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Optimal Puncture Site of the Right Internal Jugular Vein
dafter Laryngeal Mask Airway Placement

Kazuhide Takeyama, M.D.,* Hiroyuki Kobayashi, M.D., Ph.D., M.S.,T Toshiyasu Suzuki, M.D., Ph.D.%

Background: Puncturing of the internal jugular vein (IJV)
after placement of a laryngeal mask airway (LMA) is difficult.
Overlapping of the right internal jugular vein (IJV) and com-
mon carotid artery (CCA) after placement of an LMA-Classic™
(Laryngeal Mask Company, Henley-on-Thames, United King-
dom) was investigated using an ultrasound scanner. A study was
conducted to determine the optimal puncture site in the case of
puncturing the right IJV after LMA-Classic™ placement.

Methods: The subjects in this study consisted of 114 patients
(60 men and 54 women) scheduled to undergo LMA-Classic™
placement (size 4 for men and size 3 for women). Overlapping
between the IJV and CCA was investigated at three points (high,
middle, and low points) on the right side of the neck after
LMA-Classic™ placement. A test puncture was also made at the
right low (supraclavicular) point after LMA-Classic™ place-
ment.

Results: (1) The degree of overlapping of the right IJV and
CCA after LMA-Classic™ placement was clearly greater than
before LMA placement. (2) With the exception of some mea-
surements, there were many cases in which the right IJV and
CCA were completely overlapping after LMA-Classic™ place-
ment. Furthermore, the CCA was not observed in the vicinity of
the right IJV at the right low point. (3) There were no compli-
cations (including pneumothorax and accidental arterial punc-
ture) during supraclavicular IJV puncture after LMA-Classic™
placement.

Conclusion: After placement of the LMA-Classic™, overlap-
ping of the IJV and CCA increased at the high and middle
puncture points of the IJV; however, at the lower puncture
point, the position of the vessels remained unaffected. There-
fore, during IJV puncture at high or middle points, ultrasound
guidance is advisable to avoid CCA puncture.

THE internal jugular vein (IJV) is frequently used as a
central venous route because of its ease of puncturing.
However, puncture failure rates of 4-33% are observed
in puncturing using anatomical indices (junction of the
sternocleidomastoid muscle). Moreover, the incidence
of complications accompanying puncture (accidental
puncture of the carotid artery, hematoma of the neck
and mediastinum, pneumothorax, brachial nerve dam-
age, and so on) is observed to be 5-10%." These are
caused by the locations of vessels being different from
indices and by the presence of abnormal vessels. Re-
cently, IJV puncture has been able to be performed more
accurately, safely, and rapidly by puncturing after first
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confirming the location of the IJV using an ultrasound
scanner.””” However, IJV puncture is considered to be
difficult after placement of a laryngeal mask airway
(LMA). The reason for this is the difficulty in palpating
the pulse of the common carotid artery (CCA) and dis-
placement of the sternocleidomastoid muscle.®

The positional relation between the right IJV and CCA
after placement of the LMA-Classic™ (Laryngeal Mask
Company, Henley-on-Thames, United Kingdom) was inves-
tigated using an ultrasound scanner. A study was con-
ducted to determine the optimal puncture site in the case
of puncturing the right IJV after LMA-Classic™ placement.

Materials and Methods

The subjects of this study consisted of 114 patients
(American Society of Anesthesiologists physical status I
or II; 60 men and 54 women) scheduled to undergo
insertion of the LMA-Classic™. The reasons for selecting
114 patients are described below. Sample size was esti-
mated by using nQuery Advisor (version 5.0; Statistical
Solutions Ltd., Cork, Ireland). A sample size of 52 in each
group had an 80% likelihood of detecting at a probability
of 0.660 that the overlap index in patients with a size 4
mask would be less than the overlap index in patients
with a size 3 mask using the Wilcoxon (Mann-Whitney)
rank sum test with a two-sided level of significance of
0.050. In anticipation of ineligible cases, a total of 114
patients were recruited.

Those procedures targeted for the use of LMA included
surgery on the four extremities (upper and lower ex-
tremities), transurethral prostatectomy, debridement
procedures after burns, and body surface procedures
(mastectomy, repaired inguinal hernia). This study was
conducted after ethical approval was obtained from the
institutional review board of the Tokai University School
of Medicine (Isehara, Kanagawa, Japan). On the basis of
this, the patients were provided with an explanation of
the purpose of this study before undergoing the proce-
dure, and their consent was obtained.

The patients’ background information consisted of age
(men: 52 = 11 yr; women: 48 = 12 yr), height (men: 168
+ 9 cm; women: 156 = 8 cm), and weight (men: 66 *
9 kg; women: 55 = 8 kg). The LMA-Classic™ was used
for the LMA. The reason for using the LMA-Classic™ is
the absence of a cuff on the back of the mask. The
absence of a cuff on the back of the mask means that
there is little effect on surrounding tissue when the cuff
is inflated. Placement of a size 5 LMA-Classic™ was
attempted for the male patients on the base of sex
criteria.” " !! However, because the LMA-Classic™ was
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Fig. 1. (A) Three measurement points are shown: H = high
point; L = low point; M = middle point. (B) Probe scanning on
the right side of the neck. The probe was positioned at the
middle point in short axis scanning.

unable to be properly placed in some of the patients, we
decided to use a size 4 LMA for men and a size 3 LMA for
women. An ultrasound scanner (EUB6500, linear type,
13-MHz probe; Hitachi, Tokyo, Japan) was used. The
measurement sites consisted of three points on the right
side of the neck (high point: at the midpoint of the
mastoid process and ramus clavicularis of the sternoclei-
domastoid muscle attach to the clavicle; middle point: at
the intersection of the clavicular head and sternal head
of the sternocleidomastoid muscle; low point: near the
area where the ramus clavicularis of the sternocleido-
mastoid muscle attaches to the clavicle). The reason for
selecting these three points is that they are all used as
central venous puncture sites'?>"'* (fig. 1A). The posi-
tional relation of the IJV and CCA was measured before
and after LMA-Classic™ placement. The measuring pro-
cedure is described as follows. Before LMA-Classic™
placement, each patient was placed on a horizontal bed,
and the patient’s head was rotated 30° to the left from
midline. The reason for rotating the head 30° to the left
is that, if the head is positioned at the midline, a portion
of the probe contacts the clavicle, thereby preventing
the probe from effectively pushing against the measure-
ment site. Marks were respectively made at three mea-
surement points with the neck rotated 30° to the left.
The probe was gently pressed against the neck so that
the center of the probe was positioned at the measure-
ment point in short axis scanning (fig. 1B). After obtain-
ing echo images by scanning two adjacent images, the
neck was compressed with the probe. The echo image,
which was easily deformed by compression, was recog-
nized to be the IJV, whereas other image that pulsated
consistent with pulse was recognized to be the CCA.
After confirming the locations of the IJV and CCA, their
positional relation was recorded in color images (display-
ing the IJV in blue and CCA in red) and black-and-white
images. Furthermore, because the CCA was unable to be
confirmed in all patients at the low point, only images of
the IJV were recorded. The patients were then anesthe-
tized by intravenous injection of propofol at 2.5 mg/kg.

A gastric tube was inserted before LMA-Classic™
placement to remove gastric juices. The LMA-Classic™
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Fig. 2. (4) Placement of LMA-Classic™ (size 4) with electrocar-
diograph electrodes attached at the high point and middle
point. (B) Simple x-ray film of the neck taken with the head
rotated 30° to the left after placement of LMA-Classic™ (size 4).
Electrocardiograph electrodes can be seen at the high and mid-
dle points. The electrode at the high point nearly coincides with
the wide portion of the cuff, whereas the electrode at the middle
point nearly coincides with the height of the end of the cuff.

was placed after removing the gastric tube. Air was
injected into the cuff, and after confirming adequate
ventilation, anesthesia was started under spontaneous
respiration. Next, the sites of the cuff that coincided
with the measurement points (middle and high points)
were confirmed. The electrodes of an electrocardio-
graph were attached to the middle and high points of a
certain male patient and used as marks. After placing the
LMA-Classic™, simple x-ray images of the neck were
taken, with the head rotated 30° to the left (fig. 2A).
Subsequently, the positional relation between the IJV
and CCA was measured after LMA-Classic™ placement.
This measurement was performed using the same pro-
cedure as that before LMA-Classic™ placement. Because
nitrous oxide was used, a cuff pressure gauge (Tyco
Healthcare Japan, Ltd., Japan) was used during anesthe-
sia. The air injection rate was adjusted to be nearly
constant (15 ml for size 3 or 20 ml for size 4) within a
range in which the cuff internal pressure was maintained
no higher than 60 cm H,0."> The percent overlap of the
IJV and CCA was calculated from the recorded images.
Calculation of this ratio was determined as the ratio of
the overlapping length of the IJV to the horizontal diam-
eter of the CCA. This ratio was referred to as the overlap
index. The calculation formula is as follows: Overlap
index = [overlap (mm)/CCA diameter (mm)] X 100.'¢

A comparative study was made of this overlap index by
measuring the overlap index (1) before LMA-Classic™
placement, (2) before and after LMA-Classic™ place-
ment, (3) for different sizes (sizes 3 and 4), and (4) for
different measurement points (middle and high points in
the same patient). Because the frequency distribution of
the overlap indices was not normally distributed, non-
parametric tests were used. The data were expressed as
the median and its 95% confidence interval and inter-
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quartile range. The significance of differences in median
values between patients with a size 3 mask and those
with a size 4 mask was assessed by using the Wilcoxon
rank sum test. Differences in overlap indices at different
puncture sites within the same patient were analyzed by
the Wilcoxon signed-rank test. Data were analyzed with
SPSS for Windows (version 13.0; SPSS Inc., Chicago, IL)
and Confidence Interval Analysis for Windows (version
2.1.1; BMJ Books, London, United Kingdom).

Moreover,’ test punctures were performed of the IJV
at the right low point after LMA-Classic™ placement.
The test punctures were performed in 20 patients. This
is because 10 patients each using size 3 and size 4,
respectively, were selected. Test punctures were per-
formed according to the following procedure. The pa-
tient head was rotated 30° to left from midline after
LMA-Classic™  placement. A  disposable syringe
equipped with a 23-gauge needle (volume, 2.5 ml) was
used for the syringe. After confirming the location of the
IJV with the ultrasound scanner, the needle was slowly
advanced from the low point toward the clavicle while
negative pressure was applied.

Test puncturing was considered to be successful when
backflow of venous blood was confirmed. After test
puncturing, fluctuations in values of oxygen saturation
measured by pulse oximetry and changes in breathing
sounds in the right lung were carefully monitored at all
times in consideration of the potential for the occur-
rence of pneumothorax.

Results

Patient Background
There were no significant differences observed be-
tween men and women (data not shown).

Neck X-ray Findings

Simple x-ray images of the neck showed that the elec-
trocardiograph electrodes attached at the middle point
coincided with the front edge of the cuff, whereas the
electrocardiograph electrodes attached at the high point
coincided with the wide portion of the cuff (fig. 2B).

Specific Example of Positional Relation between

Right IJV and CCA

The following describes a specific example of the
positional relation between the right IJV and CCA
(fig. 3). In figure 3, there is hardly any overlapping of the
right IJV and CCA at the middle and high points before
LMA-Classic™ placement. After LMA-Classic™ place-
ment, however, the right IJV and CCA completely over-
lapped at the middle and high points. In this example,
the cuff was shown to be in contact with the right CCA
at the middle and high points after LMA-Classic™ place-
ment.
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Fig. 3. A specific example of the positional relation between the
right internal jugular vein (IJV) and common carotid artery
(CCA) is shown. Before laryngeal mask airway placement: IJV
and CCA did not overlap at the high point and partially over-
lapped at the middle point. After laryngeal mask airway place-
ment: IJV and CCA completely overlapped at the high and mid-
dle points. The cuff (arrow) seemed to be contacting the right
CCA at the high and middle points. At the low point, CCA was
not observed in the vicinity of the IJV regardless of laryngeal
mask airway insertion.

Furthermore, the CCA was not clearly observed in the
vicinity of the IJV regardless of LMA-Classic™ placement
at the right low point. In addition, the cuff was not
observed in the vicinity of the IJV even after LMA-Clas-
sic™ placement.

Measurement of Overlap Index between Right IJV

and CCA

Before LMA-Classic™ placement, the overlap index
(fig. 4) at the middle point was not statistically different
between men and women (median, 13 vs. 0; P = 0.144)
based on the Wilcoxon rank sum test. The overlap index
at the high point was also not statistically different be-
tween men and women (median, O vs. 0; P = 0.388)
based on the Wilcoxon rank sum test (table 1).

v
CCA\

o

b

Overlap index = a/b X100

Fig. 4. Overlap index is indicated. Overlap index = [overlap (mm)/
CCA diameter (mm)] X 100. a = overlap of common carotid artery
(CCA) and internal jugular vein (IJV) (mm); b = CCA diameter
(mm).
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Table 1. Comparison of Overlap Indexes between Men and
Women before Laryngeal Mask Airway Placement

Women (n = 54) Men (n = 60) P Value
Middle 0 (0-20) [0-38] 13 (0-25) [0-50] 0.144
High 0 (0-13) [0-14] 0 (0-9) [0-13] 0.338

Values are presented as median (95% confidence interval) [interquartile
range]. P values were assessed by Wilcoxon rank sum test.

Differences in the overlap indices before and after
LMA-Classic™ placement within the same patient were
analyzed by the Wilcoxon signed-rank test. There was a
significant increase in the overlap index within the same
patient from baseline (before LMA-Classic™ placement)
to the overlap index after LMA-Classic™ placement with
an average change of 41.8 (P < 0.001; 95% confidence
interval, 33.6-50.0) at the middle point and with an
average change of 40.9 (P < 0.001; 95% confidence
interval, 33.5-48.3) at the high point.

After LMA-Classic™ placement, the overlap index at
the high point was higher in patients with a size 3 mask
(n = 54) as compared with those with a size 4 mask
(n = 60) (median, 90 vs. 27; P = 0.001) based on the
Wilcoxon rank sum test (table 2). At the middle point,
however, the overlap index was not statistically different
between patients with a size 3 mask and those with a
size 4 mask (median, 100 vs. 79; P = 0.129) based on the
Wilcoxon rank sum test.

There was a significant decrease in overlap indices
from the middle point to the high point within the same
patient using a size 4 mask, with an average change of
18.2 (P = 0.002; 95% confidence interval, 6.6-29.9)
based on the Wilcoxon signed-rank test. Within the same
patient using a size 3 mask, however, there were no
significant differences in overlap indices from the middle
point to the high point (P = 0.348) based on the Wil-
coxon signed-rank test.

Backflow of venous blood was confirmed in all 20
patients during IJV puncturing at the right low point
after LMA-Classic™ placement. Complications accompa-
nying puncture (accidental puncturing of the CCA and
pneumothorax) were not observed.

Discussion

The purpose of this study was to determine which site of
a central vein facilitates central venous puncturing in the

Table 2. Comparison of Overlap Indexes between Two Groups
with Different Mask Sizes

Mask Size 3 (n = 54) Mask Size 4 (n = 60) P Value
Middle 100 (63-100) [36-100] 79 (27-100) [17-100] 0.129
High 90 (67-100) [29-100] 27 (0-71) [0-91] 0.001

Values are presented as median (95% confidence interval) [interquartile
range]. P values were assessed by Wilcoxon rank sum test.
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case that unexpected bleeding has occurred during anes-
thesia management after LMA-Classic™ placement. The
procedures examined in this study were comparatively
minor procedures. There is predicted to be little bleeding
during these procedures. Consequently, they do not usu-
ally require a central venous route (insertion from the
femoral vein or subclavian vein) before surgery.

In the case that a central venous route has been judged
to be required, there is also a method in which a central
venous route is secured after reintubating the airway. In
this case, however, a certain amount of time is required
until intubation of the airway after removing the LMA-
Classic™. The optimal puncture site for central venous
puncturing after LMA-Classic™ placement was exam-
ined as one way of being able to access a central vein
directly.

Riley et al® recommended puncturing the IJV after
first deflating the cuff as a method of facilitating IJV
puncture after LMA™ placement. The reason for this is
that the pulsation of the CCA becomes easier to palpate
by deflating the cuff, thereby making it easier to punc-
ture the IJV. However, deflating the cuff results in less
adhesion with the airway, leading to the risk of inade-
quate ventilation. Therefore, in this study, the positional
relation between the IJV and CCA with the cuff still
inflated was measured using an ultrasound scanner.

The air injected into the cuff was injected at nearly a
constant rate regardless of size to minimize variations in
the amount of injected air. The amounts of injected air
were one half to one third the maximum injectable
volume for both size 3 and size 4 masks. This injected
amount was considered to be the optimal amount for
relieving throat pain and preventing leakage of air from
around the mask. There are few reports describing the
positional relation between the IJV and CCA after LMA™
placement. According to a report by Nandwani et al.'”
(in which only a size 3 LMA™ was used in 18 female
patients), although the larynx seemed to distend in an
anterior direction after LMA™ placement, there was no
overlapping of the IJV and CCA.

Comparison between Our Study and the Study of

Nandwani et al."”

In our study, the positional relation between the right
IJV and CCA was measured at multiple measurement
points using two sizes of masks. The overlap indices
clearly increased after LMA-Classic™ placement as com-
pared with before LMA-Classic™ placement for both
mask sizes and at each measurement point.

These results differ from the report by Nandwani et a
One possible cause of this discrepancy may be the rota-
tion angle of the patients’ heads. In our study, the posi-
tional relation between the IJV and CCA was measured
with the patient’s head rotated 30° to the left, whereas in
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the study by Nandwani et al., each patient’s head was in
the neutral position. In the specific example shown in
figure 3, the positional relation of the vascular system
was measured with the patient’s head rotated 30° to the
left. In figure 3, the cuff was shown to be in contact with
the right CCA at the middle and high points after LMA-
Classic™ placement. A possible cause of the overlap-
ping on the basis of figure 3 is that, as a result of rotating
the head after LMA-Classic™ placement, the CCA be-
came susceptible to extrinsic compression from the in-
flated cuff, thereby making it easier to move toward the
dorsal side of the IJV.

We normally perform IJV puncture with the head rotated
in the opposite direction from the puncture side,'* as was
done in this study. In this study, an angle of 30° was used
for the angle of rotation of the head. This is because the [JV
and CCA become increasingly likely to overlap at rotation
angles in excess of 30°. This in turn leads to an increased
risk of accidentally puncturing the CCA.'®!®

The positioning of the head in the neutral position has
been recommended for the angle of the head during IJV
puncture.'®?° Troianos et al.*° measured the positional
relation between the IJV and CCA using magnetic reso-
nance imaging. They reported that rotating the head to
the left resulted in greater overlapping of the IJV and
CCA as compared with positioning the head in the neu-
tral position. They therefore reported that the head
should be in neutral position during IJV puncture.

In our study, however, the head was not in the neutral
position. This is because, if the head was in the neutral
position, we were unable to depict the positional rela-
tion between the IJV and CCA effectively. If the head is
in the neutral position, a portion of the probe contacts
the clavicle, thereby preventing the measuring surface of
the probe from properly contacting the measurement
point. This phenomenon was observed during measure-
ment at the middle and low points. At the high point, the
probe was barely able to make proper contact with the
measurement point. As a result, the IJV and CCA tended
to exhibit partial overlapping at the high point even if
the head was in the neutral position. According to the
report by Troianos et al.,*® there seem to be hardly any
overlapping of the IJV and CCA on magnetic resonance
imaging if the head is in the neutral position. However,
the positional relation between the IJV and CCA is be-
lieved to change as a result of LMA-Classic™ placement.
It is predicted that the IJV and CCA will at least partially
overlap even if the head is in the neutral position after
LMA-Classic™ placement. Consequently, even if the
head is in the neutral position, it is necessary to use an
ultrasound scanner during IJV puncture. In the future,
we intend to conduct a more detailed study of overlap-
ping of the IJV and CCA when the head is in the neutral
position.
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<« Distance of between CCA and 1JV

Fig. 5. Arrow indicates distance between common carotid ar-
tery (CCA) and internal jugular vein (IJV).

Comparison of Overlap Indices for Different Mask
Sizes and Different Measurement Points within the
Same Patient

In the case of measuring overlap indices at the high
point after placement of a size 4 LMA-Classic™, the
resulting overlap indices were lower as compared with
other conditions. These results were different from what
we expected. Before this study, we expected that the
overlap indices between the IJV and CCA would be
higher for the high point than the middle point. The
reason for this is that the high point nearly coincided
with the height of the wide portion of the cuff as shown
in figure 2B. That is, the effects of the cuff were thought
to be greater at the high point than at the middle point,
thereby resulting in a greater likelihood of overlapping
of the right IJV and CCA at the high point.

However, the results were the opposite of what we
expected. To examine the cause of this, we measured
the distance between the IJV and CCA at the high point
and middle point before placement of the size 4 LMA-
Classic™. As a result, the distance between the IJV and
CCA (fig. 5) was 1.9 £ 1.4 mm at the high point and an
average of 0.9 = 0.7 mm at the middle point. Therefore,
the arteriovenous distance was significantly greater at
the high point than at the middle point (P < 0.01,
Mann-Whitney U test). Although this is a hypothesis, it is
possible that the likelihood of overlapping decreased
even if the CCA was displaced to the dorsal side of the
JV after placing the LMA-Classic™ because they are
farther apart at the high position. However, in this case
as well, the overlap indices between the IJV and CCA
increased as compared with before LMA-Classic™ place-
ment. Therefore, confirmation with an ultrasound scan-
ner is required in the case of IJV puncture.

In the future, we hope to conduct a study involving
actual IJV puncturing at middle and high points after
LMA™ placement using an ultrasound scanner for the
purpose of assessing the resulting puncture success
rates.

Supraclavicular Puncture

In the right supraclavicular region, the CCA was not
definitively observed in the vicinity of the IJV regardless
of LMA-Classic™ placement. The IJV at this site was seen
to be in contact with the subclavian vein, and the diam-
eter of the IJV gave the impression of being larger than
at the high and middle points. Anatomically, the IJV
merges with the subclavian vein at the posterior surface
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of the sternoclavicular joint, and an enlarged portion is
formed directly above the merge.?' At the low point, the
enlarged portion of the IJV may have been visible.

There are hardly any obstructions present at the low
point during IJV puncturing. It was therefore desired to
confirm whether IJV puncturing is possible under these
conditions. A trial puncture was therefore conducted
only at the low point. IJV puncturing was able to be
performed in all patients without any accidental punc-
turing of the CCA or cuff. However, backflow of venous
blood was ultimately observed after several attempts at
puncturing in several of the patients. One possible factor
for the difficulty encountered during puncturing was the
small amount of increase in the vessel diameter. Parry*?
reported that the size of the vessel diameter is involved
in the success rate of IJV puncture. There have been
sporadic reports indicating that the Valsalva method
demonstrates efficacy in enlarging the IJV.>*%% It may be
necessary to use the Valsalva method in cases which IJV
puncture initially seems unlikely to proceed favorably.

Fortunately, in this study, there were no patients in
which pneumothorax occurred. However, during trial
puncturing in the supraclavicular region, it is necessary
to confirm the location of the pleura using an ultrasound
scanner. The location of the pleura was not confirmed
before trial puncturing in this study. This is one aspect of
the study that should be reconsidered. The LMA-Clas-
sic™ was only type of LMA used in this study.

A recently available disposable-type LMA (LMA-
Unique™) is reported to be associated with a lower
increase in mask internal pressure when nitrous oxide is
used, as compared with the LMA-Classic™ .*> We would
like to conduct a comparative study using different types
of LMA in the future. In addition, the sizes of the LMA-
Classic™ used in this study consisted of size 4 for men
and size 3 for women.

There have been reports indicating that a size 4 rather
than a size 3 is more suitable for women, whereas a size 5
rather than a size 4 is suitable for men.?® It has also been
reported that selecting mask size based on sex rather than
based on body weight resulted in lower rates of gas leakage
from around the mask.?” We also intend to conduct studies
using more suitable mask sizes in the future.

Puncturing at the high and middle points should be
attempted when performing IJV puncturing after LMA-
Classic™ placement if an ultrasound scanner is able to
be used. However, in cases in which the IJV and CCA
overlap completely and there is a high risk of acciden-
tally puncturing the CCA, it may be worthwhile to at-
tempt puncturing at the low point.

In conclusion, although overlapping of the IJV and
CCA increases at high and middle IJV puncturing sites
after LMA-Classic™ placement, puncturing at a low
point does not have an effect on the positional relation
of the two vessels. Therefore, when performing IJV
puncturing at a high point or a middle point, it is pref-
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erable to avoid accidentally puncturing the CCA with
use of guidance by an ultrasound scanner.
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