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Introduction

Tracheal intubation is essential for establishing 
an artificial airway to facilitate mechanical ven-
tilation, meeting the demands of most clinical 
anesthesia and emergency scenarios. However, 

the rhythmic expansion and contraction of lung 
tissue during respiration can compromise the 
surgical field and operating space. Consequent-
ly, procedures involving the lungs, esophagus, 
mediastinum, pleura, trachea, and other tho-
racic structures necessitate techniques that 
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Abstract

Objective: To assess the effectiveness of a visual double-lumen bronchial catheter in teaching lung isolation skills 
to anesthesia resident trainees. Methods: Between September 2023 and September 2024, 20 anesthesiology 
residents from Jiangsu Cancer Hospital were randomly divided into two groups: the visual double-lumen group 
(n=10) and the conventional double-lumen group (n=10). Randomization was achieved using a random number 
table. The study assessed several outcomes, including total intubation time, positioning time, one-time intubation 
success rate, intraoperative catheter displacement rate, surgeon satisfaction scores, and the incidence of postop-
erative complications (pharyngeal pain, hoarseness, and dry cough) within 24 hours. Results: The visual double-lu-
men group demonstrated superior results compared to the conventional double-lumen group in the following mea-
sures: total intubation time (70.2±11.8 s vs 224.9±35.6 s), positioning time (30.1±5.7s vs 176.6±26.4 s), one-
time intubation success rate (85% vs 45%), intraoperative catheter displacement rate (10% vs 40%), surgeon’s 
intubation satisfaction score (8.10±1.07 vs 6.90±1.41), satisfaction score for pulmonary isolation (8.35±1.04 vs 
6.55±1.36), and airway management satisfaction score (8.40±1.3 vs 6.70±1.34). Additionally, the incidence of 
postoperative pharyngeal pain (15% vs 45%), hoarseness (10% vs 40%), and dry cough (5% vs 35%) was signifi-
cantly lower in the visual double-lumen group (all P<0.05). Conclusion: The visual double-lumen bronchial catheter 
significantly enhances the training of anesthesia residents in lung isolation by reducing intubation and positioning 
times, improving intubation success rate, increasing surgeon satisfaction, and reducing intubation-related compli-
cations. This method offers a more effective teaching approach compared to conventional techniques.

Keywords: Visual double-lumen catheter, pulmonary isolation, educational techniques, teaching effect, standard-
ized residency training

Highlights
● The study highlights the effective integration of visual double-lumen bronchial catheters in anesthesia residency       
   training. It significantly shortens intubation time, enhances first-attempt success rates and surgeon satisfaction. 
● This approach notably  reduces post-intubation complications, including pharyngeal pain, hoarseness, and dry   
   cough, leading to better patient outcomes and enhanced educational efficacy.
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collapse one lung while maintaining ventilation 
in the contralateral lung, a technique known as 
lung isolation.

The double-lumen bronchial tube is the most 
commonly used tool for lung isolation [1]. 
However, its relatively large diameter, precise 
positioning requirements, and operational com-
plexity can lead to complications such as tooth 
loss, airway injury, cricoarytenoid joint disloca-
tion, and glottic edema [2]. These risks are ex-
acerbated due to the inexperience of resident 
physicians, which increases their psychological 
pressure and negatively impacts their learning 
efficiency. Clinically, positioning double-lumen 
bronchial tubes can be performed through aus-
cultation or fiberoptic bronchoscopy [3]. While 
auscultation is less accurate, fiberoptic bron-
choscopy demands advanced skills, making it 
difficult for trainees to quickly correct errors. 
In addition, fiberoptic bronchoscopy is reus-
able and involves invasive procedures, which 
poses a risk of hospital-acquired infections 
[4]. Furthermore, the assessment of trainees’ 
operational skills primarily relies on subjective 
judgment from instructors, lacking standard-
ized criteria. This approach tends to focus on 
procedural success while neglecting complica-
tion prevention and management, hindering 
comprehensive skill development. Anesthesi-
ologists typically require extensive practice to 
master lung isolation techniques, which is con-
strained by training duration and case availabil-
ity. Therefore, effectively training residents in 
lung isolation techniques is an pressing issue 
in standardized anesthesiology residency train-
ing.

With advancements in visualization technol-
ogy, the use of visual double-lumen bronchial 
tubes in lung isolation surgery is becoming 
more prevalent. The camera at the catheter’s 
tip enables direct visualization during bronchial 
intubation and positioning, improving intuba-
tion efficiency and facilitating early detection 
of catheter displacement [5]. Previous studies 
have shown that anesthesiologists using visual 
double-lumen bronchial tubes for lung isolation 
significantly reduce intubation time, increase in-
tubation success rates, enable early detection 
of intraoperative catheter displacement, and 
decrease the reliance of fiberoptic bronchosco-
py as well as intubation-related complications 
[6]. This study aims to evaluate the application 
value of visual double-lumen bronchial tubes 
in lung isolation training and assess their ed-
ucational impact on anesthesiology residency 
training. Specifically, it investigates the teaching 
effectiveness of visual double-lumen bronchial 
tubes in this context.

Materials and methods

General information of residents in the two 
groups 

From September 2023 to September 2024, 20 
trainees were selected from the standardized 
anesthesia residency training program at Jiang-
su Provincial Cancer Hospital. To ensure ran-
dom allocation, a random number table meth-
od was employed. Each trainee was assigned 
a unique identifier, and a random number 
generator was used to generate corresponding 
random numbers. Based on the values of these 
numbers, trainees were assigned to either the 
visual double-lumen bronchial intubation group 
or the conventional double-lumen bronchial in-
tubation group, with 10 trainees in each group.

Inclusion criteria: (1) Full-time undergraduate 
students majoring in clinical medicine or anes-
thesiology; (2) Currently undergoing standard-
ized residency training, including professional 
graduate students and socialized resident train-
ees; (3) Completion of at least three months of 
training in the anesthesiology department, with 
proficiency in tracheal intubation but no prior 
training in double-lumen bronchial intubation. 
Exclusion criteria: (1) Unwillingness to partici-
pate in the study; (2) Non-right-handed individ-
uals.

General information of patients undergoing 
pulmonary isolation in the two groups

The study was approved by the Ethics Commit-
tee of Jiangsu Cancer Hospital, and informed 
consent was obtained from all participants. 
The inclusion criteria for patients: (1) Age be-
tween 18 and 64 years, scheduled for elective 
right-sided partial lung resection; (2) Classi-
fication of American Society of Anesthesiolo-
gists (ASA) class I or II; (3) Body mass index 
(BMI) less than 28 kg/m². Exclusion criteria: 
(1) Upper respiratory tract infection within two 
weeks prior to surgery; (2) Difficult or suspect-
ed difficult airway; (3) Preoperative CT scan 
indicating a difficult airway; (4) Preoperative 
CT scan showing abnormal respiratory tract 
anatomy; (5) Presence of underlying diseases 
such as asthma or severe cardiac insufficiency; 
(6) Preoperative symptoms of pharyngeal pain, 
hoarseness, or dry cough; (7) Operation dura-
tion exceeding 3 hours or less than 1 hour; (8) 
Postoperative admission to the ICU for further 
treatment. A total of 40 patients were enrolled, 
with 20 patients in each group. 

In the conventional double-lumen catheter 
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group, there were 8 males and 12 females, 
aged 33 to 61 years, with a mean age of 
48.5±9.8 years, a BMI range of 20.5 to 25.8 
kg/m², and a mean BMI of 24.2±3.0 kg/m². 
ASA classification was class I in 8 cases and 
class II in 12 cases. In the visual double-lumen 
catheter group, there were 10 males and 10 fe-
males, aged 30 to 63 years, with a mean age of 
50.3±11.4 years, a BMI range of 22.0 to 25.6 
kg/m², and a mean BMI of 23.3±3.4 kg/m². 
ASA classification was class I in 7 cases and 
class II in 13 cases. No significant differences 
were found between the two groups regarding 
gender composition, age, BMI, and ASA classifi-
cation (all P>0.05).

Preoperative teaching preparation

On the eve of surgery, the instructor initially

guided the resident trainees in reviewing the 
patient’s medical records and previewing the 
proposed surgical and anesthetic procedures. 
The trainees were instructed to meticulously 
examine the patient’s chest CT scans to assess 
any anatomical anomalies of the airway, mea-
sure the dimensions of the trachea and bron-
chus, and select the appropriate left-sided dou-
ble-lumen bronchial catheter. Subsequently, the 
instructor elucidated the principles of airway 
anatomy, detailed the structural differences 
between conventional and visual double-lumen 
bronchial tubes (Figure 1-2), and outlined the 
steps involved in intubation, fiberoptic bron-
choscopy, and tube positioning techniques. 
Ultimately, the instructor conducted a live 
demonstration of the procedures, after which 
each resident trainee practiced the maneuvers 
ten times using simulation teaching aids. On 
the day of surgery, under the supervision of the 
teaching staff, each resident trainee performed 
double-lumen bronchial intubation on two pa-
tients.

Double-lumen bronchial intubation procedure

The distal end of the left double-lumen bronchi-
al tube were thoroughly lubricated with sterile 
lubricant, ensuring that the lubricant does not 
contact the camera lens of the visual dou-
ble-lumen tube to prevent blurring. The visual 
double-lumen tube’s cable was connected to 
the monitor to ensure a clear and smooth im-
age. The double-lumen catheter was shaped 
according to the patient’s body habitus and the 
curvature of the disposable video laryngoscope 
blade. After anesthesia induction, the trainee, 
under instructor supervision, held the video la-
ryngoscope in the left hand and inserted it into 
the patient’s oral cavity. The blade was gradual-
ly centered and gently advanced to the junction 
of the epiglottis and the base of the tongue to 
visualize the epiglottis. The video laryngoscope 
was elevated to exposes the vocal cords.

Conventional Double-Lumen Catheter Group: 
With the right hand, the left double-lumen 
bronchial catheter was held in a pen-like grip 
and inserted along the blade from the patient’s 
right oral corner, aligning the beveled end with 
the vocal cords. Once the branch end passes 
through the vocal cords, the stylet was removed 
and rotated 90 degrees to the right and gently 
advanced. For males, advance the catheter to 
29-31 cm from the incisors, and for females, to
27-29 cm, stopping when resistance is felt. A
fiberoptic bronchoscope was used to adjust the
catheter’s position; When inserting the bron-
choscope through the right lumen, the carina
and the openings of the right upper, middle,

Figure 1. Schematic diagram of a visual double-lu-
men bronchial catheter.

Figure 2. Camera on the front of the visual dual-lu-
men bronchial catheter.
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and lower lobar bronchi should be visible, as 
well as the blue cuff of the left main bronchus 
below the carina; when inserting through the 
left lumen, the openings of the left upper and 
lower lobar bronchi should be visible [7]. Se-
curely fix the double-lumen bronchial catheter 
after satisfactory positioning.

Visualized Double-Lumen Catheter Group: Fol-
lowing the same initial procedures as the con-
ventional group, the stylet was removed, and 
the double-lumen tube was slowly advanced. 
When the monitor shows that the catheter’s 
tip is nearing the carina, rotate the tube to the 
left and insert the tip directly into the left main 
bronchus under direct vision. Once only the 
edge of the blue cuff is visible on the monitor 
(Figure 3), secure the double-lumen tube prop-
erly [8].

Observation indicators

The duration from the insertion of the laryngo-
scope by the resident trainee to the securing of 
the double-lumen tube was recorded, referred 
to as the total intubation time. Additionally, the 
period from the entry of the double-lumen tube 
into the vocal cords and the removal of the 
plastic stylet to the completion of the tube’s po-
sitioning was documented, termed positioning 
time. Data on total intubation time, positioning 
time, first-attempt intubation success rate, and 
intraoperative catheter displacement rate were 
collected for both participant groups. Postoper-

atively, the surgeon was asked to provide a sat-
isfaction score across three aspects: intubation 
satisfaction, pulmonary isolation satisfaction, 
and airway management satisfaction. Each cat-
egory was rated on a scale from 0 to 10, with 
10 indicating the highest level of satisfaction. 
Patients were followed up within 24 hours after 
surgery to document the incidence of pharyn-
geal pain, hoarseness, and dry cough.

Statistical methods

Statistical analyses were conducted using 
SPSS 22.0 software. Continuous data were 
expressed as mean ± standard deviation, and 
between-group comparisons were performed 
using the independent samples t-test. Categor-
ical data were analyzed using the chi-squared 
(χ²) test. A p-value of less than 0.05 was con-
sidered statistically significant.

Results

Comparison of demographic characteristics 
between two groups of residents

A demographic comparison, including age, gen-
der distribution, and educational background, 
between the two cohorts of resident trainees 
showed no statistically significant differences 
(P>0.05) (Table 1).

Comparison of intubation outcomes between 
the visual double-lumen catheter group and 
the conventional double-lumen catheter group

The visual double-lumen catheter group demon-
strated significantly shorter total intubation 
and positioning times than the conventional 
double-lumen catheter group (both P<0.05). 
Additionally, the first-attempt intubation suc-
cess rate was significantly higher in the visual 
double-lumen catheter group compared to the 
conventional group (P<0.05). Furthermore, the 
incidence of intraoperative catheter displace-
ment was significantly lower in the visual dou-
ble-lumen catheter group than in the conven-
tional group (P<0.05) (Table 2).

Comparison of surgeon satisfaction scores

Figure 3. Image of the visual dual-lumen bronchial 
catheter monitor.

Table 1. Comparison of demographic data between two groups of residents (n, %)
Group Age (years) Male

 [n (%)]
Female
[n (%)]

Postgraduate Resi-
dents [n (%)]

Socialized Residents 
[n (%)]

Visual Double-Lumen 
Catheter Group (n=10)

25.00±1.90 2 (20%) 8 (80%) 9 (90%) 1 (10%)

Conventional Double-Lumen 
Catheter Group (n=10)

24.70±1.60 3 (30%) 7 (70%) 8 (80%)      2 (20%)

t/χ2 0.387 0.268 0.392
P-value 0.703 1.000 1.000
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The surgeon’s satisfaction scores for intuba-
tion, lung isolation, and airway management 
were significantly higher in the visual double-lu-
men catheter group compared to the conven-
tional double-lumen catheter group (all P<0.05) 
(Table 3).

Comparison of post-intubation complications 
between the visual double-lumen catheter 
group and the conventional double-lumen cath-
eter group

The incidence of post-intubation complications, 
including pharyngeal pain, hoarseness, and 
dry cough, was significantly lower in the visual 
double-lumen catheter group compared to the 
conventional double-lumen catheter group (all 
P<0.05) (Table 4).

Discussion

Double-lumen tubes are commonly used for 
lung isolation during thoracic surgery. How-
ever, their larger diameter presents a greater 
challenge for intubation compared to standard 
single-lumen tracheal tubes. Repeated intuba-
tion attempts and positional adjustments can 
cause damage to the teeth, oropharynx, vocal 
cords, and tracheal mucosa, with severe cases 
potentially resulting in tracheal rupture [9]. In 

practice, the anatomical characteristics of the 
right main bronchus—its steep and straight 
configuration, thick and short structure, and 
the high position of the right upper lobe bron-
chus, often result in the misplacement of left 
double-lumen bronchial catheters into the right 
side or improper alignment of right double-lu-
men bronchial catheters within the right upper 
lung. Additionally, factors such as changes in 
patient positioning, surgical manipulation, and 
intraoperative secretion obstruction can com-
promise lung isolation, necessitating operation 
interruptions and re-initiation of lung isolation 
[10]. Clinically, the placement of double-lumen 
bronchial catheters primarily relies on ausculta-
tion and fiberoptic bronchoscopy. Auscultation 
often fails to accurately determine the depth 
or position of the tube, resulting in suboptimal 
localization precision [11]. Although fiberoptic 
bronchoscopy is considered the gold standard 
for lung isolation localization, it is costly, scarce 
in many healthcare settings, requires physi-
cians to possess advanced anatomical knowl-
edge and technical skill. Furthermore, the cum-
bersome processes for cleaning, disinfection, 
sterilization, storage, maintenance, and repair 
limit its widespread clinical application [12]. 
These challenges make DLT intubation partic-
ularly difficult for resident trainees to master 
[13].

Table 2. Comparison of intubation outcomes between the two groups of patients (mean ± SD; n (%))
Group Total Intubation 

Time (s)
Positioning 
Time (s)

First-Attempt Intubation 
Success Rate [n (%)]

Intraoperative Catheter 
Displacement Rate [n (%)]

Visual Double-Lumen Cathe-
ter Group (n=20)

70.20±11.80 30.10±5.70 17 (85%) 2 (10%)

Conventional Double-Lumen 
Catheter Group (n=20)

224.90±35.60 176.60±26.40 9 (45%) 8 (40%)

t/χ2 18.433 24.228 7.033 4.800
P-value 0.000 0.000 0.008 0.028

Table 3. Comparison of surgeon satisfaction scores between the two groups (mean ± SD)
Group Intubation 

Satisfaction Score
Lung Isolation 
Satisfaction Score

Airway Management 
Satisfaction Score

Visual Double-Lumen Catheter Group (n=20) 8.10±1.07 8.35±1.04 8.40±1.23
Conventional Double-Lumen Catheter Group (n=20) 6.90±1.41 6.55±1.36 6.70±1.34
t/χ2 1.407 1.193 0.202
P -value 0.004 0.000 0.000

Table 4. Comparison of post-intubation complications between the two groups of patients
Group Pharyngeal Pain [n (%)] Hoarseness [n (%)] Dry Cough [n (%)]
Visual Double-Lumen Catheter Group (n=20) 3 (15%) 2 (10%) 1 (5%)
Conventional Double-Lumen Catheter Group (n=20) 9 (45%) 8 (40%) 7 (35%)
t/χ2 4.286 4.800 3.906
P-value 0.038 0.028 0.048

Note: Satisfaction scores are presented as mean ± SD. A higher score indicates greater satisfaction, with a maxi-
mum possible score of 10 for each category.
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With the ongoing advancement of medical 
technology, visualization in teaching has be-
come increasingly integrated into anesthesia 
education, helping students better understand 
the complex procedures [14]. Research by 
Niu Lijun et al. indicated that the use of light 
rods in visualizing tracheal intubation teaching 
significantly enhances the success rate of tra-
cheal intubation among clinical interns [15]. A 
study by Zhou et al. demonstrated that ultra-
sound-guided teaching for truncal nerve blocks 
greatly boosts student motivation, improves 
teaching safety and efficiency, and achieves 
ideal and standardized teaching outcomes [16]. 
In a study by Feng et al., the application of visu-
al laryngoscopy for teaching tracheal intubation 
to non-anesthesia residents provided clear 
visualization of pharyngeal anatomy, thereby 
improving the first-time intubation success rate 
of the trainees [17].

The visual dual-lumen bronchial catheter is an 
innovative tool for lung isolation, distinguishing 
itself from traditional dual-lumen bronchial 
catheters by incorporating an LED light source 
and a high-resolution camera at its distal end. 
This design enables real-time imaging of the 
airway during intubation and throughout the 
surgical procedure, with images transmitted to 
an external monitor [5]. As a result, anesthe-
siologists can precisely identify the carina, as 
well as the left and right main bronchi, during 
intubation, allowing for accurate adjustments 
in the direction and depth of the double-lumen 
catheter. This minimizes issues such as malpo-
sitioning and excessive catheter depth [18].

The study findings indicate that resident train-
ees required less time, achieved a higher 
first-attempt intubation success rate, and ex-
perienced a lower incidence of intraoperative 
catheter displacement when using the visual 
dual-lumen bronchial catheter for direct intu-
bation and positioning. These results suggest 
superior performance in teaching lung isola-
tion techniques, with a greater likelihood of 
students acquiring proficiency in these skills. 
Moreover, the anterior camera of the visual 
catheter allows for continuous monitoring of 
both the catheter’s position and airway secre-
tions throughout the procedure. If catheter 
displacement occurs, surgeons can promptly 
reposition the catheter without interrupting 
surgery and efficiently clear airway secretions, 
facilitating postoperative pulmonary rehabilita-
tion [19, 20].

Additionally, the study demonstrated that us-
ing a visual double-lumen catheter reduces 
irritation to the vocal folds and airway mucosa 

caused by repeated catheter adjustments. 
Patients experienced a significantly lower 
incidence of postoperative pharyngeal pain, 
hoarseness, and coughing, with improved sur-
geon satisfaction regarding intubation, lung iso-
lation, and airway management. This suggests 
that teaching lung isolation with a visual dou-
ble-lumen catheter not only reduces patient-re-
lated complications but also enhances surgeon 
satisfaction.

To achieve optimal outcomes during the visual 
double-lumen catheter placement, several key 
points must be noted:

● Preoperative Preparation: Thorough prepara-
tion is crucial. Instructors must guide students 
to review the patient’s medical history and 
surgical plan in advance to fully understand 
the anesthesia strategy. Students are advised 
to consult relevant literature to familiarize 
themselves with the procedure and identify 
appropriate moments for collaboration with the 
surgeon. This includes tasks such as deepen-
ing anesthesia, suctioning secretions, discon-
necting the respirator, initiating and terminating 
lung isolation, and assisting with lung position-
ing.

● Understanding Airway Anatomy: Students 
must have a deep understanding of airway 
anatomy. The tracheal cartilage is “C”-shaped, 
and the tracheal membrane wall, located in 
the dorsal notch of the tracheal cartilage, is 
composed of smooth muscle and connective 
tissue. Recognizing this wall is key to identify-
ing the left and right main bronchi. Mastery of 
airway anatomy enables students to anticipate 
positioning challenges and quickly adjust the 
catheter if displacement occurs during surgery.

● Interpretation of Chest CT Scans: It is crucial 
for students to develop the ability to interpret 
chest CT scans. These scans reveal variations, 
stenosis, compression, and diverticula in the 
trachea and bronchi, as well as the angles, 
lengths, and diameters of the right and left 
main bronchi and trachea. Such information 
helps anticipate potential issues before intuba-
tion [21]. Additionally, three-dimensional airway 
reconstructions, available in some hospitals, 
can assist students in visualizing the extent of 
surgical resection and bronchial alignment, fur-
ther enhancing their understanding of airway 
anatomy and double-lumen catheter placement 
[22].

● Individualized Anesthesia: Precision in anes-
thesia is critical for optimal patient recovery. 
Traditionally, anesthesiologists select double-lu-
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men catheter models based on gender, height, 
and weight; however, this approach is impre-
cise. In adults, particularly women, tracheal 
length and diameter do not strongly correlate 
with height [23]. An oversized catheter may be-
come lodged under the glottis, causing tracheal 
mucosa damage or even rupture in severe cas-
es. Conversely, an undersized catheter may fail 
to adequately seal the bronchus after inflation, 
leading to lung isolation failure and increased 
risk of catheter displacement during positional 
changes or surgical manipulation [24]. There-
fore, it is recommended to measure the length 
and diameter of the patient’s trachea and main 
bronchus via chest CT to select a more appro-
priate double-lumen catheter model, achieving 
personalized and refined anesthesia [25].

While the visual double-lumen bronchial tube 
offers distinct advantages, it also presents sev-
eral limitations. Firstly, its high cost, coupled 
with the requirement for additional monitoring 
systems in certain cases, increases expenses 
for medical institutions, limiting its widespread 
adoption. Secondly, its global availability is low, 
market demand is limited, and the range of in-
dications is narrow, constraining opportunities 
for acquisition and utilization. Lastly, the fixed 
camera at the tube’s front end is non-adjust-
able, resulting in a restricted field of view; and 
technical failures can impede emergency man-
agement. 

Our study demonstrates that even with di-
rect-vision placement of visual double-lumen 
bronchial tubes, reverse insertion can occur, 
which is a common issue in clinical practice. 
Therefore, it is imperative to analyze the causes 
and instruct students in proper management 
techniques. The primary cause often relates to 
the acute angle between the main bronchus 
and the trachea, along with significant twisting 
and displacement of the bulge. This issue can 
be addressed by gently retracting the catheter 
over the rongeur, followed by rotation and inser-
tion into the contralateral bronchus. If repeated 
attempts are unsuccessful, intubation should 
be performed under fiberoptic bronchoscopic 
guidance [26]. During surgery, gentle maneu-
vers are crucial to prevent serious damage to 
the patient’s vocal folds and airway. Intraoper-
ative tracheal displacement was observed in 
both groups, associated with the patient’s lat-
eral position and surgical manipulation. Thus, 
when positioning the patient laterally, students 
must re-evaluate the double-lumen catheter’s 
position and make timely adjustments. Visual 
impairment associated with the use of a visual 
double-lumen bronchial catheter can occur due 
to airway secretions or intraoperative bleeding 

that obscures the camera. In such cases, a suc-
tion tube may be utilized to aspirate secretions 
or blood near the lens. Alternatively, a small 
amount of saline can be introduced to flush the 
lumen and then promptly aspirated.

In the educational process, instructors should 
prioritize the psychological well-being of resi-
dent trainees. Studies indicate that the prev-
alence of depression among Chinese medical 
students is as high as 14.1% [27]. Resident 
trainees, balancing dual roles as students and 
residents, face multiple pressures during their 
training, including a fast-paced work environ-
ment, long working hours, strained doctor-pa-
tient relationships, burnout, extensive learning 
content, frequent examinations, lack of sleep, 
and insufficient exercise. These challenges can 
overwhelm junior trainees who have recently 
graduated. A survey of 284 resident trainees 
revealed significant psychological stress, with 
employment, academic work, financial, and 
emotional stress being major contributors [28]. 
When performing complex clinical procedures 
such as lung isolation, resident trainees may 
experience psychological stress, nervousness, 
and a lack of self-confidence. Surrounded by 
peers or surgeons and confronted with opera-
tional mishaps, they may become disorganized 
and falter, leading to operational failure and a 
cycle of self-negation that affects subsequent 
training. Consequently, educators should sup-
port students, understand their psychological 
state, assist with life challenges, provide timely 
psychological counseling, and refine teaching 
methods to enhance learning and mastery of 
clinical skills.

Limitations

Firstly, the sample size in this study was small, 
consisting of only 20 residents undergoing 
standardized training at a single center. As a 
result, individual differences may have influ-
enced the outcomes. Secondly, the study did 
not include non-right-handed residents. This 
exclusion was based on differences in operat-
ing habits, hand coordination, and tool usage 
between right-handed and non-right-handed 
individuals. To ensure data comparability and 
minimize operational biases, it is important 
to control for handedness as a variable in re-
search. Furthermore, most visible double-lumen 
tubes and their auxiliary tools (e.g., video laryn-
goscopes and control buttons) are designed for 
right-handed users. Therefore, non-right-hand-
ed individuals may experience decreased oper-
ational efficiency or accuracy during their prac-
tice. Finally, this study focused only on training 
with left-sided visual double-lumen tubes, and 
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all patients included had stable health condi-
tions. There is a lack of research addressing 
training with right-sided visible double-lumen 
tubes or in patients with difficult airways.

Conclusions

In summary, the use of visual double-lumen 
catheters in lung isolation training can signifi-
cantly reduce both the total intubation time 
and the positioning time for resident trainees. It 
also enhances the success rate of first-attempt 
intubations, improves surgeon satisfaction, and 
reduces intubation-related complications. To 
achieve optimal teaching outcomes, instructors 
must guide trainees through comprehensive 
preoperative preparation, instruct them in prop-
er handling techniques, and remain attentive to 
their psychological well-being. This approach is 
clinically viable and yields precise educational 
results.

Future research should consider conducting 
longitudinal studies to assess the long-term 
impact of visual double-lumen catheter training 
in clinical practice. Such studies would provide 
insights into the retention of acquired skills and 
determine whether this training sustainably 
enhances the accuracy and safety of medical 
procedures. Additionally, further research could 
explore strategies to optimize training methods 
and improve the clinical adoption of visual dou-
ble-lumen catheters. Interdisciplinary collabo-
ration, incorporating modern technologies such 
as artificial intelligence and virtual reality, may 
offer innovative approaches to training in this 
field. These advancements could lead to more 
effective training programs for medical profes-
sionals, ultimately enhancing patient care qual-
ity and clinical outcomes.
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