age cat-
egory, US anatomic variations occurred in about 16% of
patients (considering anatomic variations on both sides). The
most common anatomic variation was the SCV that ran in
the medial position (10 children) to the subclavian artery
(Fig. 1G).

Limitations of the study

Ultrasonography is an operator-dependent technology. Some
variance in measurements may have occurred secondary to
calliper placement. We minimized interobserver variability for
all measurements by using a single ultrasonographer with pre-
vious US training and experience.

We acknowledge that US evaluations for the SCV could be
done at the proximal part of the axillary vein just before it
becomes the SCV when passing below the clavicle. However,
we believe that the anatomic variations between these
vessels do not change as they run a few millimetres cepha-
lad.37 38

Measurements were performed after anaesthesia induction
and the size of the vein may have changed under those condi-
tions. However, this represents the usual situation in perform-
ing central venous cannulation.

Conclusion
US localization of the FV, SCV, and IJV in children is particularly
easy to perform without extending the surgical procedure. The
relevant percentages of anatomic variations obtained for all

these areas support the future systematic use of US guidance
to facilitate central venous cannulation in paediatric patients.

Authors’ contributions
E.P.S.N.: study design, data collection, data analysis, and
writing the paper; S.G.: study design, data collection, and
data analysis; F.Du.: study design, data collection, and data
analysis; F.T.: study design and data analysis. C.M.: study
design, patient recruitment, and data analysis; F.Da.: study
design and data analysis.

Declaration of interest
None declared.

References
1 Haas NA. Clinical review: vascular access for fluid infusion in chil-

dren. Crit Care 2004; 8: 478–84

2 Sheridan RL, Petras L, Lydon M. Ultrasonic imaging as an adjunct to
femoral venous catheterization in children. J Burn Care Rehabil
1997; 18: 156–8

3 Pirotte T, Veyckemans F. Ultrasound-guided subclavian vein cannu-
lation in infants and children: a novel approach. Br J Anaesth 2007;
98: 509–14

4 Troianos CA, Hartman GS, Glas KE, et al. Councils on Intraoperative
Echocardiography and Vascular Ultrasound of the American
Society of Echocardiography. 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: 1291–318

5 Alderson PJ, Burrows FA, Stemp LI, Holtby HM. Use of ultrasound to
evaluate internal jugular vein anatomy and to facilitate central
venous cannulation in paediatric patients. Br J Anaesth 1993; 70:
145–8

6 Mortensen JD, Talbot S, Burkart JA. Cross-sectional internal dia-
meters of human cervical and femoral blood vessels: relationship
to subject’s sex, age body size. Anat Rec 1990; 225: 115–24

7 Warkentine FH, Pierce MC, Lorenz D, Kim I. The anatomic relation-
ship of femoral vein to femoral artery in euvolemic pediatric
patients by ultrasonography: implications for pediatric femoral
central venous access. Acad Emerg Med 2008; 15: 426–30

8 Roth B, Marciniak B, Engelhardt T, Bissonnette B. Anatomic relation-
ship between the internal jugular vein and the carotid artery in
pre-school children—an ultrasonographic study. Paediatr Anaesth
2008; 18: 752–6

9 Haycock GB, Schwartz GJ, Wisotsky DH. Geometric method for
measuring body surface area: a height-weight formula validated
in infants, children, and adults. J Pediatr 1978; 93: 62–6

10 Atkinson P, Boyle A, Robinson S, Campbell-Hewson G. Should ultra-
sound guidance be used for central venous catheterisation in the
emergency department? Emerg Med J 2005; 22: 158–64.

11 Detaille T, Pirotte T, Veyckemans F. Vascular access in the neonate.
Best Pract Res Clin Anaesthesiol 2010; 24: 403–18

12 Kumar A, Chuan A. Ultrasound guided vascular access: efficacy and
safety. Best Pract Res Clin Anaesthesiol 2009; 23: 299–311

13 National Institute for Clinical Excellence (NICE). Guidance on the
use of Ultrasound Locating Devices for Placing Central Venous
Catheters, Technology Appraisal Guidance. 2002; 49. London:
NICE. Available from http://www.nice.org.uk/nicemedia/pdf/
Ultrasound_49_GUIDANCE.pdf (accessed 30 March 2013)

Ultrasonographic screening in paediatric patients BJA

883

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/112/5/879/272534 by guest on 19 April 2024

http://www.nice.org.uk/nicemedia/pdf/Ultrasound_49_GUIDANCE.pdf
http://www.nice.org.uk/nicemedia/pdf/Ultrasound_49_GUIDANCE.pdf
http://www.nice.org.uk/nicemedia/pdf/Ultrasound_49_GUIDANCE.pdf
http://www.nice.org.uk/nicemedia/pdf/Ultrasound_49_GUIDANCE.pdf
http://www.nice.org.uk/nicemedia/pdf/Ultrasound_49_GUIDANCE.pdf
http://www.nice.org.uk/nicemedia/pdf/Ultrasound_49_GUIDANCE.pdf
http://www.nice.org.uk/nicemedia/pdf/Ultrasound_49_GUIDANCE.pdf
http://www.nice.org.uk/nicemedia/pdf/Ultrasound_49_GUIDANCE.pdf


14 Weiner MM, Geldard P, Mittnacht AJ. Ultrasound-guided vascular
access: a comprehensive review. J Cardiothorac Vasc Anesth 2013;
27: 345–60

15 Bodenham AR. Can you justify not using ultrasound guidance for
central venous access? Crit Care 2006; 10: 175–6

16 Hind D, Calvert N, McWilliams R, et al. Ultrasonic locating devices for
central venous cannulation: meta-analysis. Br Med J 2003; 327:
361–8

17 Troianos CA, Jobes DR, Ellison N. Ultrasound-guided cannulation of
the internal jugular vein. A prospective, randomized study. Anesth
Analg 1991; 72: 823–6

18 Troianos CA, Kuwik RJ, Pasqual JR, Lim AJ, Odasso DP. Internal
jugular vein and carotid artery anatomic relation as determined
by ultrasonography. Anesthesiology 1996; 85: 43–8

19 Cohen AM, Black AM, Monk CR, Pryn SJ, Ryder I, Underwood S. NICE
guidelines. R Coll Anaesth Bull 2003; 18: 906–7

20 Grebenik CR, Boyce A, Sinclair ME, Evans RD, Mason DG, Martin B.
NICE guidelines for central venous catheterization in children. Is
the evidence base sufficient? Br J Anaesth 2004; 92: 827–31

21 Sulek C, Maslow AD. Central venous cannulation should be per-
formed using ultrasound guidance: Pro and Con. Soc Cardiovasc
Anaesthesiol News Lett 2002; 1: 2–8

22 Calvert N, Hind D, McWilliams R, Davidson A, Beverley CA,
Thomas SM. Ultrasound for central venous cannulation: economic
evaluation of cost-effectiveness. Anaesthesia 2004; 59: 1116–20

23 Wigmore TJ, Smythe JF, Hacking MB, Raobaikady R, MacCallum NS.
Effect of the implementation of NICE guidelines for ultrasound
guidance on the complication rates associated with central
venous catheter placement in patients presenting for routine
surgery in a tertiary referral centre. Br J Anaesth 2007; 99: 662–5

24 Carson PL, Fenster A. Anniversary paper: evolution of ultrasound
physics and the role of medical physicists and the AAPM and its
journal in that evolution. Med Phys 2009; 36: 411–28

25 Sites BD, Gallagher JD, Cravero J, Lundberg J, Blike G. The learning
curve associated with a simulated ultrasound-guided intervention-
al task by inexperienced anesthesia residents. Reg Anesth Pain Med
2004; 29: 544–8

26 Cobb LM, Vinocur CD, Wagner CW, Weintraub WH. The central
venous anatomy in infants. Surg Gynecol Obstet 1987; 165: 230–4

27 Breschan C, Platzer M, Jost R, Stettner H, Likar R. Size of internal
jugular vs subclavian vein in small infants: an observational, ana-

tomical evaluation with ultrasound. Br J Anaesth 2010; 105:
179–84

28 Steinberg C, Weinstock D, Gold J, Notterman D. Measurements of
central blood vessels in infants and children: normal values.
Cathet Cardiovasc Diagn 1992; 27: 197–201

29 Verghese ST, Nath A, Zenger D, Patel RI, Kaplan RF, Patel KM. The
effects of the simulated Valsalva maneuver, liver compression,
and/or Trendelenburg position on the cross-sectional area of the in-
ternal jugular vein in infants and young children. Anesth Analg
2002; 94: 250–4

30 Ybarra LF, Ruiz H, Silva MP, Lederman HM, Schettini ST. Ultrasound
evaluations of internal jugular vein punction techniques in children:
the easiest method to reach the target area. Pediatr Surg Int 2009;
25: 99–104

31 Mallory DL, Shawker T, Evans RG, McGee WT, Brenner M, Parker M.
Effects of clinical maneuvers on sonographically determined in-
ternal jugular vein size during venous cannulation. Crit Care Med
1990; 18: 1269–73

32 Hughes P, Scott C, Bodenham A. Ultrasonography of the femoral
vessels in the groin: implications for vascular access. Anaesthesia
2000; 55: 1198–202

33 Stone MB, Price DD, Anderson BS. Ultrasonographic investigation of
the effect of reverse Trendelenburg on the cross-sectional area of
the femoral vein. J Emerg Med 2006; 30: 211–3

34 Suk EH, Kim DH, Kil HK, Kweon TD. Effects of reverse
Trendelenburg position and inguinal compression on femoral vein
cross-sectional area in infants and young children. Anaesthesia
2009; 64: 399–402

35 Suk EH, Lee KY, Kweon TD, Jang YH, Bai SJ. Ultrasonographic
evaluation of the femoral vein in anaesthetised infants and
young children. Anaesthesia 2010; 65: 895–8

36 Grousson S, Duflo F, Tahon F. Usefulness of Ultrasound-Guidance
to Infraclavian Cannulation in Paediatrics. 2007. Available from http://
bja.oxfordjournals.org/content/98/4/509.short/reply (accessed 1
October 2011)

37 Galloway S, Bodenham A. Ultrasound imaging of the axillary
vein-anatomical basis for central venous access. Br J Anaesth
2003; 90: 589–95

38 O’Leary R, Ahmed SM, McLure H, et al. Ultrasound-guided infraclavi-
cular axillary vein cannulation: a useful alternative to the internal
jugular vein. Br J Anaesth 2012; 109: 762–8

Handling editor: M. M. R. F. Struys

BJA Souza Neto et al.

884

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/112/5/879/272534 by guest on 19 April 2024

http://bja.oxfordjournals.org/content/98/4/509.short/reply
http://bja.oxfordjournals.org/content/98/4/509.short/reply
http://bja.oxfordjournals.org/content/98/4/509.short/reply
http://bja.oxfordjournals.org/content/98/4/509.short/reply
http://bja.oxfordjournals.org/content/98/4/509.short/reply
http://bja.oxfordjournals.org/content/98/4/509.short/reply
http://bja.oxfordjournals.org/content/98/4/509.short/reply


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


