379

Cardiothoracic Anesthesia, Respiration and Airway

Trendelenburg position, head elevation and a
midline position optimize right internal jugular

vein diameter

[La position de Trendelenbury, Iélévation de ln téte et une position médiane

augmentent le diametrve de la veine jugulaive interne droite|

Gareth Parry BM FRCA

Purpose: The right internal jugular (RI]) is commonly used to provide
central venous access, and success of cannulation shows a positive
correlation with the vein's diameter. The purpose of this study is to
establish the patient position resulting in the largest Rlj diameter.
Method: 2D ultrasound was used to measure Rl| diameter, in
varying body positions, in 21 healthy volunteers.

Results: In the neutral position (table flat, head on the table in mid-
line) the RI) diameter was (mean = standard deviation) 9.2 = 2.18
mm. A small pillow under the head increased RI] diameter (10.6 =
2.16 mm, P < 0.001). Trendelenburg tilt of 15° increased RIJ diam-
eter (12.1 £ 2.34 mm, P < 0.001). In the Trendelenburg position
(15° of tilt), a small pillow under the head further increased Rl]
diameter (13.3 = 2.26, mm P < 0.001), palpating for the carotid
artery decreased Rl| diameter (8.2 = 1.98 mm, P < 0.001), and
rotation of the head 45° to the left did not reduce RI) diameter sig-
nificantly (1'1.7 = 2.52 mm, P = 0.12).

Conclusion: The patient position to achieve maximal RlJ diameter
cannulation is: 15° of Trendelenburg tilt; a small pillow or head ring
under the head; the head in or close to midline; and after palpation
of the carotid artery, it should be released prior to vein cannulation.

Objectif : La veine jugulaire interne droite (JID) est couramment uti-
lisée comme acces veineux et le succés de la mise en place d'une
canule montre une corrélation positive avec le diametre de la veine.
Lobjectif de notre étude était de déterminer la position du patient qui
favorise le diametre maximal de la veine JID.

Méthode : 'échographie 2D a été utilisé pour mesurer le diametre de

la JID selon diverses positions du corps chez 21 volontaires en bonne
santé.

Résultats : En position neutre (a plat, téte sur la table dans un plan
médian) le diametre de la JID était de (moyenne =+ écart type) 9,2 =
2,18 mm. Un petit coussin sous la téte augmentait le diametre de la
JID (10,6 = 2,16 mm, P < 0,001). Une inclinaison de Trendelenburg
de 15° I'augmentait aussi (12,1 = 2,34 mm, P < 0,001). En posi-
tion de Trendelenburg (inclinaison de 15°), un coussin sous la téte
I'augmentait encore plus (13,3 = 2,26 mm, P < 0,001), la palpa-
tion de I'artere carotide le diminue (8,2 = 1,98 mm, P < 0,001) et
la rotation de la téte de 45° vers la gauche ne le réduit pas de fagon
significative (11,7 + 2,52 mm, P = 0,12).

Conclusion : La position du patient qui permet d’obtenir le diamétre
maximal de la JID pour la mise en place d’une canule est : la position
de Trendelenburg avec une inclinaison de 15° ; un petit coussin ou un
anneau lesté sous la téte ; la téte dans un plan médian ou s'en
approchant ; apres la palpation de I'artere carotide, toute pression
cessée avant l'introduction d'une canule.

ANNULATION of the right internal

jugular vein (RIJ) is a common method of

providing central venous access. The larger

the cross-sectional area of the RIJ, the cas-
ier it should be to locate. A significant correlation has
been shown between increased RIJ diameter, and first
pass success of RIJ cannulation.! The purpose of this
study was to identify the position that results in the
largest diameter of RIJ, and thus the greatest chance of
successful first pass cannulation of that vein.
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TABLE I Average right internal jugular vein diameter in different positions
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Position of subject

Mean + standard deviation

A Table flat, subject supine with head midline on table 9.2 +2.18 mm

B Table flat, subject supine with head on small pillow 10.6 + 2.16 mm

C 15° Trendelenburg tilt, head on table 12.1 + 2.34 mm

D 15° Trendelenburg tilt, head on small pillow 13.3 £ 2.26 mm

E 15° Trendelenburg tilt, head on small pillow and rotated 45° to left 12.6 + 2.06 mm

F 15° Trendelenburg tilt, head on small pillow and carotid artery gently palpated 9.0 +2.32 mm

G 15° Trendelenburg tilt, head on small pillow and rotated 45° to left and carotid artery gently palpated 10.1 =+ 1.73 mm

H 15° Trendelenburg tilt, head on table and rotated 45° to left 11.7 + 2.52 mm

1 15° Trendelenburg tilt, head midline on table and carotid artery gently palpated 8.2 + 1.98 mm

] 15° Trendelenburg tilt, head on table and rotated 45° to left and carotid artery gently palpated 8.6 £ 2.65 mm
TABLE II Comparisons of right internal jugular diameter in different positions

Position Position

Section 1. No Trendelenburg tilt 15° Trendelenburg tilt

A (9.2 £2.18 mm) Vs C (12.1 £ 2.34 mm) P <0.001
B (10.6 + 2.16 mm) s D (13.3 +2.26 mm) P < 0.001
Section 2.  Head on bed Head raised by a small pillow

A (9.2 £ 2.18 mm) Vs B (10.6 £ 2.16 mm) P <0.001
C (12.1 + 2.34 mm) s D (13.3 +2.26 mm) P <0.001
H (11.7 + 2.52 mm) Vs E (12.6 + 2.06 mm) P<0.001
1 (8.2 £ 1.98 mm) Vs F (9.0 £2.32 mm) P<0.05
J (8.6 £ 2.65 mm) s G (10.1 = 1.73 mm) P <0.001
Section 3. Head in midline Head rotated 45° to left

C (12.1 + 2.34 mm) Vs H (11.7 £ 2.52 mm) P=0.12
D (13.3 +2.26 mm) s E (12.6 + 2.06 mm) P < 0.001
G (10.1 £ 1.73 mm) Vs F (9.0 £2.32 mm) P<0.001
J (8.6 = 2.65 mm) Vs 1 (8.2 +1.98 mm) P=049
Section 4. No carotid artery pressure Palpating for carotid artery

C (12.1 + 2.34 mm) Vs 1 (8.2 +£1.98 mm) P<0.001
D (13.3 £ 2.26 mm) Vs F (9.0 £2.32 mm) P<0.001
E (12.6 + 2.06 mm) s G (10.1 £ 1.73 mm) P <0.001
H (11.7 + 2.52 mm) s J (8.6 £ 2.65 mm) P<0.001

Methods

After explanation of the methodology, 21 anesthesiolo-
gists and recovery room nurses at Vancouver General
Hospital volunteered for the study, and gave their
informed consent. All subjects were ASA I or II, no
subject had had neck surgery, and no subject was fast-
ing. 2D ultrasonography [ Hewlett Packard Sonos 2000
(Palo Alto, CA, USA) at 5 MHz] was used to measure
the internal diameter of the RIJ, in an anterior-posteri-
or plane, at the level of the cricoid cartilage. Different
body positions were adopted, simulating patient posi-
tioning that may be used while attempting to cannulate
the RIJ (Table I, left column). The mean of the higher
two of three measurements was recorded, in each of the
ten positions. A second observer palpated the carotid
artery with the minimum necessary pressure to feel the
arterial pulse. All results are presented as mean * stan-
dard deviation. A paired Student’s t test was used to test

for significance. A P value of < 0.05 was used to indi-
cate statistical significance.

Results

The RIJ was easy to visualize in all subjects. The mean
RIJ diameter with the table flat, the head resting on the
table, and in the midline (Table I, position A) was 9.2
+ 2.18 mm, increasing to 10.6 + 2.16 mmm P < 0.001
(position B) when a small pillow was inserted under the
head. The mean RIJ diameter with 15° Trendelenburg
tilt was 12.1 = 2.34 mm (position C), increasing to
13.3 £ 2.26 mm P < 0.001 (position D), when a small
pillow was used. In Trendelenburg tilt: rotation of the
head 45° to the left decreased the diameter of the RIJ
11.7 + 2.52 mm (position H), as compared to midline
(position C), P = 0.12; and light palpation of the
carotid artery reduced the diameter of the RIJ 8.2 =
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1.98 mm (position I), as compared to no palpating
pressure (position C), P < 0.001.

Fifteen degree Trendelenburg tilt gave significantly
larger RIJ diameters than a flat table (Table II, section
1). The use of a small pillow under the head gave signit-
icantly larger RIJ diameters than all corresponding posi-
tions without a pillow (Table II, section 2). Rotation of
the head 45° to the left reduced RIJ diameter compared
to corresponding positions with the head in the midline,
but not in all positions (Table II, section 3). Palpation of
the carotid artery significantly reduced RIJ diameter
compared to corresponding positions without carotid
artery palpation (Table II, section 4).

Position D (15° Trendelenburg tilt, the head on a
pillow in the midline, with no carotid artery pressure),
was the position with the greatest RIJ diameter (13.3
+ 2.26 mm); the difference was statistically significant
when compared to all other positions (Table II).

Discussion

Internal jugular cannulation with sonographic guid-
ance is more likely to result in success as compared to
a blind technique, is considered safer, and has also
been found to be quicker.!*® However, portable sono-
graphic devices are not always available, and some-
times achieving central venous access is difficult.
Logically, the larger a target, the easier it is to hit and
one should aim to maximize the diameter of the RIJ
before attempting to cannulate it. It has been shown
that the larger the diameter of the RIJ the more likely
one is to achieve first pass cannulation! and therefore
the less the chance of complications. The RIJ is usual-
ly very compliant;” relatively small changes in pressure
produce large changes in volume and thus in cross sec-
tional area. Armstrong® showed that maneuvers that
increase central venous return increase RIJ diameter.
This observer also found 15° Trendelenburg tilt sig-
nificantly increased RIJ diameter, as compared to a flat
table (position A »s position C, P < 0.001). At 20° or
more of Trendelenburg tilt the subjects started to slide
on the table, and no measurements were taken.

Reduction in cross-sectional area will occur with
any external pressure on the RIJ. Armstrong® showed
palpation of the carotid artery significantly reduced
the diameter of the RIJ. This reduction by carotid
artery pressure is also seen in the Trendelenburg posi-
tion (position C ps position I, P < 0.001).

A significant increase in RIJ diameter can be accom-
plished by positioning a small pillow under the head
(position A »s position B, P < 0.001), this is also found
in the Trendelenburg position (position C ps position D,
P < 0.001). Increased tension of structures in the neck,
either compressing or preventing expansion of the RIJ is
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thought to be the mechanism. Armstrong® showed a
marked reduction in diameter of the RIJ when a bolster
was positioned under the shoulders probably through
the same, but more exaggerated mechanism.

In the Trendelenburg position, rotation of the head
45° to the left reduced the size of the RIJ with a pil-
low (position D »s position E, P < 0.001) but not
without (position C »s position H, P = 0.12); a simi-
lar reduction was shown by Muhammad.’

First pass success in cannulation should be the
objective. Blind puncture techniques require the opti-
mum patient position in order to increase success. In
self ventilating subjects, the maximum RIJ diameter
can be accomplished in the following fashion: 15°
Trendelenburg tilt; a small pillow or head ring under
the head; the head in or close to the midline; carotid
artery palpation released prior to insertion of the RIJ
line. The effect of positive pressure ventilation on RIJ
size was not examined. Increased intrathoracic pres-
sure is likely to increase RIJ diameter in all positions.
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