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Disposcope endoscope guidance
versus fiberoptic bronchoscopy
guidance for double-lumen tube
intubation in patients undergoing
thoracic surgery: a randomized
controlled non-inferiority trial
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Yue Zhang* & Xianjie Zhang*™*

Double-lumen tube (DLT) intubation is frequently performed for thoracic surgery, and a fiberoptic
bronchoscopy (FOB) can improve the success rate of correct placement. Disposcope endoscope-guided
DLT intubation was recently introduced and has a high first-attempt success rate. We tested whether
compared with FOB-guided DLT intubation, disposcope endoscope-guided DLT intubation results

in a non-inferior first-attempt success rate. A total of 181 patients who underwent thoracic surgery
and required DLT intubation were randomly assigned to two groups: FOB guidance (FOB group) and
disposcope endoscope guidance (DE group). The primary outcome was the first-attempt success

rate. The secondary outcomes included the number of attempts, first intubation time, intraoperative
dislodgement, and changes in the mean arterial pressure (MAP) and heart rate (HR) after intubation.
The difference in the first DLT attempt success rate between the groups did not exceed the non-
inferiority margin of 8% (DE group: 91.3% vs. FOB group: 89.9%; difference: 1.4%, 95% exact Cl: -7.1-
9.9%). The difference in the number of multiple DLT attempts also did not differ between the DE group
and the FOB group (two attempts: 6.5% vs. 6.7%, P=0.953; three attempts: 2.2% vs. 3.4%, P=0.120).
The first DLT intubation time [66 (55-86) vs. 77 (64-98) s, P=0.010] was significantly shorter in the DE
group. No significant differences were observed in the intraoperative dislodgement or changes in the
MAP or HR after intubation (P> 0.05). Compared with FOB guidance, disposcope endoscope guidance
provided a non-inferior first-attempt success rate and a shorter first intubation time for DLT intubation.

Abbreviations

DLT Double-lumen tube

FOB Fiberoptic bronchoscope
DE Disposcope endoscope
MAP Mean arterial pressure
HR Heart rate

VDLT Video double-lumen tube
BMI Body mass index

ASA American Society of Anesthesiologists
ETCO,  End-tidal carbon dioxide
TOF Train-of-four

BIS Bispectral index

PACU post-anesthesia care unit
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Double-lumen tube (DLT) are recommended as the first choice for tracheal intubation, as it is used for lung
isolation during thoracic surgery'?. However, DLT intubation can be challenging because of the large size of
the tube and the angulation mismatch between the airway and endobronchial tube®*. Multiple attempts may
increase complications such as airway trauma, sore throat, hoarseness, and hypoxemia“. Therefore, rapid and
accurate DLT intubation is particularly important’. FOB is considered the gold standard for the placement of
DLT, but it takes a relatively long time®°. Moreover, there are other disadvantages to FOB use for anesthesiologists,
including unfamiliarity with the equipment, uncertain timely availability of the device, and high expenses with
maintenance costs'’. In addition, video double-lumen tube (VDLT) is increasingly being used for lung isolation
because of the development of visualization technology, which has improved the first-attempt success rate>!!;
however, VDLT increases the incidence of postoperative sore throat and hoarseness®.

The disposcope endoscope (Jiangsu Taiyuan Medical Equipment Technology Co., Ltd., Taiyuan, China) is
a soft and flexible airway device that is composed of three main parts: a video monitor, a wireless transmitter,
and a videostylet (Fig. 1). When the wireless transmitter is connected to the videostylet endoscope tube, the
video monitor can show real-time direct visualization. In contrast to FOB, the videostylet offers the advantage
of detachability from the video monitor, providing enhanced flexibility and convenience. In previous studies,
compared with blind insertion, the use of a disposcope endoscope increased the success rate of DLT placement
and shortened the total operation time'?. However, no study has assessed the success rate of the first DLT
intubation attempt with a disposcope endoscope and FOB.

Considering the limited use of FOB in real-world practice, the use of disposcope endoscope guidance can
be a feasible alternative for DLT intubation. We hypothesized that DLT intubation with disposcope endoscope
guidance would provide a non-inferior first-attempt success rate to FOB guidance in patients undergoing
thoracic surgery.

Methods

Study design and population

This single-center, non-inferiority, prospective randomized controlled study was conducted under the
Declaration of Helsinki. The protocol was approved by the Ethics Committee of Deyang People’s Hospital (Ref.
No. 2023-04-033-K01) on April 14, 2023, and was registered in the Chinese Clinical Trial Registry (number:

Fig. 1. Composition of the disposcope endoscope.
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ChiCTR2300071071, date of registration: May 4, 2023). All patients were enrolled between August 2023 and
January 2024, and each patient provided written informed consent before entering the trial.

Patients aged 18 years or older, with American Society of Anesthesiologists (ASA) physical status I-III,
who are scheduled for elective thoracic surgery requiring DLT intubation, were screened for eligibility. The
exclusion criteria were as follows: emergency surgery, recent respiratory tract infection, history of thoracic, body
mass index (BMI) > 35 kg m™2, presence or anticipation of airway management difficulties (such as interincisor
gap < 3.0 cm, thyromental distance < 6.0 cm, abnormal range of motion of head and neck, or modified Mallampati
score > 3), severe liver impairment (Child-Pugh class C), congestive heart failure (New York Heart Association
classification IIT or IV) and current maintenance dialysis.

Randomization and blinding

According to a computer-generated random number table using PASS 15.0 (NCSS LLC.,, Kaysville, U.T., USA),
participants were randomly assigned at a 1:1 ratio to the DE group or the FOB group. The patients were unaware
of the group allocation, as this assignment was concealed in an opaque and sequentially numbered envelope. An
investigator not involved in the trial opened the envelope to the attending anesthetists. Anesthetists performing
DLT intubation need to use disposcope endoscope or the FOB, making it impossible to blind them to group
allocation. The surgeons, postoperative outcome assessors, and statisticians were also blinded to the group
assignments.

Intervention and anesthesia

Demographic characteristics were obtained through the electronic medical records system. Standardized
monitoring included temperature, 3-lead electrocardiography, SpO,, blood pressure, end-tidal carbon dioxide
(ETCO,), the neuromuscular transmission monitoring, and the bispectral index (BIS). After preoxygenation
for >3 min, anesthesia was induced via intravenous midazolam (0.04 mg/kg), sufentanil (0.3-0.5 pg/kg), and
propofol (1-1.5 mg/kg). After confirming loss of consciousness, rocuronium (0.6-1 mg/kg) was administered to
facilitate DLT intubation and mask ventilation. The difficulty of mask ventilation and the use of an oropharyngeal
airway were recorded. When the TOF ratio was less than 10%, DLT intubation was attempted by resident
anesthetists with a collective history of more than 30 successful DLT intubations.

Images of the assembly of the disposcope endoscope and DLT are shown in Fig. 2. In the DE group, we
used videolaryngoscopy to view the vocal cords. Based on the images from the video monitor, a suitable size
DLT was inserted into the bronchus and adjusted to the correct location. In the FOB group, we also used
videolaryngoscopy to view the vocal cords, and then the DLT was inserted into the correct location under
the guidance of FOB. The correct location was defined as when the bronchial cuff had entered the dependent
bronchus and was in the same plane as the carina (Fig. 3). After removing the stylet, videostylet, or FOB, the
correct placement was confirmed again by auscultation in both groups. MAP and HR were recorded before DLT
intubation and 1 min postintubation. After the lateral decubitus position was used, the correct placement was
confirmed again by a disposcope endoscope or FOB. Intraoperative dislodgement was judged by the attending
anesthetists and confirmed and adjusted to the correct location via a disposcope endoscope or FOB according
to the group assignment. After surgery, the patient was confirmed to be fully conscious (BIS was at least 90) and
had recovered from neuromuscular blockade, the DLT was removed, and the patient was transferred to the post-
anesthesia care unit (PACU).

Outcomes

The primary outcome was the first-attempt success rate. DLT intubation was allowed for the same anesthetist,
with a 150-s time limit for the first attempt. If the DLT is not placed in the correct location, it is considered a failed
attempt. Moreover, if SpO, was reduced to <92% during the DLT intubation attempt, rescue mask ventilation
was performed until SpO, reached 100%, and the first attempt was also considered to have failed.

The secondary outcomes included the attempt times, first DLT intubation time, intraoperative dislodgement,
change in MAP after intubation, and change in HR after intubation. The first DLT intubation time was defined
as the duration from the video laryngoscope passing the patient’s lips to the appropriate cuff position, and no
further manipulation was needed. Intraoperative dislodgement was assessed by the anesthetist in charge, taking
into account the results of the FOB or disposcope endoscope examination.

Other outcomes included sore throat and hoarseness. Thirty minutes after extubation, sore throat, or
hoarseness were reported by an independent investigator or patient in a yes or no question. This uniform
assessment was repeated 24 h later.

Sample size and statistical analysis

Sample size calculation was performed via PASS 15.0 (NCSS, LLC, Kaysville, Utah, USA). Based on a previous
study'?, the first attempt success rate of FOB-guided DLT intubation in patients undergoing thoracic surgery
is 92%, and we expect a 95% first attempt success rate in the DE group. With a difference of 8% between the 2
groups and a binary outcome (success/failure), 86 patients were needed per group (a=0.05, power=0.90). We
considered a drop-out rate of 10%, and the total number of patients was set at 99 per group.

Statistical analysis was carried out via SPSS v26.0 (IBM Corp., Armonk, N.Y., USA). Continuous data were
tested for normality via the Shapiro-Wilk test and are expressed as the means + standard deviations and medians
(interquartile ranges, IQR). Continuous normally distributed variables, including age, height, weight, and BMI,
were compared via Student’s t test, whereas the Mann-Whitney and Wilcoxon tests were used for nonnormally
distributed variables, such as the intubation time. Two or more proportions, including the first attempt success
rate, attempt times, smoking history, degree of difficulty mask ventilation, side of surgery, and type of surgery,
are expressed as numbers (proportions) and were compared via the chi-square test or Fisher’s exact test, as
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Fig. 2. The pre-shaped double-lumen tube.

appropriate. We evaluated non-inferiority by comparing the difference in first DLT success rates between the
DE and FOB groups in terms of proportions and 95% Cls. We then assessed whether the CI limits exceeded the
predefined 8% non-inferiority margin. The decision to reject the null hypothesis was based on visual verification
of whether the CT’s lower limit surpassed this margin. P<0.05 was considered statistically significant.

Results

Among the 266 eligible patients, 42 patients were excluded according to the exclusion criteria, and 26 patients
declined to participate in the study. A total of 198 patients were subsequently randomized into the two groups.
After randomization, 10 patients in the FOB group were lost to follow-up because their operation was changed,
or the operation was canceled, whereas 7 patients in the DE group were lost to follow-up for the same reasons
(Fig. 4). The clinical characteristics of the patients did not differ between the two groups (Table 1).

No significant difference was detected in the first DLT attempt success rate between the two groups (DE
group: 91.3% vs. FOB group: 89.9%; difference: 1.4%, 95% exact CI: —7.1-9.9%; Table 2; Fig. 5). Because the
lower limit of the 95% CI was lower than the prespecified non-inferiority margin (8 =8), non-inferiority was
established between the two groups (Fig. 5). The number of patients who needed 2 attempts was not significantly
different between the two groups (6.5% vs. 6.7%, P=0.953). The DE group included two patients (2.2%), and the
FOB group included three patients (3.4%), where DLT intubation was achieved after the third attempt (P=0.120).
Compared with the FOB group, the DE group had a significantly shorter time to first DLT intubation [66 (55-86)
vs. 59.0 (64-98) s, P=0.01]. Compared with those in the FOB group, no significant differences were observed in
terms of intraoperative dislodgement or changes in the MAP or HR after intubation (P> 0.05) (Table 2).

No significant differences were detected in postoperative hoarseness or sore throat between the DE and FOB
groups within 30 min and 24 h postoperatively (P>0.05) (Table 3).

Discussion

In our study, which compared the use of a disposcope endoscope and FOB to assist DLT intubation, we found
that the use of disposcope endoscope guidance provided a high first-attempt success rate of DLT intubation,
which was equivalent to that of FOB guidance. However, disposcope endoscope guidance was associated with a
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Fig. 3. The correct placement of DE-guided DLT intubation.

shorter first DLT intubation time. There was no significant difference in the number of multiple DLT attempts,
intraoperative dislodgement, or changes in the MAP and HR after intubation.

Given the challenging nature of DLT intubation and its role in managing thoracic surgery, reliable tools for
accurately assisting DLT intubation are crucial'*-!°>. FOB and auscultation are the traditional positions of DLT
intubation, and FOB has been accepted as the gold standard for DLT intubation'®. However, owing to the large
number of procedures and the need for cleaning, in many clinical situations, FOB is not available in time. In
contrast, the disposcope endoscope has recently been used in patients undergoing thoracic surgery and has
advantages, including being easy to use and not requiring an assistant'?. Although a previous study indicated
that disposcope endoscope guidance can offer clinical usefulness for DLT intubation, there is still a lack of
clear evidence compared with FOB-guided DLT intubation'?. To our knowledge, this is the first prospective
randomized trial that examines this clinical question by comparing DLT intubation via FOB with the use of a
disposcope endoscope.

Our study revealed a first-attempt success rate of 91.3% for disposcope endoscope-guided DLT intubation,
which is equal to the 89.9% success rate for assisting DLT intubation with FOB. The disposcope endoscope is
the same as FOB, allowing for real-time visualization of every step in the placement of the DLT and enabling
seamless adjustments during the insertion process!”!®. Consequently, these properties of disposcope endoscope
guidance likely led to a non-inferior success rate compared with that of FOB guidance in this study. The shorter
first DLT intubation time of disposcope endoscope guidance for DLT intubation shown in this study may be
explained in two ways. First, the lens of the FOB may come out through the tip of the DLT, making it susceptible
to contamination by airway secretions, whereas the lens of the disposcope endoscope used in this study does
not overtop its tip, thus avoiding direct contact with secretions and reducing the time required for lens cleaning.
Second, the operation of disposcope endoscope guidance does not require an assistant, reducing the time
required for coordination. Therefore, we believe that disposcope endoscope guidance should be considered an
alternative tool for DLT intubation considering several limitations of FOB in clinical practice, the high success
rate, and several advantages of disposcope endoscope guidance.

With the advancement of visualization technology, many visualization devices are increasingly used for lung
isolation”1>1%20, with video DLT being the most popular>2!. In previous studies, the VDLT has been shown to
play a beneficial role??; however, it has also been linked to increased incidences of sore throat and hoarseness.
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Assessed for eligibility (n=266)

Excluded (n=68)

Y

+ Not meeting inclusion criteria (n= 42)

+ Declined to participate (n=26)

Randomized (n= 198)

Y [ Allocation } y
Allocated to DE group (n= 99) Allocated to FOB group (n= 99)
+ Received allocated intervention (n=93) + Received allocated intervention (n=91)
+ Did not receive allocated intervention (n=6) + Did not receive allocated intervention (n= 8)
o Cancelled operation (n=6) ¢ Cancelled operation (n=8)
v [ Follow-Up ] y
Lost to follow-up (n= 1) Lost to follow-up (n= 2)
+ Changing to operation methed (n=1) + Changing to operation methed (n=2)
v [ Analysis ]

Analysed (n=92)

+ Excluded from analysis (n=0)

Analysed (n= 89)

+ Excluded from analysis (n=0)

Fig. 4. CONSORT flow diagram showing patient screening, randomization, and analysis.

Moreover, there is a substantial cost difference between VDLT and common DLT, and VDLT cannot completely
avoid the use of a FOB, which may increase FOB-associated costs!'?. Owing to its high cost (about $200 in another
hospital in our country), VDLT has not been integrated into clinical practice in our country. In our study, the
high first-attempt success rate suggests that confirmation of DLT placement via the VDLT is not necessary when
a disposable endoscope is used, which can reduce both the overall cost, as the VDLT is an expensive procedure,
and the postoperative sore throat and hoarseness associated with VDLT placement.

The relatively low first-attempt success rate of disposcope endoscope and fiber-copic DLT intubation in this
study compared with previous data'?!* may be due to three reasons. First, there was a clear definition of failed
DLT intubation attempts in our studies (allowing us to continue for 150 s unless SpO2 decreased to <92%).
Second, simply withdrawing the DLT from the mouth for any reason was considered a failed attempt. Third,
we chose to place the DLT on the nonoperative side, contrary to previous studies that preferred the left side for
DLT placement?*. Placement of the DLT on the right may be recorded as a first attempt failure due to prolonged
positioning time. Therefore, the first attempt success rate of DLT intubation was relatively low in our study.

We assessed other outcomes (including intraoperative dislodgement, changes in mean arterial pressure, and
heart rate after intubation) and the frequency of complications such as postoperative sore throat and hoarseness.
The results revealed no significant difference between the groups because the interventions after intubation were
consistent in both groups, and no additional extracavitary procedures were performed.

Our study had several limitations. First, the results may have been biased because the anesthetists performing
DLT intubation could not be blinded to the group allocation. Second, we did not differentiate between glottis
visualization time and auscultation time, as these interventions were consistent between the two groups. Third,
we did not investigate the success rates of anesthetists with varying levels of experience, nor did we examine
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DE group (n=92) | FOB group (n=89) | P value
Age (years) 50.8+9.5 53.2+8.3 0.067
Male sex 31(33.7) 41 (46.1) 0.089
Height (cm) 159.8+7.2 161.2+8.6 0.238
Weight (kg) 60.9+11.4 61.0+10.2 0.928
BMI (kg/m?) 23.69+3.15 23.40£2.95 0.525
ASA
1 2(2.2) 0(0)
II 74 (80.4) 74 (83.1) 0.371
Jis 16 (17.4) 15 (16.9)
Smoking history
Never smoker 71(77.2) 56 (62.9)
Former smoker 9(9.8) 13 (14.6) 0.108
Current smoker 12 (13.0) 20 (22.5)
Mask ventilation (degree of difficulty)
Easy 70 (76.1) 67 (75.3)
Moderate 24 (13.3) 9 (10.1)
Difficult 19 (10.5) 13 (14.6) 0163
Use of oropharyngeal airway | 1 (0.6) 0(0)
Side of surgery
Left 42 (45.7 44 (49.4
Right 50 (54.3 45 (50.6 0.610
Type of surgery
Wedge lung resection 48 (52.7) 48 (53.9)
Pulmonary segment resection | 28 (30.8) 24 (27.0) 0.814
Lobectomy 15 (16.5) 17 (19.1)

Table 1. Characteristics of patients receiving DLT intubation with a DE or FOB.

DE group (n=92) | FOB group (n=89) | Proportional, median, or mean difference (95% CI) | P value

First DLT attempt success 84 (91.3) 80 (89.9) 1.4% (= 7.1~9.9%) 0.744
Multiple DLT attempts

2 6(6.5) 6(6.7) -0.2% (- 7.5~7.0%) 0.953
3 2(2.2) 3(3.4) - 1.2% (- 2.7~0.3%) 0.120
First DLT intubation time 66 (55, 86) 77(64, 98) 11 (2to 18) 0.010
Intraoperative dislodgement 13 (14.1) 8(8.9) 52% (— 4.1~ 14.4%) 0.280
Change in mean arterial pressure after intubation; mmHg | 14.3+0.7 13.6+0.6 0.7 (- 1.1to 2.5) 0.465
Change in heart rate after intubation; bpm/min 5.7+0.5 6.1+0.5 ~0.4(-27100.8) 0.606

Table 2. Comparison of DLT intubation performance between DE and FOB.

patients with challenging airways. Fourth, the study was conducted at a single center, and larger clinical trials
including more patients from multiple centers are needed to confirm the findings reported here.

Conclusion

In conclusion, the results of our non-inferiority trial demonstrated that real-time disposcope endoscope guidance
provides a similar success rate to FOB guidance for DLT intubation. Moreover, the use of disposcope endoscope-
guided DLT intubation was superior in reducing the time to the first DLT intubation attempt. These findings
suggest that disposcope endoscope guidance may be considered an alternative method for DLT intubation.
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‘ DE group (n=92) ‘ FOB group (n=89) ‘ Pvalue
Hoarseness
30 min after surgery | 31 (33.7) 26(29.2) 0.516
24 h after surgery 22(23.9) 22(24.7) 0.899
Sore throat
30 min after surgery | 41 (44.6) 44 (49.4) 0.511
24 h after surgery 28 (30.4) 35(39.3) 0.209

Table 3. Comparison of DLT intubation-related airway complications between DE and FOB.

Data availability

The datasets generated are available from the corresponding author upon reasonable request.
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