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Intravenous lidocaine decreased e

oxygen-desaturation episodes induced

by propofol-based sedation for gastrointestinal
endoscopy procedures: a prospective,
randomized, controlled trial

Xiu-Ru Qi'", Yu-Xuan Qi'", Ke Zhang?, Wen-Wen Hao' and Li-Xin An'"

Abstract

Background As a popularly used analgesic adjuvant, intravenous (IV) lidocaine could reduce the consump-

tion of propofol in painless gastrointestinal (Gl) endoscopy. However, whether IV lidocaine could affect the inci-
dence of oxygen-desaturation episodes (ODE) during painless Gl endoscopy is still unknown. Therefore, we tested
the hypothesis that IV lidocaine could decrease the incidence of propofol-induced ODE and involuntary movements
in patients during Gl endoscopy.

Methods Three hundred twenty-two patients scheduled for Gl endoscopy were randomly divided into lidocaine
group and control group. After midazolam and sufentanil injection, a bolus of 1.5 mg/kg lidocaine was given and fol-
lowed by continuous infusion of 4 mg/kg/h in lidocaine group, whereas the same volumes of saline solution in con-
trol group. Then, propofol was titrated to produce unconsciousness. The primary outcome was the incidence of ODE
during the procedure. The secondary outcomes were the incidence of different degree of hypoxia and corresponding
treatments and the involuntary body movements.

Results A total of 300 patients were finally included in the analysis, 147 patients in lidocaine group and 153 in control
group. The incidence of ODE was 22% in lidocaine group and 39% in control group (OR:0.052; 95%Cl: 0.284-0.889;
P=0.018). IV lidocaine also improved the occurrence of different degree of hypoxia (P=0.017) and needed few treat-

ments (P=0.028). The incidence of involuntary body movements (14% vs 26%, P=0.013) and adverse circulatory
events was decreased by IV lidocaine.

Conclusions |V lidocaine adjuvant to propofol-based sedation could reduce the incidence of oxygen-desaturation
episodes and involuntary body movements, with fewer adverse circulatory events.

Trial registration Chinese Clinical Trial Registry ChiCTR2100053818. Registered on 30 November 2021,
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Background

Gastrointestinal (GI) endoscopy has been regarded as
the gold standard for screening and diagnosis of GI dis-
eases. With the increasing demand of patients for pain-
less medical care, procedure sedation and anesthesia
(PSA) has become a popular method to mitigate patients’
discomfort and pain during GI endoscopy. Despite PSA
is considered safe generally, the occurrence of adverse
effects is still inevitable [1-3]. Limb movement, respira-
tory depression and cardiovascular events often occur
in patients undergoing PSA, especially in the combined
examination of gastroscopy and colonoscopy, due to the
longer operation time and stronger stimulation. Both
painless and safety are equally important for GI endos-
copy. Therefore, more safety and efficacy drugs used in
painless GI endoscopy are needed.

With the rapid action and short half-life pharmaco-
logic characteristic, propofol has been the main sedative
drug recommended for PSA. However, hypoxemia com-
monly occurs during propofol sedation due to respiratory
depression and shared channels with gastroscopy [4—6].
Once hypoxia is severe or lasts for a longer time, patients,
especially the older, may face the risk of permanent neu-
rologic damage, arrhythmia, cardiorespiratory arrest, or
even death [7-9]. As some studies have shown, propofol
consumption, aging, high body mass index (BMI), sleep
apnea syndrome, and operation time were independent
risk factors for hypoxia [5, 10]. Therefore, adjuvant drugs
with less side effects on cardiovascular function, while
reducing the dosage of propofol, are increasingly used in
painless GI endoscopy. For example, opioids and benzo-
diazepines used with propofol can significantly decrease
propofol requirements, but hypoxemia and hypotension
still frequently occur [11-14]. Ketamine combined with
propofol reduce propofol consumption and decrease car-
diopulmonary depression events, but it produces schizo-
phrenia and dissociative states, and increases the time to
recovery as well [15, 16]. In addition, dexmedetomidine
has been used in PSA also. However, it leads to brady-
cardia and hypertension which will also endanger patient
safety [17-19].

Intravenous (IV) lidocaine is always used for curing
arrhythmia, it also has been popularly used as an adju-
vant to propofol sedation at present. Previous studies
have shown that IV lidocaine can reduce visceral pain,
decrease opioid consumption, accelerate the recovery of
postoperative intestinal function and promote the reha-
bilitation after visceral surgery [20, 21]. Possessing some
properties, such as increasing ventilatory response to
carbon dioxide (CO,) and anti-nociceptive action [22],
intraoperative application of IV lidocaine can reduce the
dosage of propofol [23—25], prevent postoperative cough-
ing and sore throat in adults [26]. Our previous research

Page 2 of 13

had also found that IV lidocaine could reduce the median
effective dose (EDj) of propofol during gastroscopy [27].
Although there are several previous studies that evalu-
ated the effect of IV lidocaine on the doses of propofol in
GI endoscopy [28], the procedure of these studies were
ERCP or coloscopy or others, and the main outcome were
the dosage of propofol. Although the impact of hypoxia
incidence has been observed in the past studies, these
studies either did not have a clear definition of hypoxia
and did not control the occurrence of different degrees
of hypoxia as a secondary outcome indicator. The more
obvious drawback is that some factors that clearly affect
hypoxia incidence, such as the body mass index (BMI),
STOP-BANG score, and patient airway evaluation, were
not well documented. This leads to deficiencies in exist-
ing research. Therefore, our study is not only feasible, but
also necessary. It needs to further study the incidence of
oxygen-desaturation episodes during propofol sedation
with lidocaine under a uniform and strict trial.

We hypothesized that IV lidocaine adjuvant to propo-
fol sedation could decrease the ODE in GI procedure
patients. Other indicators including the incidence of
involuntary body movements, propofol consumption,
circulatory adverse events, lidocaine relevant adverse
symptoms, endoscopist and patient satisfaction were
compared between lidocaine group and control group.

Materials and methods
This study was a single-center, double-blind, randomized,
placebo-controlled trial conducted in the endoscopy unit
of Beijing Friendship Hospital affiliated to Capital Medi-
cal University, Beijing, China. All enrolled participants
were required to sign written informed consent. The
study complied the Declaration of Helsinki and adhered
to CONSORT guidelines. The protocol was approved
by the Ethics Committee of the Beijing Friendship Hos-
pital Affiliated to Capital Medical University (2020-P2-
159-02), registered at Chinese Clinical Trial Registry
(ChiCTR2100053818), and published on Trials [29].
Patients who planned to undergo both painless gastros-
copy and colonoscopy, histopathology would be taken if
necessary, were enrolled in this study and met the follow-
ing inclusion criteria: 18—65 years old, American Society
of Anesthesiologists physical status classification I-III,
body mass index (BMI) < 30 kg/m?, STOP-Bang score <5,
heart rate (HR)>50 beats/min without history of atrio-
ventricular block, liver and kidney function well, without
local anesthetic in the past 24 h, without analgesics and
hypnotics in the past 7 days, volunteer to participate in
this research and sign the informed consent concern-
ing their participation in the study. Exclusion criteria
were as following: patients aged >65 years or<18 years,
had participated in other clinical trials within the past
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four weeks, allergic to lidocaine, pregnancy or lactation,
couldn’t understand the VAS score, severe central nerv-
ous system disease and severe mental illness, taking seda-
tive, analgesic or hypnotics in the past week, considered
unsuitable to participate in this study by the investigator
(such as abnormally long operation time, and not meet-
ing the target sedative depth during the procedure).

Three hundred twenty-two patients were randomly
allocated to the lidocaine group or the saline control
group at a ratio of 1:1 by a computer-generated sequence.
Only the nurse who kept grouping envelops knew the
grouping information, she was responsible for config-
uring and covering trail drugs. The anesthesiologist,
endoscopist, the patient, as well as the assessor, were all
blinded to the grouping.

The gastrointestinal endoscopy was performed by a
fixed team, including 3 experienced endoscopists, all of
whom are attending physicians and have completed over
500 procedures. The sedation based on propofol was
conducted by a fixed team of anesthesiologists. After
entering the endoscopic operating room, all patients
were anesthetized and according to the following strat-
egies, such as Fig. 1 shows, and the data were collected
and stored at the same time.

All participants followed the clinical procedure below:
Routine monitors were performed: electrocardiogram,
noninvasive blood pressure (BP), peripheral oxygen sat-
uration, respiratory rate, and waveform capnography.
With patients in a left lateral position, 6 L/min oxygen
via a nasal cannula was supplied at least 3 min. At the
moment of 60 s before the administration of propofol,
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midazolam 0.02 mg/kg, sufentanil 0.1 pg/kg, and then
the intervention medicines were given intravenously in
turn to patients of both groups. In group L, lidocaine will
be administrated at 1.5 mg/kg (0.15 ml/kg, 10 mg/ml) as
initial dose within 10 s, then followed by 4 mg/kg/h (0.4
ml/kg/h) infusion until the ileocecal area was exposed.
According to the Lidocaine Instructions, the maximum
loading of intravenous lidocaine within 1 h is 4.5 mg/kg
or 300 mg. In Group C, normal saline will be adminis-
trated at 0.15 ml/kg, and the following infusion speed is
0.4 ml/kg/h, the same volume with lidocaine, until the
ileocecal area was exposed. Induction: An initial bolus
of propofol (adjusted to the patient’s age: 1.0 mg/kg for
age>50; 1.5 mg/kg for age <50) was administered slowly.
Then Modified Observer’s Assessment of Alertness/seda-
tion (MOAA/S) was evaluated [30]. A repeated dose of
10-20 mg propofol was injected if MOAA/S>2 until
the patients’ MOAA/S score was<1 before the opera-
tion start. Sedation maintains after the operation start:
additional propofol (0.5 mg/kg) was repeated in any case
occurs, including coughing, grimaces, involuntary body
movements, MAP or HR increased by 20%, or MOAA/S
score>1. By the time our colonoscope reached the ile-
ocecal area, most of the difficult procedures during the
examination had already been completed, and the uncer-
tainty of the procedure for retracting the colonoscope
was low, and it could generally be completed within 2
min. In order to give the patient a recovery time, we
stopped the infusion of lidocaine at this time. When the
operation completed, all patients were transferred to the
post-anesthesia care unit (PACU).

O O @ @ @ O O O O O->
Enter ECG Induction Hypoxic  Operation MOAA/S > 2 lleocecal Operation Wake up Exit PACU
OR NBP treatment start valve end OR

SpO; exposed

PgCO,

:] Midazolam & Sufentanil

[ oxygen via a nasal cannula B =w-thrust [l oxyeen-increase [l Mask-oxygen [l Assisted-ventilation [l Tracheal intubation
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:] Propofol

Fig. 1 Administration and hypoxic treatment protocol
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Oxygen-desaturation episodes was defined that occur-
rence of SpO,<90% for more than 10 s after induction
[26]. The subclinical respiratory depression was defined
as 90% < SpO, <95% for more than 15 s, it was improved
using jaw-thrust maneuver. If hypoxia (75% < SpO, <90%
for>10 s) developed, it was treated both with the jaw-
thrust maneuver and increasing the oxygen flow from
6 to 10 L/min. Once the severe hypoxia (SpO,<75% or
75% <Sp0O,<90% for>60 s) occurred [2, 6], patients
were rescued by assisted mask ventilation, even tracheal
intubation if necessary [27].

The primary outcome was the occurrence of ODE,
when SpO, <90% exceeded 10 s [26]. The duration of
the ODE and the related inventions were recorded. The
secondary outcomes were as follows: The incidence
of subclinical respiratory depression, hypoxia, severe
hypoxia and related treatments; the incidence of the
following events (coughing, grimaces, and involuntary
body movements) in patients during anesthesia; the
circulatory adverse events and the related treatments
during the procedure; the propofol dose of induc-
tion, the total propofol dose requirements; the time
of induction, procedure time (the time between inser-
tion of the gastroscope and colonoscope peeps into the
ileocecal area), awake time (the time from the colono-
scope peeping into the ileocecal area to the patients
could be called to wake up); the score of endoscopist
satisfaction and patient satisfaction; lidocaine related
side effects were recorded and treated, such as tongue
numbness, metallic taste, tinnitus, anaphylaxis, nausea,
and vomiting.

The sample size was estimated based on the results
of our previous pilot study of nearly 80 cases. From our
pilot study, the incidence of ODE in the control group
was about 50%. We hypothesized that compared with
the control group, IV lidocaine could reduce the inci-
dence of ODE by 30%. We calculated that 134 patients
per group were required, with a power of 90% and a level
of significance of 0.05. We aimed to recruit a total of 300
patients finally considering about 10% dropout rate.

The statistical analysis was performed using the SPSS
23.0 software by the statistician. Continuous variables
were summarized with mean (SD) or median (IQR).
Compared baseline characteristics using absolute stand-
ard mean differences (SMD), defined as absolute differ-
ence in means, medians, or proportions divided by the
pooled standard deviation. Baseline variables with SMD
more than 0.226 (1.96 X (/i + 125)=0.226) were

considered imbalanced and were adjusted for all analy-
ses. Categorical variables were reported as frequencies
and percentages and were analyzed with the Fisher’s
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exact test or X2 as appropriate. A repeated-measures
analysis of variance was used to analyze repeatedly
measured data such as MBP and HR. P<0.05 was con-
sidered statistically significant. Univariate logistic
regression analysis was initially used to identify possible
risk factors for the occurrence of deoxygenation satura-
tion episodes. Then, the covariates with a P-value <0.05
in the univariate analysis were subjected to multivariate
logistic regression to ultimately determine the risk fac-
tors associated with the deoxygenation saturation event.

Results

Figure 2 shows the participant flow diagram clearly.
From December 1, 2021, to December 31, 2022, a total
of 350 patients were enrolled. Twenty-eight patients
were excluded because of the following reasons: seven
for hypnotics, one for anxiolytics, seven for STOP-Bang
score > 5, eight for BMI>30 kg/m? one for Pre-exci-
tation syndrome, four for single endoscopy. Then 322
participants were randomized to the lidocaine group or
control group. Fourteen patients were withdrawn from
the Group L: three for long operation time (meaning
lidocaine overdose), one for monitoring data missing,
one for not meeting the target sedative depth, nine for
not meeting the trial standards of drug administration
and oxygen inhalation. Eight patients were excluded
from Group C, one for long operation time, one for
monitoring data missing, one for conscious sedation,
five for not meeting the trial standards of drug admin-
istration and oxygen inhalation. Thus, 147 patients in
Group L and 153 in Group C were included in the final
analyses.

Table 1 shows the demographic characteristics of the
two groups. There was no significant difference between
the two groups about gender, age, height, weight, BMI,
ASA status, cormorbidity, general anesthesia history,
smoking and alcohol intake history (P>0.05). Moreo-
ver, patient airway characteristics were well balanced in
terms of BMI, mallampati status, mouth opening length,
cervical motion, jaw mobility, tooth-problem, and STOP-
Bang score (P>0.05).

During the whole procedure of gastrointestinal endos-
copy, the incidence of ODE was 22% (32/147 cases) in
the Lidocaine group and 39% (59/153 cases) in the Con-
trol group (difference, —16.7%, P=0.009). According to
definitions of different degree of hypoxic, there were 19
(13%) cases happened subclinical respiratory depression
in Lidocaine group and 17 cases (11%) in Control group.
In Lidocaine group, 30 patients (20%) developed hypoxia
and 2 patients (1%) happened severe hypoxia, whereas
56 patients (37%) occurred hypoxia and 3 patients (1%)
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* Did not receive allocated intervention (n=10)
Conscious sedation (n=1)
Not meeting the trial standards of drug administration
or oxygen inhalation (n=9)

Allocated to Control Group(n=161)
* Received allocated intervention (n=155)
* Did not receive allocated intervention (n=6)
* conscious sedation (n=1)
* not meeting the trial standards of drug
administration or oxygen inhalation (n=5)

Follow-up

Discontinued intervention( n=4)
* Long operation time (n=3)
Monitoring data missing (n=1)

Discontinued intervention (n=2)
* Long operation time (n=1)
* Monitoring data missing (n=1)

An

alysis

Analyzed in Lidocaine Group (n=147)

Analyzed in Control Group (n=153)

Fig. 2 Flow Diagram

occurred severe hypoxia in the Control group, P=0.017.
Above all are showed in Table 2.

We also adopted different treatments for differ-
ent degrees of hypoxia. Neither endotracheal intuba-
tion nor laryngeal mask was applied in any patient. In
Table 2, intravenous lidocaine significantly decreased the
hypoxia treatments by 11% (lidocaine vs control: 39/147
vs 58/153, P=0.028). 18 patients were helped with jaw-
thrust maneuver, 17 with jaw-thrust maneuver and
oxygen flow-increase, 4 with mask-assisted ventilation
in Lidocaine group, 15, 42 and 1 in the Control group
respectively, P=0.009.

Table 3 summarized the details of propofol doses and
perioperative status. IV lidocaine decreased the induc-
tion dosage of propofol by 23% (Lidocaine vs control:
69+21 vs 90+ 24 mg, P<0.001), and the total consump-
tion of propofol by 22% (Lidocaine vs control: 129+47
vs 165+56 mg, P<0.001). No difference was found in
the whole procedure time. However, intravenous lido-
caine leaded patients to reach the target depth of seda-
tion slightly slower by 5 s (Lidocaine vs control: 109 +20

vs 104+14 s, P<0.01), whereas it did not extend the
awake time (Lidocaine vs control: 181 + 144vs 210+ 150 s,
P=0.097).

During the whole procedure, 17 cases (11%) experi-
enced coughing in the control group, whereas only 2
patients in the Lidocaine group, P=0.001. The incidence
of involuntary body movements was lower in Lidocaine
group than that in the control group (Lidocaine vs Con-
trol: 14% vs 26%, P=0.013).

The MAP and HR before induction were similar
between the two groups. Compared with baseline, induc-
tion decreased MAP and HR in both groups (P<0.01).
However, MAP dropped less (P<0.01) in Lidocaine group
compared with Control group (Fig. 3). There was no dif-
ference in the cases of arrhythmia, decreased blood pres-
sure (MAP <65 mmHg), or decreased heart rate (HR <50
bpm) between the two groups. No lidocaine related side
effects such as tongue numbness, metallic taste, tinnitus,
anaphylaxis, was found in both groups. 5 patients hap-
pened vomiting in Lidocaine group, and 5 patients in
Control group also.
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Table 1 Demographics and Baseline characteristics

Characteristics Lidocaine Control SMD
Group Group
(n=147) (n=153)
Gender
M 55(374) 59 (38.6) 0.010
F 92 (62.6) 94 (61.4)
Age, yr 50.0+9.8 496492 0.030
Height, cm 165.6+7.7 166.5+84 0113
Weight, kg 644+105 66.1+10.2 0.164
BMI, kg/m2 234+£29 23.7+2.7 0.098
ASA classification, n/%
| 41 (27.9) 57(37.3) 0.085
Il 106 (72.1) 96 (62.7)
Complications, n/%
Hypertension/Diabetes/CD 35(23.8) 34(22.2) 0.027
Chronic pharyngitis 5(3.4) 3(2.0) 0.034
History of gatroenteroscopy 48 (32.7) 54 (35.3) 0.058
Mallampati status, n/%
| 23(15.6) 16 (10.5) 0.125
Il 116 (79.0) 121 (79.1)
1l 8(54) 16 (10.5)
Jaw mobility, n/%
Good 126 (85.7) 128 (83.7) 0.049
Poor 19 (12.9) 23(15.0)
Worst 2(14) 2(1.3)
STOP-Bang score, median (IQR) 1(1-2) 1(1-2) 0.087
Smoking history, n/%
No 128(87.0) 129 (84.3) 0.053
<10 cigarettes /d 12(8.2) 14 (9.2)
> 10 cigarettes /d 7(4.8) 10 (6.5)
Alcohol intake history, n/%
Yes 35(23.8) 34(22.2) 0.030
No 112 (76.2) 119 (77.8)
Procedure time, min 19.0+6.7 19.6+73 0.099

SMD absolute standard mean difference, SMD more than 0.226 were considered
imbalanced. Values are presented as mean +SD or number (%). BMI body mass
index. ASA American Society of Anesthesiologists. CD Cardiovascular Diseases.
Jaw mobility classification: Good, the mandibular incisors can move forward
over the maxillary incisors; Poor, the mandibular incisors move forward only to
align with the maxillary incisors; Worst, the mandibular incisors could not move
forward beyond the maxillary incisors. STOP-Bang score: snoring, tired or sleepy,
observed apneas, and high blood pressure, BMI> 35 kg/m?, age > 50 years old,
neck circumference >40 cm (16 inches), and gender (male)

With VAS score evaluation method showed in
Table 3, the proportion of endoscopists with a satis-
faction score of 10 points in the lidocaine group was
higher than that in the control group (lidocaine vs
control: 83% vs 67%, P=0.001). On the contrary, most
patients were satisfied with the sedation in both groups
(lidocaine vs control: 96% vs 94%, P=0.470). In the
Lidocaine group 5 patients complained of postoperative

Page 6 of 13

pain and 1 patient dissatisfied with the sedation. In the
control group, 5 patients reported pain, 1 patient could
recall intraoperative pain, and 3 patients dissatisfied
with the sedation.

According to the definition of ODE, 91 patients
(30%) developed ODE among all participants. All
perioperative factors that may affect the occurrence
of ODE based on clinical status were analyzed by uni-
variate logistic regression analysis, showed in Table 4.
In terms of the occurrence of ODE, the differences in
intravenous lidocaine, gender, BMI, smoking history,
comorbidity, total propofol dose, procedure time were
statistically significant (P<0.05). There was no cor-
relation between the incidence of ODE and ASA, age,
mallampati status, patients’ jaw mobility, alcohol intake
history, STOP-Bang.

Then, multivariate logistic regression analysis was
performed on factors with P <0.05. The results showed
that only IV lidocaine administration was a definite
protective factor associated with reduced incidence of
ODE (odds ratio (OR)=0.502; 95%confidence interval
(CI), 0.284-0.889; P=0.018; Fig. 4]. BMI and proce-
dure time were risk factors that increase the occur-
rence of ODE (BMI: OR=1.188; CI=1.076-1.311,
P=0.001; Procedure time: OR=1.054; CI=1.007-
1.103 1, P=0.025). Male gender, smoking history,
comorbidity, and total propofol dosage were all not
influencing factors.

Discussion

In this prospective, randomized, controlled study, we
evaluated the effect of intravenous lidocaine on the inci-
dence of ODE during GI endoscopy. Compared with con-
trol group, IV lidocaine reduced the incidence of ODE
from 39 to 22% during GI procedure and needed fewer
hypoxic treatments. Moreover, IV lidocaine decreased
the inductive and total requirements of propofol, and the
incidence of coughing and involuntary body movements.
Endoscopists’ satisfaction was improved at the same
time. Besides, IV lidocaine improved the circulatory
adverse events, and did not produce the lidocaine related
side effects. Therefore, for patients undergoing painless
gastrointestinal endoscopy, IV lidocaine adjuvant to PSA
would be a more beneficial choice for patients’ efficacy
and safety.

Propofol has always been the preferred sedative for
painless GI endoscopy due to its fast onset, strong seda-
tive effect, short half-life, fast recovery. However, propo-
fol consumption was one of the independent risk factors
for hypoxia [5, 10]. Discomfort caused by gastroscopy
and colonoscopy is mainly due to visceral injury caused
by colon dilation and traction. To make patients painless
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Table 2 The incidence of oxygen-desaturation episodes and corresponding treatment
Variable Lidocaine Group Control Group (n=153) RR(95% Cl) P value
(n=147)
The primary outcome
Oxygen-desaturation episodes 32(22) 59 (39) 2.256 (1.355-3.754) 0.002
The secondary outcomes
Degree of hypoxia
Subclinical respiratory depression 19 (13) 17.(11) 0.017
Hypoxia 30 (20) 56 (37)
Severe hypoxia 2(1) 3(N)
No 96 (65) 97 (63)
Treatments of hypoxia
Jaw-thrust maneuver 18(12) 15(10) 0.009
Jaw-thrust maneuver and oxygen flow- 17(12) 42 (28)
increase
Mask-assisted ventilation 4(3) 1(1)
Tracheal intubation 0 _

Values are presented as number (%, proportion)

Oxygen-desaturation episodes: SpO2 < 90% for more than 10 s after induction
Subclinical respiratory depression: 90% < Sp0O2 < 95% for more than 15 s
hypoxia: 75% < Sp0O2 < 90% for no more than 10's

Severe hypoxia: SpO2 < 75% or 75% < Sp0O2 < 90% for more than 60 s

and immobile, we often combine propofol sedation with
midazolam or opioid drugs, but this also increases the
risk of respiratory depression [11-14, 16]. The clini-
cal manifestations of respiratory depression by opioid
drugs include hypoventilation (decrease respiratory
rate and volume), hypercapnia and respiratory acidosis,
and decreased oxygen saturation [11, 14]. Opioids also
decrease upper airway patency and reduce ventilatory
responses to hypoxia and hypercapnia. Numerous clini-
cal studies have confirmed that even low-dose sufentanil
as a supplement to propofol sedation may lead to unac-
ceptable frequent hypotension and oxygen desaturation
[11-14, 16].

Many studies have shown that IV lidocaine can effec-
tively alleviate visceral pain [20, 21] and reduce the
need for propofol during surgery under total intrave-
nous anesthesia [23-25]. In present study, the propofol
requirements dose was still significantly reduced [lido-
caine 128 (47) mg vs saline 165 (56) mg, P=0.000]. It
is worth noting that the reduction in propofol dosage
did not come at the cost of sacrificing working con-
ditions, as the satisfaction levels of the two groups
of endoscopists were similar. Deoxygenation events
incidences were as high as 12% to 33% during deep
sedation [6, 13, 31, 32]. In present study, 91 patients
(30.3%) developed oxygen-desaturation (SpO,<90%
for 10 s) totally, IV lidocaine (21.8%) decreased the
incidence of ODE compared with control group

(38.5%). Our results were different with a meta-analy-
sis which found that IV lidocaine didn’t affect the inci-
dence of ODE when used in sedation for GI endoscopy
[28]. The reasons of this difference were as following:
Firstly, we chose patients who performed gastroscopy
and colonoscopy both which means the procedure was
longer, but the procedure in the meta-analysis were
ERCP or ESD ect, the procedure was different, so the
stimulation and duration were different, so as to the
dosages of lidocaine and propofol were also different.
Secondly, the primary of present study was the inci-
dence of ODE, and we not only provide a clear defi-
nition of the occurrence of ODE (SpO, < 90%, and > 10
s), but also set different treatment measures for each
occurrence of hypoxia. But the primary outcome in the
studies in the meta-analysis was the dosage of propo-
fol and the incidence of desaturation was secondary
outcome. Thirdly, we recorded in detail the factors
that affect ODE, such as airway conditions. Possible
influencing factors such as bigger BMI and STOP-
BANG were excluded. But these information were
not mentioned in the studies [28]. The above factors
may lead to the results of present study: IV lidocaine
reduced the incidence of ODE, which differed from the
meta-analysis.

Although there is no direct evidence to prove the
exact mechanism by which IV lidocaine reduces the
occurrence of hypoxia, numerous clinical studies have
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Table 3 Perioperative medication and satisfaction status
Variable Lidocaine Group Control Group Difference (95%Cl) P value
(n=147) (n=153)
Anesthesia status
Propofol induction dose, mg 69+21 90+24 21(15 to 26) 0.000
Total propofol requirements, mg 128+47 165+56 37 (25t0 48) 0.000
Average propofol consumption, mg/kg/h 6.7+£23 82+28 14(09t02.1) 0.000
The total lidocaine dose, mg 182+4 -
The time of induction, seconds 109+20 104+ 14 -6 (—=10to —2) 0.004
The time of colonoscopy exit, sec 213+57 216+57 7 (=10to 16) 0.652
Awake time, seconds 181+ 144 210+150 28 (-5t062) 0.097
Special events during anesthesia, n/%
Coughing 2(1) 17.(11) 0.001
Grimaces 5(3) 4 (3) 0.746
Involuntary body move 20 (14) 39 (26) 0.013
Circulatory adverse Events
Arrhythmias 2 2 0.000
MAP <65 mmHg 9(6) 12(8)
HR <50 bpm 0(0) 1(1)
No 136 (93) 138 (90)
Endoscopists’ satisfaction
Good (10 points) 122(83) 102 (67) 0.001
Worse (7-9 points) 20(14) 30 (20)
Worst (1-6 points) 5(3) 21 (14)
Patients’ satisfaction
Good (10 points) 141 (96) 144 (94) 047
Worse (7-9 points) 5(3) 6(4)
Worst (1-6 points) 1(1) 302
Lidocaine related side effects 0 0 -

Values are presented as mean +SD or number (%). Procedure time: the time between insertion of the gastroscope and colonoscope peeps into the ileocecal area.
Awake time: the time from the colonoscope peeps into the ileocecal area to the patients could be called to wake up. MAP: Mean arterial pressure. HR: Heart rate.
Lidocaine related side effects included tongue numbness, metallic taste, tinnitus, anaphylaxis. Average propofol consumption =The total propofol dose requirements/
Weight/Procedure time. The time of colonoscopy exit: Time for colonoscopy to exit from ileocecal valve to exenteral

found that IV lidocaine had analgesic effect that could
be beneficial in perioperative settings. A large amount
of evidence confirms that IV lidocaine has anti-inflam-
matory, opioid protective effects, the ventilatory
response to carbon dioxide [22], and the combination
of these features leads to a series of effects, such as
reducing postoperative pain and opioid consumption,
shortening the duration of digestive intestinal obstruc-
tion, and producing significant propofol sparing [22,
23, 25, 26], finally reducing the incidence of ODE. In
our preliminary experiment, it was found that IV lido-
caine significantly reduced the median effective dose
(EDg,) of propofol for successful endoscope insertion
in adult patients [29]. In present study, the inductive
dose and total dose of propofol were all significantly
decreased by IV lidocaine by 22.9%. As the rapid
increase in intravenous concentration of propofol is the

main cause of respiratory depression during PSA. The
effect of IV lidocaine, which reduced the induction and
maintenance dose of propofol, had a protective effect
on respiratory depression, thereby reducing the occur-
rence of oxygen-desaturation.

According to the definition of ODE, we also per-
formed multivariate logistic regression analysis. It
indicated that IV lidocaine was the protective risk fac-
tor whereas BMI and procedure time were the non-
protective risk factors for ODE, which was consist with
one previous article [2]. It suggested that age over 65
years, higher BMI, and ASA III may increase the inci-
dence of ODE during endoscopic. While in our study,
it was relevant to our criterion of including only ASA
I-II patients and age under 65 years. The new discovery
is that IV lidocaine may be a protective supplement to
PSA for decreasing the ODE.



Qi et al. BMC Anesthesiology (2025) 25:27

Page 9 of 13

110
105 F
100
95
90
85
80
75 F
70
65
60

Mean Blood Pressure (mmHg)

—e— Control group
—A— Lidocaine group

After
induction

Before
induction

5 min after
induction

10 min after After awake
induction

95
90
85 |
80
75 |
70 |
65 |
60 |
55
50 |
45 : :

Heart Rate (bpm)

—o— Control group

—A— Lidocaine group

Before After
induction induction

5 min after
induction

10 min after After awake
induction

Fig.3 MAP and HR

We also found that ODE was linked to BMI. Due to the
physiologic changes of the airways that fat infiltration of
the upper airway and its surrounding structures, patients
with higher BMI are prone to predisposing upper air-
way narrowing [25]. We found that IV lidocaine might
play a helpful role on reducing the incidence of cough-
ing during GI procedure, which was consistent with one
previous report, demonstrating that IV lidocaine with
a dose of 1 mg/kg can significantly (78.8%) suppress

fentanyl-induced cough in pediatric patients before gen-
eral anesthesia [33]. A possible mechanism is that IV
lidocaine may deactivate peripheral cough receptors in
the trachea and hypopharynx [34].

Involuntary body movements were also decreased by
IV lidocaine down to 11.9% with the better endoscopist
satisfaction in our research, may benefiting from that it
might attenuates peripheral nociceptors sensitization
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Table 4 Results of univariate analysis of risk factors for Oxygen-desaturation episodes
Items Oxygen-desaturation Non-Oxygen-desaturation Diffenrence (95% Cl) Pvalue
episodes (n=91) episodes (n=209)

IV Lidocaine 32(35) 115 (55) 0.002
Male gender 41 (45) 144 (69) 0.000
Age,y 50+9 50+10 1.196 (—2.436 t0 2.273) 0.946
BMI, kg/m? 2542 2343 0.348 (—2.022 to —0.654) 0.000
ASA, n/% 63 (69) 139(66) 0.644
Mallampati status

I 15(17) 24(12) 0498

Il 69 (76) 169 (81)

Il 7(8) 16 (8)
Jaw mobility

Good 72 (80) 183 (88) 0.096

Poor 18(12) 23 (29)

Worst 1(1) 3(3)
Smoking history

No 66 (73) 191 (91) 0.000

<10 21(23) 73)

>10 4(4) 13(6)
Alcohol intake history 68 (75) 163 (78) 0.537
Hypertension/Diabetes/CD 26 (29) 42 (20) 0.000
Chronic pharyngitis 2(2.2) 6 (2.9) 0.760 (0.151 to 3.840) 0.739
STOP-Bang score, median (IQR) 1(1,2) 10, 2) 0.864 (0.429 to 1.742) 0.683
The total propofol dose requirements, mg 164+ 60 140451 —23.600 (—37.831 to —9.369) 0.001
Procedure time, minutes 21+8 19+6 —2.403 (-4.316 to —0.490) 0.014
Average propofol consumption, mg/kg/h 6.6+2.1 6.1+19 0.252 (0.038 to 1.031) 0.035

Values are presented as mean + SD or or median (IQR). BMI: body mass index. STOP-Bang score: snoring, tired or sleepy, observed apneas, and high blood pressure,
BMI>35 kg/m2, age > 50 years old, neck circumference >40 cm (16 inches), and gender (male). Procedure time: the time between insertion of the gastroscope and
colonoscope peeps into the ileocecal area. Average propofol consumption =The total propofol dose requirements / Weight / Procedure time

and central hyperexcitability through its sodium channel
blocking action to treat acute and chronic pain [35].

The dose of IV lidocaine used in this study was an
induction dose of 1.5 mg/kg and a maintenance dose of
4 mg/kg/h. This dose was used within the recommended
range of guidelines (1-5 mg/kg/h) [36]. Although the
dose we have chosen may be higher than the recom-
mended dose of 1.5 mg/kg/h in another guideline, this
guideline is for long-term medication (<24 h) to assist
postoperative analgesia [37]. We believe that our infu-
sion duration was within 30 min, and even at higher con-
centrations, it is safe compared to long-term adjuvant
postoperative analgesia. In addition, similar doses to our
medication were found in other studies of colonoscopy,
and demonstrated that 4 mg/kg/h for 30 min did not
produce any toxic reactions [38, 39]. Few adverse events
of IV lidocaine had been reported in clinical studies
and analysis [40]. We also found that IV lidocaine could
improve the cases of arrhythmia, MAP and HR’s degree
of decline, may also resulting from the effect of propofol
sparing.

However, IV lidocaine prolonged the inductive time,
not the awake time, which possibly because of IV lido-
caine requiring sufficient time to take effect and not
slowing the distribution half-life of propofol. In addition,
the propofol-sparing effect may also contribute to it.

And during the whole anesthesia period, no lidocaine
related side effect such as tongue numbness, metal-
lic taste, tinnitus, anaphylaxis, appeared among the two
groups. It should be due to the fact that the dose of IV
lidocaine we used was much lower than its’ toxic dose
[38]. So, IV lidocaine did not make patients’ satisfaction
worse.

This study had some limitations. Firstly, there was no
objective indicators to measure sedation levels during
the procedure such as BIS or EEG monitoring. We used
the subjective observation technique MOAA/S score as
our sedation indicator, there could be slightly differences
in the judgment of sedation depth; Secondly, this study
recruited relatively healthy patients with normal liver and
kidney function (ASA I or II). We did not extend to older
or frail or more severe ill patients (ASA III or IV) who are
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Average propofol consumption, mg/kg/h 1.028

Fig. 4 Revised forest plot

more prone to respiratory and cardiovascular suppres-
sion when exposed to propofol and are more sensitive to
intravenous lidocaine injection.

Conclusions

To conclude, IV lidocaine adjuvant to propofol-based
sedation during the GI endoscopy could reduce the inci-
dence of ODE and involuntary body movements, with
less adverse events. So, the addition of intravenous lido-
caine to PSA could be a beneficial way for painless GI
endoscopy.
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