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Abstract: Intravenous propofol can provide a superior quality of sedation compared to standard sedation for upper 
gastrointestinal endoscopy. However, the utility of propofol sedation for the endoscopic early detection of superficial 
pharyngeal and esophageal squamous cell carcinoma has not been investigated. In a multicenter, prospective trial, 
255 patients with esophageal squamous cell carcinomas (ESCCs) were assigned to receive propofol sedation or 
no sedation according to their own willingness. The primary aim was to compare the detection rates of superficial 
cancer in the pharyngeal region and the esophagus between two groups. The secondary aim was to evaluate factors 
associated with technical adequacy. The detection rate was higher in the propofol sedation vs. no sedation group 
for H&N region (6.06% vs. 2.40%), but not significantly (P=0.22). However, the small lesion (less than 10 mm in di-
ameter) detection rate was higher in sedation vs. no sedation group for H&N region (88.89% vs. 33.33%; P=0.048). 
The median time for pharyngeal observation in the sedation group was faster than in the no sedation group (20.6 s 
vs. 44.3 s; P<0.001). Ninety-five percent of H&N region evaluations were totally complete in sedation compared with 
sixty percent in the no sedation group (P<0.001). The overall p value indicated that only smoking habit was associat-
ed with incomplete pharyngeal observation (P<0.05), and it was more difficult to accomplish a complete pharyngeal 
observation in patients who smoked more than 10 packs per day. Intravenous propofol sedation compared to no 
intravenous sedation during conventional upper gastrointestinal endoscopy can facilitate a more complete pharyn-
geal examination and increase the detection rate of superficial H&N squamous cell carcinoma in high risk patients.

Keywords: Esophageal squamous cell carcinoma, head and neck cancer, superficial cancer, high-risk patients, 
propofol sedation

Introduction

Squamous cell carcinoma is the most common 
histologic type of primary malignancy affecting 
the esophagus and the head and neck (HN). It 
is usually diagnosed at an advanced stage and 
consequently has a poor 5-year survival rate [1, 
2]. Narrow band imaging (NBI) is an innovative 
optical image-enhancing technology available 
on some video endoscopes. Using NBI, muco-

sal microvascular irregularities may delineate 
areas of early neoplasia in the head and neck 
and gastrointestinal tract [3]. Many reports 
have confirmed that NBI was easy to use and 
could improve the detection rate of superficial 
esophageal squamous cell carcinoma (ESCC) 
as well as head and neck squamous cell carci-
noma (HNSCC) [4-6]. Nevertheless, endosco-
pists’ unfamiliarity with the NBI features, as 
well as concerns about increased patient dis-
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comfort and prolonged examination times have 
discouraged the adoption of using NBI for rou-
tine pharyngeal and esophageal examinations.

Intravenous opiate with or without a benzodiaz-
epine (standard sedation), or only topical pha-
ryngeal anesthesia commonly are used for 
endoscopic examinations to reduce patients’ 
procedural discomfort and recovery time, and 
to increase their compliance with the recom-
mendation for endoscopic examination [7, 8]. 
However, others have reported a more than 

20% incomplete pharyngeal examination rate 
using either of these anesthesia methods, 
potentially leading to a decrease in superficial 
squamous cell carcinoma detection rates, 
which prevalence was ranging from 2.2% to 
11.0% and 2.9% to 9.9% in pharyngeal and 
esophageal region, respectively [5, 6, 9-11]. 

Intravenous propofol can provide a superior 
quality of sedation compared to standard seda-
tion, and has been used worldwide for endo-
scopic examinations [12]. However, the utility of 
propofol sedation for the endoscopic early 

Figure 1. The process of pharyngeal observation using NBI. A. Soft palate and uvula. B. Upper epiglottic cartilage. 
C. Posterior oropharyngeal wall. D. Left lateral oropharyngeal wall. E. Posterior hypopharyngeal wall. F. Right lateral 
oropharyngeal wall. G. Right lateral hypopharyngeal wall and right pyriform sinus. H. Epiglottis. I. Left lateral hypo-
pharyngeal wall and left pyriform sinus.
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detection of superficial ESCC and HNSCC has 
not been investigated. Therefore we conducted 
a prospective trial comparing propofol sedation 
to no sedation for the endoscopic detection of 
superficial ESCC and HNSCC in patients at high 
risk for these malignancies.

Materials and methods

Patients 

We drew from patients with diagnoses of 
esophageal squamous cell carcinoma or high-

grade intraepithelial neoplasia (HGIN), because 
this patient population has a high risk of syn-
chronous and metachronous ESCC and HNCC 
[4, 13, 14]. The inclusion criteria were: (i) 
Patients with advanced ESCC or previously 
treated for ESCC by endoscopic resection with 
an age of 20 years or older; (ii) Patients were 
able to consent; (iii) Patients without significant 
cardiorespiratory or medical comorbidities; and 
(iv) Patients without allergy to lidocaine anes-
thetic spray. The exclusion criteria were: (i) 
Previous surgical resection for ESCC or HNSCC; 

Figure 2. Superficial cancer in the head and neck region and esophagus. A. Non-magnifying NBI shows a well-
demarcated brownish area in head and neck region of a patient with ESCC. B. Magnifying NBI shows many tiny dots 
in the brownish area. C. Scattered brown dots and absent of vessel branch were observed in a well-demarcated 
brownish area on NBI. D. Non-magnifying NBI shows two well-demarcated brownish area in the esophagus of a 
patient with ESCC. 
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Table 1. Characteristics of Patients
Sedation No Sedation
(n=132) (n=123)

N0. % N0. % P
Age years
    Median 60 64 0.423
    Range 29-80 37-85
Male sex 105 79.55 100 81.3 0.724
Alcohol habit
    Yes 64 48.48 67 54.47 0.339
    No 68 51.52 56 45.53
Smoking habit
    No. of smokers 72 54.55 67 54.47 0.991
Depth of invasion
    Tis-T1a 41 31.06 34 27.64 0.549
    T1b 13 9.85 16 13.01 0.427
    T2 29 21.97 32 26.02 0.449
    T3 45 34.09 38 30.89 0.586
    T4 4 3.03 3 2.44 0.773

(ii) Prior chemotherapy, radiotherapy, or chemo-
radiotherapy for ESCC or HNSCC; (iii) Eso- 
phageal and pharyngeal stricture; (iv) Presence 
of emergency procedures or serious compli- 
cations.

Study design

This study was a multi-center prospective trial. 
The consent form was approved by the 
Institutional Review Board of each center, and 
patients who were enrolled in the trial signed 
the consent form. Patients themselves chose 
to either receive intravenous propofol sedation 
or no sedation. Both groups of patients receiv- 
ed topical oro-pharyngeal lidocaine spray to 
minimized pharyngeal sensitivity [15]. Those in 
the sedation group received 40 to 80 milli-
grams of intravenous propofol. Narrow band 
imaging was used to endoscopically inspect 
the uvula, posterior oropharyngeal wall, epiglot-
tis, posterior hypopharyngeal wall, pyriform 
sinuses, and esophagus (Figure 1). An assis-
tant physician recorded the results on the case 
record form, and we only included patients 
according to the inclusion criteria.

Sample size

The sample size was calculated to detect the 
smallest difference (α=0.05; β=0.10) between 
the sedation and no sedation groups. We used 

20% as the smallest clinically relevant differ-
ence. Previous reports suggested that a major 
factor affecting superficial lesion detection 
rates was sedation status [7, 15]. Therefore, we 
used patient tolerance and self-reported com-
fort to calculate sample size. We estimated a 
sample size of 200 patients (100 per group) 
would allow us to detect a difference as small 
as 20% with a type I error of 0.05 and a power 
of 80%. We recruited an additional 40 patients 
or more in anticipation of instances of ineligibil-
ity or withdrawal during the examination be- 
cause of discomfort.

Study protocol 

In this study, we considered lesions with slightly 
elevated lower than 5 mm, flat or a shallow 
depression. The primary outcome was the rate 
of superficial ESCC and HNSCC lesion detec-
tion. Secondary outcomes included doctor’s 
satisfaction, patient’s satisfaction and time 
taken for pharyngeal observation. Doctor’s sat-
isfaction was defined as the completeness of 
the examination (technical adequacy) evaluat-
ed by the endoscopist after each examination. 
A complete pharyngeal examination was de- 
fined as photo-documentation of all 9 pharyn-
geal areas (Figure 1), a partial-complete evalu-
ation was defined as photo documentation of 
more than 5 but less than 9 pharyngeal areas, 
and an incomplete evaluation was less than 5 
pharyngeal areas documented. Only complete 
evaluations of pharyngeal area were consid-
ered a satisfied evaluation. Patient’s satisfac-
tion was assessed using a questionnaire to 
rate as follows: (1) acceptable with no pain; (2) 
partly acceptable with a little pain; (3) unac-
ceptable or painful.

Endoscopic examination 

Before the study started, all the participating 
endoscopists received training by reviewing 
NBI images of superficial ESCC and HNSCC 
lesions, and agreed upon a standardized meth-
od of examining the pharynx and esophagus. 
Briefly, 9 pharyngeal areas were required ac- 
cording to Saito et al [11] with slight modifica-
tions, and all esophageal areas from the cervi-
cal esophagus to the esophagogastric junction 
were evaluated according to Nagami et al [14] 
and Muto et al [4]. A lesion with a well-demar-
cated brownish area, scattered brown dots and 
absent of vessel branch (Figure 2) were consid-
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areas (a complete exami-
nation). The time was not 
measured in patients who 
had an incomplete exami-
nation, who had H&N 
lesions requiring biopsy, or 
who had late stage ESCC 
with esophageal stricture. 
When appropriate, biop-
sies were taken after com-
pleting a full esophagogas-
troduodenoscopy (EGD).

Pathologic evaluation

Two experienced patholo-
gists classified the biopsy 
specimens into superficial 
cancers (high-grade intr- 
aepithelial neoplasia and 
micro-invasive squamous 
cell carcinoma) and non-
cancers (chronic esophagi-
tis) according to Vienna 
Classification [16].

Statistical analysis

The continuous variables 
are expressed as medians 
and ranges. Continuous 
data were compared using 
the MannWhitney U test. 
Pearson’s Chi-square test 
or Fisher’s exact test was 
used for categorical vari-
ables. Odds ratios of sig-

ered as suspected “superficial cancer”. Biopsy 
specimen or ER specimen were used for histo-
logic diagnosis for suspected “superficial can-
cer”. The location and size of superficial cancer 
confirmed by histology was recorded. All proce-
dures were performed using a video-endoscopy 
system (EVIS LUCERA system, Olympus), with a 
high-resolution upper gastrointestinal endo-
scope (GIF-H260 or GIF-H260Z, Olympus).

Before endoscopy, all patients received oral 
Simethicone Emulsion (Berlin-Chemie AG, 
Germany) to wash the pharyngeal and esopha-
geal surface mucosa, and 10 milliliters of lido-
caine for pharyngeal anesthesia. During the 
procedure, we measured the time to examine 
and photo-document the required 9 pharyngeal 

nificant factors associated with unsatisfied 
evaluation were analyzed with logistic regres-
sion. Characteristics with P<0.2 were included 
in the univariate and multivariate regression 
models. It has statistical significance with the 
discrepancy of P<0.05. Data were analyzed 
using statistical software (SPSS version 17.0; 
SPSS Inc, Chicago, IL).

Results 

Patient background

Between October 2013 and August 2014, 255 
patients (males/females =205/50; median 
age, 62 years; 69 lesions in total) meeting the 
inclusion criteria were enrolled, including 78 
patients with a history of advanced ESCC. The 

Table 2. Superficial Cancer in the Head and Neck Region and the 
Esophagus

Sedation 
(132)

No Sedation 
(123)

No. % No. % P
Head and neck 
    No. of patients 8 6.06% 3 2.40% 0.22
    No. of lesions per patient
        1 7 5.30% 3 2.40% >0.999
        ≥2 1 0.76% 0 0%
    Total No. of super patient Head and 9 3
    Size threshold, mm 
        <10 mm 8 1 0.048
        11-20 mm 1 2
        >20 mm 0 1
    Histologic diagnosis 
        HGIN or carcinoma in situ 8 3 >0.999
        Microinvasive cancer 1 0
    Esophagus
        No. of patients 25 18.94% 26 21.14% 0.661
    No. of lesions per patient
        1 23 17.42% 22 17.89% 0.668
        ≥2 2 1.52% 4 3.25%
    Total No. of super patient Head and 27 30
    Size threshold, mm
        <10 mm 16 14 0.502
        11-20 mm 4 8
        >20 mm 7 8
    Histologic diagnosis 
        HGIN or carcinoma in situ 21 21 0.506
        Microinvasive cancer 6 9
Abbreviations: HGIN, high-grade intraepithelial neoplasia.
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(6.06% vs. 2.40%), but not significantly 
(P=0.22). However, the small lesion 
(less than 10 mm in diameter) detection 
rate was higher in sedation vs. no seda-
tion group for H&N region (88.89% vs. 
33.33%; P=0.048). In the esophagus, 
25 patients with 27 lesions of superfici- 
al cancers were detected in sedation 
group (18.94%; 25 of 132), 26 patients 
with 30 lesions of superficial cancers 
were detected in no sedation group 
(21.14%; 26 of 123). 

Pharyngeal examination and technical 
adequacy

In Table 3, the mean time for the pha-
ryngeal observation was 20.6 seconds 
(range 10-39) and 44.3 seconds (range 
19-60) in the sedation and no sedation 
groups respectively. Ninety-five percent 
of H&N region evaluations were totally 
complete (technical adequacy; 9 high 
resolution images of pharyngeal areas 
were taken) versus 60% among the no 
sedation group, while the examination 
was not technically adequate in 29 and 
20 (23.58% and 16.26%; partial com-
plete and incomplete) patients among 
the no sedation group because of 
excessive gag reflex. The difference was 
statistically significant for technical ade-
quacy of pharyngeal observation be- 
tween two groups (P<0.001).

The patient satisfaction questionnaire 
results showed that in the sedation 
group 93.94% of the patients scored 1 
(acceptable with no pain or a little pain), 
5.30% scored 2 (partly acceptable with 

Table 3. Pharyngeal examination and technical adequa-
cy

Sedation No Sedation
n=132 n=123

NO. % NO. % P
Patient’s satisfaction
    Acceptable 124 93.94 84 68.29 P<0.001
    Partial acceptable 7 5.30 24 19.51
    Unacceptable 1 0.76 15 12.20
Pharyngeal observation
    Complete 126 95.45 74 60.16 P<0.001
    Partial Complete 6 4.55 29 23.58
    Incomplete 0 0.00 20 16.26
Examination time 
    Median 20.6 44.3 P<0.001

clinical characteristics of the two groups did 
not differ significantly in age, sex, alcohol con-
sumption, smoking habits and depth of tumor 
invasion (Table 1). In both groups, most of the 
patients were newly diagnosed ESCC.

Distribution of histologically confirmed 
superficial cancers

The diagnostic yields for superficial cancer in 
the esophagus and H&N region between the 
two groups are summarized in Table 2. The 
detection rate was higher in the propofol seda-
tion vs. no sedation group for H&N region 

some pain), and 0.67% scored 3 (unacceptable 
or painful). In the no sedation group, 68.29% 
scored 1, 19.51% scored 2, and 12.20% scored 
3. The proportion of patient satisfaction was 
greater in the sedation than no sedation group 
(P<0.001).

Factors associated with technical adequacy of 
H&N region observation

In Table 4, the univariate logistic regression 
model indicated that patient age (>60) and 
smoking habit were associated with incom- 
plete pharyngeal observation (P<0.05). Mu- 

Table 4. Factors affecting incomplete pharyngeal obser-
vation (unsatisfied evaluation)

Univariate Multivariate
OR (95% CI) P OR (95% CI) P

Sex
    Male 0.87 (0.35, 2.16) 0.76
    Female 1
Age years
    <60 1 1 0.115
    >60-70 3.30 (1.20, 9.10) 0.02 2.10 (1.04, 4.22) 0.038
    >70 1.57 (0.60, 4.09) 0.359 1.18 (0.59, 2.35) 0.642
Alcohol
    No 1
    Yes 0.68 (0.33, 1.38) 0.285
Smoking
    No 1 1 0.025
    <10 0.69 (0.25, 1.89) 0.475 0.81 (0.33, 2.02) 0.652
    >10 3.20 (0.14, 7.37) 0.007 3.99 (0.21, 7.78) 0.007
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ltivariate logistic regression indicated that 
patient age (>60) (OR: 2.10, 95% CI: 1.04-4.22, 
P=0.038) and smoking habit (>10) (OR: 3.99, 
95% CI: 0.21, 7.78, P=0.007) were associated 
with incomplete pharyngeal observation. 
However, the overall P value indicated that only 
smoking habit were associated with incomplete 
pharyngeal observation (P<0.05), and patients 
with more than 10 packs-per-day were more 
difficult to accomplish a complete evaluation.

Discussion

Squamous cell carcinoma is the most common 
histologic type of head and neck and esopha-
geal cancer [1, 2]. Unfortunately most patients 
with HNSCC and ESCC who present with the 
typical symptoms of dysphagia and weight loss 
have advanced disease. But most of superficial 
esophageal and H&N (pharyngeal) cancers are 
asymptomatic. Smoking, ethanol and acetalde-
hyde in alcoholic beverages are known risk fac-
tors for SCC [17]. Because of field canceriza-
tion, patients with ESCC or HNSCC are at high 
risk for the development of multiple SCCs [18]. 

Previous studies demonstrated that NBI was an 
effective method for detecting and diagnosing 
superficial SCC [4, 14].

Abraham et al. reported an almost 76% techni-
cal adequacy and 79% patient satisfaction rate 
in patients administered titrated intravenous 
doses of meperidine and/or midazolam versus 
46% and 47% respectively in patients who 
received normal saline placebo [7]. Saito et al 
[11] reported an almost 80% complete pharyn-
geal evaluation rate with only topical pharyn-
geal anesthesia (viscous lidocaine or lidocaine 
spray) in patients who had a prior previous 
experience with upper gastrointestinal endos-
copy. Conversely, patients who receive either 
standard intravenous sedation or topical pha-
ryngeal anesthesia may have an incomplete 
pharyngeal evaluation rate of more than 20%, 
possibly missing a lesion. Our results demon-
strated an almost 96% successful procedure 
and 94% satisfaction in patients administered 
intravenous doses of propofol.

It was reported that most endoscopists in the 
western country use midazolam and meperi-
dine for endoscopy, while propofol, either alone 
or in combination with other drugs, is used in a 
small proportion of patients [19]. However, 
most of the endoscopists in China use propofol 

with high satisfaction, citing its quicker seda-
tion and recovery times, as well as an improved 
experience for both the patient and the endos-
copist [20].

A number of studies revealed that sedation 
with propofol was safer and more effective 
than with midazolam and meperidine. The mor-
bidity in using propofol without the assistance 
of aesthesiologist was 0.19%, no cases of mor-
tality with a total of 82, 620 procedures [20]. 

Some prospective studies indicated that propo-
fol offers adequate level of sedation during 
endoscopy [21]. However, there has not a study 
to verify the diagnostic yield of propofol seda-
tion for early ESCC or HNSCC detection, which 
led us to carry out this prospective inve- 
stigation.

In this study, the endoscopist must change to 
NBI mode to inspect uvula, posterior oropha-
ryngeal wall, epiglottis, posterior hypopharyn-
geal wall, pyriform sinus and esophagus on 
endoscopic examination. Patients were as- 
signed to receive sedation or no sedation 
according to their own willingness. In both 
groups, most of the patients were newly diag-
nosed ESCC and have not had previous experi-
ence of EGD, which can partially explained a 
lower totally complete pharyngeal region evalu-
ation rate (60.16%).

Once an altered epithelium exhibiting irregular-
ly distributed brown dots within a well demar-
cated brownish area was detected in the phar-
ynx or esophagus, it was examined in greater 
detail to aid the intrapapillary capillary loop 
(IPCL) classification. If IPCL type IV or V was 
observed, it is highly indicated a dysplasia or 
cancer, and treatment such as biopsy, EMR or 
ESD was considered according to lesion size. 
After the procedure was completed, an assis-
tant physician should record the results on the 
case record form, and we only included patients 
with advanced ESCC or previously treated for 
ESCC by ER with an age of 20 years or older for 
further statistics.

In our study, most of the small lesions (less 
than 10 mm in diameter) in pharyngeal region 
could be found with propofol sedation and the 
difference were statistically significant com-
pared with no sedation group (P=0.048). A lon-
ger mean time for the pharyngeal region obser-
vation and lower rate of complete pharyngeal 
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observation with patients acceptable were 
observed in no sedation group. Univariate and 
multivariate analyses revealed that smoking 
habit was an independent risk factor for incom-
plete pharyngeal observation. Smoking is also 
definite risk factors for SCC [17]. Taken togeth-
er, it is better to persuade a patient with heavy 
smoking habit to accept EGD under propofol 
sedation. We also compared the relationship 
between pharyngeal lesion detection and 
incomplete pharyngeal observation, and no sig-
nificant difference was found. The reasons 
might be a relatively small pharyngeal lesions 
detected in no sedation group. In addition, 
most patients in our study had no previous 
experience of EGDE, and the complete obser-
vation rate was 60.16%, which can lower the 
detection rate of pharyngeal lesions. 

To our knowledge this is the first study to assess 
the effectiveness of propofol sedation for the 
endoscopic detection of early ESCC or HNSCC. 
Our data suggests intravenous propofol seda-
tion compared to no intravenous sedation dur-
ing conventional upper gastrointestinal endos-
copy can facilitate a more complete pharyngeal 
examination and increase the detection rate of 
superficial H&N squamous cell carcinoma in 
high risk patients. Propofol sedation for pharyn-
geal observation during conventional upper GI 
endoscopy is highly recommended for high-risk 
patients.
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