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Abstract

AIM

To assess the efficacy of CO: insufflation for reduction
of mediastinal emphysema (ME) immediately after
endoscopic submucosal dissection (ESD).

METHODS

A total of 46 patients who were to undergo esophageal
ESD were randomly assigned to receive either CO:
insufflation (CO2 group, 7 = 24) or air insufflation
(Air group, n = 22). Computed tomography (CT)
was carried out immediately after ESD and the next
morning. Pain and abdominal distention were chrono-
logically recorded using a 100-mm visual analogue
scale (VAS). The volume of residual gas in the digestive
tract was measured using CT imaging.

RESULTS

The incidence of ME immediately after ESD in the
CO:2 group was significantly lower than that in the Air
group (17% vs 55%, P = 0.012). The incidence of ME
the next morning was 8.3% vs 32% respectively (P
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= 0.066). There were no differences in pain scores or
distention scores at any post-procedure time points.
The volume of residual gas in the digestive tract
immediately after ESD was significantly smaller in the
CO:2 group than that in the Air group (808 mL vs 1173
mL, P = 0.013).

CONCLUSION

CO: insufflation during esophageal ESD significantly
reduced postprocedural ME. CO: insufflation also
reduced the volume of residual gas in the digestive
tract immediately after ESD, but not the VAS scores of
pain and distention.

Key words: Endoscopic submucosal dissection; Carbon
dioxide insufflation; Mediastinal emphysema; Superficial
esophageal cancer; Complication

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This randomized, double-blind, controlled trial
assessed the efficacy of CO: insufflation for reduction of
mediastinal emphysema immediately after endoscopic
submucosal dissection (ESD). This study showed that
CO: insufflation during esophageal ESD significantly
reduced postprocedural mediastinal emphysema. CO:
insufflation also reduced the volume of residual gas in
the digestive tract immediately after ESD, but not the
visual analogue scale scores of pain and distention.

Maeda Y, Hirasawa D, Fujita N, Ohira T, Harada Y, Yamagata
T, Koike Y, Suzuki K. Carbon dioxide insuffiation in esophageal
endoscopic submucosal dissection reduces mediastinal
emphysema: A randomized, double-blind, controlled trial. World
J Gastroenterol 2016; 22(32): 7373-7382 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i32/7373.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i32.7373

INTRODUCTION

Carbon dioxide (CO2) is rapidly cleared from the gastro-
intestinal (GI) tract by passive absorption and subse-
quently exhaled from the lungs. In several studies, CO:
insufflation during diagnostic or therapeutic endoscopy
has been shown to be safe and effective in reducing
procedure-related pain and discomfort™™,

The safety of CO: insufflation for endoscopic sub-
mucosal dissection (ESD) has also been shown in
several studies®®®. As for esophageal ESD, it is known
that mediastinal emphysema (ME) can develop even if
no perforation is recognized during or at the end of the
procedure because the esophagus has no serosa®™.
CO: insufflation during esophageal ESD is expected
to reduce the incidence of ME. We have previously
reported the results of a pilot study concerning ME
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after esophageal ESD with CO: insufflation™.. To further
assess the efficacy of CO: insufflation for reduction of
post-ESD ME, we conducted a prospective, double-
blind, randomized controlled trial, the results of which
are reported herein.

MATERIALS AND METHODS

Study design

This study was a single-center, randomized, double-
blind, controlled trial in Japan. This study was approved
by the institutional review board of Sendai City Medical
Center and met all criteria of the Declaration of
Helsinki. The trial was registered with the UMIN Clinical
Trials Registry (No. UMINO00006441).

Participants

Between February 2011 and May 2012, all consecutive
patients undergoing esophageal ESD at the center were
screened for recruitment. The inclusion criterion was
all consecutive patients undergoing esophageal ESD.
The following patients were excluded: those who had
severe chronic obstructive pulmonary disease (COPD)
resulting in less than 50% of the predicted values of
the forced expiratory volume in 1 s (FEV1.0) or less
than 70% of FEV1.0/FVC (forced vital capacity)™?,
those who had experienced CO: retention, those who
had multiple synchronous esophageal lesions treated
at one time, those who were to undergo esophageal
ESD under general anesthesia with positive pressure
ventilation, and those who refused to participate. All
participants provided written informed consent prior to
enrollment in the study.

Randomization and blinding

Participants were randomly assigned to either the CO:2
insufflation group (CO2 group) or the air insufflation
group (Air group). Randomization took place imme-
diately before the ESD procedure. Individual randomi-
zation to the two treatment groups (1:1) was perfor-
med by using computer-generated random numbers.
A sequentially numbered, opaque, sealed envelope
containing a random number was opened sequentially
by an endoscopy nurse after participant details were
written on the envelope. When the number was
even, the patient was allocated to the CO: group and
administration of COz was started. When the number
was odd, the endoscopy nurse pretended to start
administration of COz. Both the CO: regulator and
the air inlet button on the processor were concealed
from the endoscopists, so that the patients and the
endoscopists were all blind with regard to the type of
gas used. The endoscopy nurse was responsible for
switching the CO: device on and off. The CO: delivery
system was set in the endoscopy room and attached to
the endoscopic air-water auxiliary system throughout
the study period, regardless of its use.
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Procedure of ESD

ESD was performed as described by Oyama et a/”,
using a HookKnife, GIF-Q260] Gastroscope (Olympus
Medical System Corp., Tokyo, Japan) and an electro-
cautery unit (ICC200; ERBE, Tubingen, Germany). The
modes of electric power used were the 50 W auto-
cut mode and the 50 W spray-coagulation mode'®”,
Ten percent glycerin with 0.007% epinephrine was
used for local injection into the submucosal layer. The
ESD procedures in this study were performed by three
endoscopists who had at least 5 years’ experience in
endoscopy and experience in more than 20 cases of
gastric ESD. The procedures were performed on an
inpatient basis.

Intraoperative management

In the CO:z group, COz2 was administered by using a
commercially available CO: regulation unit (OLYMPUS
UCR; Olympus), which was connected to a CO: bottle.
A CO: nasal sampling set with Oz tubing (CapnoLine
H O2; ORIDON MEDICAL 1987 Ltd., Israel) was
used to monitor end-tidal CO:z pressure (EtCO2).
Standard monitors including electrocardiography, an
oscillometric blood pressure cuff and a pulse oximeter
were employed.

The sedation technique was standardized for all
patients. No premedication was given. Propofol was
administered slowly as a drip infusion approximately 10
mg/kg per hour initially, with monitoring of the patient’s
level of consciousness and movement. The level of
sedation was evaluated following the American Society
of Anesthesiologists classification and maintained at a
moderate to deep level™*'¥. After achieving a suitable
sedation level for ESD, drip infusion (1-5 mg/kg per
hour) of propofol using a syringe pump was conti-
nued and adjusted to maintain an adequate depth of
sedation. An analgesic (pentazocine, 7.5-15 mg) was
given intravenously at the beginning of sedation and
further injection was performed depending on the
patient’s condition. When the combination of propofol
and pentazocine could not achieve or maintain an
adequate level of sedation, droperidol was added™!.

Periprocedural patient management

On the day of ESD and the day after, the patient was
kept fasting. An antibiotic (Cefamezin 1 g x 2/d) was
administered intravenously for 3 d after the procedure.
When a patient suffered from a fever of over 38 'C and/
or from post-sternal pain, fasting and administration of
antibiotics were prolonged until symptoms improved.

Outcome measurement

The primary outcome was the incidence of ME eva-
luated on computed tomography (CT) immediately
after ESD. The secondary outcome measurements
were as follows: incidence of ME the next morning,
severity of pain and bowel distention, volume of
residual gas in the GI tract, amount of sedative drugs,
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procedure time, EtCO:2 pressure, oxygen saturation,
rate of en-bloc resection and RO-resection, and clinical
course.

Low-dose plain CT was carried out immediately
after ESD and the next morning. A 64-detector row
helical CT (Aquilion 64 TSX-101A; Toshiba Medical
Systems Co., Tochigi, Japan) with automatic exposure
control (AEC) (Volume EC; Toshiba Medical Systems
Co.), which adjusts tube current automatically to
achieve consistent image quality and to reduce the
radiation dose, was employed*®*®, To further reduce
the radiation dose, targeted SD of CT values in the
setting of CT-AEC in this study was set at 30 as a low-
dose protocol, which is much higher than that of 7.5 in
the standard protocol. All other parameters were the
same as those of the standard protocol of CT scanning
with a constant voltage of 120 kV. For a CT scan with a
scanned length of approximately 400 mm, an effective
dose based on the effective weighted CT dose index
was expected to be approximately 1.9 mGy in the low-
dose technique used in this study, which is much lower
than that of 30 mGy in the standard protocol.

Four grades of ME were employed: Grade-0, no ME;
Grade- 1, bubbles around the esophagus; Grade-1I,
ME around the thoracic aorta; Grade-II, ME extending
around the heart and/or beyond the mediastinum into
the neck; and Grade-IV, ME with pneumothorax and/
or subcutaneous emphysema (Figure 1),

The CT data were transferred to a workstation
running a software program (Ziosstation; Ziosoft Inc.
Tokyo, Japan) for volume rendering. The volume of
residual gas was calculated from the volume-rendering
image of the GI tract. Figure 2 shows a rendering
image of the residual gas in the GI tract after
completion of ESD with CO: insufflation immediately
after ESD (Figure 2A) and the next morning (Figure
2B), the volume of residual gas being 517 mL and 217
mL respectively. The case shown in Figure 3 received
air insufflation during ESD, the volume of residual gas
being 1638 mL immediately after ESD (Figure 3A) and
224 mL the next morning (Figure 3B).

The degrees of pain and bowel distention were
recorded using a 100-mm visual analogue scale (VAS)
immediately after the procedure, 1 and 3 h after
the procedure and the next morning. The amount of
sedative drugs (propofol, pentazocine and droperidol),
procedure time, EtCO: pressure, oxygen saturation,
rate of en bloc resection and RO-resection, and clinical
courses were recorded.

Statistical analysis

Sample size was determined by power calculation
using Fisher’s exact test. Based on the results of a pilot
study™, the incidence of ME with air insufflation was
63% and that of CO2 was 30%. To detect this difference
with a power of 0.7 and alpha of 0.05, 22 patients per
group would be required. Assuming dropout, we set our
recruitment goal as 46 patients total.
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Grade-0 None No ME

Grade-I Bubble Bubbles around the esophagus

| — WA e N5 SEENN
Grade- 1T Localized ME around the thoracic aorta

Grade-1II Diffuse ME extending around the heart or beyond the mediastinum

Acq-Tm: 18:06:09. 054

120. 0
300. 0

& S
7.0 mm U.mﬁﬁq
0.5 ¢

PSS —

Grade-IV Extensive ME extending to pneumothorax or subcutaneous emphysema

Figure 1 Grade of mediastinal emphysema on computed tomography".

Analyses were performed on an intention-to-treat of ME) were compared by using the y° test (or Fisher’
basis for patients who underwent the treatment. Con- s exact test, when appropriate). A two-sided P value
tinuous variables (e.g., VAS) were compared by using of < 0.05 was considered statistically significant for all
the t-test, and categorical variables (e.g., incidence tests.
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Immediately after ESD

Figure 2 Volume-rendering image of bowel gas immediately after
endoscopic submucosal dissection with CO: insufflation (A) and that of
the next day (B).

Immelliately after ESD

Next day

Figure 3 Volume-rendering image of bowel gas immediately after
endoscopic submucosal dissection with air insufflation (A) and that of
next day (B).

RESULTS

Details of subjects

Between February 2011 and May 2012, 53 patients
underwent esophageal ESD in our department. Figure
4 shows the flow of these patients. After exclusion
of those who were to undergo ESD under general
anesthesia with positive pressure ventilation (n = 2)
and those who refused to participate (n = 5), a total of
46 patients consented to take part in the trial and were
randomized: 24 to receive CO: insufflation (CO2 group)
and 22 to receive air insufflation (Air group).

The demographic data of patients are shown in
Table 1; the two groups did not differ at baseline. The
mean procedure time was 69.2 min in the CO2 group
and 65.0 min in the Air group, with no statistically
significant difference (NS).

Although most patients in both groups had squamous
cell carcinoma, 1 patient in the CO2 group and 3 patients
in the Air group had Barrett’s adenocarcinoma.

The average size of the resected specimen was
40.0 mm vs 42.3 mm, respectively (NS). The rate of
RO resection was 92% vs 95%, respectively (NS).
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Assessed for eligibility (7 = 53)

Excluded (7 = 7)
Not meeting inclusion criteria (7 = 2)
Refused to participate (7 = 5)

Randomized (n = 46)

Allocated to CO: insufflation
(n=24)

Allocated to air insufflation
(n=22)

Figure 4 Patient flow chart.

Table 1 Patient characteristics

CO:z group  Air group P value
Total No. of patients 24 22
Sex, M/F 21/3 19/3 0.7460
Age (yr, mean + SD) 675+58 720+72 0.7718
Locationl
Cervical esophagus (Ce) 0 0 0.6015
Upper thoracic esophagus (Ut) 2 4
Middle thoracic esophagus (Mt) 17 11
Lower thoracic esophagus (Lt) 4 4
Abdominal esophagus (Ae) 1 3
Histology"
Squamous cell carcinoma 2 19 0.3364
Barrett’s adenocarcinoma 1 3
Histological depth'
EP ® 6 0.1734
LPM 11 9
MM 4 6
SM1 0 1
SM2 4 0
Tumor size (mm, mean + SD) 266+144 27.4+229  0.8955
Resection size (mm, mean +SD)  40.0+14.1 423+21.2  0.6620
En-bloc resection 24 22 -
RO resection 22 20 0.9378
HM+ 1 1 0.5087
VM+ 1 0 0.9649
Ly+ 0 0 -
V+ 1 3 0.3364

Procedure time (min, mean + SD) 69.2+28.1 65.0+£39.2  0.6847

'Based on the Japanese Classification of Esophageal Cancer!™”. EP:
Carcinoma in situ; LPM: Tumor invades lamina propria mucosa; MM:
Tumor invades muscularis mucosa; SM1: Tumor invades upper third
of the submucosal layer; SM2: Tumor invades middle third of the
submucosal layer or deeper.

Incidence and severity of ME

In the CO:2 group, the incidence of ME immediately
after ESD was significantly less compared with that in
the Air group (17% vs 55%, P = 0.012) (Figure 5A).
As for the grade of ME immediately after ESD, Grade-I
was 13% in the CO2 group vs 36% in the Air group.
Grade-1I was 4.2% vs 18%, and Grade-1I and Grade
IV were 0% in both groups. The CO: group tended to
have a lower grade of ME (P = 0.065) (Figure 5A). The
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Negative

Grade 0

Negative

P = 0.0660

Grade 0

Negative

Figure 5 Incidence and degree of mediastinal emphysema immediately after endoscopic submucosal dissection (A) and on the day after endoscopic
submucosal dissection (B). P value for the incidence of ME. Grade-0 means negative for ME. ME: Mediastinal emphysema.

A
(mm)
100 -

90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 ~
10 -

—4— CO:2 group
—{1— Air group

1 1 1 1 |
Before ESD Immediately 1 h post-ESD 3 h post-ESD  Next day
after ESD

B
(mm)
100 -

90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 ~
10 -

—4— CO:2 group
—{+— Airgroup

1 1 1 1 1
Before ESD Immediately 1 h post-ESD 3 h post-ESD  Next day
after ESD

Figure 6 Mean pain score (A) and distension score (B) on the 100-mm visual analogue scale at different time points before and after endoscopic
submucosal dissection in the COz and Air groups. ESD: Endoscopic submucosal dissection.

incidence of ME the next morning tended to be lower
in the CO2 group compared with that in the Air group
(8.3% vs 32%, P = 0.066) (Figure 5B). About half
of Grade-I ME observed immediately after ESD had
disappeared by the next morning (Figure 5).

Pain and distention
The mean severity of pain on a 100-mm VAS in the
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CO2 group compared that in the Air group was 9.6
mm vs 11.1 mm immediately after ESD, 22.4 vs 13.9
at 1-h after the procedure, 16.7 vs 14.3 at 3-h after
the procedure, and 10.9 vs 18.8 the next morning,
showing no difference between the groups (Figure
6A). There were no differences in the mean severity of
abdominal distension at any post-procedure point of
time either (Figure 6B).
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Table 2 Effect of CO:2 insufflation vs air insufflation (mean + SD)

Table 3 Clinical course

CO2 group Air group P value CO:2 group  Air group P value
Gas volume in the GI tract Fever = 38 C 8.3% 9.1% 0.6652
Immediately after ESD (mL) 803 +371 1173 + 580 0.0128 Duration of fever = 38 C (d) 1.5+0.7 20+14 0.6984
Next day (mL) 300 +136 304 +215 0.9449 Duration of fasting, d 24+08 21+0.2 0.1639
End-tidal carbon dioxide partial pressure (EtCOz) measurements Complications
Baseline EtCO2 level 382+3.6 381+4.1 0.7543 Perforation 0% 0%
(mmHg) Post-procedure hemorrhage 0% 0% -
Maximum EtCO: level 459+4.1 443 +6.7 0.8562 Esophageal stricture with 8.3% 9.1% 0.6652
(mmHg) dysphagia
Oxygen saturation (SpOz) measurements Pneumonia 0% 0%
Baseline SpO2 level (%) 98.9+1.3 98.4+1.0 0.2762 Death 0% 0%
Minimum SpO: level (%) 93.7+3.4 93.9+23 0.8198
Sedative drugs
Propofol dose (mg) 537 + 258 610 + 533 0.5655 . P " I
Pentazocine hydrochloride 272 £45 271458 09655 as prolonged fasting and administration of antibiotics
doz () (Table 3).
Droperidol used, No. of 5 2 0.4859
patients
Droperidol dose (mg) 3.0+1.1 25+0.0 0.5761 DISCUSSION

Residual gas

The mean volume of residual gas in the GI tract
immediately after ESD was significantly smaller in
the CO:2 group than that in the Air group (803 mL vs
1173 mL, P = 0.013) (Table 2). On the day after the
procedure, gas volume in the GI tract was reduced in
both groups without a significant difference between
the groups (P = 0.945).

Respiratory depression

Concerning maximum EtCO: pressure levels during
ESD, there was no difference between the CO2 and
the Air groups (45.9 mmHg vs 44.3 mmHg). Minimum
oxygen saturation levels by pulse oximeter (SpQO2) did
not differ by group either (93.7% vs 93.9%) (Table 2).

Sedative use

The impact of CO: insufflation on the dosages of
sedative drugs administered during the procedures
was assessed. The mean dosage of propofol used was
537 mg in the CO:2 group and 610 mg in the Air group,
with no statistically significant difference (Table 2).
The mean dosage of pentazocine did not differ either.
The number of the cases using droperidol was 5 in the
CO2 group and 2 in the Air group. The mean dosage of
droperidol in those cases was 3.0 mg in the CO:2 group
and 2.5 mg in the Air group (Table 2).

Clinical course

No perforation or postprocedural bleeding was
encountered in either of the groups. The incidence
of fever of over 38 C was infrequent and similar in
both groups (8.3% vs 9.1%, NS). The mean duration
of fever over 38 C was 1.5 d vs 2.0 d, respectively
(NS) (Table 3). The mean duration of fasting did not
differ by group. The incidence of adverse events was
infrequent and did not differ between the two groups.
All cases recovered with conservative treatment such
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CO: is rapidly absorbed from the GI tract into the
bloodstream and subsequently excreted through
expiration. The usefulness and safety of CO:2 as an
alternative to air in patients who undergo diagnostic or
therapeutic endoscopy under conscious or intravenously
sedated conditions have been demonstrated in several
randomized controlled studies'™®. No pulmonary com-
plications or CO: retention have reportedly occurred
from CO: insufflation in patients without some type of
pulmonary dysfunction, and no adverse event related
to CO: insufflation developed in the present study
either. Neither elevation of EtCO: levels nor depression of
SpO: levels occurred due to CO: insufflation, compared
with air insufflation. These results indicate that CO:
insufflation is safe to use during esophageal ESD.

ME can develop after esophageal ESD even without
perforation because the esophagus has no serosa.
In contrast, no free air without perforation after
gastric ESD was observed in a previously reported
randomized controlled study'®. During ESD, it is
mandatory to maintain an adequate endoscopic view
with insufflation of gas to achieve a safe procedure. In
cases with exposure of the muscular layer, leakage of
the insufflated gas into the mediastinum via the gap of
the muscle fibers is considered to be a mechanism for
the development of ME during ESD. However, ME can
develop even in cases without exposure of the muscular
layer, indicating that preservation of the submucosa
is not a perfect barrier against leakage of insufflated
gas. This randomized controlled study demonstrated
that CO: insufflation during esophageal ESD can
significantly reduce postprocedural ME as compared
with air insufflation. CO: insufflation may restrain the
increase in the inner pressure of the esophagus as a
result of rapid absorption into the bloodstream. ME
itself may also rapidly disappear because leaking CO2
in the mediastinum is also more quickly absorbed into
the bloodstream than air. ME detected by X-ray is not
so common though CT immediately after ESD revealed
a certain prevalence of post-ESD MEY', Patients
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with high-grade ME are more likely to develop severe
inflammatory changes and to experience a longer
febrile period™. CT evaluation of the mediastinum for
early recognition of extensive ME will lead to prompt
careful observations and timely treatments, resulting
in avoidance of severe complications. Meanwhile, low-
grade ME is asymptomatic. Evaluation of ME on CT is
not always necessary for patients who have undergone
esophageal ESD. Based on the results of this study,
we now evaluate ME on CT only for suspected cases of
severe ME. The incidences of ME in both groups were
lower in this study than those in the prior pilot study™.
Improvement of ESD techniques might decrease the
incidence of ME. CO: insufflation may be more effective
for beginners.

The volume of residual gas in the GI tract imme-
diately after ESD was significantly smaller in the CO:
group than in the Air group. The gas volume in the
GI tract on the day after the procedure decreased in
both groups to about the same level. Scores of pain
and distention on 100-mm VAS at any post-procedure
points of time were consistently low and similar in
both groups. Neither the dosage of sedative drugs
required during ESD nor the clinical course differed.
These results were similar to those of a trial performed
in patients undergoing gastric ESD™, namely, CO:
insufflation reduces bowel gas volume but not
procedure-related pain and discomfort. Although most
trials concerning CO:z insufflation during various kinds of
endoscopic procedures have demonstrated a reduction
of pain and discomfort®®!, some randomized trials
in endoscopic retrograde cholangiopancreatography
have reported that CO: insufflation was not effective in
reducing procedure-related pain*®*", the same as in
this trial. Most of the patients in this trial had no pain
after the procedure and the mean VAS scores of pain
and distension were consistently low not only in the CO:
group but also, unexpectedly, in the Air group. One of
the reasons for this result may be that sufficiently deep
sedation with propofol and pentazocine during ESD
may have provided palliation of pain and discomfort
of the patients. The half-life of the sedative drugs
used, propofol and pentazocine, is 2.6 and 43.8 min,
respectively, though pentazocine is reported to provide
analgesia as long as 3 to 4 h®®?. The effectiveness of
CO: insufflation in ESD for the reduction of pain and
discomfort remains in question.

Another possible advantage of CO: insufflation is
fewer adverse events. Air insufflation is associated
with rare but serious adverse events of endoscopic
procedures, such as air embolism and tension pneu-
mothorax®*?1, As a matter of fact, several fatal air
embolisms caused by endoscopic procedures have
been reported. CO: is expected to reduce the incidence
and severity of such adverse events because CO: in
the vessels is also more rapidly absorbed into blood-
stream than air.

In this study protocol, low-dose CT (approximately
1.9 mGy, which is much lower than 30 mGy in the
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standard technique) was performed immediately after
ESD and the next morning. In view of the inherently
high contrast between air and the soft tissue density
of body organs, a low-dose protocol was employed for
CT, without a loss of diagnostic accuracy. Low-dose
protocols for CT have been used in many studies, such
as the CT colonography and for detection of occult
colonic perforation after colonoscopy™™?. Low-dose
CT is considered to be a standard technique for the
evaluation of ME and measurement of the residual gas
in the GI tract.

The present study has some limitations. This trial
was conducted at a single center. Clinical significance
in consequence of a reduction of ME was not demon-
strated. In spite of these limitations, the use of CO: for
insufflation during esophageal ESD is recommended
due to the above-mentioned reasons.

In conclusion, insufflation of CO2 during esophageal
ESD, as compared with that of air, significantly reduced
postprocedural ME. CO: insufflation can be recom-
mended for esophageal ESD.

COMMENTS

Background

Carbon dioxide (COz) is rapidly cleared from the Gl tract by passive absorption
and subsequently exhaled from the lungs. In several studies, CO:2 insufflation
during diagnostic or therapeutic endoscopy has been shown to be safe and
effective in reducing procedure-related pain and discomfort. As for esophageal
endoscopic submucosal dissection (ESD), it is known that mediastinal
emphysema can develop after ESD even without perforation because the
esophagus has no serosa. COz insufflation during esophageal ESD is expected
to reduce the incidence of mediastinal emphysema.

Research frontiers

The authors have previously reported the results of a pilot study concerning
mediastinal emphysema after esophageal ESD with COz insufflation. To further
assess the efficacy of CO: insufflation for reduction of post-ESD mediastinal
emphysema, they conducted a prospective, double-blind, randomized controlled
trial.

Innovations and breakthroughs

This randomized controlled study demonstrated that CO:2 insufflation during
esophageal ESD can significantly reduce postprocedural mediastinal
emphysema as compared with air insufflation. CO: insufflation was also shown
to reduce the volume of residual gas in the digestive tract immediately after
ESD.

Applications

Insufflation of CO2 during esophageal ESD, as compared with that of air,
significantly reduced postprocedural mediastinal emphysema. CO: insufflation
can be recommended for esophageal ESD.

Terminology

Mediastinal emphysema sometimes develops following esophageal ESD
without perforation because the esophagus has no serosa. In cases with
exposure of the muscular layer during ESD, leakage of the insufflated gas
into the mediastinum via the gap of the muscle fibers is considered to be
a mechanism for the development of mediastinal emphysema. However,
mediastinal emphysema can develop even in cases without exposure of the
muscular layer, indicating that preservation of the submucosa is not a perfect
barrier against leakage of insufflated gas. Mediastinal emphysema detected
by X-ray is not so common, although CT immediately after ESD revealed a
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certain prevalence of post-ESD mediastinal emphysema. Patients with high-
grade mediastinal emphysema are more likely to develop severe inflammatory
changes and to experience a longer febrile period. Endoscopists should strive
to avoid mediastinal emphysema in esophageal ESD.

Peer-review

The work is well-done, well-written, documented and structured. The information
included is interesting and the number of cases presented is very valuable.
This study provides interesting results on the efficacy of CO:2 insufflation for
reduction of ME immediately after ESD.
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