
icine®

ONAL STUDY
Med
OBSERVATI
Propofol-Based Sedation Versus General Anesthesia for
Endoscopic Submucosal Dissection
D
Derya Arslan Yurtlu, MD, Fatih Aslan, M

l, M

INTRODUCTION

U pper gastrointestinal tumors constitute an important frac-
tion of all gastrointestinal tumors. Endoscopic submusal

pared anesthesia and se

the patients were adm
tracheal intubation. Pa
were classified under

Editor: Kazuo Hanaoka.
Received: April 8, 2016; revised: April 18, 2016; accepted: April 21, 2016.
From the Anesthesiology and Reanimation Department (DAY, PA, YI, NK,
MK); and Gastroenterology Department (FA, BÜ), Katip Çelebi Uni-
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Abstract: The main objective of this study is to evaluate general

anesthesia or propofol-based sedation methods at gastric endoscopic

submucosal dissection (ESD) procedures.

The anesthetic method administered to cases undergoing upper

gastrointestinal ESD between 2013 and 2015 was retrospectively

investigated. Procedure time, lesion size, dissection speed, anesthesia

time, adverse effects such as gag reflex, nausea, vomiting, cough,

number of desaturation episodes (SpO2< 90%), oropharyngeal suction-

ing requirements, hemorrhage, perforation, and amount of anesthetic

medications were recorded.

There were 54 and 37 patients who were administered sedation

(group S) and general anesthesia (group G), respectively. The demo-

graphics of the groups were similar. The calculated dissection speed was

significantly high in group G (36.02� 20.96 mm2/min) compared with

group S (26.04� 17.56 mm2/min; P¼ 0.010). The incidence of nausea,

cough, number of oropharyngeal suctioning, and desaturation episodes

were significantly high in group S compared with that in group G

(P< 0.5). While there was no difference between the groups in terms of

hemodynamic parameters, in group S the use of propofol and in group G

the use of midazolam and fentanyl were significantly higher (P< 0.05).

Anesthesia time, postoperative anesthesia care unit, and hospital stay

durations were not significantly different between the groups.

General anesthesia increased dissection speed and enhanced endos-

copist performance when compared with propofol-based sedation

technique.

(Medicine 95(20):e3680)

Abbreviations: ASA = American Society of Anesthesiology, BIS

= bispectral index, ESD = endoscopic submucosal dissection, HR =

heart rate, MAP = mean arterial blood pressure, SpO2 = peripheral

oxygen saturation.
, Pinar Ayvat, MD , MD,
D, and Mehmet Kizilkaya, MD

dissection (ESD) is a technique that became increasingly pop-
ular since it enables en bloc resection of the lesion. Curative
resection rates have been increased with the utilization of ESD
in comparison with mucosal resection.1,2 However, ESD pro-
cedures require long durations for complete removal of the
lesion and a patient with little or no movement during that time
period. Interruptions of the procedure for safety concerns and
patient movement further increase the procedural duration and
sedation requirement. In theory, complication rates may
increase with increased operative and anesthesia duration.3

There is no consensus in the literature regarding the technique
of anesthesia/sedation method for ESD procedures. General
anesthesia was offered as an anesthetic technique for ESD
procedures in 1 study; however, some other studies have
described conventional endoscopist-controlled or anesthesist-
maintained sedation protocols.4–7 We used both methods at our
institution for ESD. For the purpose of clarity, we have com-
in terms of operative durations, interruption, and complication
rates.

METHODS
This study was approved by the local ethics committee of

Katip Celebi University (Date: 12.11.2015, No: 218). All the
patients who had undergone ESD by a single expert (FA) on
ESD at the Department of Gastroenterology, Ataturk Training
and Research Hospital, Katip Celebi University, Turkey,
between the years 2013 and 2015, were included in this study.
Data of 163 upper gastrointestinal ESD patients were prospec-
tively recorded, and anesthesia management was retrospec-
tively investigated. Thirty-two cases with lesions located in the
esophagus and duodenum were excluded from the study due to
manipulation difficulties, causing a longer intervention
duration and possibility of developing different complications.
The first 40 cases undergoing ESD were excluded from
the evaluation considering the effect of the learning process8

(Figure 1).

Anesthetic Management
Before the procedure, all patients had their body mass

index recorded. Patients were evaluated according to the Amer-
ican Society of Anesthesiology (ASA) risk score, and those in
ASA 1 to 3 were included in the study. Patients were informed
about the risks of sedation and general anesthesia adminis-
tration, and written consent was obtained from all. During the
development of our endoscopy unit, when there was no anesthe-
sia machine available, all patients were administered propofol-
based sedation. After the availability of anesthesia machine, all
inistered general anesthesia with endo-
tients who were administered sedation
group S, whereas who had general
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FIGURE 1. Flow chart showing the distribution of cases, which are
applied with endoscopic submucosal dissection (ESD) and endo-

Yurtlu et al
anesthesia were assigned to group G. In group S, after induction
with midazolam (0.03 mg/kg) and fentanyl (1–2 mcg/kg), pro-
pofol (0.5–3 mg/kg) was administered with a sedation depth
sensor, so that bispectral index (BIS) was between 60 and 80.9 In
group G, after induction with midazolam (0.03 mg/kg), fentanyl
(1–2 mcg/kg), propofol (1–2.5 mg/kg), and rocuronium
(0.6 mg/kg), endotracheal intubation was performed. For main-
tenance, fentanyl, rocuronium, and sevoflurane were adminis-
tered in O2/air targeting BIS values were in between 40 and 60
(10). Patients’ heart rate (HR), mean arterial blood pressure
(MAP), and peripheral oxygen saturation (SpO2) values were
recorded at 5-minute intervals during the procedure. The differ-
ence between the lowest and highest HR and MAP was recorded
to evaluate hemodynamic instability.

Duration of Anesthesia
The time elapsed from the patient preparation for anesthe-

sia until patient’s awakening was accepted as the anesthesia
duration, and total administered medication amounts were
determined from the anesthesia record forms.

Adverse Events
Adverse events such as gag reflex, nausea, vomiting,

cough, number of desaturation episodes and oropharyngeal
suctioning requirements (defined as peripheral oxygen satur-
ation falling below 90%), and complications of hemorrhage,
perforation, and pneumonia were recorded.

Postanesthesia Discharge Unit and Discharge
Times

Duration of patient stay at the postanesthetic care unit until

scopic mucosal resection (EMR), according to localization.
patient’s Modified Aldrete Score was>9 was recorded.10,11 The
number of days patients remained in hospital after the procedure
was also determined from the files.

2 | www.md-journal.com
ESD Technique
Before the procedure, patients were asked about accompanied

diseases, medications used, and diagnostic or therapeutic interven-
tions (endoscopic mucosal resection, polypectomy, biopsy, etc) for
the endoscopically determined lesions. During the procedure,
devices and equipment, total duration of the procedure, and adverse
effects were all recorded in an electronic form.

Single-channel endoscope was used with a water jet system
(GIF-190, Olympus, Tokyo, Japan) with a transparent hood
attached (D-20111804 Olympus, Tokyo, Japan). The circum-
ferences of lesions were marked with a Dual Knife (KD-650U,
Olympus, Tokyo, Japan). Submucosal dissection was carried
out with a Dual/Hook Knife or IT-Knife2 until complete
removal of the lesion.

Examination of the Lesion and Measurement
of its Size

Excised lesions were fixed and transported to the labora-
tory in formaldehyde. The size of the lesions was measured by
Vernier Caliper as the longest dimension of the tissue, the
longest lesion length, the largest tissue width, and the largest
lesion width, and the results were recorded.

Duration of Procedure and Dissection Speed
The time between the initial incision and separation of

the lesion from normal tissue was recorded as duration of the
procedure (minute). The dissection speed was calculated as was
in the previous studies.12,13 It was calculated by dividing the
duration of procedure into the area of the resected specimen
(mm2/min). Briefly, the area of the resected specimen was
calculated as follows: 3.14� 0.25� long axis�minor axis.

Statistical Analysis
Differences in the categorical variables were analyzed with

the Fisher exact test or a chi-square test. For comparisons of
continuous variables, a Student t test or the Mann–Whitney
U test was used, as appropriate. A 2-tailed P value <0.05 was
considered statistically significant.

RESULTS
While there were 54 patients administered sedation in

group S, 37 patients had general anesthesia, constituting group
G. There was no difference between the patients in terms of
demographic data, ASA classification, sample size, and lesion
size (Table 1). In group G, the dissection speed was significantly
shorter than in group S (P¼ 0.010). In terms of anesthesia
duration, postanesthesia care unit (PACU) time, and hospital
stay, there was no significant difference between the groups
(data is shown at Table 2). Whereas there was no significant
difference between the groups for the lowest and highest MAP
and HR values, there were significant differences between the
groups in terms of anesthetic medications used (P> 0.05). Total
amount of administered propofol was higher in group S,
whereas more midazolam and fentanyl were used in group G
(Table 3). Nausea, cough, and number of desaturations were
significantly higher in group S compared with that in group G
(Table 4). In group S, 46.3% of patients needed oropharyngeal
suctioning, whereas in group G, 2.7% of patients needed it, and
this difference was statistically significant (P< 0.01). In group
S, 1 patient (1.8%) developed clinically and radiologically

Medicine � Volume 95, Number 20, May 2016
confirmed aspiration pneumonia and his treatment was success-
fully completed with antibiotherapy. Tissue diagnosis of the
removed lesions was similar between the groups (Figure 2).
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TABLE 1. Demographic Data of Patients

Group G (n¼ 37) Group S (n¼ 54)
Mean�SD (min-max) Mean�SD (min-max) P

Age, year 64.35� 10.9 (43–84) 61.35� 13.3 (29–87) 0.259
Sex (F/M) 20/17 33/21 0.503
ASA (I/II/III) 8/23/6 12/38/4 0.412
En block resection 36 53 0.241
Sample size mm 40.76� 17.67 (15–99) 38.98� 16.88 (15–100) 0.577
Lesion size mm 24.38� 11.73 (10–58) 25.52� 12.67 (10–85) 0.489

ASA¼American Society of Anesthesiology.
Mann–Whitney U test (P< 0.05).

TABLE 2. Procedure Time, Anesthesia Time, Dissection Speed, PACU Time and Discharge Time in the Groups

Group G (n¼ 37) Group S (n¼ 54)
Mean�SD (median;min-max) Mean�SD (median;min-max) P

Procedure time, min 36.32� 28.01 (24; 6–105) 44.39� 30.37 (38.5; 10–158) 0.094
Dissection speed, mm2/min 36.02� 20.96 (29.79; 4.16–91.85) 26.04� 17.56 (21.71; 4.91–85.33) 0.010

�

Anesthesia time, min 72.30� 40.79 (70; 20–190) 72.72� 35.79 (60; 20–180) 0.755
PACU time, min 33.51� 11.05 (30; 20–60) 33.11� 9.10 (30; 20–50) 0.855
Discharge time, day 4.24� 0.79 (4; 3–6) 4.17� 1.06 (4; 3–7) 0.476

PACU¼ postanesthesia care unit.�
Mann–Whitney U test (P< 0.05).

TABLE 3. Amount of Anesthetic Agents, Mean Arterial Pressure and Heart Rate in the Groups

Group G (n¼ 37) Group S (n¼ 54)
Mean�SD (median;min-max) Mean�SD (median;min-max) P

Total propofol amount, mg 256.49� 107.60 (200; 160–600) 339.26� 190.71 (300; 50–920) 0.012
�

Total midazolam amount, mg 1.97� 0.37 (2; 1–3) 1.59� 0.63 (2; 1–3) 0.010
�

Total fentanyl amount, mg 104.73� 30.53 (100; 50–150) 67.13� 27.82 (50; 25–150) <0.001
�

MAP difference, mm Hg 23.62� 10.26 (23; 2–47) 25.29� 15.44 (23; 0–70) 0.536
HR difference, beat/min 17.72� 11.68 (15; 0–52) 18.02� 17.86 (12; 0–110) 0.665
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DISCUSSION
The research demonstrated that the size of dissection per

HR¼ heart rate, MAP¼mean arterial blood pressure.�
Mann–Whitney U test (P< 0.05).
unit time was higher in group G compared with group S.
Additionally, perioperative nausea, cough, and respiratory
events were identified to be lower in group G. The PACU

TABLE 4. Perioperative Complications

Group G
(n¼ 37)

Group S
(n¼ 54) P

Nausea (n/%) 3/8.1 14/25.9 0.028
�

Vomiting (n/%) 1/2.7 4/7.4 0.320
Cough (n/%) 2/5.4 27/50 <0.001

�

SpO2<90 (n/%) 1/2.7 10/18,5 0.021
�

�
Fischer or chi-square P< 0.05.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
and hospital stay of patients were determined to be similar
between the groups.

For ESD procedure, generally benzodiazepine and propo-
fol-based sedation methods are chosen. Especially, in the upper
gastrointestinal system, lesion location, manipulation difficul-
ties, and patient movement may lengthen the duration of the
procedure. Lengthy procedures increase the patients’ feeling of
discomfort and increase the number of interventions by the
anesthesiologist to ensure a reliable safe airway.5 Selecting
the dissection speed as an evaluation parameter eliminates the
effect of long procedural durations related to lesion size, with a
consideration of reaching an objective criteria. An anesthesia
method which diminishes the number of interruptions to main-
tain a reliable airway can increase the speed of endoscopic
dissection, thus finally decreasing the overall procedure time.

Sedation method frequently requires additional interventions
during the procedure. In a research, it was observed that in 137
gastric ESD cases with propofol-based deep sedation with
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anesthesiologist control, 30% required third-person interven-
tion for patient immobilization, whereas in 533 cases under
endoscopist control, 72% required a third person and the
difference was significant.5 In the same study, it was found
that though the SpO2 rates in anaesthesiologist-controlled pro-
pofol-based sedation were low, no difference was identified in
complication rates and hospital stay time. In our research, the
lack of difference between the general anesthesia and sedation
groups in terms of PACU stay and hospital stay is similar with
the findings in this study. On the other hand, the general
anesthesia group does not require interruptions. Rong et al4

researched the effect of general anesthesia administration on the
reliability and procedure duration for ESD. This research found
that procedure duration for esophageal and gastric tumors was
shorter in the group given general anesthesia compared with the
group given sedation. In our research, different to this research,
cases only with gastric localization were chosen and dissection
speed was evaluated as the size of tissue removed in unit time.
Removing more tissue per unit time means that especially for
ESD applications with large mass dissection, shorter times are
required for the procedure under general anesthetic. Our
research showing no difference between the groups in terms
of anesthesia and postoperative observation duration indicates
that general anesthetic administration did not require more time.

The study by Rong et al found no difference between the
groups in terms of major complications like gastric perforation
and postprocedure hemorrhage, but 80% of general anesthesia
patients were satisfied, whereas this rate remained at 20% in the
group administered sedation.4 In our analysis, there was no
difference for complications like perforation and hemorrhage,
though the incidence of interventions for cough, desaturation, and
oropharyngeal suctioning requirements was higher in group S. It
is thought that development of desaturation episodes and frequent
oropharyngeal suctioning requirements led to breaks in the
procedure or slowing of dissection speed, contributing to the
longer procedure duration in group S. Additionally, the increase
in number of desaturation episodes and oropharyngeal suctioning
requirements coincidentally occured with aspiration pneumonia
complication in 1 patient after the procedure. In 1 gastric ESD
sedation case in our research, with frequent low SpO2 develop-
ment and as a result requiring more aspiration interventions,
aspiration pneumonia was diagnosed on later lung X-rays and
treatment began. Due to limited number of patients with this rare
type of complication, it is difficult to find a research including
these patients. However, in research on 2 different sedation
protocols including 293 patients, it was confirmed that aspiration
pneumonia was encountered in the patient groups for both

FIGURE 2. Pathology diagnosis.
sedation protocols.6 This research used propofol and remifentanil
infusions; however, the doses were chosen differently to bring
sedation or analgesia to the forefront. In the group with moderate

4 | www.md-journal.com
sedation target, 8 cases (5.2%) and in the group with analgesia
target, 2 (1.4%) cases were encountered with aspiration pneu-
monia. Though no statistical difference was found between the
groups, the researchers reported they changed the protocol to
reduce the incidence of aspiration pneumonia. In other
researches, the incidence of aspiration pneumonia in sedation-
administered gastric ESD cases varied from 1.6% to 6.6%,
showing parallels with the increase in procedure duration, patient
age, and comorbid diseases.14,15

Park et al7 compared 2 different sedation methods admi-
nistered for upper gastrointestinal ESD. This research compared
2 different sedation methods of maintenance of sedation with
midazolam/propofol injection given by the endoscopist, with
continuous propofol infusion given by an anesthesiologist in
terms of patient and endoscopist satisfaction, hemodynamic and
respiratory side effects, unwanted deep sedation level, fre-
quency of events requiring intervention, full dissection, and
complications. According to the results of the research endos-
copist, satisfaction was higher for anesthesiologist control;
however, there was no difference determined in terms of
hemodynamic–respiratory side effects and minor problems.
Within the total of 154 cases participating in the research, there
was no case of aspiration and linked pneumonia treatment
reported. The frequency of unwanted deep sedation episodes
was 17.1% under endoscopist control and 5.1% in the anaes-
thesiologist-controlled sedation group. Additionally, in both
groups, respiratory events occurred at a level reaching 15%,
and a total of 3 patients (1.9%) were reported to require
respiratory support with mask ventilation. According to the
latest definition by the ASA, deep sedation requires the patient
make a ‘‘purposeful’’ response to repeated or painful stimuli,
whereas the general anesthesia definition criterion is a patient
not responsive to painful stimuli, requiring frequent airway
interventions.16 As a result, a case requiring airway intervention
and mask ventilation may be considered to have entered general
anesthesia without endotracheal intubation for a time. In our
research, in group S, despite the frequency of desaturation
development, we did not encounter any case requiring mask
ventilation, but aspiration pneumonia did occur. In theory,
incidence of such a complication is expected to increase linearly
with increasing respiratory events, unwanted deep sedation
episodes, and mask ventilation need during an upper gastroin-
testinal procedure.

In the scope of our research, whereas there was no stat-
istically significant difference between the groups in terms of
the MAP and HR measured at certain intervals during the
procedure, in group G, there was less hemodynamic instability
found. This situation may lead to the consideration that while
under general anesthetic, interventions to patients’ MAP and
HR were more easily performed.

Our study has some unique aspects compared with
previous studies. The first is that this study shows that endo-
scopic treatment which is common in far eastern countries like
Japan and Korea can be successfully performed by endoscopists
and anesthesiologists with western education in endoscopy units
with the necessary equipment. The second is that this is the first
study to compare general anesthesia and sedation performed
completely under anesthesiologist observation. The third is that
as our study was performed by the same endoscopist and the
same anesthesia expert, and confounding factors such as the
learning process and procedure experience were reduced to a

Medicine � Volume 95, Number 20, May 2016
minimum. The fourth is that because we only included ESD
cases with gastric localization, the results of our research were
more homogeneous.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



However, there are some limiting factors to our study. The
first is that compared with the far east, our gastric case numbers
were low. The second is the high incidence of respiratory events
observed in the sedation group may not be fully explained since
it may have multifactorial reasons. However, large prospective
studies with standardized sedation protocols may reveal
the presence of serious respiratory complications secondary
to aspiration.

In conclusion, general anesthesia administration may pre-
vent an increase in procedure time due to frequent breaks caused
by gag reflex, cough, mobilization, and oropharyngeal suction-
ing needs of the patient, and thus reduce the dissection time.
Finally, ensuring the reliability of the airway with endotracheal
intubation increases the comfort of the endoscopist, in addition
to preventing respiratory problems for the anesthesiologist,
creating a safe reliable alternative to sedation methods for
gastric ESD procedures.
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