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Abstract

Purpose: To demonstrate the anatomic relationship of the
internal jugular vein (IJV) with the common carotid artery
(CCA) in order to avoid inadvertent puncture of the CCA
during percutaneous central venous access or transjugular
interventional procedures.
Methods: One hundred and eighty-eight consecutive pa-
tients requiring either central venous access or interven-
tional procedures via the IJV were included in the analysis.
The position of the IJV in relation to the CCA was dem-
onstrated by portable ultrasonography. The IJV location was
recorded in a clock-dial system using the carotid as the
center of the dial and the angles were measured. Outcomes
of the procedure were also recorded.
Results: The IJV was lateral to the CCA in 187 of 188
patients and medial to the CCA in one patient. The left IJV
was at the 12 o�clock position in 12 patients (6%), the 11
o�clock position in 17 patients (9%), the 10 o�clock position
in 142 patients (75%) and at the 9 o�clock position in 17
patients (9%). The right IJV was at the 12 o�clock position in
8 patients (4%), the 1 o�clock position in 31 patients (16%),
the 2 o�clock position in 134 patients (71%) and the 3
o�clock position in 17 patients (9%). In one patient the left
IJV was located approximately 60� medial to the left CCA;
this was recorded as 2 o�clock on the left since it is opposite
to the 10 o�clock position.
Conclusion: Knowledge of the IJV anatomy and relation-
ship to the CCA is important information for the operator
performing an IJV puncture, to potentially reduce the
chance of laceration of the CCA and avoid placement of a
large catheter within a critical artery, even when ultrasound
guidance is used.
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Percutaneous transjugular procedures are now routine in
interventional radiology practice. The growth of central
venous access procedure numbers, as well as transjugular
liver biopsies and TIPS, has increased the need for the in-
terventional radiologist to become familiar with the internal
jugular vein (IJV) access. Anatomic landmarks have been
used for IJV punctures for decades, such as the classic
Sedillot triangle formed by the clavicle and both heads of
the sternocleidomastoid, but in the last 10 or 15 years
ultrasound-guided IJV puncture has been the standard of
practice in the interventional radiology environment. Al-
though the general anatomy, landmarks and relationship of
the IJV with the common carotid artery (CCA) are known
and have been described in anatomy texts [1], there are
variations in position and relationship with the artery that
may lead to inadvertent carotid artery punctures which may
be disastrous [2]. The aim of the study was to demonstrate
and report the anatomic relationship of the IJV with the
CCA in order to help reduce the chances of inadvertent
puncture of the CCA during central venous access or
transjugular interventional procedures.

Materials and Methods
One hundred and eighty-eight consecutive patients requiring either
central venous access (40%) or interventional procedures (60%)
such as transjugular liver biopsies via the IJV were included in the
study. There were 120 female and 68 male patients, ranging in age
from 5 to 93 years (mean 52 years). Portable ultrasonography
(SiteRite 2 and 3, 7.5 MHz transducer; Dymax, Pittsburgh, PA,
USA) was used to collect information on the bilateral IJV anatomic
position in relation to the CCA in a prospective study. InstitutionalCorrespondence to: R. Uflacker, M.D.; email: uflacker@musc.edu
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Review Board review was not performed. Transverse scans at the
thyroid isthmus level at the Sedillot triangle, about 2 cm from the
clavicle, were performed holding the probe perpendicular to the skin
and to the tracheal axis, without significant compression, to main-
tain the normal shape and location of the vessel. Some degree of
extension of the head was used to record IJV location, with the head
tilted approximately 30� to the opposite side in order to simulate real
puncture. Location of the IJV was recorded using a clock-dial
system with the CCA as the center of the dial. During examination
of the neck vessels all patients were lying on the angiographic table
with the operator standing by the patient�s head, looking at the
patient from head to toe, as when performing an IJV puncture.
Therefore the right side of the patient coincided with the right side
of the operator and the clock-dial location of the IJV translates to the
same disposition of the right IJV at the same side of the operator�s
right hand. All procedures were performed by an interventional
radiology fellow under supervision of an attending physician.

Regardless of the puncture site, right and left IJV positions were
registered as in a clock-dial disposition. The center of the clock
dial was the center of the CCA, and an imaginary line was drawn to
the direction of the center of the IJV. For instance, if the IJV was
just above (0�) the common carotid artery, this position was reg-
istered as 12 o�clock either right or left. If the IJV was true lateral
(90�) to the CCA, it was registered as 9 o�clock on the left and 3
o�clock on the right. If the right IJV was at 30� lateral to the CCA,
this was recorded as 1 o�clock position on the right and 11 o�clock
on the left. If the right IJV was at 60� lateral to the CCA, this
position was recorded as 2 o�clock on the right and 10 o�clock on
the left. Periprocedural and postprocedural complications were
recorded, as well as catheterization success rate and outcomes.
Statistical analysis was performed using the chi-square test for
comparison of proportions.

Results

Among the 188 consecutive patients, the IJV position was
lateral to the common carotid artery, as expected, in 187

patients. The IJV location was medial to the left common
carotid artery in one patient. Anatomic information of the
IJV was as follows: The right IJV was at the 12 o�clock
position in 8 patients (4%), the 1 o�clock position in 31
patients (16%), the 2 o�clock position in 134 patients (71%),
and the 3 o�clock position in 17 patients (9%). The left IJV
was at the 12 o�clock position in 12 patients (6%), the 11
o�clock position in 17 patients (9%), the 10 o�clock position
in 142 patients (75%), and the 9 o�clock position in 17 pa-
tients (9%). In one patient the left IJV was located
approximately 60� medial to the left CCA; this was recorded
as 2 o�clock on the left since it is opposite to the 10 o�clock
position (Fig. 1).
Cannulation of the IJV was successfully achieved in the

184 patients with a patent IJV, 75% on the right and 25% on
the left. Single stick vein puncture was achieved in 141
patients (77%), while multiple attempts were needed in 43
patients (23%). Bilateral IJV were thrombosed in 4 of the
188 patients, and alternative approaches were used. Re-
corded periprocedural and postprocedural complications
included 2 inadvertent CCA punctures, which were imme-
diately recognized due to the bright red color of the blood,
as well as pulsatile flow. The IJV in these cases was posi-
tioned at 1 o�clock and at 2 o�clock respectively. The needle
was immediately pulled out and appropriate pressure was
held until hemostasis was achieved. Successful venous ac-
cess followed the inadvertent arterial puncture. No neuro-
logic or vascular sequelae were encountered in the follow-
up of these 2 patients. One of the patients with a tunneled
IJV hemopheresis catheter presented with numbness of the
supraclavicular region near the catheter tunnel. This patient
had a history of multiple sclerosis and also had numbness of
the left foot. It was unclear whether loss of sensation was
procedure-related or due to multiple sclerosis. One patient

Fig. 1. Schematic drawing of the
anatomical relationship of the
internal jugular veins and the
common carotid artery, viewed
with the patient in head-to-toe
position, with the operator
positioned at the head of the
patient and ready to get internal
jugular access. The distribution of
the location of the vein in relation
to the artery is given in a clock dial
configuration and in percentages
as seen in 188 patients,
candidates for an internal jugular
procedure.
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experienced swelling around the IJV site following place-
ment of a tunneled dialysis catheter on the seventh day after
the procedure. The patient was admitted to hospital and
eventually required surgical evacuation of the hematoma
when no arterial injury was identified.
Chi-square test for comparison of proportions with four

degrees of freedom showed nonsignificant differences
(p = 0.171) for all the comparisons.

Discussion

The IJV approach for central venous access is widely used
by ICU physicians, surgeons and interventional radiologists.
In the interventional radiology field, the transjugular ap-
proach is also used for TIPS, transjugular liver and kidney
biopsy, and placement of inferior vena cava filters. Lacer-
ation of neck vessels, inadvertent arterial puncture, hema-
toma, catheter malposition, fragment embolization, air
embolism, venous thrombosis and infection are the most
common central venous access complications. The sub-
clavian vein approach is now less popular due to increased
risk of pneumothorax and difficulties in the technique, and
the current trend is to use ultrasound guidance, even among
nonradiologist practitioners [3, 4]. Normally, the IJV exits
the skull base at the jugular foramen posterior to the internal
carotid artery. The IJV follows the vascular bundle, down
the neck, and most commonly becomes anterior and lateral
to the CCA [3]. Even after surgery such as carotid endar-
terectomy, the IJV maintains its course and location [5, 6].
The IJV size may change with changes in intra-abdom-

inal and thoracic pressures such as the Valsalva maneuver,
Trendelenburg position, inspiration and expiration [7].
Ultrasound transducer positioning and pressure may modify
the relative position of the IJV but may also allow selection
of the best and safest puncture angle by redirection of the
needle tip orientation [4, 8] (Fig. 2).
Knowledge of the anatomy of the IJV and its variations

may improve the success and safety of punctures, though it
is currently accepted that ultrasonography helps in the
puncture of the IJV and is likely to reduce the risks of

arterial punctures [3, 9, 10]. However, there are several
additional techniques that can be used for location or to
facilitate the access of the IJV, such as rotation of the head,
extension of the neck, breath-holding, and identification of
anatomic landmarks. No maneuver is truly superior to others
[11]. Experienced operators can use some or multiple
maneuvers during the procedure to achieve success, espe-
cially in association with ultrasound guidance.
Since most of the interventional procedures performed

via the transjugular route use the head tilted to the opposite
side of puncture, as well as some degree of extension, we
recorded the IJV location with the head tilted approximately
30� to the opposite side in order to simulate real puncture.
Experience is important to reduce periprocedural compli-
cations, but there is always a learning curve, especially in
teaching institutions. Despite the use of ultrasound, two
inadvertent CCA punctures were performed by an inter-
ventional radiology fellow at the beginning of training.
Although ultrasound may decrease the rate of inadvertent

CCA puncture to zero, as demonstrated in the literature [10],
location of the IJV just above the CCA (12 o�clock), even
slightly lateral to CCA, increases the risk of inadvertent
arterial puncture. Ultrasound guidance maneuvers such as
head tilting, use of a smaller size needle, ultrasound trans-
ducer manipulation, and single-wall puncture techniques
may decrease the risk of undesired arterial puncture. One of
the complications of inadvertent carotid artery puncture is
thromboembolism in the cerebral circulation. A simple ve-
nous access procedure may actually cause debilitating or
fatal stroke [11]. Inadvertent arterial puncture is not limited
to CCA puncture. Inadvertent vertebral artery puncture
during IJV cannulation and fatal brainstem stroke has also
been reported in the literature [12]. During jugular vein
cannulation tracheal tube cuff puncture was also reported
[13]. In order to avoid inadvertent vertebral artery, carotid
artery or surrounding organ puncture the single-wall tech-
nique is useful. The conservative single-wall technique also
reduces the risk of hematoma in patients with coagulopathy,
especially those with end-stage liver disease, requiring
transvenous liver biopsy.

Fig. 2. Ultrasound transducer
positioning and pressure may modify
the relative position of the IJV but
may also allow selection of the best
and safest puncture angle by
redirection of the needle tip
orientation. Note the lateral
angulation of the needle, as the left
internal jugular vein presents more
anteriorly (at 12 o’clock) in relation to
the common carotid artery.
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Jugular vein cannulation using the traditional blind
technique, guided by external landmarks, can be extremely
hazardous in patients with distorted anatomy of the neck and
in coagulopathic individuals. We had one experience of
growing hematoma at the same side of the puncture, in a
case unrelated to this series, despite normal arterial imaging.
Some of these incidents may be related to punctures of an
adjacent vascular organ such as the thyroid with a goiter
[14].
Since the size of the IJV varies from patient to patient

during inspiration or expiration [7], we did not measure the
diameter of the IJV. Our IJV cannulation was usually in a
relatively high position, at the level of the cricoid cartilage,
rather than the much lower puncture using the reference of
the Sedillot triangle, to minimize the risk of pneumothorax
or hemothorax. No pneumothorax or hemothorax compli-
cations were encountered in this series.
Use of the SiteRite ultrasound machine during inter-

ventional procedures has been very successful, as it is
small and very portable, with no need for an external
power source, and provides fairly good resolution for IJV
puncture.
IJV cannulation using the traditional blind technique,

guided by external landmarks, can be extremely hazardous
in patients with distorted anatomy of the neck [14].
Awareness of the expected location of the IJV and ana-
tomic variation is also important [15]. The left IJV was in
the conventional position, or at 10 o�clock (30�), in 75%
of the cases, and on the right the IJV was in the con-
ventional position, or at 2 o�clock (30�) in 71% of the
cases.
Ultrasonographic guidance gives additional valuable

information to the operator when performing IJV puncture.
Ultrasound technique is important to locate the IJV and for
guidance of single-wall puncture of the IJV; however,
occasionally ultrasound is unavailable, such as in emer-
gency settings and for bedside venous access needs. These
situations have kept the traditional blind technique in use,
despite the advances in imaging. We believe that knowledge
of the anatomic location and variations of position of the
IJV are important to help physicians in those situations
when imaging is not available. We have reported our clin-

ical and anatomic data in order call the attention of practi-
tioners to the potential problems of what are now fairly
common procedures, and to inform them about the expected
locations and anatomic variations of the IJV in the prox-
imity of the CCA.
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