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KEYWORDS Summary Background: The ipsilateral nipple has been used as a directional guide for needle

Internal jugular vein advance during internal jugular vein (IJV) catheterization. We attempted to validate the utility
catheterization; of the ipsilateral nipple during IJV catheterization.

Ipsilateral nipple; Methods: One hundred and two patients scheduled for elective surgery were enrolled. In the

Common carotid 15° Trendelenberg position with 30° head rotation, the apex of the triangle formed by the ster-
artery nocleidomastoid muscle and the clavicle was identified. The angle formed by the line connect-

ing the apex and the ipsilateral nipple and the actual course of the 1JV was measured. The
distance between the apex of the anatomical triangle and the 1JV center identified were
measured via ultrasound.

Results: The angle formed by the line connecting the apex and the ipsilateral nipple and the
IJV was 16 + 7.6° and was greater in females than males (14.8 + 1.1 vs 17.4 + 1.0°,
P = 0.043). Regression analysis showed that height, weight, gender, and age did not affect
the angle as an independent factor. The apex of the anatomical triangle was 0.5 cm medial
to the IJV center and was shorter in females compared to males (0.33 + 0.12 vs
0.6 +£0.09 cm, P = 0.039).

Conclusion: Our study shows that when the needle is inserted at the apex of the anatomical
triangle directed towards the ipsilateral nipple, it crosses the IJV at 16°. Since the common
carotid artery is usually medial to the IJV, directing the needle towards the ipsilateral
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nipple seems to be a safe way to avoid the common carotid artery and successfully punc-

ture the IJV.

© 2018 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing ser-
vices by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The internal jugular vein (IJV) catheterization has been
performed for variety of purposes, including monitoring
central venous pressure and administering fluids or drugs.
For catheterization of the 1JV, the use of real-time ultra-
sound is recommended whenever available." However,
central vein catheterization using anatomical landmarks
are still taught and used in circumstances where ultrasound
is not available.

Of the many different traditional catheterization tech-
niques that do not incorporate the ultrasound, the ‘central’
approach is the most widely described and used.” To suc-
cessfully cannulate the I1JV, most medical textbooks
recommend the apex of the triangle formed by the two
heads of the sternocleidomastoid (SCM) muscles the needle
insertion point.® For direction of advancement of the nee-
dle, the ipsilateral nipple is suggested.*

The rationale for using the apex of the triangle formed
by the two SCM muscle heads and the ipsilateral nipple as a
directional guide is unclear. It can be speculated that the
intention is to avoid puncturing the common carotid artery
(CCA), which is usually medial to the 1JV or to increase the
likelihood of the puncture needle cross and meet the 1JV to
maximize the success rate of catheterization, or both. In
either case, there are no data in the medical literature that
provides a relevant basis to support this approach. We
attempted to validate the credibility of the ipsilateral
nipple as the directional guide during right IJV catheteri-
zation and also the appropriateness of the apex of the tri-
angle formed by the two SCM muscle heads as an insertion
point.

2. Methods

Our study protocol abided by the WMA declaration of Hel-
sinki regarding ethical principles for medical research
involving human subjects and was approved by the Boramae
Medical Center institutional review board (06-2011-115).
The study protocol was registered at clinicaltrials.gov
(NCTO01347463). Patients were enrolled in the study after
obtaining written informed consent.

2.1. Patient population

Adult patients over the age of 18, scheduled to undergo
elective surgery under general anesthesia were screened
for enrollment. Patients with anatomical anomaly in the
cervical area, neck mass, breast lesions, or previous history
of neck or breast surgery were excluded. Patients with a
body mass index greater than 30 kg/m? were also excluded.

2.2. Study protocol

After induction of anesthesia and intubation using 2 mg/kg
of propofol, 0.1 mg/kg of vecuronium, and sevoflurane or
desflurane, the operating table was tilted to the 15° Tren-
delenburg position with the patients in the supine position.
A 1-L saline bag was placed under the right shoulder to
facilitate right neck exposure. Patients’ head was rotated
30° towards the left.

The two heads of the right SCM muscle were identified
by palpation and needle insertion point was marked at the
apex of the triangle formed by the SCM muscle and the
clavicle. A line connecting the needle insertion point and
the right nipple was drawn. Under ultrasound guidance
(Edge™, Sonosite, Bothell, WA, USA), the center of the IJV
at the cricoid cartilage level was identified and marked.
The center of the IJV at the level just above the clavicle
was also marked and the actual course of the IJV was drawn
by connecting the two marks. The relationship between the
1JV and the CCA were identified with the ultrasound at the
level of the cricoid cartilage level. Identification of
anatomical landmarks, marking points and drawing lines,
ultrasound use, and measurement of lengths and angles
were performed by one senior resident (IK Jang) for all of
the patients. IJV catheterizations were only simulated and
not performed.

2.3. Outcomes

The primary outcome was the angle between the line
connecting the ipsilateral nipple and the apex of the tri-
angle formed by the SCM muscle and the clavicle and the
actual course of the IJV (Fig. 1). The distance between the
ipsilateral nipple and the intersection between the line
connecting the nipples and the extended line of the course
of the IJV was measured. The difference between the apex
of the triangle formed by the SCM muscle and the clavicle
and the center of the 1JV at the cricoid cartilage level was
also recorded.

The relationship between the CCA and the IJV at the
cricoid cartilage level was also recorded and classified as
follows: CCA is medial to the 1JV with no overlap, CCA is
medial to the IJV with <50% overlap, CCA is underneath 1JV
with >50% overlap, CCA is lateral to the IJV with <50%
overlap, CCA is lateral to the IJV with no overlap.

2.4. Statistical analysis

One sample t-test was performed to see if there was a
difference between the line connecting the apex of the
triangle formed by the SCM muscle the ipsilateral nipple
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Figure 1  Schematic illustration of study outcome measure-
ment. The average angle formed between the actual course of
the 1JV and the line connecting the apex of the anatomical
triangle and the ipsilateral nipple was 16 (+7.6) degrees. The
apex of the anatomical triangle was on average 0.5 cm medial
to the center of the IJV. The extended course of the IJV crossed
the line between the two nipples at 4.8 (+2.4) cm medial to
the ipsilateral nipple.

and the actual course of the IJV. Difference in the angle
between the line connecting the ipsilateral nipple and the
actual course of the 1JV according to sex was analyzed by
using the two-sample t-test. Regression analysis was per-
formed to evaluate factors that may be associated with the
angle, which included height, weight, gender and age. The
difference between the apex of the triangle formed by the
SCM muscle and the clavicle and the center of the IJV at the
cricoid cartilage level was also analyzed using the one
sample t-test. A p-value of less than 0.05 was considered
statistically significant.

3. Results

A total of 102 patients were enrolled in the study. Patient
characteristics are summarized in Table 1.

The angle formed between the actual course of the IJV
and the line connecting the apex of the anatomical triangle

Table 1 Patient characteristics.

Variables

Sex (M:F) 53:49

Age (years) 53.9 + 15.8 (18—83)
Height (cm) 161.3 + 8.9 (140.4—183.2)
Weight (kg) 61.5 + 10.5 (38.2—85.6)
BMI (kg/m?) 23.6 + 3.2 (15.1—-29.8)

Data are expressed as mean + SD (range).

and the ipsilateral nipple was 16 = 7.6 (mean + SD) de-
grees. The angle was significantly greater in females
compared to males (14.8 + 1.1 vs 17.4 + 1.0°, P = 0.043)
Regression analysis did not identify height, weight, gender,
or age as independent factors that affect the angle (Table
2). The extended course of the IJV crossed the line be-
tween the two nipples at 4.8 (+2.4) cm medial to the
ipsilateral nipple.

The apex of the anatomical triangle was 0.47 + 0.75 cm
medial to the center of the IJV. The center of the IJV was at
or lateral to the apex of the anatomical triangle in 89.2%
(91/102 patients) of the patients. The distance between
the center of the IJV and the apex of the anatomical tri-
angle was significantly shorter in females compared to
males (0.33 4= 0.12 vs 0.6 4= 0.09 cm, P = 0.039).

The relationship between the CCA and the IJV showed
that the CCA either overlapped medially or was underneath
the 1JV in 94/102 patients (Fig. 2). None of the patients had
a CCA lateral to the 1JV with <50% overlap or CCA lateral to
the IJV with no overlap.

4. Discussion

Our study showed that when the needle is inserted at the
apex of the anatomical triangle formed by the SCM muscle
and the clavicle and directed towards the ipsilateral nipple
for IJV catheterization, it crosses the course of the IJV at an
average angle of 16°. Our study also showed that the apex
of the anatomical triangle is medial to the center of the IJV
by an average of 0.5 cm. The CCA was medial to the 1JV in
93% of the cases and never lateral to the IJV.

Ultrasound guidance for IJV catheterization has been
shown to be safer and more successful compared to using
anatomical landmarks for guidance® and are recommended
in clinical practice guidelines.®” But, limitations in avail-
ability exist in various circumstances, especially in resource-
poor countries. Therefore, catheterization methods utilizing
the surface anatomical landmarks may still have a role and
should be taught as an alternative technique for central
venous catheterization.® Nevertheless, it seems clear that
ultrasound-guided central venous catheterization will be the
norm.

The ipsilateral nipple has been taught and used as a
directional guide for needle advance during catheterization
of the IJV using the central approach. However, the rationale
behind this approach is unclear and has no relevant data in
the medical literature. Considering that the course of the IJV

Table 2 Logistic regression of factors potentially associ-
ated with increased angle between the IJV and the line
connecting the apex of the anatomical triangle and the
ipsilateral nipple.

Coefficient Standard 95% confidence P-value
error interval
Sex 2.03 2.34 (—2.55, 6.61) 0.386
Age —0.06 0.05 (—0.16, 0.05) 0.295
Height —0.06 0.16 (—0.37, 0.25) 0.711
Weight 0.03 0.09 (—0.15, 0.21) 0.727
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Figure 2 Relationship between common carotid artery and
internal jugular vein at the cricoid cartilage level. The carotid
artery was medioinferior to the internal jugular vein in 56/102
(54.9%) patients. It was medial to the IJV in 38/102 (37.1%),
inferior to the 1JV in 8/102 (7%) and never lateral to the 1JV.
CA: common carotid artery, 1JV: internal jugular vein.

runs laterally parallel to the CCA, a plausible speculation
would be that using the ipsilateral nipple as a directional
guide increases the possibility of puncturing the 1JV while
limiting the chance of CCA puncture. Our study results sug-
gest that the ipsilateral nipple is an appropriate landmark for
needle advance, especially when the insertion point is the
apex of the triangle formed by the SCM muscle and the
clavicle. Considering that the apex of the triangle formed by
the SCM muscle and the clavicle is slightly medial to the
center of the IJV and that the CCA is almost never lateral to
the 1JV (as shown in our results), the central approach directs
the needle away from the CCA but towards the IJV. With an
appropriate vertical insertion angle, this approach inherently
increases the probability of successful catheterization while
decreasing the risk of CCA puncture. However, since the CCA
is directly below the IJV in approximately 8% of patients,
caution should be taken when catheterization is not suc-
cessful with initial attempts.

The angle was significantly greater in females compared
to males, which is anatomically self-explanatory. The dif-
ference, although statistically significant, was small and
considered to have no clinical implications. In addition,
multivariate regression analysis showed that gender, as
well as age, height, or weight did not influence the angle
formed between the actual course of the 1JV and the line
connecting the apex of the anatomical triangle and the
ipsilateral nipple. Our results may not be feasible in pa-
tients with large and/or sagging breasts, as the size of the
breast was not taken into account.

Many studies have evaluated the anatomic relationship
between neck vessels and anatomical landmarks in various
circumstances to find ways to increase the success rate of
1JV catheterization. The failure rate of right 1JV catheter-
ization increases when head rotated 30° compared to
neutral position because it increases the distance from the
apex of the anatomical triangle to the center of the right
IJV more medially (0.83 + 1.03 cm vs. 0.28 + 0.78 cm).’
Another study suggest that the head should not be turned
beyond 45° because the simulated needle did not hit the
CCA until the head was rotated at least 30° but CCA hit rate
was higher at 45° and 60°.2 Our study was performed with
the head rotated away by 30° because it was our usual
practice and suggested in most textbooks.

Other studies focused on interventions to increase the
diameter of IJV which would in turn increase the success
rate of IJV cannulation. The cross-sectional area of IJV
increased with 10cmH,0 of PEEP'® and when the patient
was positioned 15° Trendelenburg compared to supine po-
sition.”"” Accordingly, patients in our study were positioned
15° Trendelenburg for measurements, which also was the
usual practice at our institution.

The relationship between the CCA and the 1JV shows
some variation among individuals. In most patients (54.9%),
the 1JV lies anterior and slightly lateral to the CCA. In 37.1%
of patients, the 1JV was completely lateral to the CCA
whereas the 1JV was directly above the CCA in 7% of pa-
tients (Fig. 2). This finding is consistent with previous re-
ports in adult and pediatric population. The reported
incidence of anterolateral location of the 1JV in relation to
the CCA was between 70.8% and 82%.'>"® When the pa-
tient’s head is rotated >30°, overlap between the two
vessels significantly increased (57.5% vs. 95%).'*

There are several limitations in our study. First, our
study was an observational simulation study and actual
catheterization was not performed in our patients. The
objective of our study was to see whether the ipsilateral
nipple was a suitable landmark for guiding needle advance
during IJV catheterization. Second, identification of the
apex of the SCM triangle and cricoid cartilage may have
been influenced by the investigator’s experience. To mini-
mize this effect, a single experienced investigator deter-
mined all landmarks. Third, our study was limited to right
1JV catheterization. The right IJV is the preferred site for
central venous catheterization due to its accessibility and
safety. One should be cautious when extrapolating our
findings to left IJV catheterization. Lastly, our patient
population was relatively lean Asians. Application of our
results may be of limited value in other ethnicity and in
patients with different body habitus (ex. Large breasts).
Nevertheless, our data may provide better understanding of
the underlying anatomy, leading to increased central
venous catheterization success rate where ultrasound is not
available.

In summary, the ipsilateral nipple seems to be an adequate
directional guide for needle advance during 1JV catheteriza-
tion. When using the apex of the anatomical triangle as the
needle insertion point, the needle meets the IJV at 16° and is
directed away from the common carotid artery.
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