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The effect of intravenous
lidocaine on propofol dosage
in painless bronchoscopy of
patients with COPD
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Background: We tested the hypothesis that intravenous (IV) lidocaine reduces
propofol requirements in painless bronchoscopy in patients with chronic
obstructive pulmonary disease (COPD).
Methods: A total of 93 patients who underwent bronchoscopy were included
in this randomized placebo-controlled study. The patients were randomly
divided into two groups. After the IV doses of nalbuphine, patients were
given a bolus of propofol, which was titrated if necessary until loss of
consciousness. Then patients were given IV lidocaine (2 mg/kg then 4 mg/
kg/h) or the same volume of saline. The primary endpoint was the propofol
requirements. Secondary endpoints were the incidence of hypoxemia, the
incidence of cough during glottis examination, the systolic blood pressure
(SBP) and heart rate (HR) during bronchoscopy procedures, the
bronchoscopist’s comforts, and the time for wakefulness before recovery.
Results: Lidocaine infusion resulted in a significant reduction in propofol
requirements (p < .0001), and the incidence of hypoxemia (p= .001) and
cough (p= .003) during examination decreased significantly in the lidocaine
group. During the examination, the fluctuation of SBP and HR was
significantly lower than that in the control group, and the difference was
statistically significant (p < .05). Bronchoscopist’s comforts were higher in the
lidocaine group (p < .001), and time for wakefulness (p < .001) were
significantly lower in the lidocaine group.
Conclusion: In painless bronchoscopy in patients with COPD, IV infusion of
lidocaine resulted in a reduction in propofol dose requirements and reduce
the incidence of adverse events.
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COPD, chronic obstructive pulmonary disease; FEV, forced expiratory volume; FVC, forced vital capacity;
HR, heart rate; SBP, systolic blood pressure; VAS, visual analog scale.
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Background

Chronic obstructive pulmonary disease (COPD) is a

common and frequently occurring disease in Chinese elderly

patients and most of whom require bronchoscopy.

Bronchoscopy diagnosis and treatment is an operation with

high stimulation intensity that causes strong discomfort for

the patient. According to the current guidelines, painless

bronchoscopy [sedation or intravenous (IV) anesthesia] is

usually selected to improve the comfort and tolerance of

patients (1). In painless bronchoscopy, midazolam and

propofol are often combined with opioids which have the

effect of central antitussive and can significantly inhibit the

stimulation of airway operation. However, when propofol or

midazolam is used alone for sedation and analgesia, the risk

of respiratory and hemodynamic complications is as high as

10%–14.5% (2), and combined use will further increase the

risk of hypoxemia and apnea (3). In order to reduce the

dosage of sedative drugs, local anesthetics such as lidocaine

are often injected into the upper respiratory tract and

tracheobronchial tree through the working channel of a

bronchoscope. If the airway is blocked by thick sputum, it

may be difficult to make lidocaine evenly distributed by this

method, resulting in incomplete anesthesia on the airway wall

surface. IV lidocaine can not only reduce the cough response

and pressor response during tracheal intubation (4) but also

effectively reduce cough and hemodynamic changes during

tracheal extubation (5). The mechanism by which lidocaine

suppresses the cough reflex and causes hemodynamic changes

is incompletely understood. But studies showed lidocaine may

inhibit the cough reflex by inhibiting the brainstem, acting on

peripheral upper airway receptors, or both (6). Therefore, in

the painless bronchoscopy of patients with COPD, we

combined IV lidocaine with propofol to verify the hypothesis

that IV lidocaine reduces the dosage of propofol.
Methods

Participants

According to the global initiative for chronic obstructive

lung diseases (GOLDs), patients with a previous history of

dyspnea, chronic cough, or sputum, post-bronchodilator

forced expiratory volume in the first second/forced vital

capacity (FEV1/FVC) < 0.7 and airflow restriction after

inhalation of bronchodilators, and indications for

bronchoscopy were selected as the research object. A total of

93 patients with COPD who underwent painless

bronchoscopy from April 2019 to December 2019 in our

hospital were included. SPSS software was used to generate a

random assignment sequence, and 93 patients were randomly
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divided into two groups: the lidocaine group (group L, n = 48)

and the control group (group C, n = 45). The randomly

assigned sequences are placed in sequentially coded opaque

sealed envelopes. After confirming that the patients met the

inclusion criteria, the envelopes were distributed and opened

according to the chronological order of patients’ inclusion,

then the patients were assigned to the corresponding groups

and recorded. All the patients after screening were enrolled in

the study (Figure 1).

After the patient entered the operating room, the

anesthesiologist opened the sealed envelope and she was

responsible for preparing the study drug. Another

anesthesiologist was responsible for the intraoperative

medication of all patients and did not know the grouping.

Bronchoscopy doctors and nursing staff responsible for data

collection did not know the grouping of patients as well.
Criteria

(1) Inclusion criteria: 18–80 years old; ASA I–III; preoperative

pulmonary function examination, FEV1/FVC < 70%;

arterial blood gas PaO2 > 60 mmHg (air inhalation);

consent to participate in the experiment and sign the

informed consent form.

This study was approved by the ethics committee of
Hebei Hospital of Traditional Chinese Medicine (2019-

KY-004-02), and the registration number in the clinical

trial registry was ChiCTR1900022178.
(2) Exclusion criteria: patients who did not agree to participate

in painless treatment; COPD exacerbation or recent acute

upper respiratory tract infection; severe cardiopulmonary

disease before operation; allergic history of propofol and

lidocaine hydrochloride; impaired verbal communication

or mental disorder; examination time more than 20 min.
Study design

Venous access was opened after entering the operating

room and the patients were placed in a supine position. ECG,

BP, and SpO2 monitoring were performed with a

Mindrary9100 monitor (Shenzhen Mindray Bio-medical

Electronics Co. LTD). Bronchoscopy procedures were

performed transnasally, with the patients in the semi-

recumbent position by three pulmonary fellow physicians

under the close supervision of two pulmonary attending

physicians. A special anesthesia mask (Henan Tuoren Medical

Instrument Group Co. LTD, Figure 2) was used for oxygen

inhalation, 6 l/min, and 1 ml of 2% lidocaine (H20059049, Ji

Chuang Pharmaceutical Co., Taixing, China) was used for

nasal inhalation.
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FIGURE 1

Consort flowchart.

FIGURE 2

A special anesthesia mask.
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Intervention

Both groups of patients were injected with nalbuphine

(H20130066, Ren Fu Pharmaceutical Co., Yichang, China) at

0.1 mg/kg intravenously, followed by propofol (H19990282,

Li Bang Pharmaceutical Co., Xian, China) at 0.5 mg/kg

intravenously. The patients were supplemented with propofol

10 mg/5 s to produce unconsciousness (the eyelash reflex

disappeared and they did not respond) if necessary.

Lidocaine group (group L): intravenously injected with a

single dose of lidocaine at 2 mg/kg, followed by continuous

pump injection at a speed of 4 mg/kg/h for 30 min, and

toxic concentrations of lidocaine were not reached (2).

Control group (group C): IV infusion of the same dose of

normal saline. Before the bronchoscope entered the glottis,

2 ml of 2% lidocaine was sprayed on both sides of the

piriform recess and glottis. If the patient has a severe cough,

body moving and other conditions affecting the operation or

hemodynamic changes [heart rate (HR) > 20 times/min,

mean arterial pressure (MAP) > 20% of the basic value], stop

the operation and inject propofol in 10 mg/5 s intravenously

until the operation is carried out smoothly. During the

examination, all patients breathed autonomously and inhaled

oxygen (6 l/min) through the endoscope mask. When the

blood pressure is lower than 20% of the basic value,

phenylephrine is administered; when the HR is less than

45 beats/min, atropine is given; and when the arterial oxygen
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saturation is lower than 90%, jaw-lift and oxygen is supplied by

pressure mask.
Data collection

The dosage of propofol, the operation time, and the

recovery time of patients (letting the patients open their eyes

and if the patients can say their names correctly) were

recorded after the operation. Records of whether severe cough

(cough, labored breathing, and body moving are obvious to

interfere with the operation) occurred in the glottis and

during the whole operation. According to whether cough and

body moving of patients affect the operation, bronchoscopists

record the visual analog scale (VAS). A score of 0 means that

the operation cannot be performed, and a score of 10 means

that the operation is not affected at all.
TABLE 1 Patient general information data.

General data Group L (n = 48) Group C (n = 45) p

Age (years) 52.44 ± 12.82 51.40 ± 9.78 0.67

Weight (kg) 65.53 ± 6.8 65.16 ± 6.68 0.83

Male [n (%)] 16 (53.33) 18 (60.00) 0.60
Outcomes

(1) Main outcome measures: induction dosage and total

dosage of propofol.

(2) Secondary outcome measures: incidence of hypoxemia,

incidence of cough in glottis and cough during the whole

operation, systolic blood pressure (SBP) and HR at T0, T1,

T2, T3, T4, VAS of bronchoscopy physician, recovery time.
TABLE 2 Comparison of propofol dosage, VAS, and recovery time
between the two groups (�x+ s).

Propofol
dosage (mg)

VAS Recovery time
(min)

Group L (n = 48) 104 ± 15 9.6 ± 0.17 4.13 ± 0.98

Group C (n = 45) 151 ± 50 8.3 ± 0.18 6.60 ± 1.86

95% confidence intervals
for mean

(−61.81, −31.6) (1.23, 1.37) (−3.08, −1.87)

t-value −6.14 5.28 −8.09

p-value <.0001 <.0001 <.001

VAS, visual analog scale.

ASA

II 22 (73.33) 24 (80.00) 0.54

III 8 (26.67) 6 (20.00)

Smoking status

Yes 21 (70.00) 19 (63.33) 0.58

No 9 (30.00) 11 (36.67)

Hypertension 18 20 0.73

Heart diseases 21 15 0.52

FEV1/FVC 51.63 ± 13.6 56.10 ± 11.3 0.17

FEV, forced expiratory volume; FVC, forced vital capacity.
Statistical analysis

In the preliminary experiment, the dosage of propofol in the

control group was 150 mg, with a standard deviation of 80,

which is expected to reduce by 50 mg. The standard deviation

was consistent with the control group, α = 0.05, power = 0.9.

The sample size was calculated by PASS software, n = 45.

Assuming a loss rate of 10%, a total of 100 patients were

required.

SPSS 23.0 and GraphPad statistical software (GraphPad

Prism version 5.0a, La Jolla, CA, USA) were used for data

analysis and graphing. The normal distribution of the

continuous variables was evaluated by the Shapiro–Wilk test.

Measurement data of normal distribution were statistically

described by means ± SD. Paired t-test was used for intra-

group comparison, two independent sample t-test was used

for inter-group comparison, and repeated measurement

analysis of variance was used for blood pressure and HR.

Categorical variables in the difference between groups were

compared by using the Chi-square test. A p-value of <.05

indicated statistical significance.
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Results

In this study, a total of 93 cases were enrolled, of which 7

cases were excluded for operation times more than 20 min (2

cases in the lidocaine group and 5 cases in the control group).
General data

There was no significant difference in age, weight, gender,

lung function, ASA classification, smoking status,

hypertension, and heart diseases between the two groups

(p > .05, Table 1).
Propofol dosage, VAS, and recovery time

There was no significant difference in the average

operation time between the two groups (p > .05). As shown

in Table 2, the total amount of propofol in group L
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https://doi.org/10.3389/fsurg.2022.872916
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Yang et al. 10.3389/fsurg.2022.872916
(103.96 mg ± 15.40 mg) was significantly lower than in group

C (150.67 mg ± 50.25 mg) (p < .001). The difference is

46.70 mg (95% confidence interval: 62.388–31.028 mg). The

recovery time of group L was significantly faster than that of

the control group (p < .001), and VAS was higher than that

of the control group (p < .001). These results suggest that

using lidocaine before operation can reduce the amount of

propofol used in operation, and can make patients recover

better after operation.
Vital signs monitoring

(1) SBP: There was no significant difference between the two

groups at T0, T1, T2, and T3, but there was a significant

difference in SBP at T4 (p < .05, Table 3).

(2) HR: There was no significant difference between the two

groups at T0 and T1, but there was a significant

difference at T2, T3, and T4 (p < .05, Figure 3). These

may further confirm the advantages of IV lidocaine

before bronchoscopy.
TABLE 3 Systolic blood pressure (SBP) of two groups at different time
points (�x+ s) compared with group C; ap < .05.

SBP

(mmHg)

T0 T1 T2 T3 T4

Group L

(n = 48)

136.10 ± 17.96 144.54 ± 27.20 135.71 ± 30.29 143.25 ± 26.80 144.92 ± 16.17a

Group C

(n = 45)

135.16 ± 17.10 142.60 ± 26.41 137.36 ± 19.62 133.53 ± 23.98 110.91 ± 12.05a

FIGURE 3

Comparison of heart rate (HR) between the two groups at different
time points.
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Adverse events

The incidence of hypoxemia and cough in group L was

lower than that in group C, and the difference was statistically

significant (p < .05, Table 4), which means IV lidocaine can

reduce the dosage of propofol and thus reduce the incidence

of adverse reactions.
Discussion

This study investigated the effect of IV lidocaine on propofol

dose requirements in patients with COPD during painless

bronchoscopy. The results showed that the lidocaine group

required less propofol than the control group. Our study

demonstrates that IV infusion lidocaine could significantly

result in a reduction in propofol needs for painless

bronchoscopy without affecting the working conditions of the

bronchoscope operator, and reducing hemodynamic fluctuations.

IV lidocaine has analgesic and antitussive effects (7–9), which

is usually used to prevent cough during tracheal intubation and

extubation (5, 10), and to reduce cardiovascular response during

laryngoscopy and tracheal intubation (11, 12), and to

significantly reduce the airway resistance in asthmatic patients

(13). However, studies have shown that lidocaine reduces the

incidence of cough during tracheal intubation, which is not

because of deepening the depth of anesthesia (9). The

mechanism of IV lidocaine on cough is still unclear, which may

be related to the fact that lidocaine can inhibit the excitement of

airway C-fiber receptors (14), selectively inhibit pain conduction

at the spinal cord level (15), and reduce tonic discharge of active

peripheral nerve fibers (9, 16). Continuous IV infusion of

lidocaine can reduce the dosage of propofol during total IV

anesthesia (17), which can only be observed during surgical

stimulation, indicating that lidocaine has the characteristics of

anti-injury response (18). Recently, it has been shown that

patient-controlled sedation may be advantageous in

bronchoscopy, especially using propofol combined with lidocaine

(19–20), and our study further confirmed this conclusion in a

population of COPD patients requiring bronchoscopy.

Therefore, we applied lidocaine to painless bronchoscopy, which

not only greatly reduced the dosage of propofol but also reduced
TABLE 4 Comparison of adverse event incidence between the two
groups [case (%)].

Groups SpO2< 90% Cough in
glottis

Cough in
operation

Group L (n = 48) 3 (6.3) 3 (6.3) 1 (2.1)

Group C (n = 45) 14 (31.1) 6 (13.3) 10 (22.2)

χ2 10.67 1.33 9.03

p-value .001 0.25 .003
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the incidence of cough. However, there was no difference in the

incidence of coughing in the glottic between the two groups,

which may be related to sufficient superficial anesthesia of

bilateral piriform recess and glottic with 2% lidocaine.

In this study, the fluctuation of SBP and HR in group L was

significantly smaller than that in group C, but the fluctuation of

SBP was smaller than that of HR, which may be due to the fact

that bronchoscopy in the supine position stimulates the

sympathetic nervous system and has a greater impact on HR

(21). At the end of the examination, the blood pressure of

group C was significantly lower due to the larger dosage of

propofol, and the patient’s recovery was significantly slower

than that of group L.

It should be noted that the reduction in propofol dosage was

not at the expense of working conditions, because VAS in group L

was higher than that in group C.

In our study, the incidence of hypoxemia in group L was

significantly reduced. In painless bronchoscopy, respiratory

depression is a common complication (22). The purpose of IV

lidocaine is to reduce the dosage of propofol and thus reduce

the incidence of adverse reactions. Therefore, continuous IV

infusion of lidocaine combined with propofol has less

respiratory depression and fewer adverse respiratory events.

There are some limitations to this study. First, hypoxemia

was monitored by SpO2. However, SpO2 may be a late

indicator of hypoventilation. In previous studies, we found

that the median delay from apnea to significant SpO2 decline

was 31 s (21). By monitoring end-tidal carbon dioxide

(ETCO2) during bronchoscopy, we can detect under

ventilation earlier. Second, when retaining spontaneous

breathing, severe airway stimulation can not be completely

inhibited, and laryngeal mask anesthesia is required for tumor

resection or rigid bronchoscopy. Besides, pre-experiment

results showed that most patients with COPD took less than

20 min of painless bronchoscopy, so we excluded those

patients with more than 20 min. Therefore, this study can

only be applied to the diagnosis and treatment of short

bronchoscopy (more than 20 min were excluded), such as

bronchoalveolar lavage, brushing, and sputum suction.
Conclusion

In conclusion, in the painless bronchoscopy of COPD

patients, continuous IV infusion of lidocaine can significantly

reduce the dosage of propofol, and reduce the incidence of

cough and hypoxemia.
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