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This study aimed to assess pharyngeal function between no bolus and bolus propofol induced sedation during gastric endoscopic
submucosal dissection. A retrospective study was conducted involving consecutive gastric cancer patients. Patients in the no bolus
group received a 3mg/kg/h maintenance dose of propofol after the initiation of sedation without bolus injection. All patients in
the bolus group received the same maintenance dose of propofol with bolus 0.5mg/kg propofol injection. Pharyngeal functions
were evaluated endoscopically for the first 5min following the initial administration of propofol. Fourteen patients received no
bolus propofol induction and 13 received bolus propofol induction. Motionless vocal cords were observed in 2 patients (14%) in
the no bolus group and 3 (23%) in the bolus group. Trachea cartilage was not observed in the no bolus group but was apparent in 6
patients (46%) in the bolus group (𝑃 < 0.01). Scope stimulated pharyngeal reflex was observed in 11 patients (79%) in the no bolus
group and in 3 (23%) in the bolus group (𝑃 < 0.01). Propofol induced sedation without bolus administration preserves pharyngeal
function and may constitute a safer sedation method than with bolus.

1. Introduction

Early detection and diagnosis may improve outcome and
survival in patients with gastric cancer. The endoscopic
submucosal dissection (ESD) technique was developed to
resect large neoplasms en bloc and to reduce the risk of
recurrence [1]. However, ESD generally takes longer than
conventional endoscopic mucosal resection (EMR) [2], so
adequate moderate and deep sedations are necessary [3].

Recently, propofol sedation administered by anaesthesi-
ologists or gastroenterologists has gained popularity in endo-
scopic procedures [4–7]. Propofol is a short-acting sedative,
that is, an agonist of the 𝛾-aminobutyricacid receptor in the
central nervous system [8]. Effectiveness of propofol induced
sedation during endoscopic procedures is under evaluation.
It has been reported that monitored propofol sedation is safer
than sedation with midazolam [3, 9, 10]; however, cases of

respiratory depression including reduced oxygen saturation
during propofol sedation have been reported [11–13]. Bolus
administration of propofol is often performed at the initial
stage of sedation; however, bolus inductionmight be regarded
as one of the causes of respiratory depression. Although the
relationship between propofol and respiratory depression has
been reported [14], the direct association with propofol and
pharyngeal function is thus far not known. Therefore, we
evaluated this association in our study regarding pharyngeal
function.

The purpose of this study was to assess differences in
pharyngeal function between no bolus propofol induction
(NBPI) sedation and bolus propofol induction (BPI) sedation
for gastric ESD. The clinical outcomes of gastric ESDs under
both NBPI and BPI sedation were retrospectively evaluated
and compared with the endoscopic pharyngeal findings,
which were originally collected prospectively.
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2. Methods

2.1. Study Design. We analyzed the available patient data of
those diagnosed with early gastric cancer and treated endo-
scopically from March 2010 to January 2011. Patients were
excluded if they were <18 years of age; were pregnant; had
a history of allergy to sulphite, egg, soybean, or propofol; or
did not provide informed consent. Patients with anAmerican
Society of Anaesthesiologists (ASA) physical status classi-
fication of >2, a severe liver disorder (liver transaminase
> 100 IU/L; liver cirrhosis, due to high alcohol intake),
severe renal failure (serum creatinine level > 2mg/dL), severe
heart disease (New York Heart Association Class III or IV),
mental incompetence, systolic blood pressure < 80mmHg,
and baseline oxygen saturation measured by pulse oximetry
of <90% in room air or <95% with oxygen at 2 L/min
administered by nasal cannula were also excluded. Informed
consent was obtained as per institutional protocol from all
patients who underwent endoscopic treatment. This study
was performed in accordance with the 1989 revised Helsinki
Declaration.

2.2. Medication. Local pharyngeal anaesthesia was per-
formed using an 8% topical lidocaine spray prior to intra-
venous administration of the sedation drugs. For cases before
June 2010, ESDs were performed under BPI sedation; for all
cases after July 2010, ESDs were performed under NBPI
sedation. All patients in the NBPI group received a 3mg/kg/h
maintenance dose of 1% propofol emulsion (10mg/mL;
Astrazeneca, Osaka, Japan) from the initiation of sedation,
without bolus administration. Conversely, all patients in the
BPI group received a bolus of 0.5mg/kg of propofol as a
loading dose and a 3mg/kg/h maintenance dose of propofol
thereafter, from the initiation of sedation.

Propofol was administered until the patient fell asleep, as
determined by a Ramsay sedation score of 5-6. After infusion,
a waiting period of approximately 5min was observed to
allow the drug to take complete effect. An automatic infusion
pump (Terufusion syringe pump TE-332S; Terumo Corp,
Tokyo, Japan) was used to maintain continuous infusion.The
objective was to maintain a patient’s sedation level between
moderate (patient responds properly to verbal commands
either alone or accompanied by light tactile stimulation) and
deep (patient cannot be easily aroused, but may respond
properly to repeated or painful stimulation) [15].

For patients with a body mass index > 22, sedation doses
were calculated based on body weight for a body mass index
of 22. When a patient seemed to be in discomfort or exhib-
ited restlessness following verbal stimulation during ESD,
an additional 10mg of propofol was given and the infusion
rate was increased by 1mg/kg/h. Conversely, if an adverse
event such as hypotension with systolic blood pressure <
80mmHg or oxygen desaturation < 90% occurred, the main-
tenance dose was reduced by 1mg/kg/h. Propofol infusion
was continued until removal of the endoscope. All patients
received 15mg of pentazocine at the start of the ESD, as an
analgesic agent. The depth of sedation was monitored by a
physician not directly involved in the procedure, using a 4-
point somnolence score (4, fully alert; 3, awake but leth-

Figure 1: Endoscopic pharyngeal image: no bolus propofol induc-
tion patient. Vocal cords: motion; trachea cartilage: no observation.

argic; 2, spontaneous eye closure, but responsive to voice; 1,
responds only to shaking or prodding). Endoscopic intuba-
tion was initiated once the patient reached a sedation level
of 2. All medications were administered by physicians from
the endoscopy division who did not participate in the actual
endoscopic procedures. Resuscitation equipment was always
present in the endoscopic room.

2.3. Monitoring. Patients received supplemental oxygen
(2 L/min) by nasal cannula in the endoscopic room, and their
vital signs and oxygen saturation were continuously monito-
red and recorded every 5min using standard three-lead elec-
trocardiogram, pulse oximetry, and automated blood pres-
sure equipment. Chest excursion and respiratory rates were
monitored visually and consciousness levels were assessed
immediately after the induction of sedation, and then at
20min intervals thereafter throughout the procedure using
the Ramsay sedation score. Vital signs (blood pressure,
oxygen saturation, and heart rate) were recorded at the
conclusion of the ESD and then at 15, 30, 60, and 120min
after ESD. Patientswere discharged from the endoscopy room
15min after the procedure, provided their vital signs were
stable.

2.4. Pharyngeal Function. In addition to checking vital
signs,pharyngeal functions involving the vocal cords and
tracheal cartilage were evaluated endoscopically in the first
5min after starting propofol infusion. With regard to the
vocal cords, “motionless” was defined as endoscopic findings
of no movement by continuous opening of the vocal cords of
at least 15 seconds to breathe four or five times, and motion
was defined as both movement of opening and closure of the
vocal cords. Observed tracheal cartilage was defined as
trachea cartilage observation by thewidely continuous dilata-
tion of vocal cords (Figures 1 and 2). Furthermore, we
recorded either existence or nonexistence of pharyngeal
reflection based on direct contact with the scope.

2.5. Statistical Analysis. Category outcomes were analysed
using Fisher’s exact test or the chi-square test where
appropriate. Continuous outcomes were analysed with the
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Figure 2: Endoscopic pharyngeal image: bolus propofol induction
patient. Vocal cords: motionless; trachea cartilage: observation.

Table 1: Patient characteristics.

NBPI BPI 𝑃 value
Number of cases 14 13
Mean age (years) (range) 74 (56–84) 69 (59–83) NS
Gender (male/female) 9/5 7/6 NS
Tumor size (mm) 17.2 ± 6.6 23.6 ± 9.7 NS
Resection size (mm) 38.0 ± 14.0 45.5 ± 10.1 NS
Procedure time (min) 40.4 ± 20.4 50.9 ± 19.8 NS
Mean total dose of
propofol (mg) 227 ± 118 228 ± 76 NS

Complications 0 0 NS
NBPI: no bolus propofol induction; BPI: bolus propofol induction; NS: not
significant.

nonparametricWilcoxon rank sum test for nonnormally dis-
tributed data. Continuous variables are expressed as means
and standard deviations. Statistical analysis was conducted
with SPSSV (Chicago, IL). Statistical significancewas defined
as 𝑃 < 0.05.

3. Results

Twenty-seven early gastric cancer patients were enrolled in
this study. Fourteen received no bolus induction of propofol
and 13 received bolus induction in the initial stage of sedation
during ESDs. The mean age of the NBPI group was 74 years,
mean tumour sizewas 17.2mm, resection sizewas 38mm, and
procedure time was 40.4 minutes. In the BPI group, mean
age was 69 years, tumour size was 23.6mm, resection size
was 46mm, and procedure time was 50.9min. An en bloc
resection was achieved in all 27 cases.Themean doses of total
propofol administered were 227 ± 118mg in the NBPI group
and 228 ± 76mg in the BPI group. There was no statistically
significant difference between the groups in terms of age,
gender, tumour size, resection size, procedure time, or mean
dose of total propofol (Table 1).

There were no instances of uncontrolled agitation or
movement that required a delay during any of the ESD
procedures, and none of the patients had to be restrained

Table 2: Comparison of respiratory function.

NBPI BPI 𝑃 value
Vocal cords NS

Motion 12 (86%) 10 (77%)
Motionless 2 (14%) 3 (23%)

Trachea cartilage 0.0058
No observation 14 (100%) 7 (54%)
Observation 0 (0%) 6 (46%)

Scope stimulated
pharyngeal reflex 0.007

Positive 11 (79%) 3 (23%)
Negative 3 (21%) 10 (77%)

while under sedation. There were no cases of desaturation
to <90% during or after any ESD, and no cases required
intubation or ventilation. Similarly, there were no cases of
transient hypotension (systolic blood pressure <80mmHg).

Motionless vocal cords were evident in 2 patients (14%)
in the NBPI group and 3 (23%) in the BPI group, but this
difference was not significant (Table 2).

Trachea cartilage observation due to continuous wide
dilatation of the vocal cords was not seen in the NBPI group
(0%) but was apparent in 6 patients (46%) in the BPI group
(𝑃 < 0.01). Scope-stimulated pharyngeal reflex was observed
in 11 patients (79%) in the NBPI group and in 3 (23%) in the
BPI group (𝑃 < 0.01).

4. Discussion

To our knowledge, this study is the first evaluation of
pharyngeal function to compare no bolus-propofol-induced
sedation with bolus-propofol-induced sedation administered
by gastroenterologists during ESDs for early gastric cancer.
Propofol induced sedation without bolus was associated with
a higher incidence of the preservation of pharyngeal function
during sedation for ESD.

Propofol is a short-acting sedative, with a plasma half-life
of only 1–4min, and the onset of sedation after propofol injec-
tion occurs between 30 and 60 s. Stable sedationmanagement
is possible via continuous propofol infusion without bolus
infusion. Bolus infusion may result in respiratory depression
via a sudden increase in the blood concentration of propofol.
However, many studies have reported using bolus propofol
induced sedation during endoscopy. We therefore compared
no bolus induction methods with bolus induction methods
for sedation for ESD.

With no reversal agent available for propofol, the pres-
ence of personnel that are well trained in airway rescue is
mandatory, although none of the patients in either group
in this study required endotracheal intubation. Furthermore,
there were no complications in neither the BPI nor the NBPI
method. However, there is the risk of salivary aspiration
during ESD because most of ESDs are treatment for the long
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time more than 60 minutes. Thus, to reduce the aspiration
risk, it is desirable for the pharyngeal function to be main-
tained during the procedure and sedation. Therefore, it is
thought that propofol-induced sedation without bolus can
negate respiratory depression at the initial stage of sedation.

In the NBPI group, there was a lower rate of trachea
cartilage observation, and a higher rate of positive pharyngeal
reflex by scope stimulation, than in the BPI group. There
was no significant difference in movement of the vocal cords
between the groups. Low trachea cartilage observation and
high pharyngeal reflex by scope stimulation in the NBPI
group suggested that pharyngeal functions were preserved to
a greater extent in this group than in the BPI group. In fact,
propofol sedation without bolus administration is safer than
with initial bolus administration.

Our study demonstrates that the induction and mainte-
nance of sedation can be safely performed using propofol,
thus avoiding respiratory dysfunction.TheRamsay score of 5-
6 that we obtained in most cases also indicates that the doses
of propofol that we calculated were appropriate for achieving
moderate to deep sedation. In addition, the rapid onset and
offset of sedation associated with the continuous infusion
of propofol decreases the risk of sedation complications and
reduces the burden on the gastroenterologist during the pro-
cedure.

Our goal was to maintain a moderate to deep sedation
level. Given the narrow therapeutic window of propofol,
fluctuations in the depth of sedation may occur, but none
of the ESD procedures in this study had to be delayed
or terminated, suggesting that our dose calculations and
sedation procedures were effective, as well as safe.

The limitation of this study is to be a study performed in
small sample size and only single hospital. No severe adverse
events, such as desaturation or hypotension, resulted from
the administration of propofol by a nonanaesthesiologist
physician in this sample size. However, additional training
has been recommended to be provided for the safe adminis-
tration of propofol [16, 17]. An ASA/ASGE taskforce further
recommended that nonanaesthesiologists using propofol for
endoscopic procedures should be trained by anaesthesiolo-
gists [18]. Propofol has a narrow therapeutic window that can
result in a rapid depression of consciousness and cardiovas-
cular function, leading to a state of general anaesthesia, and
there is no reversal agent. Therefore, additional training and
the use of a safe infusion protocol are recommended to ensure
the safe administration of propofol. As the second limitation
of our study, the endoscopists were not blinded. To the best
of our knowledge, there is no evidence in the literature about
association between the endoscopic pharyngeal findings
and respiratory depression during sedation of endoscopic
procedures. Hence, further evaluation about the association
between the endoscopic pharyngeal findings and respiratory
depression during sedation might be necessary.

In conclusion, vocal cords function and pharyngeal reflex
in gastric ESD patients received propofol induced sedation
without bolus administration at initial stage were signifi-
cantly higher than in propofol induced sedation with bolus
administration. As propofol induced sedation without bolus
preserves pharyngeal function and can negate respiratory

depression at the initial stage of sedation, it represents a safe,
useful sedation method.

Disclosure

All authors have no financial relationships with a commercial
entity producing health care related product and/or services
relevant to this paper.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper

Acknowledgments

A part of this study was presented at Japan Digestive Disease
Week 2013 in Tokyo, Japan. And the authors would like to
thank Editage for providing editorial assistance.

References

[1] T. Gotoda, H. Yamamoto, and R. M. Soetikno, “Endoscopic
submucosal dissection of early gastric cancer,” Journal of Gas-
troenterology, vol. 41, no. 10, pp. 929–942, 2006.

[2] I. Oda, T. Gotoda, H.Hamanaka et al., “Endoscopic submucosal
dissection for early gastric cancer: technical feasibility, opera-
tion time and complications from a large consecutive series,”
Digestive Endoscopy, vol. 17, no. 1, pp. 54–58, 2005.

[3] S. Kiriyama, T. Gotoda, H. Sano et al., “Safe and effective
sedation in endoscopic submucosal dissection for early gastric
cancer: a randomized comparison between propofol continu-
ous infusion and intermittent midazolam injection,” Journal of
Gastroenterology, vol. 45, pp. 831–837, 2010.

[4] J. J. Vargo, G. Zuccaro Jr., J. A. Dumot et al., “Gastroenterologist-
administered propofol versus meperidine and midazolam for
advanced upper endoscopy: a prospective, randomized trial,”
Gastroenterology, vol. 123, no. 1, pp. 8–16, 2002.

[5] J. Dewitt, K.McGreevy, S. Sherman, andT. F. Imperiale, “Nurse-
administered propofol sedation compared with midazolam
and meperidine for EUS: a prospective, randomized trial,”
Gastrointestinal Endoscopy, vol. 68, no. 3, pp. 499–509, 2008.

[6] C. K. Lee, S.-H. Lee, I.-K. Chung et al., “Balanced propofol seda-
tion for therapeutic GI endoscopic procedures: a prospective,
randomized study,”Gastrointestinal Endoscopy, vol. 73, no. 2, pp.
206–214, 2011.

[7] K. R. McQuaid and L. Laine, “A systematic review and meta-
analysis of randomized, controlled trials of moderate sedation
for routine endoscopic procedures,”Gastrointestinal Endoscopy,
vol. 67, no. 6, pp. 910–923, 2008.

[8] I. Smith, P. F. White, M. Nathanson, and R. Gouldson, “Propo-
fol: an update on its clinical use,” Anesthesiology, vol. 81, no. 4,
pp. 1005–1043, 1994.

[9] A. Riphaus, N. Stergiou, and T. Wehrmann, “Sedation with
propofol for routine ERCP in high-risk octogenarians: a ran-
domized, controlled study,” American Journal of Gastroenterol-
ogy, vol. 100, no. 9, pp. 1957–1963, 2005.



Diagnostic andTherapeutic Endoscopy 5

[10] B. W. Sipe, D. K. Rex, D. Latinovich et al., “Propofol versus
midazolam/meperidine for outpatient colonoscopy: adminis-
tration by nurses supervised by endoscopists,” Gastrointestinal
Endoscopy, vol. 55, no. 7, pp. 815–825, 2002.

[11] G. Tohda, S. Higashi, S.Wakahara, M.Morikawa, H. Sakumoto,
and T. Kane, “Propofol sedation during endoscopic procedures:
safe and effective administration by registered nurses super-
vised by endoscopists,” Endoscopy, vol. 38, no. 4, pp. 360–367,
2006.

[12] L. T. Heuss, P. Schnieper, J. Drewe, E. Pflimlin, and C. Beglinger,
“Safety of propofol for conscious sedation during endoscopic
procedures in high-risk patients—a prospective, controlled
study,” American Journal of Gastroenterology, vol. 98, no. 8, pp.
1751–1757, 2003.
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