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Abstract

BACKGROUND

In recent years, with the popularity of laryngeal mask airway (LMA) for the
management of clinical anesthesia, the influence of the LMA on the position and
blood flow of the internal jugular vein (IJV) has attracted an increasing amount of
attention.

AIM
To investigate the effect of placement of different types of LMA (Supreme LMA,
Guardian LMA, I-gel LMA) on the position and blood flow of the right IJV.

METHODS

This was a prospective randomized controlled trial. A total of 102 patients aged
18-75 years who were scheduled to undergo laparoscopic abdominal surgery
with general anesthesia were randomly assigned to three groups: Supreme LMA
(group 1), Guardian LMA (group 2), and I-gel LMA (group 3) groups. The main
indicator was the overlap index (OI) of IJV and the common carotid artery (CCA)
at the high, middle, and low points before and after the placement of the LMA.
The second indicators were the proportion of ultrasound-simulated needle
crossing the IJV and CCA, and the cross-sectional area and blood flow velocity of
the IJV before and after placement of the LMA at the middle point.

RESULTS

Data from 100 patients were included in the statistical analysis. The Ol increased
significantly after placement of the LMA in the three groups at the three points (P
< 0.01), except group 2 at the low point. In group 2 and group 3, the OI was lower
than that in group 1 after LMA insertion at the high point (P < 0.0167). At the
middle point, after LMA insertion, the proportion of simulated needle crossing
the IJV significantly decreased in all three groups (P < 0.05), and the proportion
in group 2 was higher than that in group 3 (P < 0.0167). The proportion of
simulated needle crossing the CCA or both the IJV and CCA significantly
increased in group 1 and group 2 (P < 0.05), which increased with no statistical
significance in group 3. After LMA insertion, the cross-sectional area of the IJV
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significantly increased, while the blood flow velocity significantly decreased (P <
0.01). There was no significant difference among the three groups.

CONCLUSION

The placement of Supreme, Guardian, and I-gel LMA can increase the OI, reduce
the success rate of IJV puncture, increase the incidence of arterial puncture, and
cause congestion of IJV. Type of LMA did not influence the difficulty of IJV
puncture. Therefore when LMA is used, ultrasound is recommended to guide the
IJV puncture.

Key words: Laryngeal mask airway; Internal jugular vein; Common carotid artery; Blood
flow

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The placement of laryngeal mask airway (LMA) may affect the position and
blood flow of the internal jugular vein (IJV). The results of our study show that the
placement of Supreme, Guardian, and I-gel LMA can increase the overlap index, reduce
the success rate of IJV puncture, increase the incidence of arterial puncture, and cause
congestion of IJV. Type of LMA did not influence the difficulty of IJV puncture.
Therefore when LMA is used, ultrasound is recommended to guide the IJV puncture.
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INTRODUCTION

Since the introduction of the laryngeal mask airway (LMA) into wide clinical practice,
there has been a great expansion in its clinical applications. Patients receiving general
anesthesia and endotracheal intubation can experience a stress response that produces
clinical symptoms including sympathetic stimulation, tachycardia, and elevated blood
pressure. And the LMA is preferred in airway management for improved
hemodynamics and less difficulty in placement!'?], especially for the benefit of a
secure airway in patients with a potentially difficult intubation!**l. With the popularity
of LMA, more and more types of LMA are being invented, and Supreme LMA,
Guardian LMA and I-gel LMA are commonly used in our department at present.

In clinical anesthesia using LMA for airway management, central venous
catheterization might be required in some patients. In order to avoid affecting the
surgical operation, and because it’s easy to perform, the internal jugular vein (IJV) is a
commonly used catheterization route, and the “central landmark” is generally used"..
However, placement of the LMA may cause a change in the anatomy of the
surrounding structures, especially the position relation of the IJV and common carotid
artery (CCA). Previous studies have shown that when using the central landmark to
catheterize the IJV after ProSeal™ LMA placement, medial deviation of the central
landmark should be considered!.. After placement of the LMA-Classic™, overlapping
of the IJV and CCA increased at the high and middle points of the IJV while at the
lower point the position of the vessels remained unaffected”. These anatomical
changes may lead to failure of the catheterization of IJV based on the landmark
technique. In addition, placement of the LMA may also cause venous congestion,
which would have particular relevance in patients undergoing general anesthesia for
eye or head and neck surgery, where raised venous pressure may lead to raised intra-
ocular pressure or increased bleeding!'’l. However, there are few studies on the
influence of placement of LMA or type of LMA on the position of the IJV and CCA,
and the changes in blood flow of IJV.

Therefore, we designed this prospective randomized controlled trial, to observe the
effect of placement of different types of LMA on the position and blood flow of right
V.
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MATERIALS AND METHODS
Study design

This study was a prospective randomized controlled trial. The protocol was approved
by the Beijing Hospital Medical Ethics Committee (2012bjyyec-030-02). Informed
consent was signed by the patient or legal guardian before enrollment. The study was
conducted in the Departments of Anesthesiology of Beijing Hospital.

Patient recruitment

Patients were included if they met the following criteria: (1) Scheduled to undergo
laparoscopic abdominal surgery with general anesthesia; and (2) Age > 18 years and <
75 years. Patients were excluded if they met any of the following criteria: (1) Refused
to participate in the study; (2) Body weight of 30% more or less than the standard
weight; (3) American Society of Anesthesiologists physical classification of III or
higher; (4) Abnormal anatomy of the pharynx; (5) Head and neck movement disorder
or restricted mouth opening; and (6) Other circumstances that the doctor or
investigator believed not suitable for the study.

Randomization and measurement methods

Random numbers were generated using Microsoft Excel software. The enrolled
patients were randomly assigned to the Supreme LMA group (group 1), the Guardian
LMA group (group 2), or the I-gel LMA group (group 3) (Figure 1). The results of
randomization were sealed in sequentially numbered envelopes until the end of the
study. The anesthesiologist used the corresponding type of LMA according to the
randomization and selected a suitable size on the base of body weight. After rapid
induction of general anesthesia, the LMA was inserted and the cuff was inflated until
the LMA was just above airway leak pressure. A clear airway was confirmed using
clinical signs and capnography.

During the measurement, an ultrasound scanner (M-Turbo, linear type,13-MHz
probe; Sonosite, Seattle, WA, United States) 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 sternocleidomastoid 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 sternocleidomastoid muscle attaches to the clavicle). The reason for
selecting these three points is that they are all used as central venous puncture sites!’.
Each patient took the supine position, and the patient’s head was rotated 30° to the
left from midline. The probe was gently pressed against the neck and the center of the
probe was positioned at the measurement point in short axis scanning. The following
indicators of IJV and CCA was measured before and after LMA placement: (1) At the
high, middle, and low points, the horizontal diameter of the CCA and the overlap
length of the IJV and CCA, respectively, were measured; and (2) At the middle point,
using ultrasound-simulated needle puncture direction (the probe was 30° above the
coronal plane, and pointed to the ipsilateral nipple direction), whether the simulated
puncture needle crossed the IJV or CCA was recorded. Using Doppler to measure the
cross-sectional area and blood flow velocity of IJV, each indicator was measured three
times and averaged, and the pressure of the cuff of the LMA was 60 cmH,O.

Observation indicators

The main indicator was the overlap index (OI), which has been proposed to represent
the percent of overlap of the IJV and CCA!"l. The OI was derived from the ratio of the
overlap length of the IJV to the horizontal diameter of the CCA. The formula for
calculation is as follows: OI = [overlap (mm)/CCA diameter (mm)] x 100"l. The
secondary indicators included the proportion of ultrasound-simulated needle crossing
the IJV and CCA before and after placement of the LMA, and the cross-sectional area
and blood flow velocity of the IJV before and after placement of the LMA.

Statistical analysis

Continuous variables were analyzed with the independent samples t-test, variance
analysis with repeated measures, Mann-Whitney U test, the Kruskal-Wallis rank sum
test, or the Wilcoxon paired rank-sum test. Categorical variables were analyzed with
chi-square analysis, continuity correction y* test, or Fisher’s exact test. Statistical
analyses were performed with SPSS 14.0 (SPSS Inc, Chicago, IL, United States). All
tests were two-sided, and P < 0.05 was considered statistically significant. With
Bonferroni correction adjusting for testing three genera, the a-threshold 0.0167
(0.05/3) was applied to determine whether the association was significant.
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‘ 102 patients screened ‘

l

‘ 102 patients randomized randomized ‘

! .

‘ 32 assigned to group 1 ‘ ‘ 40 assigned to group 2 ‘ ‘ 30 assigned to group 3 ‘

1 failed to do ultrasound 1 failed to do ultrasound
examination after LMA | «<— | examination after LMA [<—
placement placement

32 included in analyses ‘ ‘ 39 included in analyses ‘ ’ 29 included in analyses

Figure 1 Research flow chart. LMA: Laryngeal mask airway.

RESULTS

Patient population

From November 5, 2013 to June 24, 2014, a total of 102 patients participated in the
study. After LMA placement, 1 patient in group 2 and 1 patient in group 3 failed to do
ultrasound examination, so 100 patients were included in the final analysis: 32
patients in group 1, 39 patients in group 2, and 29 patients in group 3. The last case
was completed on June 24, 2014. The baseline demographics and characteristics were
comparable among the three groups (Table 1).

ol

Among the three groups, the Ol increased significantly after placement of LMA at the
three points (P < 0.01) except for group 2 at the low point. Among the three groups,
there was significant difference at the high point after LMA insertion (P < 0.01), in
group 2 and group 3 the OI was lower than that in group 1 (P < 0.0167). There was no
significant difference among the three groups at the middle and low points (Table 2).

The relationship between simulated needle path and IJV and CCA

At the middle point, after LMA insertion, the proportion of simulated needle path
based on the landmark technique crossing the IJV significantly decreased in all three
groups (P < 0.05). The proportion of simulated needle crossing the CCA or both the
IJV and CCA significantly increased in group 1 and group 2 (P < 0.05), which
increased with no statistical significance in group 3. Among the groups, there was a
significant difference regarding the proportion of simulated needle path crossing the
IJV after LMA insertion, which was higher in group 2 than that in group 3 (P <
0.0167), and there was no other significant difference (Table 3).

Cross-sectional area and blood flow velocity of the IJV

After LMA insertion, the cross-sectional area of the IJV significantly increased (P <
0.01), while the blood flow velocity significantly decreased (P < 0.01). There was no
significant difference among the three groups (Table 4).

DISCUSSION

Since the introduction of the LMA into wide clinical practice, there has been great
expansion in its clinical applications including cardiopulmonary resuscitation, cardiac
anesthesia, and in cases of potentially unstable cervical spines!">""l. IJV cannulation
may be required in such cases, which rely on anatomical landmarks to indicate the
likely position of the vein. With the popularity of LMA in clinical anesthesia and the
need of intraoperative IJV catheterization, the impact of placement of LMA on the
main blood vessels of the neck has attracted more and more attention. The change of
anatomy may result in difficulty in catheterization of IJV based on the landmark
technique.

A study showed that when the patient was placed in the neutral position, after
placement of the LMA there was no significant lateral displacement of the IJV or CCA
and there was no significant overlap between the IJV and CCAl'"l. When performing
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Table 1 Baseline demographics and characteristics

Group 1, n =32 Group 2,n=39 Group 3,n=29 P value

Gender, Male/Female 2/30 6/33 5/24 0.342
Age in yr 50 +16 49+ 15 49+ 16 0.932
Height in cm 163 +5 164 +6 163+7 0.626
BMI in kg/m2 PBERS) 23+3 23+3 0.754
ASA, 1/11 17/15 26/13 18/11 0.503
LMA size, 3/4/5 4/27/1 3/35/1 5/23/1 0.807

ASA: The American Society of Anesthesiologists; BMI: Body mass index; LMA: Laryngeal mask airway.

IJV catheterization, the head was rotated 30° to the left from midline, while the study
showed that the overlap between the IJV and CCA increased when the head was 30°
to the left!"”l. Placement of the LMA causes change in the structure of the neck. A
radiological study about the relationship between the LMA and structures of the
larynx showed that when the cuff was inflated, the thyroid, arytenoid, and cartilage
moved anteriorly and tissues overlying the larynx bulged slightly!'*. Since the low
point is farther from the larynx, we expected that placement of the LMA at the low
point may have a smaller effect on the Ol In the past, Takeyama et al”! showed that
after placement of the LMA-Classic™, overlapping of the IJV and CCA increased at
the high and middle points of the IJV, while at the lower point, the position of the
vessels remained unaffected. In our study, the results showed that after placement of
the Guardian LMA, the OI significantly increased at both the high and the middle
points, which did not increase statistically at the low point. However, after placement
of the Supreme or I-gel LMA, the Ol significantly increased at all the high, middle and
low points. At the high point, Supreme LMA showed a greater impact on the OI than
the Guardian and I-gel LMA, while at the middle and low points, there was no
significant difference among the different types of LMA regarding the influence on
OL The difference in structure of the three types of LMA may explain the change.

Previous studies have shown that when using the central landmark to catheterize
the IJV after a ProSeal™ LMA placement, medial deviation of the central landmark
should be considered, and after placement of the ProSeal™ LMA, the central
landmark does not offer a good success rate at the first puncture attempt®. In our
study, at the middle point, using ultrasound-simulated needle puncture direction
based on the central landmark, the results also showed that the success rate of IJV
puncture after placement of Supreme, Guardian and I-gel was significantly reduced.
Among the three different types of LMA, the success rate of IJV puncture decreased
more than that in the Guardian LMA. Arterial puncture is a common complication in
the operation of IJV catheterization. In a previous study, the incidence of arterial
puncture during IJV catheterization without LMA was 2%-17%!""\. After placement of
the Proseal LMA, the incidence of arterial puncture was significantly increased to
31.4%". However, there are few studies on the incidence of arterial puncture during
IJV catheterization after placement of other types of LMA. Our study observed the
rate of arterial puncture after placement of the three types of LMA. The results
showed that the incidence of arterial puncture was significantly increased after
placement of Supreme and Guardian LMA, which was 59.4% and 43.6% respectively;
and not significantly increased after placement of I-gel LM A, which was also as high
as 44.8%. One possible reason why the IJV cannulation success rate is lower and CCA
puncture rate is higher in patients with LMA insertion is that the IJV overlaps with
the CCA after LMA insertion and cuff inflation. Therefore, during IJV puncture at
high or middle or low points, ultrasound guidance is advisable to avoid arterial
puncture after placement of the LMA, no matter what type of LMA is used.

Placement of LMA can affect blood flow of IJV and cause congestion. Colbert et al*’!
showed that inflation of the cuff on the LMA resulted in a decrease in carotid bulb
cross-sectional area which resulted in a decrease in blood flow. The results of our
study showed that the placement of Supreme, Guardian and I-gel LMA resulted in
significant increase in cross-sectional area and significant decrease in blood flow
velocity of the IJV, and there was no significant difference between three types of
LMA. The result means that congestion of the IJV can exist when the LMA is inserted.

This study had potential limitations. First, we simulated the needle path, as we did
not consider it ethical s to achieve our study goals by actually passing a needle instead
of simulating the needle path, because most patients observed in our study did not
need catheterization of IJV for the operation, and most catheterizations of IJV in our
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Table 2 Overlap index

Group 1, n =32 Group 2,n=39 Group 3,n=29 P value

High point

Before LMA 21.7 (6.5, 61.5) 23.4 (0, 51.6) 25.7 (12.2, 60.2) 0.712
After LMA 100 (100, 100)* 72.1 (40.0, 100)™ 100 (69.0, 100)™ 0.000
Middle point

Before LMA 52.8 (29.1, 82.7) 44.8 (185, 65.9) 40.3 (19.6, 100) 0.624
After LMA 100 (100, 100)" 100 (100, 100)* 100 (100, 100)* 0318
Low point

Before LMA 26.2 (0.0, 97.8) 41.0 (11.5, 94.5) 30.3 (0, 100) 0.465
After LMA 67.8 (18.5,100)" 56.3 (12.1, 100) 54.7 (22.5,100)" 0.993

P < 0.05 vs group 1;

4P < 0.01 vs before laryngeal mask airway within group. Results are presented as median (interquartile
range). LMA: Laryngeal mask airway.

department have been assisted by the use of ultrasound for several years. Second, we
measured the cross-sectional area and blood flow velocity of the IJV when the
pressure of the cuff was 60 cm H,O; however, we did not measure the cross-sectional
area and blood flow velocity of the IJV when the pressure of the cuff was higher or
just above airway leak pressure. Third, the potential for inaccuracies in the 1-2 mm
range to influence our results cannot be completely eliminated.

In conclusion, the results of this study showed that placement of Supreme,
Guardian and I-gel LMA can increase the OI, reduce the success rate of IJV puncture,
increase the incidence of arterial puncture, and cause congestion of IJV. Type of LMA
did not influence the difficulty of IJV puncture. Therefore when LMA is used,
ultrasound is recommended to guide the IJV puncture.
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Table 3 Relationship between simulated needle path and internal jugular vein and common carotid artery, n (%)

Group 1, n =32 Group 2,n=39 Group 3,n=29 P value

1Y

Before LMA 31 (96.9) 38 (97.4) 24 (82.8) 0.059

After LMA 24 (75.0)¢ 31 (79.5)* 15 (51.7)¢ 0.036

CCA

Before LMA 6 (18.8) 8 (20.5) 7 (24.1) 0.871

After LMA 19 (59.4)¢ 17 (43.6)" 13 (44.8) 0.361

JV and CCA

Before LMA 6 (18.8) 7 (17.9) 3 (10.3) 0.613

After LMA 17 (53.1)" 16 (41.0)° 9 (31.0) 0.215
P < 0.05 vs group 3;

4P < 0.01 vs before laryngeal mask airway within group. IJV: Internal jugular vein; CCA: Common carotid artery; LMA: Laryngeal mask airway.

Table 4 Cross-sectional area and blood flow velocity of the internal jugular vein

Group 1, n=30 Group 2, n =39 Group 3,n=29 P value!
Cross sectional area in cm?
Before LMA” 1.42+048 1.66 £ 0.68 1.54 £ 0.66 0.350
After LMA 1.62 £ 0.56 1.82+0.77 1.66 £ 0.65
Flow velocity in cm/s
Before LMA® 31.25+7.37 28.37 +8.49 31.82 £12.55 0.511
After LMA 24.07 +£8.99 24.65 + 8.55 26.45 +10.55

ICompared between groups;
2Before LMA vs After LMA: P = 0.001;
3Before LMA vs After LMA: P = 0.000. Results are presented as the mean + SD. LMA: Laryngeal mask airway.

ARTICLE HIGHLIGHTS

Research background

Since the introduction of the laryngeal mask airway (LMA) into wide clinical practice, there has
been a great expansion in its clinical applications, and IJV cannulation may be required in such
cases, which rely on anatomical landmarks to indicate the likely position of the vein. In recent
years, the impact of placement of LMA on the main blood vessels of the neck has attracted more
and more attention.

Research motivation

In clinical anesthesia using LMA for airway management, central venous catheterization via the
IJV might be required in some patients. However, placement of the LMA may cause a change in
the anatomy of the surrounding structures, especially the position relation of the IJV and
common carotid artery (CCA). These anatomical changes may lead to failure of the
catheterization of IJV based on the landmark technique. In addition, placement of the LMA may
also cause venous congestion. However, there are few studies on the influence of placement of
LMA or type of LMA on the position of the IJV and CCA, and the changes in blood flow of IJV.

Research objectives
To investigate the effect of placement of different types of LMA (Supreme LMA, Guardian LMA,
I-gel LMA) on the position and blood flow of the right IJV.

Research methods

This was a prospective randomized controlled trial. A total of 102 patients aged 18-75 years who
were scheduled to undergo laparoscopic abdominal surgery with general anesthesia were
randomly assigned to three groups: the Supreme LMA group (group 1), the Guardian LMA
group (group 2), and the I-gel LMA group (group 3). The main indicator was the OI of IJV and
CCA at the high, middle and low points before and after the placement of the LMA. The second
indicators were the proportion of the ultrasound-simulated needle cross the IJV and CCA, the
cross-sectional area and blood flow velocity of the IJV before and after the placement of the LMA
at the middle point.

Research results
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The Ol increased significantly after placement of the LMA in the three groups at the three points
(P <0.01) except group 2 at the low point. In group 2 and group 3, the OI was lower than that in
group 1 after LMA insertion at the high point (P < 0.0167). At the middle point, after LMA
insertion, the proportion of the simulated needle cross the IJV significantly decreased in all the
three groups (P < 0.05), and the proportion in group 2 was higher than that in group 3 (P <
0.0167). The proportion of the simulated needle cross the CCA or both the IJV and CCA
significantly increased in group 1 and group 2 (P < 0.05), which increased with no statistical
significance in group 3. After the LMA insertion, the cross-sectional area of the IJV significantly
increased, while the blood flow velocity significantly decreased (P < 0.01). There was no
significant difference between the three groups.

Research conclusions

The placement of Supreme, Guardian and I-gel LMA can increase OI, reduce the success rate of
IJV puncture, increase the incidence of arterial puncture, and cause congestion of IJV. Type of
LMA did not influence the difficulty of IJV puncture. Therefore when LMA is used, ultrasound is
recommended to guide the IJV puncture.

Research perspectives

With the popularity of LMA for the management of clinical anesthesia, we should pay more
attention to the influence of the LMA on the position and blood flow of the IJV. The best type
and proper pressure of the cuff of the LMA, which cause minor effects on the position and blood
flow of the IJV, should be the subject of further investigations.
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