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Abstract

Background：To improve the conversion efficiency between single-lung and double-lung
ventilation after Double-lumen tube(DLT) intubation, we invented a Y-shaped rotatable
adjustment between three-lumen tube and double-lumen tube connector (YRC). The
performance of YRC was studied with the traditional Y-shaped reconnector (YC) as the control.

Methods： A total of 60 adult patients who underwent thoracic surgery with double-lumen
endotracheal tube insertion were included in the study. The subjects after endotracheal tube
insertion were randomly divided into two groups: YRC connecting group (YRC group, n=30) and
a traditional connector connecting group (YC group, n=30), respectively. Primary endpoints were
intubation time and conversion time of single-lung ventilation to double-lung ventilation. The
secondary endpoints of this study were the internal gas volume of the two joints, airway
pressure, and the time required for sputum aspiration during the operation.

Results： Intubation time in YRC group was shorter than that in YC group (89.75±14.28s vs
107.80±14.96s, p=0.00). Compared with the YC group, the time required for ventilation
conversion between single-lung and double-lung ventilation during the operation in the YRC
group were significantly shortened (3.60±1.20svs9.05±2.53s, p=0.00). The internal gas volume
in YRC (17.20ml) is smaller than YC (24.12ml). There was no statistical difference in airway
pressure and the time required for sputum aspiration between YRC group and YC group (P >
0.05).

Conclusion：Compared with the traditional connectors, the YRC can improve the conversion
efficiency between single-lung ventilation and double-lung ventilation with double-lumen
endotracheal tube, save positioning time, and can be safely used for the anesthesia management
of double-lumen endotracheal tube.

Trial registration：This clinical research was registered at the Chinese Clinical Trial
Registry(www.chictr.org.cn,ChiCTR2000040188),Date of registration: November 24, 2020.

Keywords：double lumen endotracheal tube connector; single-lung ventilation and; double-lung
ventilation; double-lumen endotracheal tube
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Background
Double-lumen tube(DLT) is one of the most
commonly used devices for realizing lung
isolation and single-lung ventilation in thoracic
surgery.[1].After endotracheal intubation,
anesthesiologists are often required to control
the breathing of patients to switch between
double-lung ventilation and single-lung
ventilation by adjusting the joint between
endotracheal tube and breathing circuit. for
example, when the endotracheal tube is
positioned by auscultation and
fibrobronchoscope, when pathological changes
on the lung surface need to be better exposed
during the surgery and when checking for air
leakage at the stump after segmentectomy [2, 3,
4]. The double-lung ventilation connector
(traditional connector, YC) provided by the
existing dual lumen endotracheal tube
(Shiley125-35, Covidien, the USA) which
connects DLT with respiratory circuit should be
used alternately with threaded pipe connector
during ventilation mode conversion, resulting in
low efficiency. In addition, ventilations need to
be completely interrupted during the conversion
process, and inhaled anesthetics are prone to
leakage.
In order to improve the deficiencies of the

traditional connector in the ventilation
conversion of thoracic surgery, a Y-shaped
rotatable adjustment between three-lumen tube
and double-lumen tube connector (YRC) was
invented in the present study (which has been
granted the patent for utility model with
authorized notice No. CN 208481834 U). For
this connector, the anesthesiologist can switch
between the two ventilation modes by simply
twisting the Y-valve on the surface. To compare
the clinical performance of this connector with
that of the traditional connector, we designed a
randomized controlled trial. We hypothesize
that the YRC may shorten the intubation time of
endotracheal tube and improve the conversion
efficiency of single-lung and double-lung
ventilation modes. This will facilitate ventilation
management during thoracic surgery.

Methods
This study was registered at www.chictr.org.cn
(identifier:ChiCTR2000040188) on November
24, 2020. The study was approved by the Ethics
Committee of the Second Hospital of Jilin
University on November 23, 2020 (approval
number of the Ethics Committee: 2020-138).
Written informed consent was obtained from all
patients.The study was performed in accordance
with all relevant principles of the Declaration of
Helsinki.
A total of 60 adult patients (ASA Grades I–II)

who underwent thoracic surgery with double-
lumen endotracheal tube insertion were
included in the study. Exclusion criteria in this
study included patients under the age of 18
years old, patients undergoing emergency
thoracic surgery, patients who were pregnant,
and patients who had contraindications for
intubation of double-lumen endotracheal tube,
such as laryngeal edema and acute laryngitis.
Patients whose airway assessment before
intubation was predicted as difficult airway,
such as known airway mass, Mallampati grades
III–IV, and severely limited head and neck
movement, were also excluded [5 ， 6].
According to the random numbers generated by
the computer, the patients were randomly
divided into the YRC group (n=30) or the YC
group (n=30). They were then stored in an
opaque and digitally marked envelope, and
disclosed before induction of total anesthesia.
Primary and secondary endpoints
Five anesthesiologists with more than ten

years of clinical work experience and rich
anesthesia experience in thoracic surgery and
familiar with the use of two connectors were
used to complete the anesthesia induction,
DLTs intubation, positioning, sputum suction
and other operations in the two groups of
patients. The required indicators for this study
were recorded by the same staff member who
did not understand the study. The main results
included intubation time and conversion time of
single-to-double lung ventilation. Intubation
time was defined as the time from passage of

http://www.chictr.org.cn(identifier:chictr2000040188)
http://www.chictr.org.cn(identifier:chictr2000040188)
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the catheter through the glottis to satisfactory
positioning of the DLTs. The ventilation
conversion time was defined as the time

required for conversion of double-lung
ventilation to either-side single-lung ventilation
or the time required for conversion of either-
side single-lung ventilation to double-lung
ventilation. The internal gas volume of two
connectors also needs to be measured. After
positioning of DLTs in patients of two groups,
peak airway pressure, plateau pressure and
average airway pressure were recorded during
5min of two-lung ventilation, and then they
were recorded after switching to one-lung
ventilation for 5min. During single-lung
ventilation, the time required for sputum
aspiration from the non-ventilated lung was
recorded, which was defined as the time from
the moment when the sputum aspiration tube
was connected to the aspirator to the moment
when the sputum aspiration tube completely left

the opening of the double-chamber bronchial
tube after the sputum aspiration. We also
recorded the time required for sputum
aspiration to the ventilated lung during single-
lung ventilation, which is defined as the time
from the moment when the sputum aspiration
tube is connected with the aspirator to the
moment when the patient resumes normal one-
lung ventilation after the sputum aspiration.

YRC Introduction
As shown in Figure. 1, the surface of YRC is
provided with a Y-shaped rotatable valve, and
y-shaped mutually communicate pipelines
inside the YRC can be driven by rotating the y-
shaped rotatable valve, so that the gas flow
direction is controlled. The pipes b,c of the y-
valve are at an angle of 90 and their
corresponding internal pipes are also at an

YRC YC Illustration of double lung ventilation function of YRC

Illustration of single lung ventilation function of YRC

Figure 1



Doe and Smith Page 4 of 9

angle of 90. The pipes b and c form an angle of
135 with a, and corresponding internal pipe of
pipe a also form an angle of 135. However, YC
can only realize double-lung ventilation after
connecting the double-lumen bronchial tube
with the respiratory circuit, but can not carry
out single-lung ventilation (Figure. 1).
When two lungs are ventilated, the b and c

ends of the Y-valve point to the B and C ends of
the double-lumen endotracheal tube,
respectively, and the a end points to the
breathing circuit end A (Figure. 1). When single-
lung ventilation was performed, the a end
points of the Y-valve pointed to the ventilated
side of the double-lumen endotracheal tube. If
it pointed to the B end, c pointed to the
respiratory circuit end A, and the b end was
closed. At this time, the open side of the
double-lumen endobronchial tube connected
with the B end was ventilated, while the open
side of the double-lumen endobronchial tube
connected with the C end was not ventilated. If
it points to end C, end b points to end A of
breathing circuit, and end c is closed. At this
time, the open side of the double-lumen
endobronchial tube connected with the C end
was ventilated, while the open side of the
double-lumen endobronchial tube connected

with the B end was not ventilated. (Figure. 1).
Therefore, when performing the conversion
between the two ventilation modes, only the Y-
shaped valve needs to be rotated for realization.
The clinical application effect of YRC and YC is
shown in Figure 2.

Research process
Electrocardiograms, invasive arterial blood
pressure, pulse oximetry, and bispectral index
were routinely monitored after all patients
entered the operating room. Lidocaine cream
was applied to the cuff at the front of the
catheter for lubrication and superficial
anesthesia. Induction of general anesthesia was
achieved by sequential intravenous
administration of midazolam (0.05-0.1mg/kg),
propofol (2-3mg/kg), sufentanil (0.5ug/kg),
and cis-atracurium (0.15-0.2mg/kg). During
induction, patients were given pure oxygen
mask ventilation for 3 minutes, and then
endotracheal intubation was performed. The
anesthesiologist exposed the glottis using a
visual laryngoscope, and the blue cuff at the
bronchial end of the double-lumen tube
completely passed through the glottis and then
pulled out the tube core provided with the
double-lumen tube. Then, according to the

Figure. 2 Clinical application of YRC and YC



Doe and Smith Page 5 of 9

direction of intubation, the double-lumen tube
is rotated to advance toward the bronchus until
it feels moderate resistance, and then the two
sets of balloons are inflated respectively. After
connecting with YRC, YRC group underwent
ventilation mode conversion by rotating Y-valve,
while in YC group, the ventilation mode was
changed by alternately using YC and threaded
pipe connector. In two groups, the patient was
first ventilated with two-lung ventilation or
one-lung ventilation by manual breathing, and
the respiratory sounds were auscultated. By
preliminarily adjusting the position of the
double-chamber tube, both lung respiratory
sounds were clear during double-lung
ventilation, while during one-lung ventilation,
the respiratory sounds in the ventilated side
were clear (especially in the upper lobe) and the
respiratory sounds were completely inaudible
on the non-ventilated side. Fiberoptic

bronchoscopy was then applied to determine
the position of the double lumen tube. Finally,
two-lung mechanical ventilation was performed,
and the double-lumen tube was fixed. Before
pleural opening, one-lung ventilation was used.
After the posture was changed, the catheter
position was confirmed and adjusted by
fibrobronchoscopy. After anesthesia induction,
continuous intravenous target-controlled
infusion of propofol (the set target
concentration of 2–4 ug/mL) and remifentanil
(0.2–0.5 ug/kg.min) maintained BIS within the
range of 40–60, and intermittent injection of
cis-atracurium to maintain appropriate muscle
relaxation. During two-lung ventilation, the
tidal volume of the ventilator was adjusted to
7ml/kg, with the frequency of 12–14 times/min.
During one-lung ventilation, the tidal volume
was adjusted to 5ml/kg with a frequency of 14–
16 times/min, and the PEEP was adjusted to 8,

Figure 3. CONSORT of flow diagram
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maintaining the end-tidal partial pressure of
carbon dioxide of 35–45 mmHg.

Statistics analysis
Statistical analysis was performed using
SPSS25.0 software. The measurement data
conforming to normal distribution were
expressed as mean ± standard deviation (X±S).
Independent sample t test was used for
comparison between groups, and the
enumeration data were subjected to x test. P <
0.05 indicated statistically significant.

Results
Preliminary qualification assessments were
performed in 64 patients in this study. Three
patients refused to sign the study consent form,
and one patient was excluded due to the
preoperative assessment of difficult airway.
Finally, 60 patients participated in the study
analysis (Figure 3), including 44 cases of lung

Table 1 Patient characteristics

Table 2

bStatistically significant

mass, 2 cases of pneumothorax, 5 cases of
mediastinal tumor, 3 cases of esophageal
lesions, 3 cases of empyema, 1 case of
pericardial effusion, 1 case of rib malignant
tumor, and 1 case of rib fracture. There was no
statistically significant difference in biometric
data between the two groups (Table 1).
The results showed that YRC, compared with

YC, could improve the conversion efficiency of
single-lung ventilation and double-lung
ventilation with dual lumen endotracheal tube,
and reduce the intubation time, but there was
no difference in the impact on the sputum
suction operation between two groups. The
intubation time in the YRC group was shorter
than that in the YC group (89.75±14.28s VS
107.80±14.96s, p= 0.00) (Figure 4). The
ventilation conversion time in the YRC group
was shorter than that in the YC group
(3.60±1.20s VS 9.05±2.53s, p=0.00) (Figure 4).
The sputum aspiration time in the YRC group

Variable YRC group(n=30) YC group(n=30) P value

Gender(male/females) 15/15 14/16 0.800
Age(years) 58.7±11.8 56.5±10.5 0.712

Height(cm) 166.3±8.9 165.9±8.2 0.836

Weight(kg) 65.5±12.4 63.9±11.2 0.633

ASA（Ⅰ/Ⅱ） 1/29 2/28 0.561
DLT design used(left/right) 22/8 20/10 0.581

Variable YRC

group(n=30)

YC group(n=30) P value

Intubation time (S) 89.75±14.28 107.80±14.96 0.00b

Conversion time(S) 3.60±1.20 9.05±2.53 0.00b

Sputum aspiration time to the
non-ventilated lung during one-
lung ventilation (S)

8.79±1.95 9.64±1.77 0.081

Sputum aspiration time to the
non-ventilated lung during one-
lung ventilation (S)

13.56±1.81 14.11±1.68 0.304

Gas volume comparison(ml) 17.20 24.12 /
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was not significantly different from that in the
YC group (8.79±1.95s VS 9.64±1.77s, P =
0.081 > 0.05, 13.56±1.81s VS 14.11±1.68s, P
= 0.304 > 0.05) (Table 2).
The gas volume inside the joint is measured

three times. The measurement method is to seal
the ends of the two connectors connected to the
breathing circuit with adhesive tape, and inject
water into them from the end connected to the
endotracheal tube until the connectors are
completely filled with water, and measure the
milliliters of injected water, that is, the internal
gas volume value of the two connectors. The
results showed that the average volume of gas
in YRC was 17.20ml, and that in YC was
24.12ml, which indicated that YRC could reduce
the mechanical dead space in breathing circuit.
There was no difference in peak airway pressure,
platform pressure or average airway pressure
between the two groups during one-lung

Table 3

ventilation and two-lung ventilation for 5min,
indicating that YRC, like YC, could ensure the
overall airway tightness and airway safety
during mechanical ventilation (P > 0.05) (Table
3).

Discussion
In thoracic surgery, double-lumen tube (DLT) is
required to separate the bilateral thoracic
ventilation [7]. The traditional connector (YC)
connecting the double-lumen endotracheal tube
to the respiratory circuit needs to be used
alternately with the single-lumen connector for
the single-to-double lung ventilation
conversion. The deficiency of YC is that the
operation of ventilation conversion process is
cumbersome, and the connectors may fall off or
be lost in the process of repeatedly plugging
and unplugging. If the connectors are not found
in time, the sealability of the whole respiratory

Group

Double-lung ventilation Single-lung ventilation

Ppeak

（cmH2O）

Pplat

（cmH2O）

Pmean

（cmH2O）

Ppeak

（cmH2O）

Pplat

（cmH2O）

Pmean

（cmH2O）

YRC group(n=30) 16.05±2.19 14.10±1.87 6.21±0.79 24.68±3.29 21.50±2.65 9.90±1.22

YC group(n=30) 15.95±2.34 13.79±1.55 5.92±0.71 23.96±2.60 20.98±2.02 9.26±0.98

P value 0.380 0.104 0.310 0.206 0.094 0.078

Intubation time chart conversion time chart
Figure 4
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circuit during anesthesia will be affected,
resulting in hypoxia for patients, and even a
threat to life safety [8]. If the connector is lost,
the smoothness of the ventilation conversion for
the patient is reduced, and the operation
progress is delayed. At the same time,
repeatedly plugging and unplugging during
inhalation anesthesia will cause a large amount
of inhaled anesthetics to leak from the
respiratory circuit, affect the stability of the
anesthesia depth of patients, and pollute the air
in operation rooms.
In order to solve the above-mentioned

problems, the author of this paper invented YRC,
which does not need to completely disconnect
the respiratory circuit during single-to-double
lung ventilation conversion, and the ventilation
mode can be switched by only rotating the Y-
type valve, with simple operation.
When anesthesiologists use auscultation to

locate the endotracheal tube after tracheal
intubation, they need to frequently switch the
ventilation mode. From the results of this study,
we can see that YRC, compared with YC, greatly
saves the intubation time of double-lumen
endotracheal tube and the ventilation switching
time and reduces the no-ventilation time of
patients. For patients with poor lung function
and poor oxygen storage, such as COPD and
pulmonary fibrosis, it is crucial to shorten the
time without ventilation during the intubation [9,
10], which improves the safety of the intubation
process. And the internal gas volume of YRC is
smaller than that of YC, which reduces the
mechanical dead space in the breathing circuit,
thus reducing the mechanical compliance of the
whole machine, reducing the ventilation loss
and improving the ventilation efficiency of the
whole machine [11, 12].
Y-shaped rotatable valve core is the core

knowledge value of the invention, which not
only realizes the random conversion of single
and double lung ventilation, but also has the
advantages of saving time and labor in
operation performance. It is the same as the
traditional connector in airtightness and safety,
with low cost and disposable use, which can
ensure the health and safety of respiratory

system.
In addition, although this study was

randomised, there are still certain limitations
that deserve our attention.First of all, all
anesthesiologists participating in the study were
not blinded to the connector used, but it is
difficult to solve this problem in a comparative
study evaluating the application of the two
connectors in thoracic surgery.However, the
recorded time and other data were completed
by the same staff who did not understand the
experiment, and the recorded indicators were
objective.Another limitation is that due to the
limitations of conditions, all patients
participating in this study use the method of
intravenous anesthesia, which cannot show the
differences in the effects of these two
connectors on the depth of anesthesia during
inhalation anesthesia. This is worthwhile Further
discussion.

Conclusions
In summary, the YRC has certain practicability,
effectively improves the ventilation mode
conversion efficiency, and is an innovative
instrument worthy of promotion.
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Figures

Figure 1

As shown in Figure. 1, the surface of YRC is provided with a Y-shaped rotatable valve, and y-shaped
mutually communicate pipelines inside the YRC can be driven by rotating the y-shaped rotatable valve, so
that the gas �ow direction is controlled.



Figure 2

Clinical application of YRC and YC



Figure 3

CONSORT of �ow diagram



Figure 4

The intubation time in the YRC group was shorter than that in the YC group (89.75±14.28s VS
107.80±14.96s, p= 0.00) (Figure 4). The ventilation conversion time in the YRC group was shorter than
that in the YC group (3.60±1.20s VS 9.05±2.53s, p=0.00) (Figure 4).
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