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The feasibility and accuracy 
of the method for selecting 
the optimal size of double‑lumen 
tube in thoracic surgery: 
a prospective, randomized 
controlled trial
Guangying Cui 1,3, Li Zhao 2, Cheng Chi 1,3, Shujuan Liang 1 & Zhuo Liu 1*

Double-lumen tubes (DLTs) are commonly used for one-lung ventilation (OLV) in thoracic surgery 
and the selection of an optimal size of DLTs is still a humongous task. The purpose of this study was 
to assess the feasibility and accuracy of the method for selecting an optimal size of DLTs in thoracic 
surgery. Sixty adult patients requiring a left side double-lumen tube (LDLT) for elective thoracoscopic 
surgery were included in this study. All patients were randomly allocated to the following two 
groups: Cuffs Collapsed group (CC group, n = 30) and Cuffs Inflated group (CI group, n = 30). In the 
Cuffs Collapsed group, the outer diameter of LDLT (the outer diameter of the tracheal and bronchial 
cuffs when they were collapsed as the outer diameter of the LDLT) matched with the inner diameter 
of the trachea and bronchus measured by the anesthesiologist on the chest CT slice; In the Cuffs 
Inflated group, the outer diameter of LDLT (the outer diameter of the tracheal and bronchial cuffs 
when they were inflated as the outer diameter of the LDLT) matched with the inner diameter of the 
trachea and bronchus measured by the anesthesiologist on the chest CT slice. The primary outcomes 
were the incidences of airway complications postoperative such as hoarseness and sore throat. The 
time of intubation and alignment, the incidences of LDLT displacement and adjustment, the peak 
airway pressure, the plateau airway pressure and the end-tidal carbon dioxide were also recorded. The 
incidences of airway complications postoperative such as sore throat and hoarseness were lower in 
the CI group than the CC group (P < 0.05), the intubation times was shorter in the CI group than the CC 
group (P < 0.05), while the peak airway pressure, the plateau airway pressure and the end-tidal carbon 
dioxide during two-lung ventilation and one-lung ventilation were no significant difference between 
two groups (P > 0.05). The method which matched the inner diameter of the trachea and bronchus 
measured on chest CT slice with the outer diameter of the tracheal and bronchial cuffs when they were 
inflated to select an appropriate size of LDLT can reduce the incidence of airway complications.

Trials registration: Clinical Trials: gov. no. NCT05739318. Registered at https://​class​ic.​clini​caltr​ials.​gov 
22/02/2023.
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Trauma to the airway is the common complication after intubating of double-lumen tubes (DLTs) and the main 
reasons is excessive diameter of DLTs1. Oversize DLTs are difficult to intubate, which lead to forceful insertions 
or multiple intubations causing the injury of airway and teeth2, however, undersize DLTs can cause air leakage 
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around the tracheal and bronchial cuffs affects the lung isolation3,4, besides, undersize DLTs may increase the 
pressure of airway during mechanical ventilation5.

Traditionally method recommended to select the size of DLTs is based on the gender and height of patients, 
however this method is not always accurate, especially in the asian females and persons with smaller statures6–8, 
and this approach can generate airway complications postoperative and affect the rapid recovery of patients9–11. 
So, how to reduce the injury of airway caused by the intubation of DLTs and reduce the discomfort of patients 
after thoracic surgery are the focus of anesthesiologists12. Therefore, the objective of this study was to investigate 
the feasibility and accuracy of the method for selecting an optimal size of double-lumen tube in thoracic surgery.

Results
General information
Sixty adult patients were enrolled in this study and one patient in the CI group was excluded for the LDLT was 
too short to reach the optimal position, ultimately, fifty-nine patients were completed the study. There was no 
significant difference between two groups in terms of demographic characteristics and intraoperative variables 
(P > 0.05) (Table 1).

The outer diameter of the tracheal and the bronchial cuffs was measured when the cuffs were inflated or 
collapsed (Fig. 1) and their diameters were shown in Table 2. The size of the LDLT was chosen according to the 
inner diameter of the trachea and bronchus measured by chest CT scan.

Primary outcomes
The incidence of airway complications postoperative such as the hoarseness and sore throat scores after extubat-
ing in the postoperative anesthesia care unit (PACU) and the hoarseness scores twenty-four hours postoperatively 
in the CI group was significantly lower than the CC group (P < 0.05). There was no significant difference in sore 
throat scores 24 h after surgery (P > 0.05). (Table 3).

Secondary outcomes
The size choice of LDLT was significant difference between two groups (P < 0.05). The intubation time and align-
ment time in the CI group were significantly shorter than that in the CC group (P < 0.05). While the degree of lung 
collapse and the time of lung collapse was no significant difference between two groups (P > 0.05). In addition, 
there was no significant difference in the variable of pulmonary ventilation, the incidence of LDLT adjustment 
and displacement intraoperative between two groups(P > 0.05) (Table 4). There was no significant difference in 
the peak airway pressure, the plateau airway pressure and PetCO2 at TTLV, TOLV_immediately and TOLV_30mins (P > 0.05) 
(Table 5).

Discussion
DLTs are commonly used for OLV in most thoracic surgeries. Improperly sized of DLTs may lead to airway 
trauma and rupture. The results of this study showed that the size of LDLT was selected according to the method 
which matched the outer diameter of the tracheal and bronchial cuffs when they were inflated with the inner 
diameter of the trachea and bronchus measured on chest CT scan can reduce the incidence of airway complica-
tions such as hoarseness and sore throat, shorten the time of intubation. The main possible reasons may be as 

Table 1.   Demographic characteristics and intraoperative variables of the patients. Gender and ASA, Pearson’s 
Chi-square test; other variables, Man-Whitney U test. IBW ideal body weight, BMI body mass index, TDT 
transverse inner diameter of trachea, LDT longitudinal inner diameter of trachea, TDB Transverse inner 
diameter of bronchus, LDB longitudinal inner diameter of bronchus, TV tidal volume, TLV two lungs 
ventilation, OLV one lung ventilation.

Characteristics of patients N = 59 CI (n = 29) CC (n = 30) P

Gender (M/F, n) 28/31 12/17 16/14 0.36

Age (years) 55.3 (12.7) 54.6 (12.7) 56.0 (12.8) 0.55

Height (cm) 166.7 (8.6) 166.3 (8.6) 167.1 (8.7) 0.61

Weight (kg) 67.3 (11.9) 66.8 (11.7) 67.8 (12.4) 0.94

IBW (kg) 64.3 (7.1) 64.2 (7.2) 64.4 (7.1) 0.86

BMI (kg/m2) 24.1 (3.5) 24.1 (3.5) 24.2 (3.5) 0.96

ASA (I/II, n) 21/38 12/17 9/21 0.36

TDT (mm) 15.7 (2.4) 15.5 (2.1) 15.9 (2.7) 0.41

LDT (mm) 16.9 (3.3) 16.9 (2.8) 16.8 (3.8) 0.78

TDB (mm) 16.0 (4.2) 16.0 (3.7) 16.1 (4.7) 0.98

LDB (mm) 12.4 (2.1) 12.3 (2.2) 12.5 (2.0) 0.57

TV of TLV (ml) 514.7 (56.6) 513.9 (57.3) 515.5 (56.9) 0.86

TV of OLV (ml) 386.5 (42.3) 385.5 (44.0) 386.6 (42.7) 0.88

Time of operation (min) 128.4 (50.8) 128.2 (47.9) 128.6 (54.3) 0.65

Time of OLV (min) 108.6 (47.6) 108.2 (45.3) 108.9 (50.5) 0.87
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Figure 1.   (A) The outer diameter of bronchial cuff when it was collapsed; (B) The outer diameter of bronchial 
cuff when it was inflated; (C) The outer diameter of tracheal cuff when it was collapsed; (D) The outer diameter 
of tracheal cuff when it was inflated.

Table 2.   The diameter of the tracheal and the bronchial cuffs when they were collapsed or inflated.

Diameters of collapsed cuffs Diameters of inflated cuffs

Tracheal cuff (mm) Bronchial cuff (mm) Tracheal cuff (mm) Bronchial cuff (mm)

Fr28 11 9 20 14

Fr32 12 10 22 16

Fr35 13 11 24 18

Fr37 14 12 26 20

Fr39 15 13 28 22
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follows: (1) Smaller size of LDLT is softer than larger size of LDLT which may help to reduce the physical damage 
to the mucosa of trachea and bronchus caused by intubating or extubating; (2) The smaller size of LDLT is easier 
to pass through the narrow point such as glottis and annular cartilage to reduce the incidence of reintubation. 
(3) The smaller size of LDLT with thinner diameter had less frictional resistance when entering into the left 
main bronchus.

Slinger P et  al. selected DLT for adults based on the patient’s height and sex: women < 1.6 m, 35 Fr, 
women > 1.6 m, 37 Fr, men < 1.7 m, 39 Fr, men > 1.7 m, 41 Fr13, recent, there is a tendency among anesthesiolo-
gists to use smaller size of DLTs, such as 35 Fr for females and 37 Fr for males to avoid airway trauma7. However, 
these choices were based on clinical experience alone and has no theoretical basis. In Shiqing L’s study the cor-
rect rate of selecting the size of DLT according to height and sex was 94.3% for male patients and only 51.1% 
for female patients14, even according to the diameter of cricoid ring and left main bronchus, the rate of agree-
ment were 94.7% for male patients and 63.8% for female patients. In this study, the smaller size of LDLT was 
used in the CI group, therefore, the accuracy of size selection of LDLT was higher compared with other studies. 

Table 3.   The result of extubating complications. Postoperative hoarseness scores were scored as follows: no 
hoarseness was scored 0; the patient’s self-detection of hoarseness was scored 1 point; the observer clearly 
found that the patient had a hoarseness score of 2 points; patient unable to speak for hoarseness was scored 
3 points. Postoperative sore throat was scored as follows: no sore throat was scored 0; the patient had a pain 
when swallowing was scored 1 point; the patient had persistent sore throat and worsens during swallowing 
was scored 2 points; the patient with sore throat required analgesic treatment was scored 3. *P < 0.05 (weighted 
Man-Whitney U test.)

Scores of extubating complications N = 59 CI (n = 29) CC (n = 30) P

Hoarseness immediately after extubating (0/1/2/3, n) 41/14/4/0 24/5/0/0 17/9/4/0 0.02*

Sore throat immediately after extubating (0/1/2/3, n) 39/19/1/0 25/4/0/0 14/15/1/0 0.01*

Hoarseness 24 h after surgery (0/1/2/3, n) 46/9/4/0 27/1/1/0 19/8/3/0 0.01*

Sore throat 24 h after surgery (0/1/2/3, n) 52/7/0/0 26/3/0/0 26/4/0/0 0.73

Table 4.   Some indicators closely related to the LDLT and its operation. *P < 0.05. (Size of LDLT, the number of 
adjusted and the number of displaced, Fisher’s Exact test; The degree of lung collapse, weighted Man-Whitney 
U test; other variables, Man-Whitney U test.)

Indicators N = 59 CI (n = 29) CC (n = 30) P

Size of LDLT (28/32/35/37/39, n) 7/18/12/13/9 7/18/4/0/0 0/0/8/13/9 0.01*

The degree of lung collapse (1/2/3, n) 45/14/0 20/9/0 25/5/0 0.14

Lung collapse time(s) 234.8 (98.8) 238.1 (93.6) 231.4 (105.4) 0.80

Intubation time(s) 41.1 (16.8) 31.6 (11.9) 50.3 (15.8) 0.01*

Alignment time(s) 13.9 (5.2) 11.6 (3.7) 16.2 (5.6) 0.01*

The number of adjusted (0/1, n) 56/3 28/1 28/2 0.51

The number of displaced (0/1, n) 54/5 27/2 27/3 0.52

Table 5.   Intraoperative ventilatory variables. There was no significant difference in Peak, Plateau and PetCO2 
at TTLV, TOLV_immediately and TOLV_30mins (P > 0.05). (Man-Whitney U test.)

Variables N = 59 CI (n = 29) CC (n = 30) P

Peak

 TTLV 18.3 (2.9) 18.5 (2.7) 18.1 (3.0) 0.59

 TOLV_immediately 22.4 (3.8) 23.2 (3.7) 21.6 (3.9) 0.15

 TOLV_30mins 22.8 (3.5) 23.4 (3.9) 22.2 (3.0) 0.13

Plateau

 TTLV 16.7 (2.7) 16.9 (2.5) 16.6 (2.9) 0.59

 TOLV_immediately 20.7 (3.9) 21.5 (3.9) 19.9 (3.8) 0.09

 TOLV_30mins 21.1 (3.5) 21.6 (4.0) 20.6 (2.9) 0.17

PetCO2

 TTLV 34.3 (3.6) 34.3 (3.7) 34.3 (3.6) 0.87

 TOLV_immediately 34.1 (3.8) 33.5 (3.6) 34.6 (3.9) 0.20

 TOLV_30mins 34.9 (3.4) 34.2 (3.2) 35.6 (3.4) 0.12
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Chengchao et al. measured the transverse diameter (TD-C) of the patient’s annular cartilage by ultrasound and 
CT15 and conclusion that the accuracy of intubation was 90.2% in the ultrasound and 94.1% in the CT group, 
however, the size of DLT used in their study was range from 35 to 39, while in our study the size of LDLT was 
range from 28 to 35 in the CI group, so the incidence of airway complications such as hoarseness and sore throat 
was lower in our study.

Although the smaller size of LDLT was chosen in this study, there was no significant differences in the peak 
airway pressure, the plateau airway pressure and PetCO2 during TLV and OLV between the two groups; the 
degree of lung collapse and lung collapse time was also no statistical difference between the two groups, so it can 
be speculated that smaller size of LDLT had little effect on lung ventilation during TLV and OLV. In addition, 
there was no leakage of air around the tracheal and bronchial cuffs when the air pressure set at 20–25 cmH2O 
during the operation. So, we can select smaller size of LDLT according to this experimental method, which can 
reduce the intubation time, airway complications and had little impact on the lung ventilation intraoperative.

There were some limitations to this study. First, we measured the diameter of the tracheal and bronchial 
cuffs for this brand of DLT, so the data of cuffs’ diameter not be applicable with all brands of DLTs. Second, the 
overall sample size was small.

The method which matched the inner diameter of the trachea and bronchus measured on chest CT with the 
outer diameter of the tracheal and bronchial cuffs when they were inflated to select an appropriate size of LDLT 
can reduce the incidence of airway complications.

Methods
This study was approved by the medical ethics committee of the local Hospital (201805A160) and registered at 
the Clinical Trials.gov. (NCT05739318). This research was performed in accordance with relevant guidelines/
regulations. Written informed consent was obtained from all subjects participating in the trial. Sixty adult 
patients, aged > 18 years and < 70 years, with American Society of Anesthesiologists (ASA) physical status I to II, 
requiring a left side double-lumen tube (LDLT) for elective thoracoscopic surgery were included in this study. 
The exclusion criteria as following: (1) have undergone lung operation or vocal cord surgery (2) hoarseness or 
sore throat was present previously, (3) The transverse and longitudinal diameters of the trachea or bronchus 
cannot be measured on chest CT images, (4) patients with visible anatomic abnormalities, (5) lung impairment, 
such as severe chronic obstructive pulmonary disease, (6) refusal to participate in the study.

An independent anesthesiologist trained by a senior radiologist screened all the patients the day before sur-
gery and measured the inner diameter of the trachea and bronchus of the patients enrolled in this study on the 
chest CT slice where the trachea and bronchus were narrowest among all the tracheal and bronchus slice using 
the Picture Archiving and Communication System on computer (Fig. 2). All patients were randomly allocated 
to the Cuffs Collapsed group (CC group, n = 30) and Cuffs Inflated group (CI group, n = 30). In the Cuffs Col-
lapsed group, selected the appropriate size of LDLT for patients by matching the outer diameter of LDLT (the 
outer diameter of the tracheal and bronchial cuffs when they were collapsed as the outer diameter of the LDLT) 
(Fig. 1, Table. 2) with the inner diameter of the trachea and bronchus measured by the anesthesiologist on the 
chest CT slice; In the Cuffs Inflated group, selected the appropriate size of LDLT for patients by matching the 
outer diameter of LDLT (the outer diameter of the tracheal and bronchial cuffs when they were inflated as the 
outer diameter of the LDLT) (Fig. 1, Table. 2) with the inner diameter of the trachea and bronchus measured by 
the anesthesiologist on the chest CT slice.

Randomization (1:1) was based on the code generated using SAS 9.2 software by a statistician who did not 
participate in this study. These codes were kept in sequentially numbered opaque envelopes and stored at the 
site of investigation until the end of the study.

All the patients were monitored with electrocardiography, noninvasive arterial blood pressure or invasive 
arterial blood pressure and oxygen saturation by pulse oximetry (SpO2) after entering into the operating room. 
General anesthesia was induced with intravenous 0.05 mg kg−1 Midazolam, 0.3 mg kg−1 Esketamine, 0.2 mg kg−1 

Figure 2.   (A) a: Longitudinal inner diameter of trachea, (b) Transverse inner diameter of trachea; (B) (a) 
Longitudinal inner diameter of bronchus, (b) Transverse inner diameter of bronchus.
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Cis-atracurium and 0.3 µg kg−1 Sufentanil. All the patients were intubated with a LDLT (Tuoren Medical Tech-
nology Company, Xinxiang, China) by the same anesthesiologist via a video laryngoscope exactly 3 mins after 
receiving Cis-atracurium and confirmed the position of LDLT under direct vision of fiberoptic bronchoscope 
(FOB) (the bronchial cuff located below the carina without a hernia16). The trachea and bronchial cuffs were 
inflated with air and maintained the air pressure in the cuffs at 20–25 cmH2O by a barometer. The LDLT was 
fixed firmly at the patient’s mouth with cloth tape. After changing the patient position to the lateral decubitus 
position, the position of the LDLT was reassessed using FOB. Another independent anesthesiologist followed 
the patients postoperative and recorded the airway complications such as hoarseness, sore throat 30 mins after 
extubating and 24 h postoperatively.

Observed indicators
Primary outcomes were the incidences of the airway complications such as hoarseness, sore throat 30 mins after 
extubating and 24 h postoperatively. Secondary outcomes included the time of intubation, the time of adjusting 
the LDLT to the optimal position, the incidence of air leakage around the cuffs during surgery, the incidence of 
LDLT displaced, the peak airway pressure (Peak), the plateau airway pressure (Plateau) and end-tidal carbon 
dioxide (PetCO2) were recorded at two lungs ventilation (TTLV), immediately after OLV (TOLV_immediately) and 
30 mins after OLV (TOLV_30mins). The tidal volume was calculated at 8 ml kg−1 of ideal body weight during TLV 
and 6 ml kg−1 of ideal body weight during OLV. The time of lung collapse on operated side (the time from the 
incision of pleura to the collapse of lung) and the degree of lung collapse were also recorded. The degree of lung 
collapse was scored as follows: The lung collapsed spontaneously was score 1; The lung collapsed after the suc-
tion was score 2; The lung collapsed after the squeezed by surgeon was score 3. Postoperative hoarseness scores 
were scored as follows: no hoarseness was scored 0; the patient’s self-detection of hoarseness was scored 1; the 
observer clearly found that the patient had a hoarseness score of 2; patient unable to speak for hoarseness was 
scored 3. Postoperative sore throat was scored as follows: no sore throat was scored 0; the patient had a pain 
when swallowing was scored 1; the patient had persistent sore throat and worsens on swallowing was scored 2; 
the patient with sore throat required analgesic treatment was scored 317,18.

Statistical analysis
In this study, according to a pilot study and previous study, with the significance set at 0.05 and power set at 80%, 
the sample size required to detect the differences of the incidence of the airway complications such as hoarseness, 
sore throat was 48 patients. Taking into account the potential risk of failure to intubate, we planned to enroll 60 
patients (30 per group) into the trial.

SPSS Statistics 25 was used for statistical analysis. Continuous variables were expressed as means and stand-
ard deviations. Categorical variables are expressed as the corresponding sample size or percentage. Continuous 
variables were analyzed using the Man-Whitney U test. Unordered categorical variables were analyzed using the 
Pearson’s Chi-square test. Ordinal categorical variables were analyzed using the Pearson’s Chi-square test, the 
Fisher’s Exact test or the weighted Man-Whitney U test. P < 0.05 was statistical difference.

Ethics approval and consent to participate
The Ethical Review Committee of the First Hospital of Qinhuangdao approved the present study (approval no. 
201805A160). This research was performed in accordance with relevant guidelines/regulations. All the patients 
provided written informed consent.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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