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Abstract

Background The Mclvor blade, a tongue retractor with
a thin curved blade, is used to improve the operating field
during a tonsillectomy. We compared the success rate and
incidence of complications between digital insertion and
Mclvor blade-guided insertion of the laryngeal mask air-
way (LMA™) ProSeal™ when performed by anesthesia
residents in children.

Methods A ftotal of 134 anesthetized non-paralyzed
pediatric patients were included in the study. Patients were
allocated randomly to one of two groups, i.e., Digital
group (LMA ProSeal insertion using the digital insertion
technique) or Mclvor group (LMA ProSeal insertion using
the Mclvor blade-guided technique). All patients were
managed by anesthesia residents who were unskilled in
using each technique. We assessed success rates of inser-
tion at the first attempt, insertion time for an effective
airway, and postoperative blood staining.

Results The success rate of insertion at the first attempt
was higher in the Mclvor group than in the Digital group
(97% vs 78%, respectively; P = 0.003), and insertion time
with a successful first attempt was shorter in the Mclvor
group than in the Digital group (20.5 [4.5] sec vs 22.8
[6.7] sec, respectively, P = 0.021). The overall insertion
time for an effective airway was also shorter in the Mclvor
group than in the Digital group (20.9 [5.7] sec vs 26.0
[9.8] sec, respectively;, P < 0.001). Blood staining was
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more frequent in the Digital group than in the Mclvor
group (23% vs 6%, respectively; P = 0.035).

Conclusion When inserting the LMA ProSeal in children,
anesthesia residents were more successful using the
Mclvor blade-guided insertion technique than using the
digital insertion technique. (ClinicalTrials.gov number,
NCT01191619).

Résumé

Contexte La lame de Mclvor, un abaisse-langue muni
d’une lame mince et courbe, est utilisee pour ameliorer le
champ operatoire pendant une amygdalectomie. Nous
avons compare le taux de reussite et ['incidence de
complications entre une insertion digitale et une insertion
avec lame de Mclvor du masque larynge LMA™
ProSeal™, realisée chez des enfants par des residents en
anesthesie.

Méthode Autotal, 134 patients pediatriques non curarises
anesthesies ont ete recrutes pour 1’etude. Les patients ont
ete aleatoirement repartis en deux groupes, soit le groupe
digital (insertion du LMA ProSeal d I’aide d’une technique
d’insertion digitale) ou le groupe Mclvor (insertion du LMA
ProSeal a l'aide d’une technique guidee par une lame de
Mclvor). Tous les patients ont ete pris en charge par des
residents en anesthesie qui ne possedaient pas d’experience
avec l'une ou I’autre technique. Nous avons eévalue’les taux
de reussite de 'insertion d la premiere tentative, le temps
d’insertion jusqu’d obtention de voies aeriennes permeables,
et les taches de sang apres I’ operation.

Résultats Le taux de reussite de ’insertion d la premiere
tentative etait plus eleve’ dans le groupe Mclvor que dans le
groupe digital (97 % vs 78 %, respectivement; P = 0,003),
et le temps d’insertion lors d’une premiere tentative reussie
etait plus court dans le groupe Mclvor que dans le groupe
digital (20,5 [4,5] sec vs 22,8 [6,7] sec, respectivement;
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P = 0,021). Le temps global d’insertion jusqu’d obtention
de voies acriennes permeables etait egalement plus court
dans le groupe Mclvor que dans le groupe digital (20,9
[5,7] sec vs 26,0 [9,8] sec, respectivement; P < 0,001).
Les taches de sang etaient plus frequentes dans le
groupe digital que dans le groupe Mclvor (23 % vs 6 %,
respectivement; P = 0,035).

Conclusion Lors de [linsertion d’un masque larynge
LMA ProSeal chez des enfants, les residents en anesthesie
ont eu plus de succes en utilisant une technique d’insertion
guidee par lame de Mclvor qu’avec une technique
d’insertion digitale. (Numero de ClinicalTrials.gov,

NCT01191619).

The ProSeal laryngeal mask airway (LMA ProSeal™)
(The Laryngeal Mask Company Ltd., Victoria, Seychelles)
is an advanced form of the LMA with a softer and larger
cuff to improve sealing and a drain tube to permit venting
of the stomach.'™ However, when a larger cuff is used, it is
more difficult to save space for inserting the LMA ProSeal
in the patient’s mouth, and the larger cuff is more likely to
fold over.”® In particular, LMA ProSeal insertion in
pediatric patients may be impeded by a relatively large
tongue, a floppy epiglottis, and the frequent presence of
tonsillar hypertrophy.

The Mclvor blade (GerMedUSA Inc., NY, USA) is a
tongue retractor with a thin curved blade and a flat handle
(Fig. 1). It is used to secure the operating field by pressing
on the tongue during a tonsillectomy. We hypothesized that
retracting the tongue with the Mclvor blade would provide
more space in the patient’s mouth to insert the LMA Pro-
Seal This technique could improve the success rate of
LMA ProSeal insertion as well as reduce the frequency of
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Fig. 1 The Mclvor blade

injuries to the pharyngeal wall in children. Thus, we
compared the success rate and incidence of complications
between the digital technique and the McIvor blade-guided
insertion technique when performed by anesthesia residents
in pediatric patients.

Methods

This study was approved by the Institutional Review Board
of Seoul National University Bundang Hospital, Seong-
nam, Korea. Written informed parental consent was
obtained during the preoperative visit. A total of 136
patients (American Society of Anesthesiologists physical
status I-II, aged three to nine years) scheduled for minor
surgery under general anesthesia were enrolled.

Patients were excluded if they had a known or predicted
difficult airway, loose teeth, recent sore throat, mouth
opening <2.5 cm, or if they were at risk of aspiration. An
investigator with no clinical involvement in our study
allocated the patients randomly to one of the two groups
using block randomization (block size 6). A second
investigator, also with no clinical involvement in the
present study, assigned the groups, i.e., Digital group
(LMA ProSeal insertion using the digital insertion tech-
nique) or Mclvor group (LMA ProSeal insertion using the
Mclvor blade-guided technique - size #3 from Mclvor
mouth gag sets) by opening an opaque sealed envelope.

In the operating room, thiopental 5 mgkg™' was
administered intravenously and a standard anesthesia pro-
tocol was followed. Routine monitoring was applied,
including the electrocardiogram, pulse oximetry, gas ana-
lyzer, noninvasive blood pressure monitor, tidal volume
monitor, and airway pressure monitor. Manual mask ven-
tilation was performed using 2-8 vol% sevoflurane in 50%
oxygen and 50% nitrous oxide and was continued for at
least 30 sec until conditions were suitable for LMA ProSeal
insertion (apnea and lack of response to jaw thrust). The
LMA ProSeal sizes 2, 2.5, or 3 were used in children
weighing 10-20 kg, 20-30 kg, or >30 kg, respectively. All
patients were managed by anesthesia residents who were
unskilled with the digital insertion technique (i.e., <15
LMA ProSeal or LMA uses). After a ten-minute explana-
tion for each insertion technique (digital and Mclvor blade)
according to the instruction manual (LMA™ airway
instruction manual, The Laryngeal Mask Company Ltd,
2005), junior residents in the anesthesiology department
(postgraduate year 1) performed LMA ProSeal insertion
with each technique under the supervision of the attending
physicians. Each resident performed an equal number of
insertions with each technique (less than five insertions for
each technique).
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The digital insertion technique (Digital group) was
performed according to the manufacturer’s instructions.
The posterior aspect of the deflated mask was coated with a
water-based lubricant. The LMA ProSeal cuff was fully
deflated, held like a pen, and inserted while pressing along
the palatopharyngeal curve using the index finger. The
LMA ProSeal was advanced into the hypopharynx until
definite resistance was felt. The Mclvor blade-guided
technique (Mclvor group) involved the following steps.
The LMA ProSeal was lubricated on the posterior aspect of
the deflated mask with a water-based lubricant. With the
patient’s head extended, the Mclvor blade was fully
inserted under the patient’s tongue. The tongue was lifted
gently with the Mclvor blade and the LMA ProSeal was
introduced into a space between the Mclvor blade and the
maxillary incisors while an operator was holding the bite
block of the LMA ProSeal (Fig. 2). The LMA ProSeal was
advanced into the hypopharynx until definite resistance
was felt, and then the Mclvor blade was removed. All
techniques were performed in the sniffing position using a
midline or slight lateral approach with the cuff fully
deflated.

For both techniques, once the LMA ProSeal was inser-
ted into the hypopharynx, the cuff was inflated with air
until effective ventilation was established or until the
maximum recommended inflation volume was reached. An
effective airway was judged by a square-wave capnograph
trace and no audible leak with peak airway pressure
at < 12 cmH,O during manual ventilation. Oropharyngeal
leaks were detected by listening over the patient’s mouth.
The following airway maneuvers were allowed: chin lift,
jaw thrust, head extension, or flexion of the neck. Fixation
was according to the manufacturer’s instructions. The
number of insertion attempts was also recorded. If the
placement failed after two attempts, the insertion was
recorded as a failure and the attending anesthesiologist
performed the LMA ProSeal insertion or tracheal intuba-
tion. Insertion time was defined as the time from picking up
the Mclvor blade (Mclvor group) or the LMA ProSeal
(Digital group) to confirming successful placement after
inflation of the cuff (the appearance of the end-tidal CO,
trace on the monitor screen). Times for all individual
attempts were added to calculate the insertion time, and
data from patients with failed LMA ProSeal insertion after

Fig. 2 Mclvor blade-guided insertion of the ProSeal laryngeal mask
airway (LMA ProSeal). With the patient’s head extended, the Mclvor
blade is fully inserted beneath the patient’s tongue - (a) and (b). The
LMA ProSeal is introduced into a space between the Mclvor blade
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and maxillary incisors while an operator holds the bite block of the
LMA ProSeal - (¢) and (d). Informed consent for the photographs was
obtained from the patient’s parent
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two attempts were excluded from calculation. The ease of
insertion was assessed by the success rate at the first
attempt. All episodes of hypoxia (SpO, < 90%), airway
reflex activation (coughing, gagging, and/or laryngo-
spasm), or vomiting during LMA ProSeal insertion were
documented. Data were recorded on standardized data
sheets by observers who were unblinded to the insertion
technique. At the end of surgery, the LMA ProSeal was
removed when protective upper airway reflexes returned.
Anesthesiologists or nurses blinded to the method of
insertion recorded the presence or absence of blood on the
laryngeal masks.

Statistical analysis

The primary aim of the present study was to compare
the success rate of first attempts at insertion. Secondary
outcomes included insertion time and postoperative
complications.

Sample size calculation was performed using Power
Analysis and Sample Size (PASS) software (2005, NCSS,
USA). The computation was based on a published study in
which inexperienced personnel achieved an 83% success
rate for first attempt LMA ProSeal insertion in adults using
the digital technique” and on accepting that an incremental
improvement in success rate was 16% in absolute terms.
Sixty-one patients were required in each group for a sig-
nificance level of 95% with a power of 80%. Therefore, 68
patients per group were enrolled to compensate for possible
dropouts. The SPSS software version 12.0 (SPSS Inc,
Chicago, IL, USA) was used for statistical analysis; the
Student’s ¢ test was used to analyze insertion times, and
Chi square analysis was used to compare the number of
insertion attempts (success rates), the presence of blood on
the LMA ProSeal, and the occurrence of complications. A
P value of<0.05 was considered statistically significant.

Results

One hundred and forty patients were assessed for eligibility
from July to December 2010; the parents of four patients
declined to participate, and 136 patients were subsequently
enrolled in this study. Tracheal intubation was performed
for two patients due to excessive oral secretions, and 134
patients completed the study. Demographic data are sum-
marized in Table 1. The two groups were comparable in
terms of age, weight, height, sex, and size of LMA ProSeal.
Fourteen anesthesia residents (postgraduate year 1) per-
formed the LMA ProSeal insertions.

Comparison data for the digital insertion and Mclvor
blade-guided techniques are presented in Table 2. The
success rate of insertion at the first attempt was higher with

Table 1 Demographic data

Digital group

Mclvor group

(n=167) (n = 67)
Age, yr 6 (2) [4-8] 6 (2) [3-8]
Sex, M/F 34/33 33/34
Weight, kg 22 (7) [12-48] 22 (6) [11-40]
Height, cm 115 (16) [90-151] 117 (13) [93-142]

ASA physical status /I
LMA ProSeal size

67/0

67/0

2 29 (43%) 28 (42%)
2.5 29 (43%) 32 (48%)
3 9 (14%) 7 (10%)
Type of surgery

Strabismus surgery 55 (82%) 53 (79%)
Orthopedic surgery 6 (9%) 8 (12%)
Ear surgery 4 (6%) 5 (8%)
Hernia repair 2 3%) 1 (1%)

Data are presented as either mean (standard deviation), [range], or as
number of patients (%). ASA = American Society of Anesthesiolo-
gists. LMA ProSeal = ProSeal laryngeal mask airway

Table 2 Insertion data

Digital group

Mclvor group

(n = 67) (n = 67)
Insertion attempt
1 52 (78%) 65 (97%)"
2 9 (13%) 2 (3%)
Fail 6 (9%) 0 (0%)
Insertion time (sec)
At first attempt 22.8 (6.7) 20.5 (4.5)*
Overall insertion time 26.0 (9.8) 20.9 (5.7)*
Blood staining
No 47 (77%) 63 (94%)*
Mild 10 (16%) 4 (6%)
Moderate 3 (5%) 0 (0%)
Significant 1 (2%) 0 (0%)

Data are number of patients (%) or mean (standard deviation).

*P < 0.05 vs digital group

the Mclvor-guided technique than with the digital insertion
technique (97% vs 78%, respectively; P = 0.003). Inser-
tion time at the first attempt and the overall insertion time
for an effective airway were shorter in the Mclvor group
than in the Digital group (Table 2). Blood staining was
more frequent in the Digital group than in the Mclvor
group (P = 0.035). During LMA ProSeal insertion, no
significant differences in hemodynamic responses were
observed between the techniques, and there were no epi-
sodes of hypoxia, airway reflex activation, or vomiting.

@ Springer
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Discussion

When anesthesia residents performed LMA ProSeal
insertion in pediatric patients using the Mclvor blade-gui-
ded technique, they achieved greater success at the first
attempt and there was a lower incidence of postoperative
blood staining than when they performed the LMA ProSeal
insertion using the digital technique.

The main cause of difficult and failed insertions with the
digital technique is impaction of the LMA ProSeal at the
back of the mouth and glottic inlet.””® In particular, the
differences in airway anatomy and the frequent presence of
tonsillar hypertrophy can complicate LMA ProSeal inser-
tion in pediatric patients. The manufacturer recommends
inserting the LMA ProSeal with digital manipulation or
with an introducer; however, insertion with these tech-
niques is sometimes difficult even for experienced
personnel. An 83% success rate has been reported for LMA
ProSeal insertion by inexperienced personnel on their first
attempt.2

Several techniques have been introduced to improve the
insertion success rate; the use of ﬁbroscopy,9 an Esch-
mann® Tracheal Tube Introducer (i.e., gum-elastic
bougie),“’10 and a suction catheter.! However, these
techniques do not leave enough oral space for LMA Pro-
Seal insertion; leaving a larger space between the tongue
and retropharynx and not requiring the introduction of an
index finger would make insertion in children easier.

A major advantage of the Mclvor blade-guided tech-
nique is provision of sufficient oral space by displacing the
tongue; it guides the distal cuff of the LMA ProSeal
directly into the hypopharynx without oropharyngeal
impaction, and it prevents the cuff from folding over,
which can reduce mucosal injury. In addition, there is no
need for the operator to place the index finger into the
patient’s oral space to provide more room for insertion. A
potential disadvantage of the Mclvor blade-guided tech-
nique is the difficulty of use in patients with a limited
mouth opening as it would reduce rather than increase the
oral space for LMA ProSeal insertion.

In previous studies of LMA ProSeal insertion in chil-
dren, experienced personnel have achieved success rates
ranging from 84-94% on their first attempt.*'*'* In the
present study, inexperienced personnel achieved a 78%
success rate on their first attempt using the digital tech-
nique. Considering inexperienced personnel achieved an
83% first-attempt success rate at LMA ProSeal insertion in
adults using the same technique,” our results show that
LMA ProSeal insertion in children is also challenging for
inexperienced personnel. In contrast to adults, the main
cause of cardiac arrest in children is progressive respiratory
failure. When respiratory failure occurs, adequate inter-
vention to prevent further deterioration would improve

@ Springer

outcomes.'* In the present study, the Digital group’s
slightly longer insertion times at first attempt and overall
attempt might be considered as clinically insignificant.*
However, this result should not be ignored because the
overall attempt time did not account for the failure cases
(9% in the digital technique). Accordingly, we suggest that
unskilled personnel use the Mclvor blade-guided technique
to facilitate successful airway management in children.

The use of a laryngoscope for LMA ProSeal insertion
has been suggested as an alternative technique when the
digital insertion technique has failed.'>'® However, it
remains unclear whether laryngoscope-guided insertion can
improve the success rate of LMA ProSeal insertion.'” The
blade of the laryngoscope is much thicker than the Mclvor
blade. In addition, the laryngoscopic blade allows only the
right half of the oral space for insertion due to displacement
of the tongue to the left side of the blade. Thus, it might be
less effective than the Mclvor blade in preserving oral
space.

This study has several limitations. First, our operators
were unblinded, and they may have been biased toward a
given technique of LMA ProSeal insertion. However, the
operators were unaware of both the purpose of this study
and the outcome variables. Furthermore, they were
instructed not to deviate from the study protocol. These two
factors should have offset any potential bias arising from
the lack of operator and observer blinding. Second, data
(except for the presence of blood staining) were collected
by unblinded observers, a possible factor of bias, although
the study was performed following a detailed protocol, and
observers’ biases should have had little effect on the results.
Third, all insertions were performed by junior anesthesia
residents (postgraduate year 1) who were unskilled in the
digital technique (<15 LMA ProSeal or LMA uses). On the
other hand, none of the anesthesia residents had experience
with the Mclvor blade-guided technique. Nevertheless, they
achieved a higher success rate of insertion at the first
attempt (as the primary outcome) using the Mclvor blade-
guided technique. In our view, this result supports the
superiority of the Mclvor blade-guided technique over the
digital technique when performed by unskilled personnel in
children. However, the efficacy of experienced personnel
performing the Mclvor blade-guided insertion technique is
unclear, and further evaluations are required. Fourth, we did
not evaluate the position of the LMA ProSeal directly using
a fibreoptic bronchoscope; correct placement was con-
firmed by clinical assessment.

In conclusion, when anesthesia residents performed
LMA ProSeal insertion in children using the Mclvor blade-
guided insertion technique, the success rate at first attempt
and the reduction of oropharyngeal mucosal injury proved
superior to the digital insertion technique for airway
management.
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