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Abstract

Background Topical pharyngeal anesthesia as an adjunct

to intravenous sedation to facilitate gastroscopy has been

widely acknowledged; however, its efficacy has not been

established when it is used in patients under deep sedation

with propofol.

Aims To demonstrate the limited value of topical pha-

ryngeal anesthesia in patients under moderate to deep

sedation with propofol.

Methods One hundred and twenty-nine patients undergoing

gastroscopy were prospectively randomized to receive 10 %

lidocaine or distilled water topical spray as an adjunct to

intravenous propofol via target-controlled infusion. Verbal

and somatic responsiveness, presence of gag reflex and hiccup

to esophageal intubation, and the overall ease of the procedure

were evaluated by the anaesthetists and gastroenterologists.

Hemodynamic parameters including peripheral oxygen satu-

ration, systolic/diastolic blood pressure (SBP/DBP), heart rate

(HR), bispectral index, and SBP 9 HR were compared at

5 time points: on arrival, after 5 spontaneous breaths,

when estimated brain concentration of propofol, Ce, reached

3.5 lg/ml, on esophageal intubation, and on awakening.

Results No statistical difference was observed between

the lidocaine and distilled water group in verbal or somatic

responses, gag reflex or hiccups on esophageal intubation.

Similarly, BIS, SBP, DBP, and HR showed no significant

difference between the groups.

Conclusions The use of topical pharyngeal anesthesia in

combination with target-controlled infusion with propofol in

the performance of diagnostic gastroscopy might be elimi-

nated without adversely affecting patient care or outcomes.

Keywords Target controlled infusion � Propofol �
Deep sedation � Topical pharyngeal anesthesia �
Bispectral index � Endoscopy

Introduction

Upper gastrointestinal endoscopy or gastroscopy is an

invaluable diagnostic and therapeutic tool, and patient
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tolerance to the procedure is of substantial importance for

successful completion of and consent to repeat the exam-

ination. The value of pharyngeal anesthesia as an adjunct to

intravenous conscious sedation or in the absence of seda-

tion to facilitate gastroscopy has been widely accepted, as

it is believed to dull the gag reflex and to smooth the

progress of intubation of the esophagus; however, topical

anesthesia has been associated with acute life-threatening

adverse effects such as aspiration [1], severe anaphylactoid

reactions [2], and methemoglobinemia [3–5]. Previous

studies have shown that pharyngeal anesthesia before

sedated upper endoscopy improves patient tolerance and

ease of endoscopy when it is combined with intravenous

sedatives such as midazolam, meperidine, or diazepam [6];

however, no trials to date have studied pharyngeal anes-

thesia when combined with propofol. Propofol is an

attractive alternative to anesthetic agents as it achieves a

better quality of sedation without significant hemodynamic

and respiratory compromise [7, 8], in addition to its rapid

onset, short half-life, and rapid recovery. The American

Society of Anesthesiologists defines the continuum of

sedation, including minimal sedation (anxiolysis), moder-

ate (conscious) sedation, deep sedation, and general anes-

thesia. Under moderate sedation, patients respond

purposefully to verbal command and no intervention is

required to maintain their airway or spontaneous ventila-

tion. Under deep sedation, patients have purposeful

response to repeated or painful stimulation and may have

inadequate spontaneous ventilation, requiring assistance to

maintain an airway [9]. While it may seem self-evident that

deep sedation would obtund response to esophageal intu-

bation, not all stimuli are equivalent. We hypothesized that,

with carefully titrated use of propofol, patients undergoing

upper gastrointestinal procedures might reach a satisfactory

sedation level and therefore blunted gag reflex to facilitate

esophageal intubation. To test the hypothesis, we compared

the use of topical pharyngeal anesthesia and placebo,

demonstrating that topical pharyngeal anesthesia may not

have an effect on patient responsiveness to esophageal

intubation or their hemodynamic stability under moderate

to deep sedation with propofol.

Materials and Methods

Patients

The study was approved by the institutional review board

of Chang Gung Memorial Hospital and informed consent

was obtained from every participating patient. The study

was registered on ANZCTR with registration number

ACTRN12611000143921 and name of ‘‘The effect of

10 % xylocaine spray compared to a placebo on ease of

endoscopy and hemodynamic changes in patients admitted

for upper gastrointestinal endoscopy under deep sedation

with total intravenous anesthesia.’’ A total of 129 patients

undergoing elective gastroscopy between November 2010

and March 2011 were prospectively included in the study.

Exclusion criteria were (1) refusal or inability to provide

informed consent, (2) age \20 years or [69 years,

(3) allergy to intravenous propofol, fentanyl or to topical

lidocaine, (4) pregnancy, and (5) ASA grade equal to or

greater than 3. Associated medical illnesses were graded

according to the American Society of Anaesthetists’

Physical Status Classification (ASA grade).

All participants were randomly assigned to group L

(lidocaine) or group P (placebo) on the basis of a concealed

allocation approach (computer-generated codes) using

opaque sealed envelopes containing the randomization

schedule. These envelopes were opened immediately

before topical spray. There were no restrictions on ran-

domization. Two separate groups of anaesthetists were

invited to the study. The sealed envelops were accessible

only to the first group of anaesthetists who would be giving

the topical spray whereas the gastroenterologists, the sec-

ond group of anaesthetists who were to perform gastros-

copy and anesthesia, and the patients were blinded to the

spray allocation. Another nursing staff unaware of the

spray allocation was responsible for collecting the neces-

sary data. Before entering the examination room, all par-

ticipants had an intravenous cannula inserted into a

peripheral vein on the left arm. Every participant had

routine monitoring including continuous electrocardiogra-

phy (lead II), heart rate, peripheral oxygen saturation (pulse

oximetry), BIS (bispectral index, BIS Monitoring System

with BIS Quatro Sensor; Aspect Medical Systems, Newton,

MA, USA) and blood pressure (automated non-invasive

blood pressure cuff, serial measurements).

All patients were given oxygen at 3 l/min via nasal can-

nula and instructed to take 5 deep breaths before any intra-

venous medication. Group L patients received pharyngeal

anesthesia with topical lidocaine (Xylocaine Pump Spray

10 %; AstraZeneca, Sodertalje, Sweden) three times on their

oropharynx, left, right, and center, separately, dosing

approximately 30 mg, whereas group P received distilled

water spray in the same fashion as group L. In both groups,

within 2 min after the topical spray, moderate to deep

sedation was achieved using a propofol target-controlled

infusion (TCI) system (Diprivan; AstraZeneca UK,

Macclesfield, UK) with Marsh model following a bolus of

fentanyl at 1 lg/kg. Rapid onset of action of topical lidocaine

spray ensured the hypoalgesic effect before the insertion of

the gastrointestinal endoscope. It was documented in a pre-

vious study that the hypoalgesic effect after topical appli-

cation lasted for 14 min [10]. On the basis of gender, age, and

weight of the patient, the TCI infusion system calculated the
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starting dose of propofol and the subsequent infusion rate

required to achieve and maintain the desired target effect site

(Ce) concentration, in this case, brain [11]. The Ce was set at

4.0 lg/ml [12–14] and sedation was judged adequate to start

the procedure when Ce reached 3.5 lg/ml and patients

showed no verbal or somatic response. The propofol infusion

was stopped when the endoscope was withdrawn from the

stomach. The time between the start and stop of propofol TCI

infusion was registered as sedation time. Sedation time and

the total amount of propofol used were recorded at the end of

the endoscopy.

Data Collection

The first end-point of the study was patient’s responsive-

ness to deep sedation and esophageal intubation. Verbal

response was recorded after Ce reached 3.5 lg/ml (0 = no

response to follow verbal command to open eyes,

1 = positive response to open eyes). Somatic response was

evaluated (0 = no response; 1 = positive if patient shows

a gross purposeful movement of the head or extremities) on

esophageal intubation. During the procedure, the presence

or absence of gag reflex and hiccup were also recorded

(0 = no reflex, 1 = positive reflex). At the end of the

procedure, the gastroenterologist was asked to evaluate the

ease of esophageal intubation and the procedure in general

through the patients’ responses during the procedure and to

deduce whether pharyngeal anesthesia was used.

In both groups, the peripheral oxygen saturation (SpO2),

systolic blood pressure (SBP), diastolic blood pressure

(DBP), heart rate (HR), and BIS values were recorded at 5

time points: (1) T1, on arrival to the examination room,

(2) T2, after 5 spontaneous breaths, (3) T3, when Ce

reached 3.5 lg/ml, (4) T4, on esophageal intubation, and

(5) T5, on awakening. At any time during the procedure

when the patient developed hypoxemia (SpO2 \ 90 %) on

3 l/min nasal cannula, chin lift or jaw manipulation were

performed to improve the patency of the upper airway for

optimal airflow. The Ce was maintained at 4.0 lg/ml by

the anaesthetist to maintain adequate patient cooperation

unless the patient’s cardiovascular and respiratory param-

eters were adversely affected.

Statistical Analysis

The study was designed to test the null hypothesis that

pharyngeal anesthesia with lidocaine spray would offer no

better patient tolerance to gastroscopy or their hemody-

namic stability than placebo spray. The sample size cal-

culation was based on data from the literature and our pilot

study. In the reported meta-analysis [6], 5 randomized

controlled trials were included, with patient populations

ranging from 30 to 158. In our pilot study of 20 patients

with endoscopies under moderate to deep sedation, the

incidence of gag reflex was estimated to be 0.1. With an

equivalence margin of 0–0.2 on the relative scale, a power

of 0.8 and a two-sided alpha of 0.05, a sample size of 136

in total was needed. Therefore, a population size of 150

was selected. All variables in the study were given as mean

and standard deviation (SD). Statistical comparisons

between groups were made by v-square test for discon-

tinuous variables and t test for continuous variables.

Parameters of vital signs between the two groups were

compared at various time points using generalized esti-

mating equation. A P \ 0.05 was considered statistically

significant. The statistical analysis was performed using the

program SPSS 17.0 (SPSS, Chicago, IL, USA).

Results

A total of 129 consecutive patients (49 females and 80

males) with age ranging from 27 to 68 years (mean ± SD,

49.4 ± 9.9 years) undergoing elective gastroscopy were

prospectively enrolled and randomized (n = 64 in group L

with lidocaine spray and n = 65 in group P with distilled

water spray) as shown in Fig. 1. All individuals who

refused to enter the study, reported to have an allergy to

fentanyl, propofol, or topical lidocaine, or who were\20 or

[60 years of age, pregnant, or ASA grading of 3 or more

were excluded from the study. The baseline demographics

and ASA status of patients between the two groups are

shown in Table 1. There was no significant difference

between the groups in age, height, weight, body mass index

(BMI), ASA status, or sex distribution.

Table 2 shows the patients’ responsiveness to verbal

command under sedation and that to esophageal intubation.

There was no significant statistical difference between the

two groups in verbal or somatic responses. Table 2 also

shows the number of patients who experienced gag reflexes

or hiccups, factors contributing to the overall difficulty of

the procedure. There was no significant difference in gag

reflex or hiccups on esophageal intubation. In addition, at

the end of procedure, all gastroenterologists were verbally

asked to evaluate the ease of the esophageal intubation and

the procedure in general and also asked to determine

whether topical anesthesia was used before the procedure.

None of the gastroenterologists reported any particular

difficulty in performing the esophageal intubation or

endoscopy and none could specifically differentiate the

spray (placebo or lidocaine) used.

The total amount of propofol required for the procedure

and the procedure time between the two groups also

showed no significant statistical difference (144.6 ± 30.8

vs. 144.6 ± 33.1 mg, P = 1.0; 303.3 ± 95.7 vs. 309.1 ±

94.0 s, P = 0.73, respectively).
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123

Author's personal copy



Figure 2a–f shows the trend of SpO2, SBP, DBP, HR,

BIS, and SBP 9 HR at 5 time spots. T1 was recorded on

arrival at the examination room, T2 after 5 deep breaths,

T3 when TCI Ce reached 3.5 lg/ml, T4 on esophageal

intubation, and T5 on awakening in the recovery room.

Fig. 1 Flow diagram for selection of case and control cases

Table 1 Demographic data of the placebo and lidocaine groups

Placebo (n = 65) Lidocaine (n = 64) P value

Age (years) 51.0 ± 9.8 47.8 ± 9.7 0.06

Height (cm) 164.2 ± 8.7 166.8 ± 8.4 0.08

Weight (kg) 65.3 ± 12.4 67.7 ± 12.0 0.26

BMI 24.1 ± 3.6 24.2 ± 3.0 0.89

ASA I 23 25 0.67

II 42 39

Gender F 28 21 0.23

M 37 43

Data expressed as mean ± SD

Table 2 Patients’ responsiveness to esophageal intubation under

moderate to deep sedation

Placebo

(n = 65)

Lidocaine

(n = 64)

P value

Verbal response 1 1 1.00

Somatic response 10 7 0.46

Gag reflex 3 0 0.24

Hiccups 1 0 1.0

De-saturation

(SpO2 \ 90 %)

7 8 0.76

Total propofol dose, mg 144.6 ± 30.8 144.6 ± 33.1 1.00

Sedation time (s) 303.3 ± 95.7 309.1 ± 94.0 0.73

Data expressed as mean ± SD. The numbers indicate the number of

subjects who showed positive response. Positive verbal response =

responsive to verbal command when TCI Ce reached 3.5 lg/ml.

Positive somatic response = gross purposeful movement of the head

or extremities on esophageal intubation. Positive gag reflex, cough or

hiccups = presence of reflexes during esophageal intubation

2522 Dig Dis Sci (2012) 57:2519–2526
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BIS, SBP, DBP, and HR showed a general decline when

patients were anesthetized with propofol and a return on

awakening.

SpO2

There was a general improvement in oxygen saturation in

both groups from T1 to T2, supposedly due to the 5 deep

breaths patients were instructed to take before any intra-

venous sedation was started. SpO2 at all 5 time points

showed no statistic significance between group P and L

(T1: 99.1 ± 1.6 % vs. 99.3 ± 0.9 %, P = 0.25; T2: 99.4

± 1.0 % vs. 99.4 ± 1.1 %, P = 0.69; T3: 98.6 ± 2.4 %

vs. 98.6 ± 3.2 %, P = 0.96; T4: 97.5 ± 3.5 % vs. 97.3

± 3.0 %, P = 0.70; T5: 98.1 ± 2.0 % vs. 98.4 ± 1.8 %,

P = 0.40). As shown in Table 2, a total of 15 patients (7 in

placebo and 8 in lidocaine group) had transient hypoxia

(SpO2 \ 90 %) and required airway manipulation, but all

resolved uneventfully. None necessitated interruption of

the procedure.

SBP and DBP

SBP showed a general decline from T1 to T4 and again,

there was no significant difference between group P and

group L (T1: 134.7 ± 21.4 vs. 135.2 ± 21.6 mmHg, P =

0.88; T2: 125.4 ± 20.2 vs. 123.4 ± 20.0 mmHg, P = 0.

58; T3: 101.2 ± 19.1 vs. 96.6 ± 16.9 mmHg, P = 0.15;

T4: 95.4 ± 16.8 vs. 93.1 ± 15.0 mmHg, P = 0.42; T5:

105.3 ± 15.3 vs. 106.4 ± 12.9 mmHg, P = 0.69, respec-

tively). SBP showed, on average, a consecutive drop of

8.8 mmHg at each time point.

Similarly, DBP showed no significant difference

between group P and group L (T1: 80.1 ± 13.4 vs. 82.4 ±

15.1 mmHg, P = 0.37; T2: 69.2 ± 14.6 vs. 68.7 ± 15.6

mmHg, P = 0.85; T3: 56.5 ± 14.6 vs. 53.1 ± 11.6 mm

Hg, P = 0.15; T4: 52.7 ± 12.9 vs. 51.1 ± 12.8 mmHg,

P = 0.50; T5: 65.3 ± 15.6 vs. 68.4 ± 12.6 mmHg, P =

0.23, respectively) and a trend parallel to that of SBP with a

drop of 4.6 mmHg. There was no increase in SBP or DBP

on esophageal intubation.

HR

No significant differences were observed between group P

and group L as the other parameters. T1: 80.4 ± 18.1 vs.

77.2 ± 15.1 bmp, P = 0.28; T2: 77.0 ± 14.7 vs. 75.5 ±

16.2 bpm, P = 0.58; T3: 70.5 ± 11.0 vs. 70.7 ± 13.0

bpm, P = 0.95; T4: 70.3 ± 10.7 vs. 71.1 ± 12.2 bpm,

P = 0.67; T5: 82.9 ± 12.7 vs. 82.0 ± 15.0 bpm, P = 0.

71, respectively).

BIS

The level of sedation was quantified by the use of BIS

values. BIS values between 40 and 60 purportedly indi-

cated a deep hypnotic state [15, 16]. T1, T2, T3, and T4

showed no statistically significant differences between

group P and group L (T1: 96.2 ± 4.0 vs. 96.8 ± 1.7,

P = 0.25; T2: 94.5 ± 7.8 vs. 96.0 ± 8.0, P = 0.37; T3:

59.4 ± 15.8 vs. 56.9 ± 14.1, P = 0.37; T4: 50.9 ± 12.8

vs. 48.9 ± 10.4, P = 0.35, respectively). BIS values

showed a general decline as patients entered deeper

sedation.

SBP 9 HR

No significant difference was found at any of the 5 time

points between group P and group L (T1: 10,853.6 ±

3,242.0vs. 10,489 ± 2,056.1mmHg min-1, P = 0.51; T2:

9,732.6 ± 3,083.8 vs. 9,316.1 ± 2,758.8 mmHg min-1,

P = 0.45; T3: 7,174.1 ± 1,945.6 vs. 6,843.1 ± 1,870.3

mmHg min-1, P = 0.33; T4: 6,746.6 ± 1,728.3 vs.

6,661.3 ± 1,776.6 mmHg min-1, P = 0.79; T5: 8,753.5

± 1,902.5 vs. 8,698.4 ± 1,773.2 mmHg min-1, P = 0.

87). A general decline was observed as patients entered

deeper sedation.

Discussion

It is not an uncommon practice that patients receive topical

pharyngeal anesthesia before gastroscopy worldwide. In

addition to pharyngeal anesthesia, patients often also

receive intravenous anxiolytics/sedatives such as benzodi-

azepine or opioids to facilitate the procedure. Propofol has

gained its popularity among different forms of intravenous

agents for its rapid onset, short half-life, quick recovery,

and pain control. The development of TCI with propofol to

an extent serves an excellent tool to infer patients’ depth of

sedation [17, 18]. The existing literature is conflicting on

whether the use of topical pharyngeal anesthesia in addi-

tion to intravenous sedation actually benefits patients who

are sedated, when topical pharyngeal anesthesia is

renowned for its rare but fatal adverse effects such as

systemic toxicity, methemoglobinemia, and aspiration

[1–5], and none has provided evidence supporting its use

when combined with propofol.

This randomized controlled trial study demonstrated that

topical pharyngeal anesthesia using an aerosolized 10 %

lidocaine in patients receiving sedation with TCI propofol

does not improve procedure performance as judged by the

gastroenterologists, shorten the procedure time, or deepen

sedation level as evidenced by patients’ BIS level and

hemodynamic changes during the procedure. Moreover, in

Dig Dis Sci (2012) 57:2519–2526 2523
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Fig. 2 a Comparison of SpO2 between lidocaine and placebo groups

at five time points: 1 on arrival, 2 after 5 deep breaths, 3 Ce reached

3.5 lg/ml, 4 on esophageal intubation, 5 on awakening. b Comparison

of SBP between lidocaine and placebo groups at five time points: 1 on

arrival, 2 after 5 deep breaths, 3 Ce reached 3.5 lg/ml, 4 on

esophageal intubation, 5 on awakening. c Comparison of DBP

between lidocaine and placebo groups at five time points: 1 on

arrival, 2 after 5 deep breaths, 3 Ce reached 3.5 lg/ml, 4 on

esophageal intubation, 5 on awakening. d Comparison of HR between

lidocaine and placebo groups at five time points: 1 on arrival, 2 after

5 deep breaths, 3 Ce reached 3.5 lg/ml, 4 on esophageal intubation,

5 on awakening. e Comparison of BIS between lidocaine and placebo

groups at five time points: 1 on arrival, 2 after 5 deep breaths, 3 Ce

reached 3.5 lg/ml, 4 on esophageal intubation, 5 on awakening.

f Comparison of SBP 9 HR between lidocaine and placebo groups at

five time points: 1 on arrival, 2 after 5 deep breaths, 3 Ce reached

3.5 lg/ml, 4 on esophageal intubation, 5 on awakening

2524 Dig Dis Sci (2012) 57:2519–2526

123

Author's personal copy



the study, gastroenterologists were not informed whether or

not patients had received pharyngeal anesthesia before the

procedures, and interviews after the procedures suggested

that they were unable to differentiate whether topical

anesthesia had been utilized based on patients’ response to

the procedure.

Although a meta-analysis by Evans [6] demonstrated

that pharyngeal anesthesia was associated with well-toler-

ated gastroscopy as rated by the patient and easier endos-

copy as rated by the gastroenterologists, considerable

heterogeneity was found among these randomized control

trials in the study and none of them used propofol as their

intravenous medications, therefore its generalizability

might be limited. Other studies [19–21] have also found

that topical anesthesia alleviated discomfort during upper

endoscopy; however, only when it was used without other

sedative medication.

On the other hand, our data demonstrated that the use of

topical pharyngeal anesthesia did not result in any statis-

tical or clinical significance in patients who received top-

ical pharyngeal anesthesia as compared with placebo in

terms of verbal or somatic response, gag reflex, hiccups,

and depth of sedation when they were under moderate to

deep sedation with TCI propofol. With further use of a

generalized estimating equation (as shown in Fig. 2a–f in

our statistical analysis, the hemodynamic changes at all

five time points showed no statistical significance in the

lidocaine and placebo groups, suggesting that the use of

topical pharyngeal anesthesia did not serve to influence

patent sedation level and hemodynamic stability. This was

consistent with the work of Davis [22] and Jiménez-Puente

[23] who demonstrated that the use of topical pharyngeal

anesthesia did not improve patient tolerance or procedure

performance under conscious sedation or no sedation.

Shaoul et al. [24] also showed that topical pharyngeal

anesthesia with benzocaine/tyrothricin lozenges with con-

scious sedation had no advantages over conscious sedation

alone. Therefore, the use of topical pharyngeal anesthesia

could be redundant when patients are sedated with TCI

propofol under moderate to deep sedation.

One limitation to our study was that only patients

between 21 and 69 years of age, ASA grading less or equal

to 2, and BMI less than 24 were included. Due to its dose-

dependent effect on blood pressure, cardiac output, and

systemic vascular resistance, the use of intravenous agents

such as propofol alone might be hazardous in terms of

managing the hemodynamic changes in children, and

elderly, frail, or obese patients. Zamacona et al. [25] have

suggested that in critically ill patients there was an increase

in the percentage of free propofol in the serum and there-

fore it should be given with great care. Further research is

therefore required for the use of topical pharyngeal anes-

thesia in these patients at higher risk from sedation. One

other minor limitation to the study was that post-procedural

discomfort and pain was not scientifically evaluated. All

our patients woke up within 10 min after the procedure and

were observed for 1 h before being discharged home. None

of the patients reported any discomfort or pain. Evaluation

of the absence of post-procedural discomfort may be

helpful in further providing evidence of the limited benefit

of topical pharyngeal anesthesia during endoscopy. In

addition, music therapy may add benefits to the patients in

terms of stress relief and analgesia [26].

There is a lack of standardization of topical pharyngeal

anesthesia and sedation practice among gastroenterologists

and anaesthetists. The drawbacks of topical pharyngeal

anesthesia include the irritating sensation and bitter taste to

the patients, the added procedure time, and the expense of

pharyngeal anesthesia, in addition to the well-known

adverse effects associated with its use. In conclusion, given

the lack of definitive evidence supporting a benefit of

pharyngeal anesthesia in patients sedated with TCI pro-

pofol, elimination of this practice in the performance of

diagnostic gastrointestinal endoscopy may have no adverse

effects on patient care or outcomes.
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