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ABSTRACT. We aimed to study the feasibility of a comfortable and
secure intubation achieved with the Disposcope endoscope or Macintosh
laryngoscope when glottis viewing is difficult. Forty adults scheduled
for elective surgery under general anesthesia, in whom glottis viewing
was difficult with the Macintosh laryngoscope (classified as Cormack-
Lehane Grade III or IV), were randomized into 2 groups (N = 20
each): Disposcope endoscope (Group D) and Macintosh laryngoscope
(Group M). We recorded the successful glottis viewing rate; intubation
time; successful intubation rate; incidence of systolic blood pressure
(SBP) >140 mmHg and heart rate (HR) >90 bpm from the beginning
of intubation to 5 min after intubation; and postoperative sore throat
and hoarseness. Successful glottis viewing rate and successful first
intubation rate were higher in Group D than in Group M (P < 0.05);
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the number of intubations taking >3 min and with SBP >140 mmHg
and HR >90 bpm were less in Group D (P < 0.05). The visual analogue
scale of postoperative sore throat 1 day after extubation was higher in
Group M than in Group D (P < 0.05). No significant differences were
found in other indices (P > 0.05). Better stability of hemodynamics,
less intubation time, higher successful first intubation rate, and fewer
incidences of postoperative sore throat were achieved in Group D than
in Group M. Thus, comfortable and secure intubation can be achieved
using the Disposcope endoscope in patients in whom glottis viewing is
difficult.

Key words: Disposcope endoscope; Macintosh laryngoscope; Glottis;
Secure intubation; Difficult airway

INTRODUCTION

A difficult airway signifies that a conventionally trained anesthesiologist experiences
difficulty with face mask ventilation, tracheal intubation, or both (American Society of An-
esthesiologists Task Force on Management of the Difficult Airway, 2003). For any patients
undergoing general anesthesia, the assessment for a difficult airway is important to ensure that
the anesthesiologist will be able to secure the operation. A difficult airway is often seen during
endotracheal intubation in the setting of obesity, short neck, epiglottic cysts, burn injury, small
jaw, or limited cervical movement (Saha et al., 1998; Sonny et al., 2011). Patients with diffi-
cult airways are often classified as Cormack-Lehane Grade I1I-1V, signifying difficult viewing
of the glottis (Yildiz et al., 2005).

The Macintosh laryngoscope, a traditional device, is still used by many skilled opera-
tors in some hospitals for patients with difficult airways. When it is used for revealing the glot-
tis, the triaxial-mouth, pharynx, and larynx must be in one line as much as possible, which can
potentially increase the complications of endotracheal intubation (Kitsera et al., 1971; Collins et
al., 2004). In general anesthesia, intubation with the Macintosh laryngoscope for patients whose
glottis is difficult to view is challenging and frequently results in severe injury (Butler and Clyne,
2003). The operators often need to use violent force to pull the laryngoscope and must repeat-
edly perform a blind endotracheal intubation with a guided core, which can lead to severe stress
responses in patients (high risk for patients with cardiac and brain diseases), mouth or throat
mucous membrane bleeding, edema, swallowing pain, hoarseness, and even hypoxia (Taylor et
al., 2013). The risks of endotracheal intubation with the Macintosh laryngoscope are high even
when the procedure is performed by skilled medical personnel (Andersen et al., 2011).

The technique of endotracheal intubation is in need of modification, and advanced
viewing devices have emerged to meet the need. The Disposcope endoscope (Hsinchuang,
Taiwan) is an indirect viewing device that has the characteristics of both firmness and good
plasticity and can avoid the violent pulling of the Macintosh laryngoscope when facing pa-
tients in whom glottis viewing is difficult (Park et al., 2013). It can achieve visualization of
intubation (via glottis exposure on-screen) with few complications and a high success rate
(Nouruzi-Sedeh et al., 2009). The Disposcope allows medical personnel to see the glottis eas-
ily; it requires less strength than the Macintosh laryngoscope, and its use can be grasped in
short-term training (Paolini et al., 2013).
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Ideal anesthesia has four conditions: unconsciousness, absence of pain, muscle re-
laxation, and elimination of bad reflections. These conditions are also important for com-
fortable anesthesia. The emergence of comfortable anesthesia highlights the progress in
anesthesia quality (Migneault et al., 2004). For endotracheal intubation, however, current
interest focuses on the feasibility and efficacy of viewed endoscopic intubation compared
with that of the direct laryngoscope, whereas research on comfortable intubation is rare
(O’Leary et al., 2008; Sakles et al., 2012; Langley and Mar Fan, 2014). The proposed new
concept of “comfortable anesthesia” includes the requirement of safe intubation. It is im-
portant for medical personnel and patients to realize both comfortable and safe intubation to
reduce or avoid adverse reactions related to endotracheal intubation, such as hypertension,
tachycardia, hypoxia, and airway injury (Maassen et al., 2009; Biro, 2011; Rosenstock et al.,
2012). The aim of this study was to observe the comfort and safety of intubation in patients
in whom the glottis was viewed with difficulty during intubation, comparing the Disposcope
endoscope with the Macintosh laryngoscope.

MATERIAL AND METHODS
Patient selection

The study was performed between May 1, 2012 and June 30, 2013. It was approved
by the Affiliated Hospital of Weifang Medical College Ethics Committee, and all patients gave
informed consent. All the patients were scheduled to undergo elective surgery under general
anesthesia with endotracheal intubation: 40 patients, with 22 males and 18 females, aged 31
to 67 years. Inclusion criteria were classification by Macintosh laryngoscope as Cormack-
Lehane Grade III or IV, and no asthma, allergies or history of opioid abuse. Using a random-
number table, patients were divided into two groups (N = 20 each): Disposcope endoscope
(Group D) and Macintosh laryngoscope (Group M).

Anesthesia protocol

Atropine 0.5 mg and phenobarbital 0.1 g were administered by intramuscular injec-
tion 30 min before anesthesia induction. After the patient entered the operating room, an in-
travenous infusion of sodium lactate Ringer’s solution at 10 mL-kg'-h'! was started. Routine
monitoring of blood pressure, heart rate (HR) and blood oxygen saturation (SpO,) was per-
formed. After an oxygen mask was in place for 3 min, an intravenous injection of sufentanil
0.4 ng/kg, propofol 2.5 mg/kg, and rocuronium 0.8 mg/kg was administered, and then con-
sciousness was lost. The TOF-Watch SX accelerometer (Organon Company, the Netherlands)
with 4 clusters to stimulate the ulnar nerve was used to monitor adductor thumb twitching
(stimulation parameters: current intensity 50 mA, pulse width 0.2 ms, frequency 2 Hz). Af-
ter successful endotracheal intubation and establishment of mechanical ventilation with tidal
volume = 8 mL/kg, respiratory frequency = 12 bpm, and inspiratory-to-expiratory ratio = 1:2,
the intraoperative sevoflurane concentration was adjusted according to the patient’s condition.
Intermittent intravenous sufentanil 0.2 pg/kg and rocuronium 0.4 mg/kg were administered as
required throughout the surgery. At 10 min before the end of surgery, intravenous dezocine 5
mg was given. Intravenous analgesia pumps were not used.
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Cormack-Lehane grading standards

Glottis visualization was classified according to Cormack-Lehane grading standards
as follows: Grade I - glottis is fully visible; Grade II - only the second half of the glottis and
arytenoid cartilage is visible; Grade III - only the epiglottis is visible; Grade IV - neither the
glottis nor epiglottis is visible. Patients with Cormack-Lehane Grade I or II were identified
directly under the Macintosh laryngoscope, and patients with Grade III or IV were enrolled
in the study.

Procedure

The Macintosh laryngoscope (Timesco Corporation, UK) was gently pulled upward
to reveal the glottis for Cormack-Lehane grading. In Group M, the Macintosh laryngoscope
was lifted further, with an intensity from gentle to hard. When the glottis opening revealed the
border, the cricoid cartilage should be pressed, a “hook-like” plastic sleeve was placed. If the
Cormack-Lehane classification changed from III/IV to II/I with force and pressing the cricoid
cartilage, endotracheal intubation would be directly done. If the Cormack-Lehane Grade 111/
IV was no improvement, the blind searching method was used: the laryngoscope was moved
close to the rear wall of the epiglottis or close to the rear wall of the glottis slowly from left to
right, looking for the glottis for endotracheal intubation. In Group M, the successful criteria
for exposing the glottis was the Cormack-Lehane classification <Grade III; in Group D, the
successful criteria was the glottis visualization with the Disposcope endoscope, which entered
along the middle of the tongue. Disposcope endoscopic intubation preparation: the tip of the
endoscope was placed 6-7 cm from the front of the endotracheal tube, at a 90° angle, to attain
an appropriate visualization without revealing the endotracheal catheter tip. If the intubation
time was more than 180 s or SpO, < 95% during the intubation, the second intubation was
done with the mask ventilation. If the second intubation was unsuccessful, the procedure was
diverted to other guiding tools.

Recording indices

1) Case of the revealed glottis. 2) Intubation time (Group M, from insertion of Ma-
cintosh laryngoscope to catheter placement; Group D, from insertion of Disposcope endo-
scope to placement of conduit. Regardless of the number of attempts required for successful
intubation, time was measured from the first mirror/endoscopic catheter placement to the last
successful placement; if the second intubation was successful, the time was measured from
insertion of the first laryngoscope/endoscope to when the catheter was inserted on the second
attempt). 3) Intubation success (first attempt successful, second attempt successful, or diverted
to other intubation methods). 4) Number of cases with SBP > 140 mmHg and HR > 90 bpm
after 5 min of endotracheal intubation. 5) Catheter placement time (endotracheal intubation to
extubation). 6) Perioperative dosage of sufentanil. 7) Oral/throat mucous membrane bleeding
(Macintosh laryngoscope in Group M, or Disposcope endoscope in Group D is not stained
with blood after intubation). Visual analogue scale (VAS) assessment of swallowing pain (0 =
painless; 10 unbearable pain) and hoarseness (0 =none; 1 = mild; 2 = moderate; 3 = severe) at
30 min, 1 day, 3 days after extubation.
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Statistical analysis

We used the GraphPad Prism 5.0 statistical software for statistical analysis. Normal
distribution of measurement data is reported as means =+ standard deviation and skewed dis-
tribution of the measurement data to the median (interquartile range) as [M(Q)]. A P value <
0.05 was considered to be statistically significant.

RESULTS
Differences in gender, age, BMI, and Cormack-Lehane grade were not statistically

significant between Group M and Group D (P > 0.05). Detailed information on patients is
shown in Table 1.

Table 1. General characteristics of the two groups.

Group Gender (M/F) Age (years, means + SD) BMI (kg/m?, means + SD) Cormack-Lehane Grade (I1I/IV)
M (N = 20) 13/7 4511 28+6 20/0
D (N =20) 9/11 42+13 27+5 19/1

In Group M, 3 patients failed intubation after 2 attempts with the Macintosh laryngo-
scope. They were then diverted to intubation with the GlideScope video laryngoscope, which
was successful in all 3 cases (included in the study). In Group M, 3 patients failed intubation
due to two times for the Macintosh laryngoscope intubation and then diverted GlideScope
video laryngoscopes, which were successful (included in the study). In Group D, the success
rate of intubation (once or twice) was 100% with the Disposcope endoscope. The rates of suc-
cessful glottis viewing and first successful intubation were higher in Group D than in Group
M (P < 0.05) after the pulling force increased from gentle to hard exertion. Compared with
Group M, the number of intubations taking longer than 3 min or resulting in SBP > 140 mmHg
and HR > 90 bpm were fewer in Group D (P < 0.05). No significant difference was found in
intubation placement time, perioperative sufentanil dosage, or swallowing pain 30 min after
extubation between the two groups (Table 2).

Table 2. Comparison of glottis exposure, intubation time, successful rate of intubation, hemodynamic changes
from intubation to intubation after 5 min, catheter placement time, and perioperative use of sufentanil (N = 20).

Group  Successful Intubation time [N (%)] Successful rate for SBP>140 HR >90 bpm Catheter Use of
glottis exposure intubation [N (%)] mmHg [N (%)] placement  sufentanil
[N (%)] [N (%)] time (min + SD) (g + SD)
<Imin <2min <3 min >3min Once Twice Other
M 8 (40) 10(50) 3(15) 1(5) 6(30) 10(50) 735 3(15 10(50) 12 (60) 102 +35 38+5
D 20 (100)* 14(70) 5(25) 1(5) 0(0)* 17(85)* 3(15) 0(0) 1(5)* 3 (15)* 115+27 36+7

*P < 0.05 compared with group M.

The VAS of postoperative sore throat at 1 day and 3 days after extubation was higher
in Group M than in Group D (P < 0.05). The VAS of postoperative sore throat at 30 min after
extubation was not significantly different between the two groups (P > 0.05). For Group M,
the VAS of sore throat at 1 day was higher than at 30 min and 3 days after extubation (P <
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0.05); For Group D, the VAS of sore throat at 30 min was higher than at 1 day and 3 days after
extubation (P < 0.05; Table 3).

Table 3. VAS of swallowing pain between the two groups [M(Q)] at 30 min, 1 day, and 3 days after extubation.

Group Time after extubation

30 min 1 day 3 days
M (N =20) 1(1-2) 3 (1-5) 1(0-1)°
D (N =20) 1(0-1) 0(0-1)* 0 (0-0)

*Compared with 30 min after extubation, P < 0.05. *Compared with 1 day after extubation, P < 0.05. ‘Compared
with group M, P < 0.05. VAS = visual analogue scale (0 = no pain; 10 = unbearable pain).

No significant differences were found in the degree of hoarseness at 30 min, 1 day,
and 3 days after extubation between Group M and Group D (P> 0.05). Compared with 30 min
after extubation, the degree of hoarseness decreased at 1 day and 3 days after extubation in
both groups (P < 0.05; Table 4).

Table 4. Comparison of the degree of hoarseness between the two groups [M(Q)] at 30 min, 1 day, and 3 days
after extubation.

Group Time after extubation

30 min 1 day 3 days
M (N =20) 1(1-2) 0(0-1) 0 (0-0)
D (N =20) 1(1-1) 0 (0-0) 0 (0-0)

Hoarseness (0 = none; 1 = mild; 2 = moderate; 3 = severe).

DISCUSSION

The Disposcope endoscope, a new video laryngoscope, is an effective device for intu-
bation (Park et al., 2013). It is often used to solve the problem of the difficult airway, yielding
a high rate of successful intubation and few complications (Pott and Murray, 2008). Our study
showed that the Disposcope endoscope could truly achieve a comfortable and safe endotra-
cheal intubation for patients in whom glottis viewing was difficult.

During the procedure, to avoid damaging the throat mucosa with violent pulling
of the laryngoscope and adversely affecting the final outcome, the operator only pulled the
Macintosh laryngoscope gently. Patients were selected by rating the visualization of the glottis
according to the Cormack-Lehane classification. The study showed no significant difference
between the Disposcope endoscope group and the Macintosh laryngoscope in the VAS scores
of swallowing pain at 30 min after extubation. However, at 1 day after extubation, the VAS
score of swallowing pain in Group M was significantly higher than that in Group D, whereas
at 3 days after extubation, the VAS of swallowing pain in Group M decreased but was still
higher than that in Group D. The degree of hoarseness at 30 min, 1 day, and 3 days after
extubation was similar in both groups.

The results of this study showed that in all patients who underwent Disposcope endo-
scopic tracheal intubation, the glottis was successfully visualized without violent pulling of
the laryngoscope while, at the same time, successfully avoiding blind intubation. The success
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rate of intubation on the first attempt was significantly better in Group D as compared with
that of Group M (85 vs 50%). In Group M, when the intensity of pulling the Macintosh la-
ryngoscope was changed from gentle to hard, the Cormack-Lehane classification in 8 patients
improved from Grade III to Grade II. However, in the remaining patients, the glottis was not
visible. Two attempts to achieve a successful intubation occurred significantly more often in
Group M than in Group D, indicating that mechanical injuries to the patients around the glot-
tal and throat mucosa were increased. Moreover, significantly more patients in Group M than
in Group D had intubation times >3 min, which suggests increased mechanical damage to the
throat and supraglottic mucosa. Thus, the effectiveness of the Disposcope endoscope could
enhance safety during airway management (Nouruzi-Sedeh et al., 2009; Paolini et al., 2013).

The fact that no difference was seen between the two groups in the VAS of swallow-
ing pain at 30 min after extubation (1 vs 1) might be associated with the perioperative use of
sufentanil and the administration of dezocine before the end of surgery. At 1 day after extuba-
tion, the VAS of swallowing pain was significantly higher in Group M than in Group D (3 vs
0). This might have occurred for 3 reasons: pulling the Macintosh laryngoscope with force;
the increased number of intubations requiring two attempts; and the extended time required for
positioning the Macintosh laryngoscope and intubation probe (blind exploration). At 3 days
after extubation, 2 patients in Group M reported VAS = 3 for swallowing pain, and in Group
D, all patients reported VAS = 0 for swallowing pain; however, the difference between the two
groups was not statistically significant. At 30 min after extubation, both groups of patients had
a mild degree of hoarseness, and at 1 and 3 days after extubation, the degree of hoarseness
was significantly improved in the two groups. Thus, application of the Disposcope endoscope
could enhance patient’s comfort after extubation (Paolini et al., 2013).

In summary, the Disposcope endoscope was used for patients in whom glottis viewing
was difficult. Using the Disposcope could avoid violent pulling of the Macintosh laryngo-
scope, reduce intubation (blind probe) time, improve the success rate of one-time intubation,
and effectively decrease the postoperative incidence of patients with swallowing pain. In this
way, comfortable and safe endotracheal intubation could be achieved, ensuring safe intubation
as an important part of the clinical comfort of anesthesia.
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