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Abstract
Background: Double-lumen bronchial tubes (DLBT) and bronchial blockers (BB) are commonly used in the anesthesia for clinical
thoracic surgery. But there are few systematic clinical comparisons between them. In this study, the effects of BB and DLBT on one-
lung ventilation (OLV) are studied.
Methods: The 200 patients with thoracic tuberculosis undergoing thoracic surgery, were randomly assigned to group A (DLBT)

and group B (BB). Intubation time, hemodynamic changes (mean arterial pressure [MAP], heart rate [HR]), and arterial blood gas
indicators (arterial partial pressure of carbon dioxide [PaCO2], arterial partial pressure of oxygen [PaO2], airway plateau pressure
[Pplat], and airway peak pressure [Ppeak]) at 4 time points were recorded. Complications such as hoarseness, pulmonary infection,
pharyngalgia, and surgical success rate were also evaluated postoperatively.
Results: Intubation times were shorter in group B. Both MAP and HR in group A were significantly higher 1minute after intubation

than before, but also higher than those in group B. PaO2 levels were lower in both groups during (OLV) than immediately after
anesthesia and after two-lung ventilation (TLV), with PaO2 being lower after 60minutes of OLV than after 20minutes of OLV.
Furthermore, at both points during OLV, PaO2 was lower in group A than in group B. No significant differences in PaCO2 were found
between the 2 groups. Ppeak and Pplat were increased in both groups duringOLV, with both being higher in group A than in group B.
The incidence of postoperative hoarseness, pulmonary infection, and pharyngalgia were lower in group B. There was no significant
difference in the success rate of operation between the 2 groups.
Conclusions: Compare with using DLBT, implementation of BB in general anesthesia has less impact on hemodynamics, PaO2

and airway pressures, and achieves lower incidence of postoperative complication.

Abbreviations: BB = bronchial blockers, DLBT = double-lumen bronchial tubes, HR = heart rate, MAP =mean arterial pressure,
OLV = one-lung ventilation, PaCO2 = arterial partial pressure of carbon dioxide, PaO2 = arterial partial pressure of oxygen, Ppeak =
airway peak pressure, Pplat = airway platform pressure, TLV = two-lung ventilation.
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1. Introduction

Themain difference between one-lung ventilation (OLV) and two-
lung ventilation (TLV) is that the former blocks one end of the
tracheal catheter andonlyuses one lung for ventilation, providing a
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better field of vision for surgery, and isolating affected lung areas
from healthier areas in order to prevent exposure to deleterious
secretions.[1,2] At present, OLV is mainly used for thoracoscopic
lung resectionandesophagectomy.[3,4]OLVcanalsobetter control
the ventilation quantity of healthy lung areas, as well as guarantee
basic oxygenation and complete removal of carbon dioxide in
patients during the operation. In addition, it can reduce airway
peak pressure and the incidence of postoperative hoarseness,
pulmonary infection, and pharyngalgia.[5,6]

Bronchial blockers (BB) are increasingly used for OLV.[7] BB
positioning is aided by fiberoptic bronchoscopy and followed by
insertion of a tracheal catheter into a single lung, which facilitates
operation procedures and accurate positioning.[7,8] Double-
lumen bronchial tubes (DLBT) can also be utilized for achieving
OLV.[7] Although both methods are commonly used in the
anesthesia for clinical thoracic surgery, clinical research is scarce.
In this study, the effects of BB and DLBT on OLV are studied in
patients with tuberculosis undergoing thoracic surgery.

2. Methods

2.1. Case selection and grouping

This study included a total of 200 patients with thoracic
tuberculosis who underwent thoracic-approach debridement
combined with thoracic posterior internal fixation under general
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anesthesia in Cangzhou Central Hospital from January 2016 to
December 2017. The sample included 102 men and 98 women
aged 45 to 67 years, with weights of 45 to 80kg, heights of 150 to
180cm, and a body mass index <30kg/m2. All patients were
classified as American Society of Anesthesiologists grade I–II.
Inclusion criteria: age >18 years, diagnosed with thoracic

tuberculosis; OLV indicated and performed by the same doctor;
patients who were physically fit and able to undergo thoraco-
scopic surgery; patients whowere informed and voluntarily chose
to participate in the study; preoperative respiratory function was
normal, as well as heart, liver, and kidney function.
Exclusion criteria: patients unfit to undergo thoracoscopic

surgery; patients with laryngopharyngeal symptoms such as
hoarseness and pharyngeal pain before surgery; patients with
serious systemic diseases; patients undergoing secondary thorac-
ic surgery or who had undergone lung surgery previously;
patients who received preoperative radiotherapy, chemotherapy,
or immunotherapy; misalignment of bilateral lumen bronchial
catheter.
The study was approved by Ethics Committee of Cangzhou

Central Hospital, and all enrolled patients signed informed
consent. Patients were randomly assigned into group A or group
B; DLBTwere used in the former, while BBwere used in the latter.
2.2. Anesthesia methods

After entering the operating room, peripheral IV lines were
obtained in all patients, along with initiation of the monitoring of
multi-lead electrocardiograph, oxygen saturation, and blood
pressure, whichwasmeasured by puncture of the left radial artery
and right internal jugular vein under local anesthesia.
Anesthesia induction was performed by administering oxygen

for 2minutes, followed by intravenous injection of midazolam (2
ml, Jiangsu Enhua Pharmaceutical Co., Ltd.), propofol ( Beijing
Fresenius Kabi Pharmaceutical Co. Ltd. , China), cistracurium
besilate (Jiangsu Hengrui Pharmaceutical Co., Ltd., China), and
fentany (Yichang Renfu Pharmaceutical Co., Ltd., China), which
allowed patients to enter the anesthetic state smoothly. Next,
endotracheal intubation and mechanical exhalation were
performed.
Anesthesia maintenance: Intraoperative target-controlled infu-

sion of propofol and remifentanil maintained plasma propofol
concentration of 1.5 to 3.0mg/L and remifentanil plasma
concentration of 8ng/L. At the same time, 2% sevoflurane
(Jiangsu Hengrui Medicine Co., Ltd., China) and 30% oxygen
inhalation combined anesthesia was maintained.
Intubation methods: Before surgery, endotracheal endoscopy

was performed in both groups through x-ray chest radiographs,
and appropriate DLBT or BB type were selected.
In group A (DLBT), endotracheal intubation was conducted

after anesthesia induction and under direct vision by laryngos-
copy, followed by insertion of the DLBT(Tampa, Hangzhou,
China) (37 Fr for men, 35 Fr for women). The front end of the
catheter was bent upward and inserted into the glottis,
approximately 21 to 23cm from the incisors. The tube core
was pulled out, and the bronchial catheter was positioned
towards the target bronchial side under the guidance of fiberoptic
bronchoscopy.
In group B (BB), a single-lumen bronchial (Tampa, Hangzhou,

China) tube (man: ID 7.0–7.5mm, woman: 6.5–7.0mm) was
inserted and fixed into the patients, at a depth of 22 to 24cm. The
BB was inserted through the tracheal tube. Then, under the
2

guidance of fiberoptic bronchoscopy, the blocking device was
inserted into the carina. The fiberoptic bronchoscope was
stabilized, and the end of the BB was rotated under direct
observation. The BB was then pushed into the main tracheal
trunk to be blocked, the cuff was inflated, and the BB was fixed
with a clip. During the procedure, chest ventilation was stopped
and CO2 (2L/min) was pumped into the right thoracic cavity.
Intrathoracic pressure was maintained at 8 to 10mmHg (1
mmHg=133.3Pa) to induce artificial pneumothorax. Compres-
sion of the right lung was performed in order to achieve collapse.
If necessary, pulmonary forceps were used to assist in the
elimination of residual air in the lung.
The parameters of OLV in both groups were set at a tidal

volume of 6 to 8mL/kg and breathing frequency 12 to 16 times/
min. Related parameters were adjusted according to blood
oxygen saturation and blood gas analysis during operation.
Maintenance of anesthesia depth: The correlation between the

anesthesia depth of propofol and BIS value is excellent, which can
accurately monitor the anesthesia depth of propofol alone. The
correlation between BIS and sevoflurane uptake concentration is
good. When sevoflurane is used for anesthesia, it is reliable for
BIS to monitor the depth of anesthesia. BIS value is 100, awake
state; BIS value is 0, completely without EEG activity (cerebral
cortex inhibition), generally considered that BIS value 85 to 100
is normal state; 65 to 85 is sedative state; 40 to 65 is anesthetic
state; and <40 may present explosive inhibition. Anesthesia
recovery: Remaining muscle relaxation should be antagonized to
restore spontaneous breathing, deoxygenation in quiet state for
>15minutes. When the patient’s oxygen saturation is above
95%, the tracheal tube should be removed.
2.3. Follow-up and observation indicators

The primary observation indicators: arterial partial pressure of
carbon dioxide (PaCO2), arterial partial pressure of oxygen
(PaO2), airway platform pressure (Pplat), and airway peak
pressure (Ppeak), which were determined by blood gas analysis
on samples taken from the patients’ radial artery at 4 points in
time: immediately after anesthesia, at 20minutes of OLV, at 60
minutes of OLV, and 10minutes after recovery from TLV; the
incidence of hoarseness, pharyngalgia, cough, pulmonary
infections, and other adverse reactions, which were observed
and recorded within 1 week after surgery; hemodynamic changes
during tube positioning: mean arterial pressure (MAP) and heart
rate (HR). Secondary observation indicators included intubation
time, lung block time, and intraoperative bleeding.
2.4. Statistical analysis

The SPSS17.0 (SPSS Inc., Chicago, IL,USA) was used for
statistical analysis of the data. The enumeration data was
expressed as frequencies; the Chi-squared test was used for
comparison between groups. The measurement data were
expressed as means± standard deviations. Comparisons of data
from each group at each time point were performed with the t test
for independent samples. Comparisons of data within each group
at multiple time points were performed with Analysis of Variance
combined with Bonferroni post-hoc test. Differences were
considered statistically significant when P< .05.
n=s2/(e2/Z2+s2/N), (95% confidence requires the statistic of

Z to be 1.96, the estimated population standard deviation to be
150, and the population unit number to be 1000). Sample size



Table 1

Comparison of general information.

Group A (n=100) Group B (n=100) t/x2 P

Male/female 50/50 52/48 0.080 .777
Age, y 45.57 [5.34] 46.32 [5.68] 0.962 .337
Weight, kg 66.22 [6.49] 65.33 [6.38] 0.978 .329
Anesthesia time, min 123.45 [12.87] 122.54 [13.58] 0.486 .627
Operation time, min 104.32 [15.50] 103.47 [16.78] 0.372 .710
FEV1 (%) 64.23 (5.67) 65.49 (6.48) 1.463 .145
MVV (L) 99.35 [6.71] 98.37 [4.57] 1.207 .229
Pulmonary ventilation (left/right) 45/55 52/48 0.981 .322
Duration of pulmonary obstruction, min 83.39 [12.28] 82.38 [11.89] 0.591 .555
Hemorrhage during operation, mL 167.38 [23.34] 165.39 [22.47] 0.614 .540
Basic diseases
Tuberculosis 3 (3%) 2 (2%) 0.205 .651
Anemia 14 (14%) 15 (15%) 0.040 .841
Hypertension 68 (68%) 65 (65%) 0.202 .653
Diabetes 48 (48%) 46 (46%) 0.080 .777
Hepatic injury 12 (12%) 15 (15%) 0.385 .535

Data are presented as mean [standard deviation], or frequency (percentage).
FEV1= forced expiratory volume in 1 second, MVV=maximum ventilatory volume.
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calculation: (n=150�150/[30�30/{1.96�1.96}]+150=100�
150/1000).
3. Results

3.1. Comparison of basic data

No statistically significant differences were found between the
groups regarding sex ratio, age, weight, and duration of
pulmonary obstruction (all P> .05, Table 1).
3.2. Intubation-related indicators

Intubation times were shorter in group B than in group A. And
also there was a significantly higher one-time intubation success
rate in group B in comparison to group A (both P< .05, Table 2).
3.3. Hemodynamic changes before and after intubation

In group A, MAP and HR were found to be higher at 1minute
after intubation than before (both P< .05). In contrast, in group
B, there was no statistically significant difference inMAP and HR
before and after intubation (both P> .05). However, group A
showed significantly lower MAP and HR at each time point
compared with group B (both P< .05, Fig. 1).

3.4. Blood gas analysis variables

In both groups, PaO2 levels during OLV were ascertained to be
lower than immediately after anesthesia and after recovery from
Table 2

Comparison of intubation-related indicators.

Group A (n=100) Group B (n=100) t/x2 P

Intubation time, min 6.23 [1.48] 4.32 [1.22] 9.958 <.0001
One-time intubation

success rate, n (%)
73 (73.00) 97 (97.00) –20.745 .000

Data are presented as mean [standard deviation], or number (percentage).
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TLV in both groups, and especially PaO2 levels after 60minutes
of OLV were lower than after 20minutes. PaO2 were found to be
lower at both time point during OLV in group A than in group B
(all P< .05). There were no significant differences in PaCO2

between the 2 groups at any time point (all P> .05). Ppeak and
Pplat were increased immediately after anesthesia, at 20minutes
of OLV and at 60minutes of OLV, but decreased at 10minutes
after TLV (all P< .05). In addition, Ppeak and Pplat were
significantly higher in group A at 20minutes and 60minutes of
OLV (all P< .05, Fig. 2).
Figure 1. Changes of MAP and HR before and after intubation. A group: DLBT
group; B group: BB group. T0: before intubation; T1: 1minute after intubation.
∗
P< .05, nsP> .05. BB=bronchial blockers, DLBT=double-lumen bronchial
tubes, HR=heart rate, MAP=mean arterial pressure.

http://www.md-journal.com


Figure 2. Changes of PaO2, PaCO2, Ppeak, Pplat. A group: DLBT group; B group: BB group. T0: immediately after anesthesia; T1: at 20minutes of OLV; T2: at
60minutes of OLV; T3: 10minutes after recovery from TLV. ?P< .05, compared with T0 in group A; #P< .05, compared with T0 in group B;

∗
P< .05, compared

with group A. BB=bronchial blockers, DLBT=double-lumen bronchial tubes, OLV=one-lung ventilation, PaCO2=arterial partial pressure of carbon dioxide,
PaO2=arterial partial pressure of oxygen, Ppeak=airway peak pressure, Pplat=airway platform pressure, TLV= two-lung ventilation.
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3.5. Postoperative complications

The incidence of postoperative complications was significantly
lower in group B (all P< .05, Table 3).
3.6. Comparison of the success rate of operation between
the 2 groups

There was no significant difference in the success rate of
operation between group A and group B (P= .445). See Table 4.
4. Discussion

Implementation of DLBT is the most commonly used technique
to achieve OLV.[9] However, clinical practice has shown this
Table 3

Comparison of complication.

Group A (n=100) Group B (n=100) x2 P

Hoarseness 10 2 4.344 .037
Pharyngalgia 10 1 6.157 .013
Cough 12 3 4.613 .032
Pulmonary infection 15 3 7.387 .007

Table 4

Comparison of the success rate of operation between the 2
groups.

Group A (n=100) Group B (n=100) x2 P

Success 95 98
Fail 5 2
Success rate 95% 98% 1.332 .445

4

technique has relatively high requirements for operation. In
addition, catheter positioning and treatment of related compli-
cations are both relatively difficult, demanding great dexterity
from highly skilled physicians, and resulting in extended times for
catheterization.[10]

This study found the success rate of one-time intubation to be
significantly higher in the BB group than in the DLBT group. This
is consistent with the results of Campos and Kernstine[11] and
Ruetz et al.[12] We surmise this finding may be associated with the
fact that in all the cases included in this study and the report by
Cohen,[13] it was necessary to rotate the DLBT during its
insertion within thoracoscopic surgery, along with its insertion
into the target bronchus by blind intubation. In contrast, BB are
inserted into the target healthy lung under the guidance of
fiberoptic bronchoscopy, which greatly improves the success rate
of one-time intubation.
We also found that in both groups, PaO2 levels during OLV

were lower than immediately after anesthesia and after TLV, and
PaO2 was lower after 60minutes of OLV than after 20minutes.
PaO2 during OLV was also found to be lower in the DLBT group
than in the BB group. Ppeak and Pplat were increased in both
groups during OLV, being higher in the DLBT group at all time
points duringOLV. These results suggest utilization of BB has less
impact on patients’ blood gas, especially on the PaO2, which
ensures the oxygen supply of other tissues during the operation
and may reduce the risk of hypoxia. This may be due to several
factors: BB tube diameters are relatively smaller, and the end of
the tube is flexible. Fiberoptic bronchoscopy can guide BB to the
target bronchi and facilitate accurate positioning to achieve
effective pulmonary collapse.[14,15]

Moreover, studies have shown that when performing OLV in a
slim patient, the thinner DLBT are associated with, the greater the
airway resistance will be. It hinders the improvement of oxygen
saturation and the redistribution of pulmonary blood from the
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side under operation to the healthy side.[16–18] The BB tubes
selected for this study were smaller in size than those used for
DLBT, so the compression of the DLBT on the airway increased
accordingly. Furthermore, because the one-time success rate of
DLBT implementation is low and its positioning is cumbersome,
it is often necessary to move the DLBT during intubation, further
aggravating friction in the airway. This has been linked with
increased incidence of discomfort in patients after the opera-
tion.[19] BB also offer better visual fields: BB retain less gas,
assuring lower degree of pulmonary expansion and a wider
surgical visual field; whereas DLBT are double-lumen tubes with
poor ventilation which can retain much larger quantities of
gas.[20] However, there are disadvantages to BB use: as the
exhaust pipe and sputum suction pipe on BB are relatively thin, it
is necessary to open the cuff and then the exhaust port before
OLV. Therewith air in the lung is then slowly eliminated, taking a
longer time than DLBT.[21] This renders BB unfit for use in
patients with wet lungs, as difficulties in discharging phlegm can
lead to complications such as airway obstruction and infections
in patients with wet lungs. According to the blood gas analysis
results of our patients, BB yields improved preservation of PaO2

in comparison to DLBT. Future studies should assess the impact
of BB implementation on the incidence of hypoxic complications.
The limitations of this study include the relatively small sample

size and reduced array of observation indicators. In future
studies, we intend to evaluate the effect of OLV in extended
periods of time; as well as assess changes in arterial xanthine
oxidase levels, peroxidase activity, and polymorphonuclear
count during the operation, in order to further explore the
protective mechanisms of BB on OLV; and patients with heart
failure affecting lung function tests were considered to be
excluded.
In conclusion, we found BB implementation had less impact on

blood gases when used for chest surgery, supporting it as an
effective and safe technique with wide clinical applicability.
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