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Miaovascular architecture Sensitivity (95% ClI) Specificity (5% CI) PPV (95% ClI) NPV (95% CI) Accuracy (%)
v;q’:enl.:::lty 077 ?:{sfo.ss) 099 ?;{;;?0,99) 0.97 (0.85-0.99) 0.87 (0.78-0.94) 90.2
v;’:;:"if"“"ty -~ ?3_ /74:0'%) o ‘;’;'/72?0‘ o 0.83 (0.69-0.92) 0.92 (0.83-0.97) 88.4
C;‘:;;:f“""" % :3420.99) oz lez.:f . 049 (0:38-0.60) 0.96 (0.80-0.99) 598
V;;‘:r':e“gth 08 6?;./8:-30‘99) o ?:gg?o.u) 0.65 (0.51-0.77) 0.89 (0.78-0.9) 76.8
le::izev':“g - :;éf - - ?34:?0. i 0.46 (0.35-0.56) 0.91 (0.71-0.99) 545
Cw:’:: - :;.{;fo.m 010 (2/ ::_ 020) 0.40 (0.30-0.50) 0.78 (0.40-0.97) 129

PPV: Positive predictive value; NPV: Negative predictive value.

Miaovasaular architecture Sensitivity (95% CI)  Specificity (95% Cl) PPV (95% CI) NPV (95% CI) Accuracy (%)
Non-dense vessel density 38/43 60/69

and/or negative vessel regularity 0.8 (0.75-0.96) 0.87(0.77-0.94) BB LaER, vt i -
Non-dense vessel density 35/43 69/69

and negative vessel regularity 0.81 (0.67-0.92) 1.00 (0.95-1.00) 108 TH00:1.100) G90.0.50.0.55) 92.9

Pit pattern 37/43 68/69

(Invasive pattern) 0.86 (0.72-0.95) 0.99 (0.92-0.99) 097 (0.86-0.99) 0920807 ns

microvascular architecture of the tumor surface in the GI
tract. In a similar fashion, we used NBI with magnifica-
tion to investigate whether or not quantitative ECC inva-
sion depth diagnosis was possible based on analysis of
capillary vessel patterns instead of pit patterns. Based on
our results, it appeared that non-dense vessel density and
negative vessel regularity, as observed by NBI with magni-
fication, could be diagnostic indicators of sm-d invasion,
as effectively as pit pattern analysis.

Regular hexagonal or honeycomb-like capillary pat-
terns are formed around the crypts of normal colorectal
mucosa. In contrast, it has been reported that these cap-
illaries are larger in tumor adenomas, whereas vascular
disruption, caliber irregularity and dense vessels have
been observed in severe atypical cases”". In addition,
vascular changes do not generally occur in non-neoplas-
tic lesions such as hyper{)lastic polyps, with the exception

" of inflammatory polyps" . The NBI technique provides
clearer observation of microvascular architectural char-
acteristics, therefore, it has been reported that differen-
tiation of neoplastic from non-neoplastic lesions on the
basis of different vascular patterns is equally possible

. (21-30) 5
using NBI or chromoendoscopy™ ", and pit pattern
diagnosis has likewise been explored using NBI s,
Previous studies have shown that the accuracy of pit
pattern diagnosis of invasion depth by magnification en-
doscopy was 98.8%", whereas such diagnostic accuracy
in this study was 93.8%.

The area surrounding crypts in the superficial layer
of the mucosa is covered with capillaries and has previ-
ously been recognized as a pit using the NBI technique.
Machida ez 2" have reported that NBI pit pattern diag-
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nosis is significantly more useful (P < 0.001) than con-
ventional observation, but infedor to chromoendoscopy
(P < 0.05). Hirata ez a*? have reported that overall diag-
nostic consistency in pit patterns between magnification
NBI and dye-spraying observations was 84%, but even
higher for types II, I, IV and Vn pit patterns, although
somewhat lower at 78%, for the type V1 pit pattern. In ad-
dition, Tischendorf ez a" have reported that there is no
significant difference in the PPV for neoplastic lesions as
determined by pit pattern and vascular findings using NBI.
There was a discrepancy, however, between two endosco-
pists in their NBI pit pattern diagnosis of types I-V neo-
plastic lesions®". This may have been because the actual pit
structure was not observed using the NBI technique, un-
like the results from the contrast and staining methods; or,
it could have been caused by the NBI pit pattern diagnosis
of types IlI-V lesions, which are considered particularly
important in determining the most suitable method of
treatment, not having been performed accurately.

More recently, Katagiri ez a have reported that cap-
illary patterns observed by NBI with magnification are
highly accurate in distinguishing between low-grade and
high-grade dysplasia/invasive cancer, and thus could be
used to predict the histopathological features of colorectal
neoplasia. In addition, Hirata ez al® have reported vas-
cular findings of significant sm-d invasion based on their
NBI observation of thick blood vessels with irregularity
on the surface of tumors. This differs somewhat from the
results of our investigation, but the difference could be
caused by a number of factors, such as variations in our
respective definitions of vascular findings, and the macro-
scopic types of lesions involved in the two studies.

April 14, 2010 | Volume 16 | Issue 14 |




Fukuzawa M et a/. Narrow-band imaging for colorectal cancer

Magnification observation with dye spraying and
staining, in particular crystal violet staining, however,
can be time-consuming, Patient symptoms including
abdominal discomfort and peristalsis are more likely to
appear in longer duration colonoscopy examinations,
which may render detailed observation more problemat-
ic. In contrast, the press of a single button on the handle
of the endoscope with the NBI system can almost im-
mediately change from NBI to the conventional view
and back again, thereby shorting examination times and
reducing the burden on patients and endoscopists alike.
A mucous attachment on the endoscope can also inter-
fere with diagnosis, and washing the surface of a lesion
with pronase solution takes additional time during pit
pattern dxagnos:s by magnification colonoscopy with IC
dye spraying or crystal violet staining. Hirata e 4% have
further reported that NBI observation results in more
accurate pit pattern diagnosis than dye spraymg observa—
tion in cases with mucous attachment.

Our study suffered from some limitations. First, the
NBI assessments were made on still images by three en-
doscopists, whereas the pit pattern diagnosis was done in
real time after initial inspection with NBI, which could
account for some further bias. Second, the different NBI
features of the microvasculature are not independent: the
endoscopist is not blinded to one feature if he scores the
other. In addition, lesions that were diagnosed histologi-
cally as cancer had a diameter of at least 10 mm, thus
lesions < 10 mm in diameter were not assessed in this
study. Accordingly, future prospective studies will require
that relevant data be accumulated znd analyzed on a more
objective basis.

In conclusion, the results of this study indicated that
two microvascular architectural characteristics, non-dense
vessel density and negative vessel regularity, observed us-
ing NBI with magnification during colonoscopy examina-
tions could be reliable indicators of ECC sm-d invasion.
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Background

The intra-papillary capillary loops can be seen in the normal esophageal
mucosa by magnifying endoscopy. In cancerous lesions, characteristic changes
of the intrapapillary capillary loops can be seen in the superficial mucosa
according to the depth of tumor invasion. Narrow-band imaging (NBI) enables
detailed observation of microvascular architecture of the tumor surface.
Research frontiers

NBI provides clearer observafion of microvascular architectural characteristics,
and it has been reporied that differentiation of neoplastic from non-neoplastic
lesions on the basis of different vascular patterns is equally possible using NB!
or chromoendoscopy. However, there have been only a few reports concerning
invasion depth diagnosis using NBI with magpnification in a large series of
cases. This study clarifies the efficiency of NBI with magnification colonoscopy
for invasion depth diagnosis of early colorectal cancer (ECC).

Innovations and breakthroughs

Some studies have already reported the clinical usefulness of pit pattern
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diagnosis using magnifying chromoendoscopy for predicting the depth of
invasion of ECC. The authors’ results indicate that NBI with magnification
findings were comparable to pit pattern diagnosis results.

Applications

Magnification observation with dye spraying and staining, in particular crystal
violet staining, however, can be time-consuming. In contrast, the press of a
single button on the handle of the endoscope with the NBI system can almost
immediately change from NBI fo the conventional view and back again,
thereby shortening examination fimes and reducing the burden on patients and
endoscopisls alike.

Peer review

The authors present a trial analyzing the impact of NBI colonoscopy on assess-
ing the invasion depth in ECC. Overall, 112 patients were included; additionally
pit pattern analysis was performed in 64 patients. The study investigated inter-
esting questions.
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Abstract

Background and Aims: Early colorectal cancer (CRC) with submucosal deep (s.m.-d.)
invasion. should not be treated with endoscopic mucosal resection due to the higher
incidence ‘of lymph-node metastasis. It is, therefore, clinically important to accurately
dmgnosc s.m.-d. lesions before treatment.

Methods: We analyzed the endoscopic features, including pit patterns, of early CRC with
s.m.-d. invasion observed using magnifying colonoscopy. We retrospectively investigated
379 cases of early CRC. Lesions were divided into three macroscopic subtypes (peduncu-

* lated type, sessile type and superficial type) based on endoscopic findings. Eight endo-

scopic factors were evaluated retrospectively for association with s.m. invasion and then
compared to histopathological findings.

Resulis: The superficial type had a significantly higher frequency of s.m.-d. invasion
(52.4% [77/147] vs 24.6% [14/57] and 39.4% [69/175], P-value < 0.05, respectively, for
pedunculated and sessile types). Based on multivariate analysis, an independent risk factor

“for s.m.-d. invasion was the existence of an invasive pit pattem in sessile and superficial
- types (odds ratios of 52.74 and 209.67, respectively). Fullness was also an independent risk

factor for s.m.-d. invasion in the superficial type (odds ratio =9.25). There were no
independent risk factors for s.m.-d. invasion in the pedunculated type.

-+ Conclusion:” High magnification pit pattern diagnosis proved to be useful for predicting

s.m.-d. invasion in sessile and superficial types although it was not as helpful with the

T » - pedunculated type.

Introduction

The mc:dence of colorectal. cancer (CRC) has tecently been
mcreasmg in' Japah. Early CRC that consist’ of intramucosal
cancers or submucosal (s.m.) cancérs that only superﬁcna]ly invade
the. s layer (s.m.-s.) can be removed by endoscopic mucosal
resccuon (EMR)." Endoscopic treatment for early CRC is consid-
ered appropriate when the followmg conditions have been satis-
fied: a lesion is determined histopathologically to be well
differentiated; invasion of the s.m. layer is < 1000 ym (s.m.-s.);
and the lesion is negative for both lymphovascular invasion and
sprouling? Early CRC with s.m. deep (s.m.-d.) invasion should not
be treated with EMR due to an increased risk of lymph-node (LN)
metastasis, which has been reported to range from 6.9% t0 22.2%.?
Consequently, it is clinically important to accurately diagnose the
depth of invasion before treatment.

A role for magnifying endoscopy in the colon has previously
been indicated for the diagnosis of flat and depressed lesions,
identification of dysplasia in ulcerative colitis, discrimination
among polyp types and assessing the completeness of EMR.>* Pit
pattern classification for colonic lesions has also been well docu-

Journal of Gastroenterology and Hepatology 25 (2010) 905-912

mented in the past. We have already reported that pit pattern
analysis using magnification colonoscopy was useful in the diag-
nosis of invasive depth in early CRC, particularly flat and
depressed lesions.®® No studies have been reported as yet,
however, that focused on the diagnosis of s.m. invasion in pedun-
culated and sessile type lesions.

The aim of this study was to analyze the endoscopic features
(including pit patterns) of early CRC with s.m.-d. invasion from a
large number of early CRC including pedunculated and sessile
types using magnifying colonoscopy in order to determine the
appropriate therapeutic strategy.

Methods

A total of 844 early CRC were resected endoscopically or surgi-
cally at the National Cancer Center Hospital in Tokyo between
October 1998 and September 2005. In this series, 687 lesions were
removed by endoscopic resection and 157 underwent surgical
treatment. All lesions were examined using magnifying colonos-
copy before treatment. Among them, 232 tumors were positive for
s.m. invasion (612 intramucosal cancer lesions, 52 s.m.-s. lesions

905
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Diagnosis for early colorectal cancer

Table 2 Relationship between endoscopic factors and sUbmucosal.deep invasion in 57 pedunculated type lesions

s.m.-d. ca./n Univariate analysis Muitivariate analysis {includes pit pattern}
Pvalue Odds ratio 95% ClI Pvalue

Size = 20 mm 10/22 <0.01 1.49 0.22-10.31 0.69
< 20 mm 4/35

Loss of labulstion Present 12/28 < 0.01 3.15 0.47-21.01 0.24
Absent 2/29 -

Excavation Present 711 < 0.001 252 0.36-17.47 0.35
Absent 7/486

Demarcated depressed area Present 2/4 0.25 . ND ND ND
Absent 12/83

Pit pattern invasive 7P < 0.0001 4.62 0.50-42.98 0.18
Non-invasive 7/48

Stalk swelling Present 919 <0.01 2.00 0:40-10.10 0.40
Absent 5/38

Cl, confidence interval: n, total number; ND, no data; s.m.-d. ca., submucosal deep invasion cancer.

Table 3 Relationship between endoscopic factors and submucosal deep invasion in 175 sessile type jesions

s.m-d. ca./n Univariate analysis Multivariate analysis (includes pit pattern)
. Pvalue Odds ratio 95% Ci Pvalue
Size = 15 mm 53/96 < 0.0001 1.86 0.61-5.68 0.28
< 15 mm 1679
Loss of Icbulation Present 6382 < 0.0001 5.89 1.76-20.42 <0.01
Absent 6/83
Excavation Present 42/57 < 0.0001 1.51 0.45-5.05 0.50
Absent 271118
Demarcated depressed area Present 19729 < 0.01 020 0.03-1.44 0.11
Absent 50/146
Pit pattern Invasive 65/61 < 0.0001 52.74 10.89-265.33 < 0.0001
Norvinvasive 14/114
Cl, confidence interval; n, total number, ND, no data; s.m.-d. ca., submucosa! deep invasion cancer.
swelling of the stalk were each significantly associated with an effective in  differentiating  intramucosal or  s.m.-s,

increased risk of s,m,-d. invasion according to univariate analysis.
Based on multivariate analysis, however, there was no independent
risk factor for s.m.-d. invasion (Table 2). :

In the sessile type, the presence of a larger tumor size
(= 15 mm), loss of Iobulation, excavation, a demarcated
depressed area and an invasive pit patiern were each significantly
associated with an increased risk of s.m.-d. invasion according to
univariate analysis. Based on multivariate analysis, the indepen-
dent risk factors for s.m.-d. invasion were loss of lobulation and
the existence of an invasive pit pattern (P < 0.01, odds ratio = 5.99;
and P < 0.0001, odds ratio = 52.74, respectively) (Table 3).

In the superficial type, fullness, fold convergency, a demarcated
depressed area and an invasive pit pattern were significantly asso-
ciated with an increased risk of s.m.-d. invasion according to
univariate analysis. Based on multivariate analysis, the indepen-
dent risk factors for s.m.-d. invasion were the existence of fullness
and an invasive pit pattern (P <0.01, odds ratio=9.25: and
P <08.0001, odds ratio = 209.67, respectively) (Table 4).

Pit pattern analysis

The clinical classification of pit pattens has proven to be

Joumal of Gastroenterology and Hepatology 25 (2010} 905-812

invasion < 1000 jun from s.m.-d. invasion (= 1000 wm). The cal-
culated sensitivity, specificity, positive predictive value, negative
predictive value and accuracy are shown in Table 5. The overall
accuracy for differentiating intramucosal or s.m.-s. invasion from
s.m.-d. invasion was 84.2% in the pedunculated type, 88.6%
in the sessile type and 92.5% in the superficial type. The
diagnostic accuracy of the invasive pit pattern was lower for
pedunculated type lesions than for the other two macroscopic
subtypes.

Number of endoscopic factors analysis

Diagnostic accuracy based on the number of positive endoscopic
factors observed during conventiopal endoscopy performed
without magnification is shown in Table 6. When a particular
lesion included four or more such endoscopic factors, overall
accuracy was highest for the pedunculated type (86.0%). As
for both the sessile and superficial types, however, overall
-accuracies of 81.1% and 80.3%, respectively, were highest when
a particular lesion included two or more of the endoscopic
factors.
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Table 4 Relationship between endoscopic factors and submucosal deep invasion in 147 superficial type lesions

s.m-d. ca./n Univariate analysis Multivariate analysis (includes pit pattern)
P-value Odds ratio 95% Cl Pvalue

Size 2 10mm 68/123 0.1 ND ND ND
< 10 mm 9/24

Fullness Present 66/86 < 0.0001 9.26 2.14-40.00 <0.01
Absent 1161

Fold convergency Present 28/50 < 0.0001 1.99 0.50-7.97 .33
Absent 39/97 '

Demarcated depressed area Present 52/68. < 0.0001 1.92 0.45-8.15 Q.37
Absent 25/79

Pit pattern Invasive 76/86 < 0.0001 209.67 23.05-1907.48 < 0.0001
Non-invasive 1/61

Cl, confidence interval; n, total number; ND, no data; s.m.-d. ca., submucosal deefy invasicn cancer.

Table 5 Diagnostic analysis of invasive pit pattern by macroscopic type

Macroscopic type

Pedunculated type Sessile type  Superficial type

Sensitivity 50.0% 79.7% 98.7%
Specificity 95.3% 94 3% 85.7%
PPV 77.8% 90.2% 88.4%
NPV 85.4% 877% 98.4%
Qverall Accuracy 84.2% 88.6% 92.5%

The x*test evaluates differences in sensitivity and there were signifi-
cant ditierences among all three groups (P < 0.05).
NPV, negative predictive value; PPV, positive predictive value.

Discussion

Diagnosis of submucosal deep invasive cancer

We investigated various endoscopic factors inctuding high magni-
fication diagnosis of pit patterns in order to evaluate the predictive
factors for s.m.-d. invasion in three macroscopic subiypes of early
CRC. A higher incidence of s.m.-d. invasion in the superficial type
and a difference in the dingnostic accuracy for predicting s.m.-d.
invasion between the pedunculated type and the other two macro-
scopic types were found in our study.

In the superficial type, fullness and existence of the invasive pit
pattern were independent risk factors for s.m.-d. invasion. Yokota
¢/ al. reported that conventional endoscopic findings were subjec-
tive,'? however, fullness may not be a universal factor for deter-
mining s.m.-d. deep invasion. In the sessile type, muliivariate
analysis showed that loss of lobulation and existence of the inva-
sive pit pattern were cach independent risk [actors for s.m.-d.
invasion. A total of 68 lesions were excluded because of the poor
quality of their magnifying colonoscopy pictures, however, so
there could very well be a bias towards better pit paitem diagnostic
analysis results in this study for both the superficial and sessile
types.

In the pedunculated type. we were unable to demonsirate any
independent endoscopic factors despite using pit paltern analysis.
In addition, a combination of factors in pedunculated type lesions
examined without magnification indicated that size and stalk
swelling together had the same degree of overall diagnostic accu-
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racy as produced by an analysis of invasive pit pattern using
magnification. These results indicated that it is difficult wo estimate
the depth of umor invasion in pedunculated type lesions using
current magnification methods.

Endoscopic diagnosis versus non-lifting sign

In previous studies, Uno er al. reported the clinical uselulness of
the non-lifting sign to predict the depth of invasion prior to EMR
for earty CRC.Y In addition. Ishiguro ef al. classified s.m. exten-
sion of early colorectal cancer as s.m.] (infiltration into the upper
third of the s.m. layer), s.m.2 (mmiddle third) or s.m.3 (lower third)
according 10 the vertical Jeve!l of s.m. invasion. They reported that
the non-lifting sign indicaled s.m.3 invasion had a sensitivity of
100% and a specificity of 83% although only 30.4% of sm.2
cancers were non-lifting sign positive in their study.'®

Our group reponted that the sensitivity, specificity and accuracy
of the non-lifting sign (61.5%, 98.4% and 94.8%, respectively)
were insufficient in comparison with endoscopic diagnosis of inva-
sion depth (84.6%, 98.8% and 97.4%, respectively).' Given these
results, magnifying colonoscopy can be considered more effective
than the non-lifting sign in distinguishing s.m.-d. invasive cancer
based on the techniques and methods used in this study.

Magnifying colonoscopy versus
endoscopic ultrasonography

We previously reporied that high magnification colonoscopy was
superior 10 endoscopic ultrasonography (EUS) for the determina-
tion of invasion depth in early CRC." In contrast, Hurlsione er ol
demonstrated the superiority of EUS mini-probe staging over
magnification colonoscopy.” At the present time, il is unclear
whether magnification colonoscopy or EUS is superior for staging
purposes. There is a learning curve associated with both modalities
0 the results can be influenced by the skill and experience of the
endoscopist performing the procedure.

Magnifying endoscopy
We routinely use magnifying colonoscopy because 1 magnifying

endoscope enables standard conventional observations, but can
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Table 6 Diagnostic analysis according to number of positive endoscopic factors

Number of positive endoscopic factors

=1 =2 =3 =4 =5

Pedunculated type Sensitivity 92.7% 71.4% 64.3% 42.7% 14,3%
Specificity 44.2% 87.4% 86.1% 100% 100%
PPV 35.1% 41.7% 60.0% 100% 100%
NPV 95.0% 87.9% 88.1% 84.3% 78.2%
Qverall accuracy 66.1% 68.4% 80.7% 86.0% 79.0%

Sessile type. Sensitivity 97.1% 87.0% 52.2% 13.0% ND
Specificity 46.2% 77.4% 90.6% 99.1% ND
PPV 54.0% 714% 783% 90.0% ND
NPY 96.1% 90.1% 74.4% 63.4% ND
Overall accuracy 66.3% 81.1% 75.4% 65.1% ND

Superficial type Sensitivity 100% - 87.0% 455% 1.3% ND
Specificity 34.3% 72.9% 91.4% 100% ND
PPV 62.6% 77.9% 85.4% 100% ND
NPV 100% 83.6% 60.4% 48.0% ND
Qverall accuracy 68.7% 80.3% 67.4% 48.3% ND

ND, no data; NPV, negative predictive value; PPV, positive predictive value,

also provide images from Jow to high magnification using a one- Limitations

touch operational system. It is possible to distinguish between
non-neoplastic and neoplastic lesions and estimate depth of tumor
invasion in less than 10 minutes. The insertion technique and
manipulation of the magnifying endoscope also are similar to
those of a conventional endoscope during colonoscopy.®"?

Treatment strategy

In considering therapeutic strategies, EMR should be the first-line
treatment for intramucosal and s.m.-s. early CRC because it is less
invasive. LN metastasis is more frequently present in s.m.-d. inva-
sive cancer,”** however, so we should avoid EMR for s.m.-d.
invasive cancer because histopathological assessment is more dif-
ficult. In addition, incomplete EMR is thought to cause accelerated
growth of any residual cancer and is also considered to be a
positive risk factor for distamt metastasis.* Recognizing the
importance of reported endoscopic factors for predicting s.n.-d.
invasion therefore is essential in determining the proper freatment
-choice in any given case.

For sessile and supérficial type lesions endoscopically diag- '

nosed as having an invasive pit pattern, a high percentage of cases
revealed invasive cancer, particularly s.m.-d. cancer, so surgical
resection is undoubtedly the appropriate treatment. Those lesions
endoscopically diagnosed as having a non-invasive patiem,
however, were mostly limitad 1o the intramucosal layer, which
makes EMR feasible. It is also technically possible now to remove
large superficial lesions using the more recently developed endo-
scopic submucosal dissection procedure. %

In the pedunculated type, it is difficult to accurately estimate the
depth of s.m.-d. invasion prior to endoscopic treaiment, but the
endoscopic resection of a pedunculated polyp is relatively easy
from a technical point of view. Tt is recommended therefore that a
pedunculated type lesion first be removed endoscopically followed
by a histopathological determinaiion of the depth of invasion. A
surgical resection should then be performed when stalk invasion or
tymph-vessel invalvement has been revealed histopathologically.

Joumal of Gastroenterology and Hepatology 25 {2010) 905-912
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This was a retrospective study conducted in a single center so the
results need (o be confirmed in a prospective multi-center trial. In
addition, only pedunculated, sessile and superficial lesion macro-
scopic subtypes were included in this study.

Conclusion

Pit pattern high magaification diagnosis proved to be useful for
predicting s.m.-d. invasion in sessile and superficial type lesions,
although i1 was not helpful with the pedunculated type, Conse-
quently, diagnostic endoscopic treatment is advisable for pedun-
culated eardly CRC.
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Abstract :
Background 1t is well known that carbon dioxide (CO,) is
absorbed faster in the body than air and also that it is
rapidly excreted through respiration. This study aimed to
investigate the safety of CO, insufflation used for esoph-
ageal arid gastric endoscopic submucosal dissection (ESD)
in patients under deep sedation.

Methods Patients with either early gastric or esophageal
cancers that could be resected by ESD were enrolled in this
study from March 2007 to July 2008 and randomly
assigned to undergo ESD procedures with CO, insuffiation
(CO; group) or air insufflation (air group). A TOSCA
measturement system and TOSCA 500 monitor were used
to measure and monitor both transcutaneous partial pres-
sure of CO, (PtcCO,) and oxygen saturation (SpO»).
Results The study enrolled 89 patients and randomly
assigned them to a CO, group (45 patients) or an air group
(44 patients). The mean CO, group versus air group mea-
surements were as follows: PtcCO, (49.1 &= 5.0 vs. 50.1 &
5.3 mmHg; nonsignificant difference [NS]), maximum
PtcCO; (55.1 £ 6.5 vs. 56.8 £+ 7.0 mmHg; NS), PtcCO,
elevation (9.1 = 54 vs. 11.4 &+ 5.6 mmHg; p = 0.054),
SpO, (99.0 & 0.7% vs. 99.0 £ 1.0%; NS), minimum SpO,
(96.5 £ 2.4% vs. 95.4 + 3.3%; p = 0.085), and SpO,
depression (2.4 + 2.3% vs. 3.3 + 2.9%; NS). The PtcCO,
and SpO, measurements were similar in the two groups,
but the CO, group was better than the air group in PtcCO,
elevation and minimum SpO,.

S. Nonaka - Y. Saito (X)) - H. Takisawa - Y. Kim -
T. Kikuchi - I. Oda

Endoscopy Division, National Cancer Center Hospital,
5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan
e-mail: ytsaito@ncc.go.jp

) Springer

Conclusions The findings demonstrated CO, insufflation
to be as safe as air insufflation for upper gastrointestinal
tract ESDs performed for patients under deep sedation
without evidencing any adverse effects.

Keywords Carbon dioxide insufflation - Deep sedation -
Endoscopic submucosal dissection - Transcutaneous partial
pressure of carbon dioxide - Upper gastrointestinal tract

Several recent studies investigating colonoscopy and
endoscopic retrograde cholangiopancreatography (ERCP)
have reported that carbon dioxide (CO,) insufflation
reduces abdominal pain and discomfort caused by bowel
hyperextension and can be used as safely as air insufflation
[1-6]. It is well kmown that CO; is absorbed faster in the
body than air and that it also is rapidly excreted through
respiration unless some type of pulmonary dysfunction
exists 1, 2}. To date, almost all endoscopic procedures
have been performed using air insuffiation, although it has
led to some problems of abdominal pain and discomfort in
routine examinations and perforation-related subcutaneous
or mediastinal emphysema and pneumoperitoneum in
endoscopic treatments {7, 8].

With the relatively recent development and increasingly
widespread use of endoscopic submucosal dissection
(ESD) as a minimally invasive treatment, performance of
ESD for early gastrointestinal (GI) neoplasm in the
esophagus, stomach, and colorectum has increased dra-
matically [9-16]. Quite naturaily, the number of compli-
cations also has increased as a direct result, including
perforations that occur during the technically difficult ESD
procedure itself and the delayed bleeding experienced
afterward [7, 8, 14, 17, 18]. In fact, the reported ESD
perforation rate is 7% for cases involving the esophagus,
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4% for cases involving the stomach, and 5% for cases
involving the colorectum [}0, 4, I5]. Perforation can
cause peritonitis and mediastinitis, and possibly also
thromboembolism due to blood flow congestion (com-
partment syndrome) when significant pneumatic leakage
results in excess internal pressure [19-24]. It is anticipated
that such associated problems will be minimized by further
use of CO, insufflation.

Colonoscopy with conscious sedation and the use of
CO, insufflation has become more generally accepted since
the demonstration of the safety and effectiveness of CO,
insuffiation in a previously published reported [5]. We
previously conducted a case—control study that showed
CO, insufflation to be both safe and effective for colorectal
ESD with conscious sedation [25]. However, the safety of
CO;, insufflation has not been established for upper GI tract
endoscopic treatment such as ESD with deep sedation in
which CO, retention and decreased oxygenation are more
important factors than in colonoscopy performed with
conscious sedation.

This study aimed to investigate the safety of COs
insufflation for esophageal and gastric ESDs with deep
sedation, Both operations are lengthy procedures.

Materials and methods
Patients

We prospectively assessed the safety of CO, insufflation
for upper GI tract ESDs performed with the patient under
deep sedation compared with air insufflation from March
2007 to July 2008 at the National Cancer Center Hospital
(NCCH) in Tokyo, Japan. The study enrolled 89 patients
with either early gastric or esophageal cancer that could be
resected by ESD and randomly assigned them to undergo
ESD procedures with CO; insufflation (CO; group) or air
insufflation (air group).

The study excluded patients with severe pulmonary dis-
ease including either chronic obstructive pulmonary disease
(COPD) or disease resulting in less than 80% of vital capacity
(%VC) or less than 70% of the forced expiratory volume in
1 s as a percentage of the forced vital capacity (FEV1%),
patients with severe cardiovascular disease including
NYHA III or IV heart failure or arrhythmia with any treat-
ment history, patients with hepatic or renal dysfunction, and
patients with a change in insufflation methods from CO, to
air or from air to CO- for any reason during their ESDs.

Endoscopic procedures

All ESD procedures were performed with Olympus video
endoscopes and a standard videoendoscope system (EVIS

LUCERA; Olympus Optical Co., Ltd., Tokyo, Japan). For
ESD procedures, an insulation-tipped diathermic knife
({IT-knife; Olympus) was used from March to October 2007
and an improved IT-knife (IT-knife 2; Olympus) from
November 2007 to July 2008 (&, 26, 27].

First, marking dots were made around the lesion using a
needleknife (Olympus). This was followed by injection of
diluted epinephrine with normal saline (1:200,000) to lift
the submucosal layer and allow the tip of the IT-knife or
IT-knife 2 to be inserted into the submucosal layer. A smali
initial incision then was made by a needleknife, and a
complete circumferential mucosal incision around the
periphery of the marking dots was performed with the
IT-knife or IT-knife 2. After an additional submucosal
injection, the submucosal layer beneath the lesion was
directly dissected using the same IT-knife or IT-knife 2.

Although all ESDs were generally performed in this
manner, we sometimes used not only other devices such as
an argon plasma coagulation probe for the marking dots
and a bipolar needleknife (B-knife; XEMEX Co., Tokyo,
Japan) for the initial incision and submucosal dissection
[§5, 28], but also another injection solution, sodium hyal-
uronate (MucoUp; Johnson & Johnson Co., Ltd., Tokyo,
Japan) diluted with normal saline (1:1), especially for
esophageal ESDs [12, 29-31]. The final objective was to
achieve successful en bloc resections for precise pathologic
evaluations.

Patients received midazolam, propofol, or both for
deep sedation, and oxygen (O,) was administered nasally
{2 Y/min) during ESD. Initially, 3-5 mg of midazolam was
used for induction of venous anesthesia, with an additional
1-3 mg given repeatedly as necessary based on the judg-
ment of the individual endoscopist. Propofol was admin-
istered initially at a dosage of 20 mg for induction, with
another 0.1-0.5 mg/kg/h given continuously for mainte-
nance depending on the condition of the patient.

CO; insufflation and transcutaneous measurements

A CO; regulator prototype (Olympus) connected to a CO,
bottle was used for CO, insufflation until the Olympus
UCR (Fig. f) became commercially available in Japan in
May 2008 [25). During the procedure, CO, insufflation was
set at a constant rate of 1.2 I/min, which is a moderate
level. In upper GI endoscopy, the UCR has three insuf-
flation levels, which can be controlled by the use of three
types of connecting tubes. These insufflation amounts are
almost equivalent to the original three regulation levels of
the EVIS LUCERA (Olympus).

Measurement of the arterial partial pressure of CQO,
(partial pressure of carbon dioxide [PCO,] and arterial
partial pressure of carbon dioxide [PaCO,]) is an invasive,
intermittent, and unpleasant process widely used for
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Fig. 1 UCR (CO; regulator). The UCR in upper gastrointestinal
endoscopy has three levels of insufflation which can be controlled by
using three types of connecting tubes. These amounts of insufflation
are almost equivalent to the original three regulation levels of the
EVIS LUCERA

Fig. 2 The TOSCA measurement system and TOSCA 500 monitor, a
noninvasive and continuous monitoring device for transcutaneous
partial pressure of carbon dioxide (PtcCO,) that takes measurements
using a sensor attached by a low-pressure clip to the patient’s earlobe

various patients as the gold standard, but determining the
variation of PaCO, during ESD using CO, insufflation has
proved to be quite difficult.

In this study, a TOSCA measurement system and
TOSCA - 500 monitor (Linde Medical Sensors, Basel,
Switzerland) (Fig. 2) was used to measure and monitor
both transcutaneous partial pressure of CO, (PtcCO,) and
oxygen saturation (SpO,). This system, which takes mea-
surements using a sensor attached by a low-pressure clip to
the patient’s earlobe, is a noninvasive, continuous, trend-
monitoring device for PtcCO, reported in several studies to
provide general agreement between PtcCO, and PaCO,
measurements [32-37]. We used a default temperature
setting of 42°C for the earlobe sensor and recalibrated
the TOSCA system to minimize the possibility of

@ Springer

measurement error before each ESD. Procedure time was
measured from endoscope insertion to its completed
withdrawal after ESD, with PtcCO, and SpO, recorded
every 3 s for both groups using the TOSCA system.

Statistical analysis

All variables in this study were described in terms of
mean =+ standard deviation as well as median and range.
We used chi-square and t-tests to compare baseline char-
acteristics and measurements between the two groups. All
statistical analyses were performed using the SAS Statis-
tical Package (SAS Institute, Tokyo, Japan), and a p value
less than 0.05 was considered statistically significant.

Ethics

The ethics committee at NCCH approved the study pro-
tocol, and written informed consent was obtained from all
patients before they were enrolled in the study.

Results

No significant differences in patient characteristics
between the two groups were observed (Table 1). The CO,
group study consisted of 45 patients (39 men and 6 women)
with 52 lesions. These 45 patients (involving 15 esophageal
and 30 gastric ESD cases) had a mean age of
68.5 & 8.8 years (range, 50-84 years). The air group
consisted of 44 patients (38 men and 6 women) with 51
lesions. These 44 patients (involving 12 esophageal and 32
gastric ESD cases) had a mean age of 67.6 + 8.0 years
(range, 43-84 years).

The macroscopic types of tumors included 13 elevated
lesions, 32 flat and depressed lesions, 6 combined lesions,
and 1 residual lesion in the CO, group and 11 elevated
lesions, 34 flat and depressed lesions, 5 combined lesions,
and 1 residual lesion in the air group (nonsignificant dif-
ference [NS]). In the CO, group, the median size of the
tumors, determined histopathologically, was 13 mm
(range, 5-60 mm), and the 35 adenocarcinomas included 2
Barrett’s carcinomas, 15 squamous cell carcinomas
(SCC:s), and 2 adenomas. The median size of the tumors in
the air group was 19 mm (range, 5-55 mm), and the 37
adenocarcinomas included 2 Barrett’s carcinomas, 13
SCCs, and 1 adenoma. The difference between the two
groups was not significant. The median specimen size was
35 mm (range, 20-75 mm) in the CO, group and 35 mm
(range, 20-68 mm) in the air group (NS). The median

‘procedure time was 115 min (range, 30-575 min) in the

CO, group and 96 min (range, 38-309) in the air group
(NS). Midazolam was received by 30 patients at a median
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Table 1 Patient characteristics CO, 1) Adr ()  Value
Patients/lesions 45/52 44/51
Mean age (years) 68.5 + 8.8 67.6 £+ 8.0 NS
Male/female 39/6 38/6 NS
Esophagus/stomach 15/30 12/32 NS
Macroscopic type
Elevated 13 11
Flat and depressed 32 34
Combined 6 ]
Residual 1 1 NS
Histopathologic type
SCC 15 13
Adenocarcinoma 35 37
Adenoma 2 1 NS
Median tumor size: mm (range) 13 (5-60) 19 (5-55) NS
Median specimen size: mm (range) 35 (20-75) 35 (20-68) NS
Median procedure time: min (range) 115 (30-575) 90 (38-309) NS
Perforations 3 0 NS
Patients receiving midazolam 30 31 NS
Patients receiving propofol 15 13 NS
CO; carbon dioxide, NS not Dosage of midazolam: mg (range) 12 (5-20) 12 (4-23) NS
significant, SCC squamous cell  pogage of propofol: mg (range) 640 (130-2460) 370 (180-1116) NS

carcinoma

dosage of 12 mg (range, 5-20 mg) in the CO, group and
by 31 patients at a median dosage of 12 mg (range, 4—
23 mg) in the air group (NS), and propofol was received by
15 patients at a median dosage of 640 mg (range, 130-
2,460 mg) in the CO, group and by 13 patients at a median
dosage of 370 mg (range, 180-1,116) in the air group (NS).
All the tumors were resected en bloc by ESD except in
one esophageal case in the air group, In this case, the
patient’s main lesion was resected en bloc by ESD, whereas
another smaller synchronous lesion was treated by using
endoscopic mucosal resection (EMR) with a cap-fitted
panendoscope, resulting in a piecemeal resection [38].

Measurements of PtcCO, and SpO,

The mean CO, group versus air group measurements were
as follows: PtcCO, (49.1 £ 5.0 vs. 50.1 & 5.3 mmHg;
NS), maximum PtcCO, (55.1 £ 6.5 vs. 56.8 &+ 7.0 mmHg;
NS), PtcCO, elevation (9.1 + 5.4 vs. 11.4 £ 5.6 mmHg;
p = 0.054), SpO,; (99.0 £ 0.7% vs. 99.0 + 1.0%; NS),
minimum SpO, (96.5 & 24% vs. 954 +3.3%; p=
0.085), and SpO, depression (2.4 £ 2.3% vs. 3.3 & 2.9%;
NS) (Table 2; Fig. 3A-F). The PicCO, and SpO, mea-
surements were similar in the two groups, but in PtcCO,
elevation and minimum SpO,, the CO, group was better
than the air group.

The patient characteristics did not differ significantly
between the two groups when esophageal and gastric ESD

Table 2 Transcutaneous partial pressure of carbon dioxide (PtcCO»)
and oxygen saturation (SpO;) measurements

CO, Air p Value
Mean PtcCO, (mmHg) 49.1-4 5.0 = 50.1'4=53 NS
Maximum PtcCO, (mmHg) 55165 568 £7.0 NS
PtcCO, elevation (mmHg) 91+54 114+£56 0054
Mean SpO; (%) 99.0+07 990+1.0 NS
Minimum SpO; (%) 965+ 24 95433 0.085
SpO, depression (%) 24+23 334+29 NS

NS not significant

cases were considered separately, nor did the PtcCO, and
SpO, measurements differ significantly between the two
groups when only esophageal ESD cases were considered.
The CO, group versus air group measurements in gastric
ESD cases were as follows: PtcCO, elevation (8.0 £ 5.2
vs. 10.8 &= 5.7 mmHg; p = 0.049) and SpO, depression
(19 £ 1.8% vs. 2.8 & 2.5%; p = 0.087). Although the
PtcCO, and SpO, measurements again were similar for the
two groups, when only gastric ESD cases were considered,
the CO, group was better than the air group in PtcCO,
elevation and SpO, depression.

Five CO, group patients and five air group patients
experienced a maximum PtcCO, exceeding 60 mmHg that
continued for more than 5 min (NS). The median duration
time was 12 min (range, 6-166 min) for the CO group and
35 min (range, 10-148 min) for the air group (NS). The
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Fig. 3 Transcutaneous partial pressure of carbon dioxide (PtcCO,) and oxygen saturation (SpO,) measurements. The PicCO, and SpO,
measurements were similar in the two groups, but thé CO, group was better than the air group in PtcCO, elevation and minimum SpO,

maximum PtcCO, was 72 mmHg in the CO, group and
74 mmHg in the air group (NS) (Table 3). None of the
cases in either group involved an SpO, level lower than
90% that continued for more than 1 min, and no harmful

Table 3 Maximum transcutaneous partial pressure of carbon dioxide
(PtcCO») and minimum oxygen saturation (SpO-)

CO, Air p Value
(n=45) (=44
Maximum PtcCO, >60 mmHg" 5 5 NS
Median duration: min (range) 12 (6-166) 35 (10-148) NS
Maximum PtcCO, (mmHg) 72 74 -
Minimum Sp0O, <90%° 0 0 NS
Median duration: min (range) - - -
" Minimum SpO; (%) 91 88 -

# >5-min duration
b > 1-min duration

@ Springer

oxygenation effects occurred. Temporary SpO, depression
lower than 90% for less than 1 min resulted from the
aspiration of two patients in the air group, but the condition
subsequently improved and did not impair treatment
(Table 3).

No adverse effects were caused by CO, insufflation in the
CO, group. Perforations involving CO, insufflation occur-
red in three cases including two esophageal ESD cases and
one gastric ESD case, but x-rays did not show any subcu-
taneous or mediastinal emphysema or pneumoperitoneum.
As for the three patients in the CO, group with perforations,
histopathologic examinations of the one gastric ESD patient
showed a well-differentiated intramucosal adenocarcinoma
located in the cardia, and the two esophageal ESD patients
had SCCs within the lamina propria mucosae located in
either the middle or lower thoracic esophagus. Antibiotics
were administrated for all three patients over 3 to 5 days.
Oral diet intake was started on either postoperative day 2 or
4, and each patient was discharged on postoperative day 6
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without any invasive intervention, as is the usual course for
gastric and esophageal ESD patients at our hospital. All the
CO, group procedures were completed without delays, and
none of the 45 CO, insufflation patients required extended
hospitalization.

Discussion

To the best of our knowledge, this is the first study to
investigate the safety of CO, insufflation in lengthy upper
GI tract ESD procedures for patients under deep sedation.
The results of our study indicate that CO, insufflation can
be used as safely as air insufflation without any adverse
effects by continuous monitoring of PtcCO, and SpO,
during both esophageal and gastric ESDs.

Bretthauer et al. [4, 6] reported no significant observed
difference in PtcCO, elevation between air and CO,
insufflation groups during ERCP with deep sedation, and
no significant increase in end-tidal CO, levels was dem-
onstrated between the two groups in colonoscopy exam-
inations without sedation, although patient abdominal
discomfort was significantly less in the CO, group. In our
study, midazolam and propofol were used, so it was diffi-
cult to measure patient discomfort levels using a visual
analog scale after ESD because of considerable differences
in the rate of recovery between those two sedatives.

The PCO, level basically depends on ventilation, so
PCO, elevation can be regarded generally as caused by
depression of both the ventilation rate and the tidal volume.
Nelson et al. [39] reported PtcCO, elevation exceeding
40 mmHg and a maximum PtcCO, greater than
100 mmHg in ERCP using air insufflation, although there
were no evident adverse effects.

In our results, the maximum PtcCO, per duration time,
with PtcCO, exceeding 60 mmHg, was 72 mmHg for
166 min in the CO, group and 74 mmHg for 148 min in the
air group, but with no adverse events in either group. No
harmful oxygenation effects resulted from using CO; insuf-
flation during ESDs because all the patients received O,
nasally. These results suggest that PtcCO, elevation, which
registered a maximum value of 74 mmHg without SpO,
depression, did not represent a clinical problem, and no actual
correlation was found between the two measurements in any
of the cases. We believe that PtcCO, elevation was not caused
solely by CO, insufflation but that other important factors
were involved, including sedation levels and respiratory
status, because the air group showed even higher PtcCO,
values than the CO, group (Table 2; Fig. 3A-C) [5, 401].

Concerning the observation of differences between the
two groups in PtcCO, elevation and minimum SpO in all
cases as well as PtcCO; elevation and SpO, depression in
only the gastric ESD cases, we considered that ventilation

rate and tidal volume were difficult to decrease because
abdominal distension and diaphragm elevation were
reduced to relieve bowel hyperextension. Accordingly, it
also can be speculated that CO, insufflation may stimulate
the respiratory center, leading theoretically to hyperventi-
lation. Except for patients with COPD, who were excluded
from this study, PtcCO, elevation may have been caused
by hypoactivity of the respiratory center resulting from
deep sedation rather than CO, insufflation or oxygen
administration.

In the upper GI tract, especially the esophagus, the most
serious complications are arrhythmia, cardiac collapse,
thromboembolism produced by blood flow congestion
resulting from a perforation (compartment syndrome), and
pneumothorax [ 19-24]. We also considered why no subcu-
taneous or mediastinal emphysema or pneumoperitoneum
appeared, and we suspected that leaked CO; in the three
patients who experienced perforations probably was absor-
bed rapidly into the surrounding tissue [I, 2]. It can be
expected that CO, insufflation will reduce all such compli-
cations. Because CO, insufflation was demonstrated to be
safe in this study, it is recommended that to avoid any
unexpected developments during treatment in the upper GI
tract, particularly in the esophagus, ESD should be performed
from the start using CO, insufflation. In addition, CO,
insufflation is recommended for endoscopists with limited
ESD experience, who likely will need more time to complete
the procedure and may have a greater possibility of a perfo-
ration occurring because of their relative inexperience.

It generally is considered that a severe acidosis condi-
tion leads to arrhythmia, cardiac collapse, or hyperkalemia.
If CO, retention does occur, the CO, can serve as a factor
in decreasing the pH balance, although no clinical problem
is involved if the pH balance is preserved within normal
limits by other factors. Based on our findings, it appears
that no adverse events may result if normal oxygenation is
maintained even when a PtcCO, exceeding 60 mmHg
persists for some time. Although CO; insuffiation is not
recommended for patients with severe pulmonary or car-
diovascular disease, it is associated with no clinical dis-
advantage compared with air insufflation. We currently
recommend, however, that PtcCO, be measured for
enhanced safety during upper GI ESDs.

Several studies have shown a close correlation between
PtcCO, and PaCO,, so PtcCO, currently is regarded as a
reliable and accurate measurement, although it is known
that a discrepancy can exist between the two under certain
body temperature and skin conditions [4]. No blood gas
samples were taken in this study, so we have no data on
actual patient pH levels and PaCO, values during the ESD.
procedures.

We were able to perform continuous measurement of the
PtcCO, level and monitoring of its elevation during upper
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GI tract endoscopic treatments, neither of which had pre-
viously been completely certain. Although more than 2,000
upper GI tract ESDs have been performed for patients at
NCCH [42]), very few major respiratory-related problems
with the use of air insufflation have occurred despite the
lack of certainty about previous PtcCO, levels. The

advantage of having precise PtcCO; data is avoidance of .

additional sedatives resulting in excessively deep sedation
that may cause respifatory dysfunction because PCO,
elevation suggests depression of the ventilation rate and
‘tidal volume. This also prevents tracheal intubation due to
pulmonary arrest.

Use of a bispectral index (BIS) monitor that indicates a
patient’s sedation level by monitoring brain waves has
been reported recently, so it is conceivable that the com-
bined use of CO, insufflation with continuous PtcCO,
measurement and the BIS monitor could result in safer
upper GI tract endoscopic treatment procedures in the
future [43, 44].

Conclusions

This study demonstrated CO, insufflation to be as.safe as
air insufflation for upper GI tract ESDs performed for
patients under deep sedation without evidencing any
adverse effects. We believe that CO, insufflation may be
particularly effective for esophageal cases in which severe
subcutaneous or mediastinal emphysema can be caused by
perforations that may occur during the ESD procedure.
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