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Background: The flexibility of the long flexometallic tube makes insertion of the flexible reinforced laryngeal mask airway
(f-LMA) difficult. We compared the usefulness of rigid lightwand-guided f-LMA insertion with standard digital
manipulation.

Material/Methods: Fifty-four patients (aged 19-70 years) were randomly divided into a control group (digital manipulation tech-
nique) or the lightwand group (lightwand-guided insertion technique). The insertion profiles, oropharyngeal
leak pressure (OLP), peak inspiratory pressure (PIP), expiratory tidal volume, and ventilatory score were mea-
sured in patients with neutral, extension, rotation, flexion, and re-neutral head-neck positions in turn.

Results: The success rate and ease of insertion did not differ between groups, but the insertion time was longer in the
lightwand group. The fiberoptic laryngeal view was significantly better in the lightwand group than in the con-
trol group. However, the OLP, PIP, expiratory tidal volume, and ventilatory scores were not significantly differ-
ent between groups according to head-neck positions. The extension posture was associated with a signifi-
cant negative effect on ventilation, but ventilation returned to initial levels with the other postures.

Conclusions: Lightwand-guided f-LMA insertion showed a better fiberoptic laryngeal view than standard digital manipula-
tion, but no improvement in the ventilatory state was observed due to position. Therefore, lightwand-guided
insertion could facilitate correct placement of the f-LMA, but it has limited clinical usefulness.
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Background

The flexible reinforced laryngeal mask airway (f-LMA; Teleflex
Medical, Ireland) is used during surgery and permits various
head-neck positions [1-7]. The stem of the f-LMA consists of a
long flexometallic tube that does not interrupt the surgical field
because it is compact, freely movable, and resistant to kinks
and compression [8,9]. However, this flexibility makes inser-
tion of the f-LMA more difficult compared with the classic LMA.

Several techniques have been suggested to overcome this
issue and facilitate correct anatomical placement with rig-
id introducers such as the modified ProSeal LMA introducer,
Bosworth introducers, flexiguide introducer, spatula introduc-
er, modified Magill forceps, and a small tracheal tube com-
bined with a stylet [8-13]. All devices seem to be useful, but
no randomized studies have been conducted to assess them.
Further, most of the devices require preparation, and there-
fore, they are not commonly used clinically. Moreover, the fi-
nal placement simply depends on the resistance perception
when the f-LMA is pushed down.

A rigid lightwand (Light Way®, Luminous stylet, Ace Medical,
Goyang, South Korea) could function as a rigid introducer as
well as a real-time guide for correct placement through transil-
lumination. One study assessing the classic LMA reported that
a rigid lightwand was useful for correct placement and led to
a higher success rate on the first attempt [14]. However, the
tubes in classic LMA and f-LMA are different. Hence, we aimed
to investigate the efficacy of a rigid lightwand-guided f-LMA
insertion technique compared with the standard digital ma-
nipulation method in terms of oropharyngeal leak pressure
(OLP) and ideal anatomical placement in adult patients with
various head-neck positions.

Material and Methods

This clinical trial was approved by the Ajou University
Institutional Review Board (AJIRB MED-OBS-17-108) and was
registered at ClinicalTrials.gov (NCT 03224611). Written in-
formed consent was obtained from each patient after enroll-
ment. Fifty-four patients, aged 19-70 years, with an American
Society of Anesthesiologist (ASA) physical status | or Il who re-
quired elective general anesthesia with an LMA were included
in the study. Patients with a recent upper airway tract infec-
tion, orofacial anomaly, a body mass index >35 kg/m?, gastro-
esophageal reflux, or a risk of gastric content aspiration were
excluded from the study. Patients were assigned to either of
the 2 groups (control group or lightwand group) using a com-
puter-generated randomization table. The random allocation
sequence was generated by an investigator who was not in-
volved in this study. This investigator revealed the patient’s
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corresponding group and number by calling just before anes-
thesia induction. The airway was assessed using the Mallampati
airway classification [15], and mouth opening, presence of
buck teeth, presence of a receding mandible, and the thyro-
mental distance were evaluated by another investigator who
was unaware of patient grouping. These data were recorded
in the preanesthetic period [16].

No premedication was administered before surgery. Upon ar-
rival at the operating room, all patients were subjected to an
electrocardiogram, pulse oximetry, noninvasive blood pressure
measurement, and bispectral index monitoring. After preox-
ygenation with 4 L/min of 100% O, for 3 min, patients were
administered intravenous (IV) fentanyl 0.5-1 ug/kg and pro-
pofol 1.5-2 mg/kg. After loss of consciousness, muscles were
relaxed by rocuronium 0.6 mg/kg. Manual ventilation was ap-
plied with 100% O, and sevoflurane (1.0-1.5% minimum al-
veolar concentration) for 90 s. Then, the appropriate-sized
f-LMA was inserted. The size of the f-LMA was chosen based
on the patient’s body weight (size 3 for <50 kg and size 4 for
50-70 kg). In both groups, the f-LMA was inserted by an in-
vestigator (JY Yoo) who had over 10 years of experience with
the f-LMA and practiced lightwand-guided insertion of f-LMA
20 times before the study. In the control group patients, the
f-LMA was inserted using the standard digital manipulation
method according to the manufacturer’s guidelines, as follows.
One hand was used to open the mouth, and the other hand
was used to insert the f-LMA with digital pressure being ap-
plied to the proximal part of the flexometallic tube. The tip of
the f-LMA was pressed against the hard palate and pushed
along its midline until resistance was met. In the lightwand
group, the lubricated lightwand was inserted in the flexome-
tallic stem of the f-LMA, with the distal part of the lightwand
flexed at 90° (i.e., in an L shape). The tip of the lightwand was
located just behind the opening of the f-LMA. Then, one hand
was used to grip the mandible for opening the mouth and the
other hand was used to insert the f-LMA with the lightwand,
maintaining the shape of the flexion. After the correct transil-
lumination of the anterior neck was confirmed, the f-LMA was
seated and the lightwand was removed. The cuff of the f-LMA
was then inflated according to the manufacturer’s recommen-
dations (20 mL for size 3 and 30 mL for size 4).

The investigator (JY Yoo) confirmed successful insertion based
on the following criteria: (1) no signs of airway obstruction; (2)
absence of any air leakage with manual ventilation; and (3)
observation of chest expansion with the end-tidal CO, curve
during manual ventilation. The number of insertion attempts,
ease of insertion, and insertion time were recorded. We lim-
ited the insertion attempts to 2 times before tracheal intuba-
tion was performed because the ventilation was considered
inappropriate. The ease of insertion was graded as easy, fair,
or difficult. The insertion time was defined from the time of
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opening the mouth to the time when the end-tidal CO, curve
was confirmed. If a second attempt was made, the insertion
time was recorded as the sum of the times for the first and
second attempts. An investigator who was blinded to the inser-
tion technique evaluated the following parameters: OLP, peak
inspiratory pressure (PIP), expiratory tidal volume, and ventila-
tion score in 5 different head-neck positions, and the fiberop-
tic laryngeal score in 2 positions. These parameters were first
evaluated for a neutral head and neck position (neutral posi-
tion: occiput resting on the operating table), and then with an
extended neck (extension position: a 15-cm pillow was placed
at the level of acromion process of the scapula), right rotated
neck (rotation position: fully rotated to right in natural angle),
flexed neck (flexion position: a 15-cm pillow was placed at oc-
ciput), and re-neutral position in order for each patient. The fi-
beroptic laryngeal score was evaluated for the neutral position
and the re-neutral position. For each position, the parameters
were evaluated after a 60-s adjustment. The primary parame-
ter assessed was OLP, which was defined as the airway pres-
sure when an audible leakage sound was first detected around
the patient’s mouth when the expiratory valve of the circle sys-
tem was closed at a fixed gas flow rate of 3 L/min [17]. The
PIP was defined as the inspiratory airway pressure at a tidal
volume of 8 mL/kg of the patient’s ideal body weight and with
the peak end-expiratory pressure set at 5 cmH,0. The ventila-
tion score was measured based on 3 criteria and ranged from
0 to 3: no leakage with an airway pressure of 15 cmH,0 (the
gas leakage was defined as an audible leak sound detected
by a stethoscope around the mouth), bilateral chest excur-
sions with a PIP of 20 cmH,0, and a square wave capnogram.
The f-LMA position was measured by the fiberoptic larynge-
al scoring system using a fiberoptic bronchoscope (Karl Storz
SE & Co. KR) [18]. The fiberoptic laryngeal score was catego-
rized as follows: 1, vocal cords not visible; 2, vocal cords plus
anterior epiglottis visible; 3, vocal cords plus posterior epi-
glottis visible; and 4, only vocal cords visible. Anesthesia was
maintained with 1.5-2.5 vol% sevoflurane targeting a bispec-
tral index between 40 and 60 and a mean blood pressure and
heart rate within 20% of baseline values. Mechanical ventila-
tion was adjusted to maintain an end-tidal CO, between 35
and 40 mm Hg using 40% oxygen. Sore throat and hoarse-
ness were evaluated in the recovery room after the operation
by the investigator who was blinded to the study.

According to a power analysis with a 5% 2-sided type | error
rate and 80% power, a sample size of 22 patients per group was
required to detect a projected 20% difference in OLP with an
assumed standard deviation of 5 [19,20]. We recruited a total
of 54 patients to compensate for possible dropouts. Statistical
analyses were performed using the IBM Statistical Package for
Social Sciences (SPSS ver. 20.0 for Windows). The normality
of the data was assessed using the Kolmogorov-Smirnov test.
Data are presented as the meantstandard deviation, median
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Assessed for eligibility
(n=59)

Randomised (n=54)

Excluded (n=5)
— Refusal of participation

Allocated to Control group (n=27) Allocated to Lightwand group (n=27)

— Received allocated intervention — Received allocated intervention
(n=27) (n=27)

— Did not receive allocated intervention - Did not receive allocated intervention
(n=0) (n=0)

Lost to follow up (n=0)
Discontinued intervention (n=0)

Lost to follow up (n=0)
Discontinued intervention (n=0)

Analysed (n=27)
— Excluded from analysis (n=0)

Analysed (n=27)
— Excluded from analysis (n=0)

Figure 1. The CONSORT Flow Diagram. Flow diagram shows the
process and number of subjects at each stage of the
randomized controlled study.

(interquartile range), or number of patients where appropri-
ate. The normally distributed data were analyzed by t test
and nonnormally distributed data by Mann-Whitney U test.
Categorical variables were compared by chi-square test or
Fisher’s exact test. To explore repeatedly measured variables,
2-way repeated-measures analysis of variance was used for
OLP, PIP, and expiratory tidal volume, and the generalized es-
timating equations for the ventilatory score and the fiberop-
tic laryngeal score were performed with a Bonferroni post hoc
analysis for multiple comparisons. The o level for significant
findings was set at P<0.05.

Results

A total of 59 patients were screened for this study; 5 patients
were excluded due to patient refusal, and 54 patients were
finally enrolled (Figure 1). Patients in the control and light-
wand groups were comparable in terms of age, sex, height,
and weight (Table 1). The preanesthetic airway assessment
data were also not significantly different between the groups.

The insertion profiles are presented in Table 2. Insertion was
successful in 52 patients within 2 attempts. The success rate
for the first attempt was 81.5% (22/27) and 70.4% (19/27) in
the control and lightwand groups, respectively, and was not
significantly different between groups. Excluding 2 cases, in-
sertion was successful in the remaining failed cases on the sec-
ond attempt. Finally, both groups had the same (96.3%) suc-
cess rate within 2 attempts. Two patients, 1 from each group
required intubation because ventilation was not effective even
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Table 1. Patient characteristics.

Variable Control group (n=27) Lightwand group (n=27) P value

Age (years) 53.7+13.2 50.6+14.0 0.398
Csexw® w8 512 0260
Height(m) 1645892 1682e78 0114
CWeight®gd 646£106 66.4£136 0581
© ASAphysicalstatus 01 w2 w9 0402
 Mallampati score (1/2/3) 180 180 0777
 Mouth opening >4 cm (Y/N) | a0 w0 50999
CBuckteeth (Y/N) 27 27 50999
Receding mandible (/N) 27 27 50999
 Thyromental distance <6.5 cm (Y/N) 324 e 0610

Values are presented as mean+SD or number of patients. Control group — standard digital manipulation method group; Lightwand
group - lightwand guided method group; ASA — American Society of Anesthesiologist.

Table 2. Insertion profiles.

Variable Control group (n=27) Lightwand group (n=27) P value

Insertion success 26 26

Postoperative hoarseness 1 0

Values are presented as mean+SD, median (interquartile range) or number of patients. Control group — standard digital manipulation
method group; Lightwand group — lightwand guided method group.

after the second insertion attempt. The median insertion time
(first attempt plus second attempt) was 30.0 and 47.0 s in the
control group and lightwand groups, respectively, and was sig-
nificantly higher in the lightwand group (P=0.026). Furthermore,
the mean time for each successful attempt was longer in the
lightwand group than in the control group (29.4 vs. 38.9 s;
P=0.006). However, the ease of insertion did not significantly
differ between the groups (P=0.198).

Variables representing the ventilatory state for several head-
neck positions are presented in Tables 3 and 4. The OLP, PIP,
expiratory tidal volume, and ventilation score did not differ
significantly between the 2 groups. OLP was lowest with the
extension position (P<0.05) but returned close to the initial
level with the other positions, including the rotation, flexion,
and re-neutral positions. Similarly, the expiratory tidal volume
was the lowest and the ventilatory score was the worst with
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the extension position (P<0.05), both of which then recovered
with the other positions. The mean PIP was higher for all po-
sitions in the control group than in the lightwand group, but
there were no significant differences between the groups.

The fiberoptic laryngeal score for the f-LMA placement was
significantly higher in the lightwand group than in the control
group (P=0.045) (Table 4). The difference in the fiberoptic la-
ryngeal score was more significant with the neutral position
just after insertion of the f-LMA (P=0.009). The ideal position
of the f-LMA (fiberoptic laryngeal score=IV) was observed in
13 patients (48%) in the lightwand group and in 6 patients
(22%) in the control group. The optimal position, including fi-
beroptic laryngeal scores Il and 1V, was observed in 22 pa-
tients (81.5%) in the lightwand group and in 13 patients (48%)
in the control group (P=0.017). The fiberoptic laryngeal score
for the neutral position remained good in 69% of the patients
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Table 3. Oropharyngeal leak pressure, peak inspiratory pressure, and expiratory tidal volume in several positions.

Variable Control group (n=27) Lightwand group (n=27) P value

OLP (cmH,0) 0.478
"""" Neutal  279s75 3037
"""" Extension 204,81 205:97*
"""" Rotaton 3042 29581
"""" Feon ~ 277s74 28182
"""" Re-neutral 2793 312477
PP 0104
"""" Neutral  185s«44 17327
"""" Extension  1e3s37* 14974
"""" Rotaton  179s33 17126
"""" Flexon 20270 17333
"""" Re-neutral  191ss2 17632
Expiratory tidalvolume 0521
"""" Neutral a455s926 4548:1426
"""" Extension  3027s1415*  3154:1892*
"""" Rotaton ~ as79sl011  4809+1178
"""" Fleon  a371s1171 4499:1266
"""" Re-neutral  4607+848 477541016

Values are presented as median (interquartile range) or mean+SD or numbers. Control group — standard digital manipulation method
group; Lightwand group — lightwand guided method group; OLP — oropharyngeal leak pressure; PIP — peak inspiratory pressure.
* Significant different compared to neutral position.

Table 4. Ventilatory score and fiberoptic laryngeal score in several positions.

Variable Control group (n=27) Lightwand group (n=27)
Ventilatory score (0/1/2/3) 0.285
"""" Neutal 10521 opea
"""" Extension oy amenz
"""" Rotaton o024  oomps
"""" Feon a2 o2
"""" Re-neutral oA oons
CRLSOAMAN) 0045
"""" Neutral o6 1Azt
"""" Re-neutral  enoae st

Values are presented as median (interquartile range) or mean+SD or numbers. Control group — standard digital manipulation

method group; Lightwand group — lightwand guided method group; FLS — fiberoptic laryngeal score; Optimal position — fiberoptic
laryngeal score Il and IV; Suboptimal position — fiberoptic laryngeal score | and Il. * Significant different compared to neutral position;
** significant different compared to Control group.
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Table 5. Comparison of the data that were categorized by fiberoptic laryngeal score in the initial neutral position with various head

positions.
Variable FLS I (n=4) FLSII (n=13) FLS Il (n=16) FLS IV (n=19) P value
OLP (cmHZO) 0.601
"""" Neural ~ 250+108  289+67 30491 29872
"""" Extension  218+140  190¢7.7%  192:85 222491
"""" Rotation 308485 30260  300¢75 296479
"""" Flexion 1984115 270s72 292867 292476
"""" Re-neutral 223483 292s65  303:75 306466
Ventilatory score (0/1/2/3) 50999
"""" Newtral  0/0/22  0/0/1/12 00/4/12 00/0/19%
"""" Extension 020 S el 13312
"""" Rotaton ~ o0//o/4  0/0/0/13  0/0/214 o8
"""" Feon ~ 10/0/3  o0/211 o113 o7
"""" Reneutral  0/1/0/3  ©0/0/11  00/1/15  o///e
CRSAAY) 0001
"""" Atreneutral  4/0/0/0  4/9/0/0/  o/g/8/0t  o/3ASt

Values are presented as mean+SD or number of patients. FLS — fiberoptic laryngeal score; OLP — oropharyngeal leak pressure.
* Significant different compared to neutral position; ** significant different compared to FLS I.

with the re-neutral position and decreased by only 1 point in
29% of patients, except in 1 case with a decrease of 2 points.

When categorized according to the fiberoptic laryngeal score
(I, 11, 11, 1V) in the neutral position, the OLP, PIP, expiratory tid-
al volume, and ventilation score were not significantly differ-
ent between the 2 groups (Table 5). With the extension posi-
tion, almost all values were significantly worse compared with
the neutral position for almost all levels of the fiberoptic la-
ryngeal score. Furthermore, fiberoptic laryngeal score IV had
a significantly better ventilatory score with the neutral posi-
tion and better expiratory tidal volume with the extension po-
sition compared with fiberoptic laryngeal score I.

Complications such as sore throat and hoarseness assessed
in the Postanesthesia Care Unit were similar in both groups.

Discussion

This study demonstrated that the rigid lightwand-guided in-
sertion technique for f-LMA provided a significantly better fi-
beroptic laryngeal view than the standard digital manipulation
technique, but it did not show a significant difference in OLP
based on head and neck positions. Furthermore, other venti-
latory variables such as PIP, expiratory tidal volume, and ven-
tilatory score were not significantly different between groups.

Although the digital manipulation technique is widely used,
insertion of the f-LMA could be challenging in some situations
when the f-LMA cannot be fully driven into position with the
index finger [21]. This difficulty with positioning is due to the
flexibility of the reinforced f-LMA tube which does not allow the
inserting force to be effectively transmitted along the shaft [12].
Many devices have been described to facilitate correct place-
ment [8-13] by functioning as a rigid introducer. However, the
lightwand could function as a real-time guide through trans-
illumination as well as being a rigid introducer. As a rigid in-
troducer, the lightwand has advantages and disadvantages in
our experience. The force for insertion was readily transmit-
ted along the shaft, and the passage through the oropharyn-
geal area was easy. However, the mask of the f-LMA tended to
rotate along its axis because the lightwand was too loose to
fit to the shaft of the f-LMA. We found that the mask position
needed to be adjusted to confirm the transillumination clearly
even after the resistance was encountered, unlike digital ma-
nipulation in which the feeling of resistance was the final tar-
get. In this process, correction of the depth was easy, but cor-
rection of the mask direction was difficult when required. As
a result, the lightwand-guided insertion technique had a lon-
ger insertion time but induced better optimal positioning of
the f-LMA than the standard digital manipulation technique.
The longer insertion time was not associated with the diffi-
culty of insertion, and the ease of insertion was similar be-
tween both groups. Moreover, a 96.3% (25/26) success rate
was found within 2 attempts, similar to the standard digital
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manipulation group. Therefore, lightwand-guided insertion can
be an alternative technique for f-LMA insertion and a better
alternative when an ideal anatomic placement is desirable.

The ideal anatomic placement of LMA has been found to have
theoretical benefits such as minimizing the risk of airway dis-
placement and improving airflow dynamics with less leak-
age [22,23]. Joshi et al. [24] reported that the fiberoptic larynge-
al score showed a good correlation with the ability to generate
an airway pressure of 20 cmH,0, while Berry et al. [25] report-
ed a correlation between the view of the cords and OLP. In con-
trast, Brimacombe et al. [26] found no correlation between the
fiberoptic score and OLP. The OLP is used to quantify the effi-
cacy of sealing of the LMA [27]. A higher OLP is considered a
good marker for providing positive ventilation effectively and
protecting the airway from supra-cuff soiling [28]. In the cur-
rent study, the OLP was somewhat higher in the lightwand
group for the neutral, flexion, extension, and re-neutral posi-
tions, but not the rotation position. However, no significant
difference was found between the 2 groups. Other ventilatory
variables such as PIP, expiratory tidal volume, and ventilatory
scores were somewhat more favorable in the lightwand group,
but there was no statistical difference between the groups. In
other words, contrary to our expectation, better anatomical
placement of the f-LMA using the lightwand did not necessarily
improve the ventilatory state. To further explore the effect of
the anatomic placement of the f-LMA on the ventilatory state,
we categorized the variables according to the fiberoptic laryn-
geal score (I, II, I1l, IV) in the neutral position. The fiberoptic
laryngeal score IV tended to keep the OLP high. A significant-
ly better ventilatory score than the fiberoptic laryngeal score
| was observed with the neutral position, and the ventilatory
score was maintained without deterioration in the re-neutral
position. In addition, a significantly higher expiratory tidal vol-
ume than the fiberoptic laryngeal score | was observed with
the extension position. Taken together, these findings imply
that the ideal anatomical placement of the f-LMA was indeed
slightly beneficial in the expected direction, but the benefits
were not enough to yield clinically meaningful differences be-
tween the groups. Therefore, the clinical usefulness of light-
wand-guided f-LMA insertion for better positioning is limited.

Head-neck movement changes the shape of the pharynx [29].
The anteroposterior diameter is decreased with the flexion po-
sition and increased with the extension position. The head ro-
tation also increased the anteroposterior distance and cross-
sectional area in the retroglossal region [20]. According to the
results of previous studies assessing LMA with a less-flexible

CLINICAL RESEARCH

tube, such as a classic LMA, air-Q, Ambu AuraGain, or i-gel, the
OLP tended to decrease with the extension position, increase
with the flexion position, and was comparable with the rotat-
ed position [30-33]. In terms of the OLP, the extension posi-
tion appeared to decrease mask sealing, but the flexion posi-
tion appeared to promote sealing [34]. However, the effect on
ventilation was varied; the ventilatory score was worse with
the extension position in some cases, worse with the flexion
position in other cases, or showed no difference in still other
cases [30-33]. Considering the direction of change of PIP, ven-
tilation was negatively affected due to leakage in the exten-
sion position and obstruction in the flexion position, in cases
in which the head-neck position affected ventilation. In this
study, the f-LMA, OLP, expiratory tidal volume, and ventilato-
ry score were remarkably reduced with the extension position,
while they remained unchanged with the flexion and rota-
tion positions. It is unclear whether the flexibility of the rein-
forced tube of the f-LMA might affect these results. According
to Keller et al. [20], the OLP showed little difference between
the f-LMA and classic LMA, but the ventilatory score and ex-
piratory tidal volume were not recorded. Compared with their
study, we used a larger pillow (15 vs. 7 cm) to position for the
extension and flexion. Therefore, our results suggest that the
f-LMA could be safely used in the maximum flexion position
rather than the extension position. However, further study is
needed to determine if this outcome is related to the nature
of the flexibility of the f-LMA compared with the classic LMA.

This study has a few limitations. First, the investigator that
measured the outcomes was not blinded to the head-neck po-
sitions because it was not feasible. Second, the generalizabil-
ity of our results to patients under spontaneous ventilation
might be limited because a muscle relaxant was used for in-
sertion of the f-LMA.

Conclusions

Lightwand-guided f-LMA insertion did not show a significant
difference in the ventilatory state in several positions despite
a better fiberoptic laryngeal view compared with standard
digital manipulation. Lightwand-guided insertion could facil-
itate correct placement of the f-LMA, but it has limited clini-
cal usefulness.
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