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The History of Juntendo Medical Journal

This Juntendo Medical Journal has been published under the Japanese name Juntendo Igaku (NERHES) from
1964 to 2012. However, the origin of Juntendo Medical Journal dates back to the oldest medical journal in Japan,
Juntendo Iji Zasshi (AR #8653 4E5E), which had been published between 1875 and 1877 (total of 8 issues). Between
1885 and 1886, Juntendo issued a limited release of a research journal titled Houkoku [Juntendo Iji Kenkyukai] Gss)
for a total of 39 issues.

In 1887, Juntendo Iji Kenkyukai Houkoku (WK 3EEEHNFFE &) was published with the government’s approval
and we used to regard this as the first issue of Juntendo Medical Journal. Since then, Juntendo Medical Journal has
undergone a series of name changes: Juntendo Iji Kenkyukai Zasshi (AR BEFMFIE X MR, Juntendo Igaku Zasshi
MR 4 B 27 338) , and Juntendo Igaku (NER 3:E%E).

Now in commemoration of the 175" anniversary of Juntendo University, starting with the first volume issued in
2013 (Volume 59 Number 1), we return to Juntendo Medical Journal's original Japanese title in 1875-Juntendo Iji
Zasshi (NER 5853 4E3E) . We also reconsidered the numbering of the journal and set the first issue in 1875 as the
initial publication of Juntendo Medical Journal. The Volume-Number counting system and the English name Juntendo
Medical Journal started in 1955 from the January 10 issue. Although this is not our intension, we will retain the
Volume-Number counting system to avoid confusion. However, Volume 59 Number 1 will be the 882" issue,
reflecting the sum of all issues to date: 8 issues of Juntendo Iji Zasshi (NEK 4 B&FHHEFE), 39 issues of Houkoku
Uuntendo Iji Kenkyukai] (#15) (47 issues combined), and 834 issues from Juntendo Iji Kenkyukai Houkoku (AR %
BEHAFZe &) in 1887 to the present.

Hit - NI (OGAWA Hideoki, MD., Ph.D.) : EK# B3 HiGE (Juntendo Medical Journal) 2013 5 59 : 6-10.

FEIXMEAIZO4E (19644F) 25 FRi244E (20124F) KRF T MEKR#EES] & LTCRHiTEhT&4 LaL, 20
HEEEIZIHR84E (18754E) 5 104F (18774F) 122 THHI SNz H AT O R 2EEE [NHR L BEFMEE] GH8%&) 12
HbH. S5HIZHIE184E (18854FE) 75 194F (18864E) T, HHMTEEAL L CIHKEEBEMI G OME ]
(F1394) MRAITENTWA.

Zo#H EREBHEMEEHRE] BPIE204E (18874F) WCEHZZITTATEIN/-0T, ERETIEINE BT
15& LC& Dok NEREEFMNESME], EREEFME], MEREES] 4R EEBE L CITEINTE
7=,

S, WER DB 175 HE %2 M2 5T 254 (20134F) D59&1 52 ML T, KAROXMHTH S [NERKEEFHE
] AL, FoRETHAHHAESME (18754F) H1E5%2 b - TAITIS GETIELS) 312k & L. Eknk
TEMRCEERE, BAI304E (19554E) 1HI0HRITODIDOZ1&1 72 LTEY, MGEEZD NI DITHD D
DTARARETHHH, RELZMIT B0 E/MKRTS. 72770, BREIZWHAESE (18754E) 5 194E (1886
) 2P THAT &Nz NEREBEEMERR] 844 L IER s B HEMe G oMiak [HE] 394, 47405 % Wk834 5
2Nz, 59%1%5 %@ 88245 & L.

W NI, EFR Y Y IEREES 1980 5 26 : 414-418.
ANNFEEL 2 R 5B MERE 2013 5 59 @ 6-10.
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From the illustrator: As I mentioned in the “From the illustrator” of the previous issue, I went all the way to Amami-Oshima
Island, and couldn’t help painting the beautiful ocean and the beach of the island. I was fascinated with not only various
blue colors of the sea but also the pattern and colors of the sand created by waves and winds (the natural formative art).
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The Transition of Urological Practice for Forty Years in Juntendo University

YOSHIRO SAKAMOTO

Department of Urology, Juntendo University Nerima Hospital, Tokyo, Japan

I enrolled in the Juntendo University Urological Course in 1982 and worked at Juntendo for 40 years until I retired in 2022.
The transition of Urology had been slow until recent years. In the last 20-30 years, Urological practice has made significant
progress. I will look back on the 40 years of Juntendo University and describe it in this article. In particular, the transition and
breakthrough in the diagnosis and treatment of prostate cancer were remarkable. This point will be described mainly based on

the experience at Juntendo Nerima Hospital.

Key words: prostate cancer, transperineal prostate biopsy, robot-assisted radical prostatectomy

In Japan, in the early Meiji era, German medicine
was required to have the norms of modern medi-
cine, and Urology was introduced along with
Dermatology in the early 30th year of the Meiji era.
Therefore, Urology in Japan has a strong connec-
tion with Dermatology until after World War II,
and the course has continued as a Dermatology
and Urology class at each medical education insti-
tution. On the other hand, in the United States, the
Urology was the department of surgery, division of
Urology. At the dawn of Juntendo University, the
Department of Urology discharged very talented
and well-known urologists.

Juntendo Urology Faculty Part-1

1901 (Meiji 34) Faculty of Juntendo: Susumu
Sato (Surgery), Tatsujiro Sato (Surgery), Saburo
Akutsu (Urology)

Prof. Saburo Akutsu (Figure 1) studied Urology
at the University of Vienna and was one of the
pioneers of Japanese Urology.

1908 (Meiji 41) Prof. Isamu Sakaguchi (Figure 2)

opened Dermatology.

1915 (Taisho 4) Dr. Sakaguchi became a
professor of Dermatology and Urology, and later
became a full-time in Urology. He made an effort in
the domestic production of cystoscopes. In recogni-
tion of his achievements, the Sakaguchi Award was
established at the Japanese Urological Association.

Figure 1 Prof. Saburo Akutsu
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Figure 2 Prof. Isamu Sakaguchi

Juntendo Urology Faculty Part-2

1943 (Showa 18) Prof. Masatoki Koike
1958 (Showa 33) Prof. HiromotoTakahashi
1982 (Showa 57) Prof. Ryuichi Kitagawa
1993 (Heisei 5) Prof. Makoto Fujime

2012 (Heisei 24) Prof. Shigeo Horie

The Transition of Urology for forty years

The prostate cancer practice has undergone
significant changes over the last 40 years. Forty
years ago, when I was still a new physician, surgical

Figure 3 Intuitive Da Vinci surgical system

BARD® MAX-CORE"®

DISPOSABLE CORE BIOPSY INSTRUMENT

castration was the first operation for a new urolo-
gist. At that time, surgical castration was the only
surgery for prostate cancer and was the mainstay
of hormone therapy for prostate cancer. Currently,
robot-assisted radical prostatectomy (RARP,
Figure 3) has become a main surgical procedure
that is widely performed not only in Western coun-
tries but also in Japan. Hormone therapy for pros-
tate cancer has also started to use new AR target
drugs (Abiraterone, Enzalutamide, Apalutamide,
and Darolutamide) as well as surgical castration
and medical castration. In addition, anticancer
drugs such as Docetaxel and Cabazitaxel have
been used, and radiation therapy for bone metas-
tases such as Ra-223 has also been administered.

Prostate biopsy has also changed significantly. In
the 1980s, when induration of prostate cancer was
palpable, prostate biopsy was performed using a
TruCut needle (Figure 4) under a finger guidance.
In recent years, puncture needles have also
advanced, allowing us to use superior products
(Figure 5). PSA measurement became possible by
Wang et al.V in 1979, Holm et al.? performed a tran-
srectal ultrasound-guided prostate biopsy (TRUS-
B) in 1981.

In Japan, in 1963, Hiroki Watanabe of the Depart-
ment of Urology, Kyoto Prefectural University of

Figure 4 TruCut needle

Figure 5 BARD®

MAX-CORE®
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Figure 6 Transrectal prostate ultrasound

Medicine, Tatsuo Ouchi, Hiromoto Takahashi, and
Toshio Wagai of Juntendo University developed
and clinically applied transrectal prostate ultra-
sound (Figure 6).

Analysis of prostate cancer localization toward
improved diagnostic accuracy of transperineal
prostate biopsy®. Delineating the precise localiza-
tion of prostate cancer is important in improving
the diagnostic accuracy of prostate biopsy. In
Juntendo University Nerima Hospital, initial 12—
core or repeat 16-core biopsies were performed
using a transrectal ultrasound guided transperineal
prostate biopsy method. We step-sectioned pros-
tates from radical prostatectomy specimens at
5-mm intervals from the urethra to the urinary
bladder and designated five regions: the (1) Apex,
(2) Apex-Mid, (3) Mid, (4) Mid-Base, and (5)
Base. We then mapped prostate cancer localization
on eight zones around the urethra for each of those
regions. Prostate cancer was detected in 93 cases of
121 cases (76.9%) in the Apex, in 115 cases (95.0%)
in the Apex-Mid, in 101 cases (83.5%) in the Mid,
in 71 cases (58.7%) in the Mid-Base, and in 23
cases (19.0%) in the Base. In 99.2% of all cases,
prostate cancers were detected from the Apex to
Mid regions. For this reason, transperineal prostate
biopsies have routinely been prioritized in the
Apex, Apex-Mid, and Mid regions, while the Base
region of the prostate was considered to be of
lesser importance. Our analyses of prostate cancer

456

localization revealed a higher rate of cancer in the
posterior portion of the Apex, antero-medial and
postero—medial portion of the Apex-Mid and ante-
ro-medial and postero-lateral portion of the Mid.
The transperineal prostate biopsies in our institute
performed had a sensitivity of 70.9%, a specificity of
96.6%, a positive predictive value (PPV) of 92.2%
and a negative predictive value (NPV) of 855%
(Figure 7, 8, Table 1, 2).

Conclusions

The concordance of prostate cancer between
prostatectomy specimens and biopsies is compara-
tively favorable. According to our study, the diag-
nostic accuracy of transperineal prostate biopsy

Transverse view

nt.
@ )06 1) . A: Apex
; M: Mid
Ant.: anterior portion Mi-B: Mid-Base
SV: seminal vesicle B: Base
Front view
e T™~.]... 2

a-w/t s
l

0
=

Figure 7 Transperineal prostate biopsy : transverse view,
lateral view, and front view
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Table 1 Prostate cancer localization in the Apex, Apex-
Mid, Mid, Mid-Base, and Base out of the 121 cases

SE Region No. of cases of prostate cancer positive (%)
Apex 93 (76.9)

Mid-Base Apex-Mid 115 (95.0)
Mid 101 (835)
Mid-Base 71 (58.7)

L Base 23 (190)

Ninety-nine point two percent of all cancer cases were detected
in the Apex and Apex-Mid regions, 955% was detected in the
Apex-Mid Apex-Mid and Mid regions, and 84.3% was detected in the Mid
and Mid-Base regions.
® True positive
e False negative
Apex o True negative Table 2 Concordance of prostate cancer in prostatectomy
specimen and biopsy

. . . Prostate cancer Prostate cancer
Figure 8 Transverse view : prostate cancer localization +) (=) Total

and transperineal prostate biopsy

Biopsy (+) 344 29 373
Biopsy (-) 141 834 975
Total 485 863 1,348

Sensitivity ~ (=TP/[TP+FN]), 709%; specificity (=TN/
[FP+TN1]), 96.6%; positive predictive value (=TP/[TP+FP]),
92.2%; negative predictive value (=TN/[TN+FN1]), 85.5%.

True positive (TP) False positive (FP)

False negative (FN) True negative (TN)

|/

Prof. Ryuichi Kitagawa Prof. Makoto Fujime Prof. Shigeo Horie
(Died in 2020)

Emeritus Director Takeshi Miyano Director Kuniaki Kojima

Figure 9 Three chief professors and two directors who were my mentors
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can be improved in our institute by including the
anterior portion of the Apex-Mid and Mid regions
in the 12-core biopsy or 16-core biopsy, such that
a 4-core biopsy of the anterior portion is included.

During my 40 years at Juntendo University, I
served three chief professors and two directors
(Figure 9). Thanks to these doctors, I was able to
carry out a very fulfilling and happy medical prac-
tice. We would like to express our sincere gratitude
to all the bosses and staff who have been involved
in reaching retirement age.
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Historical Review of Stereotactic Radiosurgery in Juntendo University

YUuTAKA NAOI

Department of Radiation Oncology Juntendo University Nerima Hospital, Tokyo, Japan

Juntendo University Hospital is the second hospital in Japan to start stereotactic brain irradiation using linear accelerator
(LINAC) system. This report details the historical transition of stereotactic irradiation, progress of treatment technology, and
change of treatment method from the beginning to the Juntendo University Hospital and Juntendo Nerima Hospital. The
hospital changed the use of cobalt to the LINAC system when it was rebuilt in 1993. Total body irradiation treatment for
leukemia had started around the same time. A year later, in 1994, the hospital used their LINAC systems to perform stereotactic
head irradiation, otherwise known as pinpoint irradiation. In 2005, Juntendo University Nerima Hospital was opened and in
September of the same year, radiation therapy using the latest model of LINAC system at that time was initiated. This was the
first among all Juntendo hospitals to start intensity-modulated radiation therapy (IMRT) and image-guided radiotherapy
(IGRT). In 2014, a second LINAC system for IMRT and IGRT was equipped at the Juntendo Hongo Hospital. In 2021, the
LINAC systems of the Juntendo University Nerima Hospital were replaced after 15 years of usage. The new method of SRS
was started using a latest LINAC systems.

In this paper, I introduce the technique and progress of SRS that I have experienced mainly in Juntendo University.

Key words: stereotactic radiosurgery, stereotactic radiotherapy, linear accelerator, Gamma Knife

Introduction

The Japan Radiological Society defines single
stereotactic irradiation as stereotactic radiosurgery
(SRS) and fractionated stereotactic irradiations as
stereotactic radiotherapy (SRT), but in this manu-
script, the term SRS is used without distinction. In
Japan, SRS using the Gamma Knife was first started
at the Tokyo University Hospital in 1991. Two
years later, SRS using linear accelerator (LINAC)
systems was performed at the Nagasaki Univer-
sity. A year later, in 1994, the Juntendo University
Hospital began SRS using the LINAC systems,
making it the second facility in Japan to perform
LINAC-based SRS. Since then, the LINAC-based
treatment method has progressed along with the

technological development of the LINAC systems. I
introduce the historical background and the devel-
opment of SRS technique especially for Juntendo
University Hospitals.

Short history of Stereotactic Radiosurgery
for brain in Japan

In 1968, the world’s first SRS was started with
the Gamma Knife technology at the Karolinska
Hospital in Sweden (Table 1). Twenty-three years
later, the first Gamma Knife surgery in Japan was
started at the University of Tokyo. The successful
adoption of the LINAC system for SRS by the
Juntendo University, Japan, led to a rapid develop-
ment of LINAC devices and subsequent increase in
the number of treatment facilities in Japan.

Corresponding author: Yutaka Naoi

Department of Radiation Oncology, Juntendo University Nerima Hospital

3-1-10 Takanodai, Nerima-ku, Tokyo 177-8521, Japan
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Table 1 Short history of brain Stereotactic Radiosurgery in Japan

1968 Gamma Knife was bone in Karolinska Sweden

1991 The first Gamma Knife Unit was started at Tokyo University in Japan.

1993 The first Linac Radiosurgery system in Japan was started in Nagasaki Univ Hosp.

1994 The second Linac Radiosurgery was started in Juntendo Univ Hosp.

1997 Cyber knife treatment started in Japan.

1999 Mitubishi Electric co. released the C-armed Radiosurgery system.

2000 IMRT started in Japan

2004 Linac Radiosurgery covered by insurance in Japan. (63000)

2009 Linac radiosurgery with micro-multileaf collimator by Elekta synergy started at the JSDF Hosp.

2014 Gamma Knife I-con released. (Automatic Mask Syetem)

2014 Lancet oncology 2014: Stereotactic radiosurgery for patients with multiple brain metastases (JLGK0901 : Stereotactic

radiosurgery without whole brain radiotherapy as the initial treatment for patients with five to ten brain metastases is non—
inferior to that for patients with two to four brain metastases in terms of overall survival.

2020 Linac Radiosurgery for multiple brain metastasis started by Elekta Versa HD

In 2009, the Self-Defense Forces Central Hospital,
Japan, routinely performed SRS with a micro multi-
leaf and a mask system. Prior to that, SRS was
performed by fixing the patient’s head with an
invasive metal pin. A non-invasive method of fixa-
tion was desirable to reduce the anxiety of the
patients. In 2014, the Gamma Knife technology
developed a mask system. The same year, a multi-
center collaborative study reported positive outcomes
of the Gamma Knife treatment for multiple brain
metastases?. Following this, the Gamma Knife
treatment was actively performed in cases of
multiple brain metastases to preserve the cognitive
function. The history of SRS in Japan began with

the Gamma Knife technology. A few years later,
this was replaced by the LINAC system owing to
the rapid technological development of both the
software and hardware, which continues to the
present date.

The first case of SRS in Juntendo University

The first LINAC system was equipped at the
Juntendo University in 1993. Figure 1 shows the
Winston-Lutz test? that performs quality control
of couch and gantry less than 2 mm. Figure 2 illus-
trates the star-shot technique. Using a 2 mm colli-
mator, a pencil beam is emitted from the LINAC
system to the low-sensitivity X-ray film. This

Figure 1 Winston-Lutz test of the first linear accelerator installed in Juntendo University
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Star Shot

before quality control

N
7

\VZ
R

after quality control

N

e AN
Gantry rotation ‘k

Couch rotation

JUNTENDO UNIV

Figure 2 Star shot before and after quality control

enables accurate confirmation of the isocenters of
the gantry and couch. Considerable amount of time
and effort were required for the quality control
step, as 30 years ago, the accuracy of the LINAC
system was suboptimal. Once the quality control
procedures were complete, the SRS was started.
The first case of SRS in Juntendo University involved
a patient with cerebral arteriovenous malformation
(AVM). The nidus position was analyzed by fusing
the images from enhanced computed tomography
(CT) and angiography. SRS was performed with
five to six directions non-coplanar stereotactic
multiple arc radiotherapy. Figure 3 shows a tung-

sten collimator for converting X-rays to the pencil
beam, which enabled the selection of an irradiation
diameter from 5 mm to several centimeters according
to the size of the target. After attaching the colli-
mator to the LINAC system, the focused pencil
beam X-rays irradiated the target. Two years after
the SRS, the nidus had completely disappeared
without complications (Figure 4).

At that time, many cases of AVM were treated
by SRS in Juntendo University. 30 cases of AVM
were carried out in two and a half years. These
cases were reported in the journal of the Japanese
Society of Radiation Oncology. Of the 14 summa-

Figure 3 Tungsten collimator and attachment of Linac system for pencil beam
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Before treatment

[ year after SRS

Figure 4 Dose distribution of cerebral AVM and post-SRS images of angiography

rized cases that followed more than 2 years, desir-
able results were obtained with a nidus obstruction
rate of 25% in 1 year and 58% in 2 years and a
nidus reduction rate of 91% in 2 years?. There
were no neurological side effects. Furthermore, in a
report on AVM, we investigated the relationship
between stagnation time of the contrast medium in
angiography and nidus occlusion rate. In this study,
angiographs from 25 patients with AVM were
analyzed. The results showed that an AVM with a
longer stagnation time of the contrast medium was
more likely to be occluded?. We also summarized

the most common cases of brain metastasis that
were treated by radiosurgery®. At that time, since
there was only one magnetic resonance imaging
device in Juntendo University, the radiation effect
of SRS was evaluated by CT images.

SRS with non-invasive fixation of the head
with a mask system

SRS with mask system started at 2009 while I
was in the Japan Self-Defense Forces Central
Hospital (Figure 5). Because of several trials, we
started SRS with a non-invasive mask system

Figure 5 SRS with non-invasive fixation with a mask system
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instead of an invasive fixation using a head pin.
The LINAC systems used the Elekta Synergy plat-
form (Elekta AB, Stockholm, Sweden), with IGRT,
6-degree robotic couch (HexaPOD)®, and 3 mm
micro multi-leaf to maintain the fixation accuracy
below 1 mm. HexaPOD (Elekta AB, Stockholm,
Sweden) is a couch that can adjust the twisting
element in addition to the XYZ position, and is a
system with higher accuracy than the 3-axis couch.
SRS using HexaPOD was started for the first time
in Japan. Many cases have been treated with
acceptable accuracy using this system?.

SRS with the latest LINAC systems

In general, 80% of SRS cases comprise brain
metastases. Until around 2014, whole-brain irradia-
tion was indicated for three to four or more brain
metastases. However, in recent years, the advent of
molecular targeted drugs has enabled long-term
survival of patients even in advanced cancer stages.
In such an era background, in recent years, cogni-
tive decline as an adverse effect of whole-brain
irradiation has become a problem.

Furthermore, the results of a multicenter joint
study by the Gamma Knife group? have offered a
choice to perform SRS on patients with multiple
brain metastases. In 2021, the LINAC systems of
the Juntendo Nerima Hospital were updated to the
latest model called Versa HD (Elekta AB,Stock-
holm, Sweden) (Figure 6). Versa HD is a highly
versatile Linac capable of stereotactic radio surgery
(SRS) for multiple brain tumors and high-defini-

Figure 6 New Linac systems in Juntendo Nerima Hospital
(Versa HD by Elekta corp

tion volumetric modulated arc therapy (VMAT)®.
It is possible to obtain not only online marker-less
4D-Cone Beam CT (CBCT), but also 3D / 4D
CBCT during treatment. Moreover, the treatment
time is shorter than that of conventional SRS.
Furthermore, the treatment accuracy has an error
of 1 mm or less by using a quality control system
called Catalyst (C-RAD Positioning AB, Uppsala,
Sweden). Although it has become possible to
perform SRS for multiple brain metastases using
this systems, it is necessary to consider the indica-
tion of SRS based on the patient background. An
example of SRS for multiple brain metastases is
presented in Figure 7. Since this patient had a
history of prophylactic whole-brain irradiation due
to small-cell lung cancer, it was impossible to re-ra-
diate the whole brain. Eleven brain metastases
were effectively treated using this system by
concentrating the dose distribution at each of the
metastases. The average dose in the normal brain
was as small as 8 Gy.

Conclusion

SRS in Japan began with the Gamma Knife tech-
nology, but a few years later, LINAC-based SRS
was started. The LINAC-based SRS was widely
used, as IMRT, SRS, and conventional irradiation
could be performed using the same LINAC system.
In recent years, stereotactic irradiation has be
selected even for multiple brain metastases if it
possible. Although indications of SRS have expanded,
methods of radiation therapy in future would need
to be selected according to individual patient back-
grounds.
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New Countermeasures Against Infections with/after COVID-19:

Is Chlorine Dioxide a Useful and Safe Disinfectant?

KAORU OBINATA

Department of Prevention Medicine for Mass Infection, Juntendo University Graduate School of Medicine, Tokyo, Japan

Pandemics of microorganism are serious problem such as corona virus induced disease 2019 (COVID-19), and the infectious

diseases rapidly transmitted via airborne or aerosol among community space. To prevent aerosol infections, ozone and chlorine

dioxide gases are practical methods in room air. However, ozone requires relatively high concentrations for this purpose, which

might be toxic to humans present in the room. On the other hand, the low concentration of chlorine dioxide gas and aqueous

solution are sufficiently effective against aerosol infection for the causative microorganism, and it is expected that when it is

used in combination with a high-efficiency particulate air filter, it will be highly safe with high prevention effect and cost

effectiveness.

Key words: chlorine dioxide, COVID-19, aerosol infection, disinfection

Introduction

Science the current global outbreak of severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, the development of effective and
safe methods to inactivate viruses in a manned
environment have been required?.

Respiratory viruses mainly transmitted human-
to—human via droplets or aerosols. To control infec-
tions, not only standard precaution but also counter-
measures at the spatial environment are important,
and the establishment of economically healthy and
effective infection prevention methods is desired.

Disinfection methods

Ozone

Ozone gas is a strong oxidant? and has long been
used to inactivate pathogenic microbes in water>?.
It can be used to inactivate microbes on the surfaces

of objects and aerosols. Hudson et al. found ozone
inactivated viruses, including mouse coronavirus,
on glass and stainless steel®. They reported that
20-25 ppmv ozone with 90% relative humidity was
effective at inactivating 12 viruses on hard or porous
surfaces®.

However, high concentrations of ozone need for
the disinfection of room air or object surfaces, and
problem remains its toxicity to humans and animals®.
Sokolowska et al. reported a mouse experiment
where a single exposure to 1 ppmv ozone for 60
min caused damage to the bronchiolar epithelium
within 2 hours, disrupted epithelial tight junctions,
and promoted cell death, which was followed by
reactive oxygen species production®. This result
indicates the difficulty of using ozone as a disinfec-
tant against viruses in the presence of humans in
rooms. Chronic exposure of humans to ozone causes
the progressive and irreversible loss of alveolar
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epithelial cells and eventually emphysema occurs?.

Therefore, although the effectiveness of ozone has
been proven, its use, especially in terms of concen-
trations and exposure periods, should be carefully
controlled to avoid adverse effects.

Chlorine dioxide

Chlorine dioxide inactivates many viruses. For
instance, the inactivation activity of chlorine dioxide
against feline calicivirus and influenza A virus was
0.05 ppmv for 5 h, and the reduction of virus was to
a level of 10°®¥. Inactivation of viruses by chlorine
dioxide aqueous solution was also demonstrated.
Sanekata et al. found that human influenza virus,
measles virus, canine distemper virus, human
herpes virus, human and canine adenoviruses, and
canine parvovirus were inactivated by chlorine
dioxide aqueous solution”. Hepatitis A virus was
completely inactivated after 10 min in a 7.5 mg/L
aqueous solution of chlorine dioxide!?. The cause of
inactivation of the virus was related to the complete
loss of antigenicity of the virus and the loss of the
5 non-translated region of its genome'®!V. Chlorine
dioxide is a relatively stable free radical'®!® that
denatures proteins by oxidizing their tyrosine and
tryptophan residuest*'®. Ogata et al demonstrated
that chlorine dioxide is effective against the SARS-
CoV-2 and the mechanisms of action that inhibits
the binding of the spike protein of the SARS-CoV-2
on ACEZ2 through the action of chlorine dioxide has
been verified'”.

Akamatsu et al. demonstrated the safety of a low
concentration of chlorine dioxide in an animal
experiment. Rats exposed to whole-body inhalation
of 0.1 ppmv chlorine dioxide for six months with a
two-week recovery period showed no differences
in body weight gain, food intake, water intake, rela-
tive organ weight, blood biochemistry data, and
hematology examination data compared with
control rats not exposed to chlorine dioxide!®. In
their experiment, rats were exposed to chlorine
dioxide for 24 hours/day and 7 days/week. Further-
more, the concentration of gas was precisely
controlled within * 25% of the target concentra-
tion!®. Their result strongly suggests that chlorine
dioxide at or below 0.1 ppmv can be used safely to
disinfect room air in the presence of humans for a
long period. A concentration of 0.1 ppmv chlorine
dioxide was effective at inactivating virus in room
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air'¥?Y. The US Department of Labor of the Occu-
pational Safety and Health Administration (OSHA)
stated that the permissible exposure concentration
of chlorine dioxide for humans for an 8-hour time-
weighted average was 0.1 ppmv?. Dalhamn reported
a no-observed adverse-effect-level (NOAEL) of
0.1 ppmv in rats exposed to chlorine dioxide for 5
hours/day for 10 weeks® . Therefore, chlorine dioxide
can be used effectively and safely at relatively low
concentrations against viruses and bacteria.

Ultraviolet (UV)

UV light and photochemical reactions have been
used to inactivate viruses. Regarding UV light irra-
diation, 254 nm light is usually used® 2>, While this
method is quite useful for inactivating viruses
floating in room air or stuck on objects in a room,
its disadvantages include that it cannot inactivate
virus in the blind spots of a room where UV light
does not penetrate. Furthermore, humans cannot
be present because UV irradiation causes cata-
racts® and dermal neoplasms®”. There are other
similar methods that can inactivate viruses. For
instance, viruses are inactivated by photochemical
reactions using titanium oxide®. However, this
method is useful predominantly to inactivate viruses
stuck on objects. Furthermore, it has not been
proven to be effective at inactivating virus floating
in room air or away from object surfaces.

Hypochlorous acid (HCIO)

Aerosol sprays are also used to disinfect room air
containing pathological viruses. For this purpose,
hypochlorous acid in water is frequently used as a
spray to inactivate avian influenza virus, Newcastle
disease virus, and coronavirus®3”. An aqueous
solution of sodium hypochlorite (NaClO) was also
used as a spray to disinfect viruses®*?. However,
both hypochlorous acid and sodium hypochlorite
solution sprays are primarily used to disinfect
viruses on the surfaces of objects. While useful,
they are rarely used to disinfect room air, and their
effectiveness at inactivating viruses floating in
room air has not been demonstrated quantitatively.

Ventilation

The mechanical or natural ventilation of room air
is a simple, effective, and inexpensive way to mini-
mize the airborne transmission of respiratory
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viruses®®. The Center for Disease Control and
Prevention recommends a ventilation of 6-15 room
air changes per hour to minimize the transmission
of microbes®®. However, the efficient ventilation of
room air is accompanied by unwanted warming or
cooling of room air unless an ambient temperature
1s appropriate. This requires extra energy expendi-
ture aside from that required for mechanical venti-
lation, and such procedures go against the earth-
warming policies of many countries. Thus, the safe
and effective inactivation of viruses in room air by
methods other than ventilation should consider
energy saving. In summary, after a survey of the
current literature, low—concentration chlorine dioxide
is the most suitable agent for the safe and effective.

Discussion

Ozone gas is an effective disinfectant in the air.
However, its toxicity becomes a serious problem
when it is used continuously in a room®”. On the
other hand, chlorine dioxide gas can be used in a
room with low concentrations that are effective in
inactivating viruses and which are safe to humans'®.
Chlorine dioxide gas is the only practical and
currently available disinfection agent that can
disinfect viruses in room air to prevent viral respi-
ratory diseases®®.

Since ethical support is required when using
chlorine dioxide gas in a manned environment,
there was a need to obtain approval from the ethics
committee of hospital and institution. We installed
and applied in an actual hospital environment after
careful consideration and discussion by the
committee and their approval. After that chlorine
dioxide gas generating gel was installed in each
room of the pediatric ward in a city hospital during
the winter months when infectious gastroenteritis
was prevalent, and we were able to conduct a
study on the effect of preventing secondary infec-
tions of the infectious gastroenteritis using an
aqueous solution of chlorine dioxide. As a result of
examination of the four seasons since 2016, it was
confirmed that there were no secondary infections
of infectious gastroenteritis observed and that
there were no reported adverse events. (Figure 1)

Nosocomial pneumonia develops in patient
around 48 hours after admission. This form of pneu-
monia has a high mortality rate and incidence rate
and is a major problem in terms of the medical

expenses it incurs for patients. One of the preven-
tive measures for nosocomial pneumonia includes
environmental improvement such as disinfection
and cleaning of hospital rooms. However, in many
ways, this is an uphill battle, as many infections are
transmitted through droplets in the air (as we have
seen with the recent COVID-19 pandemic), which
are extremely difficult to combat, especially when
the main preventive method is cleaning surfaces.

In nosocomial infections, contact infections such
as drug resistant bacteria and viruses become a
problem. Furthermore, measures such as ventila-
tion of air-conditioning and prevention of aerosol
spread by shielding are being taken as measures
against aerosol infection and air infection. Standard
precaution measures alone leave viruses and
bacteria in the environment. Secondary infections
also occur in actual medical settings, making it diffi-
cult for clusters to occur. It is possible to further
reduce the risk of nosocomial infections by adding
more reliable infection countermeasure in spatial
disinfection and virus removal using chlorine dioxide
gas to the conventional infection countermeasures.
And the causative microorganisms include not only
general bacteria but also drug-resistant bacteria,
such as Methicillin-Resistant Staphylococcus aureus
(MRSA) and Multi-Drug Resistant Pseudomonas
aeruginosa (MDRPA). (Figure 2)

Of course, measures already exist within hospi-
tals to prevent or counteract air and droplet infec-
tions. One of the chief methods is the use of high-ef-
ficiency particulate air (HEPA) filters, but even if
the pathogenic microorganisms are captured by
the filter, they are not sterilized or killed - meaning
that the problems are not really solved in any
meaningful way. There are also problems with the
associated costs of HEPA filters, as well as the
issues they cause regarding the need for secure
spaces in hospitals - something difficult to achieve
when HEPA filters are installed.

On the other hand, chlorine dioxide exists as a
gas at room temperature and dissolves in water to
form an aqueous solution. Chlorine dioxide gas and
aqueous solution have a sufficient effect on aerosol
infection of the causative microorganism for noso-
comial pneumonia and an improvement of its effi-
cacy can be expected by using it in combination
with the conventionally used HEPA filter.
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Impact Objectives

« Clarify the route of infection transmission
by screening for drug-resistant bacteria and
genetically testing pathogenic microorganism

« |dentify effective countermeasures for each

route of infection

hlorine dioxide
combats infections

Professor Kaoru Obinata leads a project aiming to reduce the risk of nosocomial infections through the
development of reliable infection countermeasures

Nosocomial

pneumonia is a

form of pneumonia
that develops 48 hours after admission and
the causative microorganisms include not
only general bacteria but also drug-resistant
bacteria, such as methicillin-resistant
Staphylococcus aureus (MRSA) and multi-drug
resistant Pseudomonas aeruginosa (MDRPA).
Nosocomial pneumonia has a high mortality
rate and incidence rate, and is a major
problem in terms of the medical expenses
it incurs for patients. One of the preventive
measures for nosocomial pneumonia
includes environmental improvement such
as disinfection and cleaning of hospital
rooms. However, control of infection through
the spatial environment is also important,
and the establishment of economically
healthy and effective infection prevention
measures is desired. That is where our work
comes in. By screening for drug-resistant
bacteria such as MRSA and MDRPA — as
well as genetically testing pathogenic
microorganism using multiplex polymerase
chain reactions (PCR), we can clarify the
route of infection transmission and take
effective countermeasures for each route
of infection. Our team at the Department
of Pediatrics, Juntendo University in Japan

is focused on doing just this with the aim
of helping many patients across Japan and
beyond.

In this research, in order to examine the
efficacy and safety of chlorine dioxide on
aerosol infection and contact infection, we
will regularly conduct active surveillance

for patients admitted in high care rooms or
ward. There may be negative and skeptical
opinions in the medical field because there
is no widespread awareness of the safety
and efficacy of low-concentration chlorine
dioxide. So, by confirming the preventive
efficacy and safety of chlorine dioxide against
nosocomial pneumonia, we can expect

the establishment of a new nosocomial
infection control method with less human
and economic burden. Ultimately, it will be
beneficial not only for the inpatients but also
for the hospitals.

Since ethical support is required when

using chlorine dioxide gas in a manned
environment, there was a need for us to
obtain approval from the ethics committee
of each hospital and institution. It can only
be installed and applied in an actual hospital

environment after careful consideration
and discussion by the committee and their
approval.

Chlorine dioxide gas generating gel was
installed in each room of the pediatric

ward in a city hospital during the winter
months when infectious gastroenteritis was
prevalent, and we were able to conduct a
study on the effect of preventing secondary
infections of the infectious gastroenteritis
using an aqueous solution of chlorine
dioxide. As a result of examination of the
four seasons since 2016, it was confirmed
that there were no secondary infections of
infectious gastroenteritis observed and there
were no reported adverse events.

We would like to examine our work’s impact
on infection prevention against the COVID-19
virus, which is wreaking havoc around the
world at present. We are also interested in
seeing the effect on the mutant strains that
are now appearing on a regular basis

www.impact.pub 37

Figure 1 Chlorine dioxide combats infections
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New countermeasures

against nosocomial
infections

A team of researchers based within the Department of Pediatrics at Juntendo University is investigating
the efficacy and safety of chlorine dioxide against nosocomial infection to help develop improved infection

countermeasures

osocomial is a term used to describe
any infection, disease or condition that
originated in hospital. Ultimately, this means
that a patient was admitted to hospital for
one thing and is then afflicted by something
else. It is an issue that people around the
world have come to be increasingly aware
of in recent years with the rise of more
resistant bugs, such as methicillin-resistant
Staphylococcus aureus (MRSA) and multi-
drug resistant Pseudomonas aeruginosa
(MDRPA).

One example of a condition that can occur in
patients who have been admitted to hospital
is nosocomial pneumonia, which is a type of
pneumonia that develops in patients around
48 hours after admission. Unfortunately, this
form of pneumonia has a high mortality rate

38 www.impact.pub

and occurs in a surprisingly large number

of patients. For these reasons, researchers
are intent on finding new and improved
means of preventing nosocomial pneumonia
from occurring, but also helping to develop
treatments that help combat it in those
incidents where it does occur.

One of the chief means of preventing
nosocomial pneumonia (and the prevalence
of MRSA and MDRPA) is through improving
the sanitary conditions of hospitals, where
the building undergoes extremely stringent
disinfection and cleaning. However, in

many ways, this is an uphill battle, as many
infections are transmitted through droplets
in the air (as we have seen with the recent
COVID-19 pandemic), which are extremely
difficult to combat, especially when the main

preventive method is cleaning surfaces.

It is with these challenges in mind that
Professor Kaoru Obinata has embarked

on a project employing a novel technique

to combat nosocomial pneumonia and
other conditions contracted in hospital.
Based within the Department of Pediatrics
at Juntendo University in Japan, Obinata
leads a team that is exploring the safe and
effective application of chlorine dioxide in
medical settings. ‘The novel element of the
project comes from the fact that, in high
concentrations, chlorine dioxide is toxic and
can burn and/or severely irritate the skin and
eyes of human beings, so it would not be an
obvious avenue for exploration - especially in
hospital patients, but from our perspective

Figure 2 New countermeasures against nosocomial infection
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chlorine dioxide holds a lot of potential,’
highlights Obinata.

The team of researchers have identified
the potential success of chlorine dioxide
as a countermeasure against nosocomial
infections. ‘In nosocomial infections,

contact infections such as drug resistant

bacteria and viruses become a problem.
Furthermore, measures such as ventilation

of air-conditioning and prevention of aerosol
spread by shielding are being taken as
measures against aerosol infection and air
infection, which are also the problems we
are seeing with the new COVID-19 virus,’
observes Obinata. ‘However, standard
infection prevention measures alone leave
viruses and bacteria in the environment.
Secondary infections also occur in actual
medical settings, making it difficult for
clusters to occur.” He says they believe that
it is possible to further reduce the risk of
nosocomial infections by adding a more
reliable infection countermeasure in spatial
disinfection and virus removal using chlorine
dioxide gas to the conventional infection
countermeasures.

Of course, measures already exist within
hospitals to prevent or counteract air and
droplet infections. One of the chief methods
is the use of high-efficiency particulate air
(HEPA,) filters, but even if the pathogenic
microorganisms are captured by the filter,
they are not sterilised or killed - meaning
that the problems are not really solved in
any meaningful way. There are also problems
with the associated costs of HEPA filters,

as well as the issues they cause regarding
the need for secure spaces in hospitals -
something difficult to achieve when HEPA
filters are installed.

On the other hand, chlorine dioxide

exists as a gas at room temperature and
dissolves in water to form an aqueous
solution. Chlorine dioxide gas and aqueous
solution are known to have a sufficient
effect on aerosol infection of the causative
microorganism for nosocomial pneumonia
and an improvement of its efficacy can be
expected by using it in combination with
the conventionally used HEPA filter. ‘The
infection route for nosocomial pneumonia
is associated with aerosol infection when

performing endotracheal suction operation

in cases of respiratory management,’ points
out Obinata. He explains that as a preventive
measure, the use of negative pressure and
positive pressure chambers to prevent the
diffusion and inflow of microorganisms

are being carried out, in addition to

the use of a closed suction system, the
disinfection of hospital rooms, cleaning of
the environment, ventilation and the use of
HEPA filters. ‘However, the installation of

a negative pressure chamber is expensive
and the HEPA filter cannot sterilise or kill
the pathogenic organisms even if it can
capture them. Alcohol is not effective for the
disinfection of objects against norovirus and
adenovirus while sodium hypochlorite has a
problem in terms of producing carcinogens
such as trihalomethane, he outlines.

The low concentration of chlorine dioxide
gas and aqueous solution are considered

to be sufficiently effective against aerosol

infection for the causative microorganism
of nosocomial infection, and it is expected
that when it is used in combination with a
HEPA filter, it will be highly safe with good
prevention effect and cost effectiveness.

So far, the team’s investigations have shown
that chlorine dioxide aqueous solution is
effective against various bacteria, viruses
and fungi at a lower concentration than
sodium hypochlorite solution. However, it
has also been found that low-concentration
of chlorine dioxide gas is effective against
airborne bacteria and viruses, as well as
adherent bacteria and viruses. In mouse
models, the team has shown that it is
effective against aerosol infection for the
influenza virus and against influenza-like
illness in humans.

Chlorine dioxide aqueous solution has been
proven to be effective against MRSA and
MDRPA too - which seems to support its
use against other nosocomial infections.
‘Interestingly, the team’s research has

also found that it is effective against the
new coronavirus (SARS-CoV-2) and the
mechanisms of action that inhibits the
binding of the spike protein of the SARS-
CoV-2 on ACE2 through the action of
chlorine dioxide has been verified, confirms
Obinata. ‘Based on these results, it appears
that chlorine dioxide aqueous solution

can be applied in hospital settings for the

prevention of a wide range of nosocomial
infections.’

The next stage is for the researcher to find
a means of ensuring that the concentration
of chlorine dioxide can be kept to safe

and constant levels so that the effects are
beneficial and not harmful. Thus, they are
working to clarify the installation location
of the chlorine dioxide generating gel in

hospital rooms, as well as the time at which
the mechanism should be replaced. If
these final pieces of the puzzle can be put
together, there is a genuine chance that the
findings can be translated into real-world
settings, thereby saving the lives of patients
around the world.
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The infection route for nosocomial pneumonia is
associated with aerosol infection when performing
endotracheal suction operation in cases of respira-
tory management, as a preventive measure the use
of negative pressure and positive pressure cham-
bers to prevent the diffusion and inflow of microor-
ganisms are being carried out, in addition to the
use of a closed suction system, the disinfection of
hospital rooms, cleaning of the environment, venti-
lation and the use of HEPA filters. However, the
installation of a negative pressure chamber is
expensive, and the HEPA filter cannot sterilize or
kill the pathogenic organisms even if it can capture
them. Alcohol is not effective for the disinfection of
objects against norovirus and adenovirus while
sodium hypochlorite has a problem in terms of
producing carcinogens such as trihalomethane.

The low concentration of chlorine dioxide gas
and aqueous solution are sufficiently effective
against aerosol infection for the causative microor-
ganism of nosocomial infection, and it is expected
that when it is used in combination with a HEPA
filter, it will be highly safe with high prevention
effect and cost effectiveness.

Chlorine dioxide aqueous solution has been proven
to be effective against MRSA and MDRPA, which
seems to support its use against other nosocomial
infections. Based on these results, it appears that
chlorine dioxide aqueous solution can be applied in
hospital settings for the prevention of a wide range
of nosocomial infections. The next stage is to find a
means of ensuring that the concentration of chlo-
rine dioxide can be kept to safe and constant levels
so that the effects are beneficial and not harmful.
Thus, we will work to clarify the installation loca-
tion of the chlorine dioxide generating gel in
hospital rooms, as well as the time at which the
mechanism should be replaced® (Figure 2).

If these final pieces of the puzzle can be put
together, there is a genuine chance that the find-
ings can be translated into real-world settings,
thereby saving the lives of patients around the
world.
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Application of the Bioabsorbable Polyglycolic Acid Sheet in

Colorectal Anastomosis in Animal Models

SHINGO KAWANO, YUTAKA KOJIMA, YUKI TSUCHIYA, SHUNSUKE MOTEGI,
RyoicHl TSUKAMOTO, KazuMASA KURE, Kiicat SUGIMOTO, MAKOTO TAKAHASHI,
ATSUSHI OKUZAWA, KAZUHIRO SAKAMOTO

Department of Coloproctological Surgery, Juntendo University Factually of Medicine, Tokyo, Japan

Objectives: Anastomotic complications after colorectal surgery are one of the most serious outcomes. To address this issue, this
study used the newly developed bioabsorbable polyglycolic acid (PGA) sheet to assess its usefulness and safety using two
approaches of double stapling technique (DST) after laparoscopic anterior resection (AR) in pig models.
Methods: Rectal intratissue pressure was assessed after DST anastomosis in two groups, i.e., with (PGA group) or without PGA
sheet (nonPGA group), which was sandwiched between the anastomosis in the first approach. In the second approach, after
laparoscopic DST anastomosis with PGA sheet attached at anvil side, the clinical short-term outcomes within 1 week and
histological findings at 1 week after the surgery were evaluated.
Results: Assessment of rectal intratissue pressure showed a mean pressure of 9.28 kPa in the PGA group versus 5.78 kPa in
the nonPGA group (p» =0.39). The results of clinical short-term outcomes revealed that there were no anastomotic complications.
The results of histological findings in anastomotic bowel tissues with PGA sheet were not significantly different from those of
the control case.
Conclusions: The bioabsorbable PGA sheet can be used for colorectal DST anastomosis in animal models and may be a valuable
tool for this procedure.
Key words: colorectal anastomosis, bioabsorbable polyglycolic acid sheet, animal model, laparoscopic anterior resection,
double stapling technique

widely from 3% to 30% and increases the postoper-

Introduction ative mortality rate®?. An option that holds promise

Anastomotic complications after colorectal surgery
are the main cause of postoperative morbidity,
mortality, impaired quality of life, and prolonged
hospital stay, in addition to creating the risk for
permanent stoma. Anastomosis complications gener-
ally include leakage, bleeding, and stenosis*?. Anas-
tomotic leakage (AL) is one of the major complica-
tions of colorectal surgery, especially in patients
with rectal cancer. The occurrence of AL varies

to control leakage is that of staple line reinforce-
ment, although use of this reinforcement in general
Is not new, previously described for bariatric
surgery'®!V pancreatic surgery'?, and colorectal
surgery'd- 19,

Several previous studies have assessed bioab-
sorbable felt constituted from polyglycolic acid
(PGA) /trimethylene carbonate. Franklin et al
reported the first series of cases using staple line
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reinforcement in colon surgery, in which the bioab-
sorbable felt was loaded on a linear stapler'¥. The
initial study results were very promising, with no
bleeding and no significant leakage in a short-term
follow-up. More importantly, no adverse outcomes
have been observed in almost 3 years of continuous
use. Consten et al reported early results with this
approach that showed a decreased incidence of
hemorrhage and leakage after gastric surgery'?.
Nguyen et al demonstrated that the use of bioab-
sorbable staple line reinforcement is safe and effec-
tive in the prevention of intraoperative staple line
bleeding and postoperative gastrointestinal hemor-
rhage!V. Several authors agree that the use of
bioabsorbable felt as staple line reinforcement
seems to be safe and may be useful in preventing
AL, bleeding, and, potentially, intraluminal stenosis
as well. The use of bioabsorbable staple line rein-
forcement may play an important role in high-risk
patients undergoing colorectal surgery, which
include those who use steroids, have a longer intra-
operative time, or have cancer, immunosuppres-
sion, and contamination and other issues. However,
Placer et al reported that bioabsorbable staple line
reinforcement in colorectal surgery does not reduce
the rate of pooled anastomotic complications'®.

A new, thinner (0.15 mm), reinforcement mate-
rial constituted only from PGA (NEOVEIL; Gunze,
Osaka, Japan) has been developed. This new type
of sheet with only PGA allows a shorter absorption
time, and the influence for tissue is less from this
sheet. This study assessed the usefulness and
safety of this new PGA sheet using the colorectal
double stapling technique (DST) anastomosis
during laparoscopic anterior resection (AR) via
two approaches in animal models. Approach A
involved the evaluation of usefulness, made by
assessing the rectal intratissue pressure (RIP)
after DST anastomosis. Approach B involved the
evaluation of safety, made by assessing the clinical
short-term outcomes of DST anastomosis with
PGA sheet and evaluating histological findings

Materials and Methods

Ethics Statement

The miniature pigs were purchased from ZEN-
NOH Nagano. The animal studies were approved
by the Animal Review Board of Juntendo Univer-
sity (Approval number: 1323).
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Surgical procedure

All procedures were performed under sterile
conditions by surgeons responsible for the assigned
procedure. The pigs were administered isoflurane
via inhalation for anesthesia. A laparoscopic AR
was performed with colorectal end-to-end anasto-
mosis with DST. The resected colon was the
approximately 5 cm. The anal side of rectum was
cut using the Endo GIA Reinforced Reload with
Tri-Staple Technology™ or Endo GIA Reload with
Tri-Staple™ (Medtronic, Minneapolis, USA). The
anvil was extracorporeally set into the oral side of
the sigmoid colon. The colorectal anastomosis was
intracorporeally performed using the EEA Circular
Stapler with DST Series Technology™ (Medtronic,
Minneapolis, USA).

Approach A

The animals, i.e, nine pigs were classified into
two groups. The first was the PGA group. In this
group, the anal side of rectum was cut using the
Endo GIA Reinforced Reload with Tri-Staple Tech-
nology. The PGA sheet was used, which was sand-
wiched between the oral side of the colon and the
anal side of the rectum in anastomosis (Figure 1).
The second group was the nonPGA group. In this
group, the anal side of rectum was cut using Endo
GIA Reload with Tri-Staple. The PGA sheet was
not used and was not sandwiched between the oral
side of the colon and the anal side of the rectum
in anastomosis. The measurement of RIP was
performed using HANDY MANOMETER PG-100
102GP™ (Nidec Copal Electronics, Tokyo, Japan)
in the rectum, intraluminally filling it to the point of
just overflowing by injecting air after anastomosis
and clamping the oral side of the colon (Figure 2).

Approach B

In this approach, laparoscopic AR was performed
in four pigs. Rectal transection was performed using
Endo GIA Reinforced Reload with Tri-Staple Tech-
nology in all pigs. In the first case, normal DST
anastomosis was performed without using the PGA
sheet. In the other three cases, the PGA sheet was
extracorporeally attached to the anvil; subsequently,
reinforced DST was performed (Figure 3(a)-(e)).
After laparoscopic AR with DST, the clinical
courses were observed for 1 week. Furthermore,
second-look surgery was performed to observe the
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Oral side

Anal side

PGA sheet

Figure 1 Colorectal anastomosis in the PGA group (Approach A)
(a) The oral side of colon is covered with the PGA sheet outside of the abdominal space. (b) The PGA sheet
is sandwiched between the oral side of the colon and the anal side of the rectum in anastomosis. (¢) The schema

of anastomosis in the PGA group.

(b)

Clump

= m mmm || DST anastomosis

Anus

Figure 2 The schema of the measurement of RIP
(a) The measurement of RIP was performed using HANDY MANOMETER PG-100 102GP. (b) The schema
of the measurement of RIP. A sensor in the rectum was used for pressure measurement. The colon was

clumped on the oral side of the anastomosis.

intracorporeal findings 1 week after the first oper-
ation, and anastomoses were resected and assessed
histologically with hematoxylin and eosin stain.
Anastomotic factors were clinically and histologi-
cally assessed.

Statistical analysis
Comparison between the RIP of the PGA group
and the nonPGA group was performed using

Mann-Whitney U test. This analysis was performed
using the JMP software (version 12.0, SAS Insti-
tute). All calculated p values were two-sided and p
< 0.05 was considered statistically significant.

Results

Approach A: Measurement of RIP
There were five pigs in the PGA group and four
in the nonPGA group. The mean RIP was 9.28 kPa
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(e) Circular staple

[ Analside tissue (rectum) |

' Oral side tissue (colon) | PGA sheet

Anal side

PGA sheet
(f) Circular staple

I Anaisiaetissueirectumi |PGA5heet
l Oral side tissue (colon) IPGAsheet

Figure 3 Colorectal anastomosis in the PGA group (Approach B)
(a) The anvil was covered with the PGA sheet. (b) This anvil was set into the oral side of colon. (c) The PGA
sheet was on the oral side of the colon with the anvil. (d) The schema of anastomosis. (e¢) The schema of staple
and PGA sheet in this approach. One PGA sheet was used on the oral side. (f) The schema of staple and PGA
sheet to be used in the future. Two PGA sheets were used on the oral and the anal side.

for the PGA group versus 5.78 kPa for the nonPGA
group, which did not differ statistically (» = 0.39)
(Figure 4).

Approach B: Clinical Short-Term Outcomes

All four pigs were alive and had no event of clin-
ical findings, such as fever, infection of incisional
wound, or appetite loss, after undergoing laparo-
scopic AL with DST anastomosis. Although little
postoperative adhesion was expected around the
anastomosis during the second-look surgery, no
anastomotic complications were evident in the
abdominal cavity, such as bleeding, stricture forma-
tion, or leakage (Table 1).

Approach B: Histological Findings (Table 1)
There was no histological leakage in the anasto-
mosis. Histological findings showed increased fibro-
blasts and neutrophils in both the PGA and the
control groups. Slightly more granulation formation
was noted around the anastomosis in the PGA
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cases than in the control case. Also, in the PGA
group, the PGA sheet was observed to have
remained in the anastomosis. These two groups
showed no other significant differences except that
of the remaining the PGA sheet fibers (Figure 5).
In addition, abscess formation was found around
the anastomosis in one of the PGA cases. However,
there was some distance between the abscess
formation and PGA sheet. Moreover, no necrotic
tissue was observed near the anastomosis.

Discussion

Recently, several studies have reported the effec-
tiveness of staple line reinforcing material for the
prevention of anastomosis complications. This study
assessed the usefulness and safety of a newly avail-
able PGA sheet by two approaches in animal
models to show the potential of this new PGA sheet
for the DST anastomosis of the colorectal surgery.
Approach A was aimed to assess its utility for the
reinforcement of the circular anastomosis. Approach
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(kPa) 20
p=0.3913
10
e
__._:‘: _____
0

The non-PGA group
(4 pigs)

The PGA group
(5pigs)

Figure 4 Measurement of RIP
The mean RIP was 9.28 kPa for the PGA group versus 5.78 kPa for the nonPGA
group, which did not reach statistical significance (p = 0.3913).

Table 1 Result of Approach B

Clinical complications of anastomosis

Histological findings in anastomotic tissue

FeA leakage bleeding structure leakage Necrotic tissue Abscess formation
Control case =) ) ) ) ) ) )
Case 1 () =) ) ) ) ) (+)
Case 2 ) ) ) ) ) ) )
Case 3 ) ) ) ) ) ) )

B was aimed at addressing its safety for use in
colorectal anastomosis.

In approach A, the aim was to examine the utility
by measurement of RIP. Results showed not statis-
tical differences, although the mean RIP of the PGA
group was higher than that of the nonPGA group.
This finding showed that the PGA sheet might
reduce the AL in colorectal surgery. Naito et al
reported that the high rates of complete staple
formation were important for reducing anastomosis
failure'®. They reported that reinforcement with
the PGA sheet results in higher rates of complete
staple formation in the approach of linear-staple on
linear-staple site. In this animal model, there might
be the same reinforcement with the PGA sheet in
circular-staple on linear-staple site.

In approach B, laparoscopic AR was performed
to clinically and histologically assess the safety of
short-term outcomes of DST anastomosis postop-

eratively. This evaluation showed that the PGA
sheet may be safe for use in colorectal surgery. Of
the three pigs examined, none was found to have
complications from the anastomosis. Histologic find-
ings showed the PGA sheet remained in the anas-
tomosis and that granulation formation had occurred
around the anastomosis because of using the PGA
sheet because the sheet provided scaffolds for early
tissue repair. Well-built barriers of inflammatory
granulation developed around the site of the anas-
tomosis. Takagi et al showed this scaffold reduced
the postoperative rate of pancreatic fistula!?. Early
enclosure of the pancreatic leak by the granulation
formation may have been achieved, and the barrier
formed by the abundant fibroblast infiltration in
the scaffold of the PGA sheet likely prevented the
postoperative pancreatic fistula.

This study has several limitations. First, the
sample size was small and thus could not demon-

477



Kawano S, et al: Reinforcement for colorectal anastomosis

Figure 5 Histological findings of anastomosis (Approach B)
(a) Histological findings (hematoxylin and eosin stain). (b) Anastomosis of the control case. (¢) Anastomosis
with the PGA sheet, with obvious remaining PGA material. (d) The PGA sheet is represented as the space
between the arrows.

strate statistical difference. The results of our
approaches were the higher credibility because we
had used the big animal like pigs. Animal studies
with a larger sample size are too difficult to continue
ethically. Our results suggested that this approach
was risk-free. In the future, we plan to conduct a
study that confirms the PGA sheet’s effectiveness
in humans. The RIP was dependent on the resting
pressure of the anus; hence, the resting pressure of
the anus should be measured to obtain more accu-
rate data. Multiple RIP measurements should be
made for reproducibility. However, in our study,
we measured the RIP only at the point when the
injected air had just overflowed. The anastomosis
was broken only during one measurement, and we
had only one chance of measurement per anasto-
mosis. The duration of follow-up was short (1
week), whereas ALs may be detected anywhere
from 3 to 45 days postoperatively”!®. In addition,
there appears to be two peaks of when the diag-
nosis is made of anastomotic leaks. When leakages
observed clinically, the median postoperative time
of diagnosis is 7 days; when leaks are diagnosed
radiographically, the median postoperative time is
16 days®. In this approach, anastomotic leaks were
assessed by only clinical findings. None of the pigs
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had clinical complications associated with anasto-
mosis failure; therefore, the authors posited that
short-term outcomes of AR might be acceptable.
The other key histological finding was the abscess
formation in one pig in approach B. In approach B,
the PGA sheet was set intrarectally for attaching it
to the mucosal surface, not within the tissue.
Although there was no PGA sheet in the abscess,
this finding showed that the PGA was able to lead
to surgical site infection. Few studies have reported
that the PGA sheet was attached to the mucosal
surface!?. However, they did not report the histo-
logical findings. To our knowledge, our report is
rare in that the PGA sheet in our study was
attached to the mucosal surface of the anastomotic
site of the circular stapler and assessed on the basis
of histological findings. The relationship between
with the clinical findings and abscess formation
was unclear and must be verified. Finally, the loca-
tions of the PGA sheet in these two approaches
were different. In approach A, the method to use
the PGA sheet was the simplest, in which it was
sandwiched between the oral and the anal side. In
approach B, we considered using two PGA sheets,
similar to the more clinical Endo GIA Reinforced
Reload with Tri-Staple Technology (Figure 3(f)).
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However, our adaptation of circular Stapler with
PGA sheet made it easy to slip blindly from the
anus to the stump through the rectum and
increased the risk of obstruction and stenosis. More
PGA sheets allowed for better reinforcement of
anastomosis by providing more scaffolds for early
tissue repair. However, an excessive number of
PGA sheets could increase the risk of obstruction
and stenosis. Therefore, we used one PGA sheet, as
shown in Figure 3(e). We planned to create a new
device model that uses two PGA sheets for both
the circular stapler and anvil. If we use a PGA
sheet for the circular stapler, the PGA sheet might
shift during circular stapler insertion in the anus.
We thought that the PGA sheet processing was
required to solve this problem. Therefore, we used
the PGA sheet only in the anvil in approach B. In
the future, two PGA sheets can be used more safely
if a new device that employs the combination of a
circular stapler and PGA sheet is developed.

In conclusion, this study experimentally assessed
the application of a bioabsorbable PGA sheet in
colorectal DST anastomosis clinically and histologi-
cally. Use of this sheet facilitated the setting to
anvils because it was added outside the abdominal
space. This study also showed the possibility that
anastomosis failure may be reduced in human
colorectal surgery. It is the belief of these authors
that this safe device may be a valuable tool for
colorectal anastomosis.
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Validity of Diaphragm Volume Measurements Using

Three-Dimensional Computed Tomography

ABULAITI ABUDUREZAKE, TERUMASA MORITA, TAKUYA MORI, ATSUSHI AMANO

Department of Cardiovascular Surgery, Juntendo University Graduate School of Medicine, Tokyo, Japan

Objectives: The aim of this study was to measure the diaphragm volume using three-dimensional computed tomography (3D-
CT) and verify its validity.
Design: This was a retrospective study of existing samples.
Methods: Participants comprised five male patients, aged 65-70 years, who underwent preoperative chest CT (with a slice
thickness of 0.5 mm) before coronary artery bypass surgery. The diaphragm was selectively extracted using a workstation to
reconstruct a stereoscopic image, and the total muscle volume was measured. To confirm the accuracy and reproducibility of
diaphragm muscle volume measurements on CT, all cases were measured three times by two observers, and intraclass
correlation coefficients (ICCs) and interobserver correlations were determined.
Results: Observers #1 and #2 reported an average diaphragm volume of 256.7+33 cm?® and 259.3=36 cm?, respectively. The ICC
analyses yielded Cronbach’s alphas of 0.992 and 0.981 from both observers, and the interobserver correlation was 0.991. The ICC
of a single measurement and the average measurement was 0.984 (95% confidence interval: 0.998-0.884) and 0.992 (95%
confidence interval: 0.999-0.939), respectively.
Conclusions: To our knowledge, this study is the first to standardize the method for measuring the total diaphragm volume
and examine the reproducibility and validity of the new method. The diaphragm could be selectively extracted and reconstructed.
Measurement of the total diaphragm muscle volume using a workstation to reconstruct a stereoscopic image is feasible and
highly reproducible. This technique can be reliably employed to evaluate diaphragm volume, thickness, and morphology.

Key words: diaphragm, diaphragm volume, respiratory muscles, three-dimensional computed tomography, workstation

sary during surgery, as well as after surgery in the

Introduction intensive care unit (ICU)*%. Multiple studies have

The diaphragm is the main muscle involved in
respiration, and functions during breathing?.
Understanding its anatomy is important for surgical
treatment. Furthermore, an accurate evaluation of
respiratory function during surgery performed
under general anesthesia is an absolute condition
for safely performing intraoperative and postoper-
ative management and directly affects the surgical
outcome, especially in thoracic surgery with thora-
cotomy®?. Mechanical ventilation (MV) is neces-

suggested that MV has a significant effect on the
respiratory system, especially the respiratory
muscles”®. In animal experiments, inactivity of the
diaphragm on MV and passive ventilation lasting
for more than 18 hours induced atrophy in the
muscle fibers of the diaphragm”?. This is also the
case for the human diaphragm; MV for 18-69 hours
resulted in significant atrophy of the human
diaphragm muscle fibers'”?. A clinical study that
measured muscle thickness using echography

Corresponding author: Abulaiti Abudurezake

Department of Cardiovascular Surgery, Juntendo University Graduate School of Medicine

2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421, Japan

TEL: +81-3-5802-1080 FAX: +81-3-3815-5228 E-mail: abudoure@juntendo.ac.jp

(Received Feb. 16, 2022) (Accepted Jun. 16, 2022)
J-STAGE Advance published date: Sep. 9, 2022

Copyright © 2022 The Juntendo Medical Society. This is an open access article distributed under the terms of Creative Commons Attribution

License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original source is properly credited.

doi: 10.14789/jmj.JMJ22-0006-OA

481


https://creativecommons.org/licenses/by/4.0/

Abulaiti A, et al: Measuring diaphragm volume using 3D-CT

found that the overall rate of decrease in the thick-
ness of the patient’s diaphragm averaged 6% per
day of MVY. Furthermore, in clinical practice,
diaphragm thickness has been shown to decrease
rapidly within a few days of MV in approximately
40% of patients!®!?. Recently, diaphragm thickness
measured during resting tidal breathing, in a cycle
of spontaneous breathing, was shown to predict
extubation success''?. However, the rate of rein-
tubation within 24-72 hours of planned extubation
ranged from 2% to 25%, with medical, pediatric, and
multidisciplinary ICU patients at the highest risk!'> 0.
To date, diaphragm volume evaluations, which
are also commonly used in the context of research
areas such as sarcopenia, physical development,
and aging'” '®, have only been determined using
muscle thickness on echography. However, using
echography alone to measure muscle thickness is
inadequate!?; echography cannot be used to evaluate
the overall morphology and volume of the diaphragm.
By contrast, three-dimensional computed tomog-
raphy (3D-CT) can clearly reveal the cross-sec-
tional thickness and can also be used to evaluate
morphology and volume. Sometimes, it is very diffi-
cult to differentiate the diaphragm from the liver
and that is why some researchers report only the
left diaphragm volume associated with the pulmo-
nary function test result?”. To our knowledge,
several studies used workstation software applica-
tions to evaluate diaphragm volume®2?; however,
until now, there has been no definitive standard for
diaphragm volume measurements® . Therefore, this
study aimed to standardize the method of measuring
diaphragm volume using 3D-CT with new criteria
and to examine the validity of the new method.

Materials and Methods

All procedures performed in studies involving
human participants were in accordance with the
ethical standards of the institutional and/or national
research committee and with the 1964 Declaration
of Helsinki and its later amendments or comparable
ethical standards. The study design was approved
by the institutional review board of Juntendo
University School of Medicine (approval number:
20-342) . For retrospective medical record surveys
that handle only existing samples, instead of omit-
ting informed consent, information on the imple-
mentation of research, including the purpose of the
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research, is posted by the Department of Cardio-
vascular Surgery on the Juntendo University
website. We guaranteed the opportunity for the
research subjects to refuse. The information disclo-
sure document used was approved by the institu-
tional review board of Juntendo University School
of Medicine. Information that can identify the
research subjects is not included. In addition, we
did not use the samples of the research subjects for
purposes other than research purposes.

Research subjects

This was a retrospective study of existing
samples. The participants comprised patients who
were hospitalized or admitted to the Department of
Cardiovascular Surgery at Juntendo University
School of Medicine between June 2017 and January
2019. The selection criteria were as follows: patients
underwent chest CT to evaluate the graft before
coronary artery bypass grafting during hospitaliza-
tion, and CT was performed with a 0.5-mm slice
thickness (320 row multidetector Aquilion ONE
ViSION Edition, Canon Medical Systems, Japan).
Five patients (all male: age, 68.2*1.5 years; weight,
70.7£8.1 kg; height, 164.7+3.1 cm; BMI, 25.96%+2.16
kg/m?% BSA, 177+0.10 m? met the abovemen-
tioned selection criteria during the study period.

As 3D-CT can evaluate, not only the difference
in thickness but also the morphology and total
volume, this method was used in the current study
(Figure 1).

3D-CT assessment of the diaphragm

Diaphragm volume was measured based on the
method used by previous researchers? . To eval-
uate the total volume of the diaphragm as much as
possible, in this study, we standardized the method
of measuring diaphragm volume using 3D-CT with
a new standard and verified the validity of the new
method. To confirm the accuracy and reproduc-
ibility of diaphragm muscle volume measurements
on CT, measurements were recorded three times
by two observers, and intraclass correlation coeffi-
cients (ICCs) as well as interobserver correlations
were determined. The detailed explanation of this
method is provided below.

All CT data were imported into the workstation
software application, Attractive Medical Image
Processor (PixSpace Co. Ltd., Japan) (Figure 2a).
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° Echography

Figure 1 Echography and three-dimensional computed tomography (3D-CT). (a) The diaphragm,
peritoneum, and liver'’ on echography. (b) The diaphragm and liver on 3D-CT. The diaphragm was
selectively extracted from the CT data using a workstation to reconstruct a stereoscopic image, and
the total muscle volume was measured. To confirm the accuracy and reproducibility of the diaphragm
muscle volume measurements on CT, all cases were measured three times by two observers, and the
intraclass correlation coefficients for each observer and interobserver correlations were determined.

reconstructed of selected

CT data selected dianhragm .
S diaphragm

XT0
Volume: 266.9[ml]

Figure 2 Operating steps for the assessment of the diaphragm volume during deep inspiration.
(a) All computed tomography (CT) data are imported into the workstation software. (b) The
diaphragm is selected and extracted. (c) The diaphragm is reconstructed. (d) The color
mapping operation screen is shown. (e) The volume is measured.
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For each slice, the diaphragm was selected and
extracted (Figure 2b). The diaphragm was then
reconstructed using the contour trace function
(Figure 2c). We performed color mapping to
ensure that the entire diaphragm was visible
(Figure 2-d), and the volume was measured using
the 3D volumetry function (Figure 2e). Each of
these steps is detailed below.

For diaphragm selection, it was easy to select the
diaphragm when there were no surrounding
organs (Figure 3d). However, it was difficult to

identify the diaphragm when surrounding organs
were present, especially at locations in which the
diaphragm and liver were attached (Figure 4).
The following rules were used to standardize the
selective extraction of the diaphragm: (1) The
selection was first based on the coronal view and
confirmed in the axial and sagittal views after
extraction (Figure 3); (2) locations in which the
diaphragm was attached to the chest wall and
heart were not selected (Figure 3a and 3c); and
(3) the zoom function was used more carefully to
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Figure 3 Diaphragm selection operation screen showing coronal, axial, and sagittal views of the diaphragm. (a) The location
of the diaphragm attached to the chest wall. (b) Location of the diaphragm attached to the liver. (c) Location of the diaphragm
attached to the heart. (d) Location of the diaphragm without attachment to any surrounding organs.
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Figure 4 Diaphragm selection operation screen showing a coronal view of the diaphragm (a) before
selection and (b) after selection. Diaphragm extraction: The diaphragm was separated from the heart,
lungs, liver, and other surrounding tissues and then reconstructed (Figure 3 and Figure 4). Color
mapping: Color mapping was performed such that the entire diaphragm was visible (Figure 2b).
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guide selection at the locations in which the
diaphragm was attached to the liver and chest wall
(Figure 3b and 4b).

For the removal of invisible areas, the 3D cutting
function was used to remove air and fat tissue,
which were selectively extracted from the
diaphragm in invisible areas.

For the diaphragm volume measurement, in the
final step, the diaphragm volume was measured
using the 3D volumetry function (Figure 3), and
observer #1 recorded three separate measurements
for each case at AZE Virtual Place (AZE Co,
Tokyo, Japan) using the same method. ICCs and
interobserver correlations were then determined.

Statistical analyses

SPSS software (version 25.0; SPSS Statistics,
IBM Corp, Armonk, NY, USA) was used to
perform the statistical analyses. All data are
expressed as the mean * standard deviation (SD)
or 95% confidence intervals (CIs), and the signifi-
cance level was set at less than 1%. The ICCs of

each observer and between both observers were

e Observer 1

volume : 266.9 ml

analyzed. The one-way random effects model with
participant effects as random was applied to the
ICCs of each observer, and a two-way random
effects model with both participant effects and
measure effects as random was applied to the ICCs
of the interobserver differences. ICCs were inter-
preted following guidelines by Koo and Li (2016) 20
and classified as follows: below 0.50, poor; between
050 and 0.74, moderate; between 0.75 and 0.90,
good; and above 0.90, excellent.

Results

Age, weight, height, body mass index, and body
surface area were normally distributed. In all cases,
the diaphragm could be separated from the heart,
lungs, liver, stomach, and other surrounding tissues,
and the diaphragm volume could be evaluated
(Figure 5 and 6).

Table 1 summarizes the detailed results and the
average of all measurements by workstation soft-
ware PixSpace according to the observer. The
intraobserver agreement for the three measurements
was excellent for observer #1, based on a Cron-

Observer 2

volume : 263.5 ml

Figure 5 Diaphragm morphology and volume after reconstruction in case #4. The first measurement
of (a) observer #1 and (b) observer #2 by workstation software PixSpace.

Observer 1

volume : 266.9 ml

Observer 2

5.00 mm volume : 263.5 ml

Figure 6 Diaphragm morphology and volume after reconstruction in case #4. The first measurements
of (a) observer #1 by workstation software AZE and (b) observer #2 by workstation software PixSpace.
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bach’s alpha of 0.992, single-measurement ICC of rized in Table 4, showed a strong correlation among
0974 (95% CI: 0.997-0.892), and average-measure- the measurements recorded by the two observers,
ment ICC of 0.991 (95% CI: 0.999-0.961) (Table 2). with a Cronbach’s alpha of 0991, single-measure-
The intraobserver agreement for the three ment ICC of 0984 (95% CI: 0.998-0.884), and aver-
measurements was also excellent in observer #2, age-measurement ICC of 0.992 (95% CI: 0.999-0.939).
based on a Cronbach’s alpha of 0.981, single-mea- Table 5 summarizes the detailed results and the
surement ICC of 0.955 (95% CI: 0.995-0.817), and average of all measurements by workstation soft-
average-measurement ICC of 0.984 (95% CI: 0.998- ware AZE to Observer #1. The intraobserver
0.931) (Table 3). The interrater agreement, summa- agreement for the three measurements by AZE

Table 1 Detailed results and average diaphragm volume across all measurements (first, second, and third) for observer #1
and observer #2 according to workstation software PixSpace

Observer #1 Observer #2
n=5 First Second Third Mean First Second Third Mean
(em?®) (cm?) (cm?®) (em?) (cm?®) (em?) (em?) (cm?®)
1 309.7 302.1 3072 306.3 3142 307.5 3180 3132
2 2353 240.3 2443 240.0 258.6 2398 2493 2492
3 2365 230.0 2422 236.2 2339 2455 2425 240.6
4 266.9 2792 2775 2745 263.5 285.7 2723 2738
5 2315 2213 226.2 226.3 2248 2158 2186 219.7
Mean 256.0 254.6 2595 256.7 259.0 2589 260.1 259.3
SD 33 35 33 33 35 37 38 36

Abbreviation: SD, standard deviation.

Table 2 Intraclass correlation coefficients for observer #1 by workstation software PixSpace

95% CI F-test with true value=0 Reliability statistics
Measurement ICC
Lower Upper Value dfl df2 P-value  Cronbach’s alpha n
Single 0974 0.892 0.997 115413 4 10 <0.001 0992 3
Average 0.991 0.961 0.999 115413 4 10 <0.001 ’

A one-way random effects model was applied with participant effects as random.
Abbreviations: CI, confidence interval; df, degrees of freedom; ICC, intraclass correlation coefficient.

Table 3 Intraclass correlation coefficients for observer #2 by workstation software PixSpace

95% CI F-test with true value=0 Reliability statistics
Measurement 1CC
Lower Upper Value dfl df2 P-value  Cronbach’s alpha n
Single 0.955 0.817 0.995 64.392 4 10 <0.001 0981 3
Average 0.984 0931 0.998 64.392 4 10 <0.001 ’

A one-way random effects model was applied with participant effects as random.
Abbreviations: CI, confidence interval; df, degrees of freedom; ICC, intraclass correlation coefficient.

Table 4 Interrater agreement between measurements recorded by the two observers with workstation software PixSpace

95% CI F-test with true value=0 Reliability statistics
Measurement ICC
Lower Upper Value dfl df2 P-value  Cronbach’s alpha n
Single 0.984> 0.384 0.998 117593 4 4 <0.001 0991 )
Average 0.992 0939 0.999 117593 4 4 <0.001 ’

2 Type A ICCs using an absolute agreement definition.

b The estimator was the same, regardless of whether the interaction effect was present.

A two-way random effects model was applied with both participant effects and measure effects as random.
Abbreviations: CI, confidence interval; df, degrees of freedom ICC, intraclass correlation coefficient.
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Table 5 Detailed results and average diaphragm volume across all measurements (first,
second, and third) for observer #1 by workstation software AZE

Observer #1(AZE)

n=5 First Second Third Mean

(cm?) (cm?) (cm?) (cm?)

1 309.6 3084 301.7 306.6

2 238.3 235.3 2389 2375

3 2277 222.6 229.5 226.6

4 258.6 2728 260.0 263.8

5 2305 2242 2217 2275

Mean 2529 2527 251.6 2524
SD 34 37 31 34

Abbreviation: SD, standard deviation.

Table 6 Intraclass correlation coefficients for observer #1 by workstation software AZE

95% CI F-test with true value=0 Reliability statistics
Measurement ICC
Lower Upper Value dfl df2 P-value  Cronbach’s alpha n
Single 0982 0922 0.998 162.011 4 10 <0.001 0992 3
Average 0.994 0972 0.999 162.011 4 10 <0.001 ’

A one-way random effects model was applied with participant effects as random.
Abbreviations: CI, confidence interval; df, degrees of freedom; ICC, intraclass correlation coefficient.

Table 7 Interrater agreement between measurements recorded by the two observers between different workstations

95% CI F-test with true value=0 Reliability statistics
Measurement ICC
Lower Upper Value dfl df2 P-value  Cronbach’s alpha n
Single 0.956° 0.635 0.995 63.902 4 4 <0.001 0984 )
Average 0978 0.776 0.998 63.902 4 4 <0.001 ’

2 Type A ICCs using an absolute agreement definition.

b The estimator was the same, regardless of whether the interaction effect was present.
A two-way random effects model was applied with both participant effects and measure effects as random.
Abbreviations: CI, confidence interval; df, degrees of freedom ICC, intraclass correlation coefficient.

was excellent for Observer #1, based on a Cron-
bach’s alpha of 0.992, single-measurement ICC of
0.982 (95% CI: 0.998-0.922), and average-measure-
ment ICC of 0.994 (95% CI: 0.999-0.972) (Table 6).
The interrater agreement, summarized in Table 7,
showed a high correlation between the measure-
ments taken by the two observers between
different workstation software, with a Cronbach’s
alpha of 0984, single-measurement ICC of 0.956
(95% CI: 0.995-0.635), and average-measurement
ICC of 0.978 (95% CI: 0.998-0.776) .

Discussion

We performed an accurate evaluation of diaphragm
morphology and volume using 3D-CT. Although,
to our knowledge, this is not the first study to
measure the total volume of the diaphragm???,

this study was the first to standardize the method
for measuring the total diaphragm volume and
examine the reproducibility and validity of the new
method. Using 3D-CT, we were able to confirm the
morphological evaluation of the entire diaphragm,
including its form, thinness, and volume.

The diaphragm muscle volume reported in a
previous study?’ was smaller than the mean
diaphragm volume measured by our method.
Although this could be due to differences in patient
medical history and characteristics, as well as the
software used, the difference
method is also likely to be a major reason. Image
analysis software generally use measurement
methods that involve semi-automatic tracking and
selection. This increases measurement speed, but
the anatomy of the diaphragm makes it is difficult

iIn measurement
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to perform complete selective extraction, due to
the requirement for manual selection and data
extraction. Thus, accurate measurement depends
on the selection criteria as well as the operating
ability of the measurer. Moreover, 1-mm slices
were used in previous studies?’, whereas 0.5-mm
slices were used in this study. We believe that
manual selection and use of 0.5-mm slices enabled
better evaluations; furthermore, in contrast to the
previous study?”, we have described the operation
procedure and selection criteria in detail to make
measurement easier to reproduce. Fluctuations in
intraclass and interrater correlations are likely to
be due to differences in manually selected areas.
We believe that this difference will be smaller if the
technical training and operating procedures are
standardized.

Although it remains uncertain whether the
volume measured using the workstation Attractive
Medical Image Processor software application,
reflects the true volume of the diaphragm, other
researchers have already confirmed that the
volume of some organs measured on CT was the
same as the actual volume. For example, in 1979,
Heymsfield et al®”. were the first to accurately
measure liver, kidney, and spleen volumes and
masses using computerized axial tomography. The
authors showed that this method was accurate by
comparing the estimated and actual weights
obtained at autopsy. The determination of liver
volume on CT is now widely used in the field of
liver surgery® and transplantation®. In 2002,
Surusuk et al®. suggested that Heymsfield's
method® is also reliable for the volumetric analysis
of liver segments. Therefore, the diaphragm volume
assessment in this study could have clinical value.
However, this study was limited by its small sample
size and retrospective nature. Consequently, the
results were not sufficient to show the clinical
usefulness of 3D-CT assessment of the diaphragm
volume in comparison to that with a current refer-
ence imaging method, such as sonography.

In previous studies, conventional fluoroscopy,
ultrasound, and magnetic resonance imaging
(MRI) have been used to evaluate diaphragmatic
functionality®3?. B- and M-mode ultrasound can
easily diagnose diaphragmatic dysfunction and
compare changes during the follow-up period®, as
well as provide real-time evaluation. It is often the
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imaging modality of choice and is a suitable bedside
procedure. However, ultrasound is limited by oper-
ator dependency®*3Y and cannot be used to eval-
uate the total diaphragm volume.

Several studies have shown that it is possible to
evaluate diaphragm morphology and function using
MRI®3% MRI is a radiation-free technique that
can provide static or dynamic evaluations, with the
benefit of a wider field of view and more detailed
soft tissue characterization®”. However, MRI, like
ultrasound, cannot be used to evaluate the total
diaphragm volume. Furthermore, the wide use of
MRI is restricted by its limited availability, difficult
scheduling, difficult patient preparation, and high
costs®. Because of its wider availability, CT scans
are more commonly used as frontline imaging tests
than MRI scans®.

The present method also allows for the full use of
existing CT data. The CT data used in this study
were not initially collected to evaluate the diaphragm;
rather, the CT data were obtained preoperatively.
As existing CT data can be used, the problem of
radiation exposure is reduced. As the conditions of
the study subjects were limited, the postoperative
diaphragm volume could not be measured in this
study; however, changes in the diaphragm volume
can be examined using existing CT data before and
after surgery. Diaphragm volume measurements
on 3D-CT can be expected to best combine the
benefits of MRI and ultrasound and provide the
most comprehensive assessment of the major inspi-
ratory muscles.

In this study, the ICCs between the two observers
using different workstation software were high for
diaphragm volume measurements on 3D-CT. We
considered the use of only echography to measure
muscle thickness as insufficient for evaluating the
diaphragm. Rather, we expect the present measure-
ment method for evaluating the morphology and
muscle volume of the diaphragm to be more useful
when determining the timing of postoperative
extubation. Diaphragmatic assessment is also
commonly used in other areas of research such as
in sarcopenia, physical development, and aging,
where various situations and conditions can affect
the ability of the diaphragm muscles to generate
force. Although the diaphragm muscles can signifi-
cantly weaken with age, leading to dysfunction, it
is unclear whether there are any specific correla-
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tions between aging and the diaphragm.17) Total
diaphragm volume evaluation by a new measure-
ment method could be useful in clarifying any such
relationships. Furthermore, in patients with a
disease of the diaphragm, morphological abnormal-
ities due to aging or disuse, and decreased muscle
volume, aggressive respiratory rehabilitation is
expected to improve diaphragm function, treat-
ment results, and quality of life. In the future, this
method could be used to evaluate respiratory func-
tion in surgical treatment and ICU patients. To
avoid the issue of additional radiation exposure, CT
data obtained during preoperative evaluations
could be used.

This study has some limitations, including its
small sample size (five subjects). However, it was
possible to evaluate the diaphragm volume in all
cases. Furthermore, the proposed measurement
method involves radiation exposure, and it is still
unknown whether the measured volume reflects
the actual volume of the diaphragm. Additionally,
technical standardization is necessary. Finally,
these results may not be generalizable to other
populations.

In conclusion, this study is the first to standardize
the method for measuring the total diaphragm
volume and examine the reproducibility and validity
of the new method. The diaphragm could be selec-
tively extracted and reconstructed. Measurement
of the total diaphragm muscle volume using a
workstation to reconstruct a stereoscopic image is
feasible and highly reproducible. This technique
can be reliably employed to evaluate diaphragm
volume, thickness, and morphology.
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Appearance and Frequency of Deep Venous Thrombosis After Total Hip Arthroplasty
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Objectives: Postoperative venous thromboembolism is an important peri-operative complication associated with total hip
arthroplasty (THA). In particular, early detection of deep venous thrombosis (DVT) is important for the prevention of
pulmonary embolism (PE). However, the methods and timing of examinations for DVT detection differ among the facilities.
This study aimed to clarify the time, site, and frequency of DVT after THA.
Materials and Methods: Background characteristics including age, sex, body mass index, diagnosis, operation type, operation
time, and anesthesia type were investigated in 348 patients who underwent THA at our hospital between April 2017 and April
2019. Blood tests were performed preoperatively and on postoperative days (POD) 0, 1, 3, 7, 14, and 21. Simultaneously, vascular
ultrasonography was performed to investigate the time and site of thrombus occurrence before and after the surgery.
Results: DVT was observed in 27.2% of the patients on POD 21. The DV T-positive ratio was 94% (6/64) in males and 31.3%
(89/284) in females. There was a significant difference between the groups (p = 0.0002). Patients in the DV T-positive group
were significantly older than those in the DVT-negative group (73.0 £ 7.9 years vs. 63.3 = 11.2 years, p = 0.0041). DVT mainly
occurred in the soleal vein (74.7%). However, there was no significant difference between the operated and non-operated sides.
In the DVT-positive group, thrombus occurred in 13.3% of preoperative cases, 20.0% on POD 0, 46.7% on POD 1, 13.3% on POD
3, 6.7% on POD 7, and 0% on POD 14 and 21.
Conclusions: Vascular ultrasonography showed that thrombus occurred most frequently in the soleal vein. Thrombus occurred
in 66.6% of DVT-positive patients by POD 1, indicating that thrombus appeared very early after surgery. All thrombus cases
were formed by POD 7.

Key words: deep venous thrombosis (DVT), pulmonary embolism (PE), ultrasonography, total hip arthroplasty (THA)

thrombus formation in deep veins such as the iliac,

Introduction femoral, popliteal, and lower leg veins. Thrombus

Owing to the current trend in aging societies, the
number of total hip arthroplasty (THA) operations
will increase in the future. THA is associated with
various peri-operative complications, among which
postoperative venous thromboembolism (VTE) is
particularly important.

VTE combines deep venous thrombosis (DVT)
and pulmonary embolism (PE). DVT is caused by

release from the deep veins can be considered a
cause of PE. After release, the thrombus flows into
the bloodstream, passes through the right atrium
and ventricle, and embolizes the pulmonary artery.

The frequency of DVT diagnosed by venography
without prophylaxis in patients who have under-
gone THA was estimated to be 40-60% in the 7
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Guidelines? and 30-50% in the Japanese prevention
guidelines?. According to the 7" ACCP Guidelines,
postoperative symptomatic PE and fatal PE
occurred in 1-30% and 0.1-7.5% of cases, respec-
tively?, compared to approximately 1% and 0.1% of
cases, in the Japanese prevention guidelines?.

The early detection of DVT is important for the
prevention of PE because PE can lead to fatal
complications. However, the methods and timing of
examinations for DVT detection differ among the
facilities. This study aimed to investigate and
clarify the time, site, and frequency of DVT occur-
rences after THA.

Materials and Methods

Written informed consent was obtained from all
participants, and the study protocol was approved
by the appropriate ethics committee (approval
number: 17-37). Background characteristics such
as age, sex, body mass index (BMI), diagnosis,
type of operation, operation time, and type of anes-
thesia were investigated in 383 patients who under-
went THA at the Juntendo Nerima Hospital between
April 2017 and April 2019. Patients with rheuma-
tism, use of preoperative anticoagulants, female
hormones or steroids, and a history of VTE were
subsequently excluded.

Table 1 shows the inspection flowchart. Blood
tests of the coagulation system, such as D-dimer
and fibrinogen degradation products (FDP), and
vascular ultrasonography (US) of the lower limbs
were performed preoperatively and on postopera-
tive days (POD) 0, 1, 3, 7, 14, and 21 to investigate
the time and site of thrombus occurrence before
and after surgery.

The US of the lower extremities was performed
using a whole-leg US method, and we were able to
observe the femoral and popliteal veins continu-
ously using a compression method. Subsequently,

the posterior tibial, peroneal, soleal, and sural veins
were carefully observed. Visualizing the veins with
a probe, we defined cases in which there was no
obstruction of the lumen of the vein by compres-
sion of the probe and the blood flow signal was
missing in the color Doppler as a positive finding.
Furthermore, we classified patients as DVT-posi-
tive if they had at least one DVT positive finding
by US between preoperative and POD 21, and
DVT-negative if they had no DVT positive find-
ings. The presence of PE was examined using
contrast-enhanced computed tomography (CT) or
pulmonary perfusion scintigraphy on POD 7 for all
patients.

Continuous variables are summarized as means
(standard deviation). Normally distributed contin-
uous data sets were analyzed using Student’'s
two-sample t-test. Categorical data was analyzed
using Fisher’'s exact test. All the tests were
two-sided, and a p-value < 0.05 was considered
statistically significant. Statistical analysis was
performed using GraphPad PRISM Version 7.03
(GraphPad Software, 2365 Northside Dr. Suite 560,
San Diego, CA 92108, USA).

Results

We examined the occurrence of DVT using
whole-leg US after THA in 383 patients from April
2017 to April 2019. For the present study, 35
patients were excluded because of rheumatics (n =
4), use of preoperative anticoagulants (n = 23), use
of steroids (n = 3), a history of thrombosis (n = 5),
and none of the patients used female hormones.

The remaining patients comprised 64 men with
a mean age of 535 = 104 years (range, 39-73
years) and 284 women with a mean age of 675
years (range, 48-90 years). The diagnoses were
osteoarthritis in 330 cases and osteonecrosis
(non-steroid) in 18 cases. The mean operation time

Table 1 Flow chart of patient background surveys and blood sampling/ultrasound examinations

Perioperative Pre POD 0 POD 1 POD 3 POD 7 POD 14 POD 21
Patient background o

Blood Test [ o ( ( [ J [ J [ J
Contrast enhanced CT or pulmonary

perfusion scintigraphy

Ultrasonography o o o o o o

POD, post-operative day
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was 130.1 = 349 min (range, 115-158 min). All
surgeries were performed under general anes-
thesia. Cementless implants were used in all
patients (Table 2).

DVT formation was observed until POD 21 in 95
patients (27.2%). No thrombus was observed in 253
patients (72.8%). The DVT-positive ratio was 9.4%
(6/64) in men and 31.3% (89/284) in women. There
was a significant difference between the groups (p
= 0.0002). The mean age in the DVT-positive
group was 73.0 £ 79 years (range, 55-84 years),
while that in the DVT-negative group was 63.3
112 years (range, 39-90 years). Patients in the
DVT-positive group were significantly older than
those in the DV T-negative group (p = 0.0041).

We did not observe any patients with symptom-
atic PE. The mean BMI in the DV T-positive group
was 224 * 22 kg/m? (range, 18.0-262 kg/m?),
while that in the DVT-negative group was 229 +
29 kg/m? (range, 17.6-24.9 kg/m?), with no signifi-
cant difference (p = 0.2956). The mean operating
time was 135.1 = 41.0 min (range, 93-154 min) in
the DVT-positive group and 1259 = 20.03 min
(range, 104-171 min) in the DVT-negative group,
with no significant difference (p = 0.4509). In our
hospital, all patients were administered enoxaparin
at 2,000 units twice a day for two weeks after
surgery and an intermittent pneumatic compres-
sion device during the perioperative period for

thromboprophylaxis. The thrombus was diagnosed
as the distal type in 89 patients (93.7% of the
DVT-positive group). Thrombus occurred in the
soleal vein in 71 patients (74.7% of the DV T-posi-
tive group), but there was no significant difference
between the operated and non-operated sides. The
thrombus in the popliteal vein (proximal type) was
observed in 6 patients (6.3% of the DVT-positive
group) (Table 3).

Postoperative changes in D-dimer values are
shown in Figure 1. At POD 3 and 7, the D-dimer
value was significantly higher in the DV T-positive
group compared with the DVT-negative group
(POD 3: 6.08 ng/ml in the positive group vs. 4.39
ug/ml in the negative group, p = 0.0014; POD 7:
10.65 pg/ml in the positive group vs. 8.79 ug/ml in
the negative group, p = 0.021).

The postoperative changes in FDP values are
shown in Figure 2. There was no significant differ-
ence in the FDP values between the DVT-positive
and negative groups.

The changes in DVT-positive rates are shown in
Figure 3. The DVT-positive rates were 3.0% preop-
eratively, 9.0% on POD 0, 20.0% on POD 1, 18.1% on
POD 3, 181% on POD 7, 16.3% on POD 14, and
16.3% on POD 21.

Figure 4 shows the time points at which DVT
was first observed. In the DVT-positive group, the
frequencies for the first observation of DVT were

Table 2 Demographic and surgical characteristics of the patients

Male Female Over-all

No. of patients 64 (184%) 284 (81.6%) 348
Age (years) 53.5+104(39-73) 67.5+10.4 (48-90) 66.0+11.2
BMI (%) 25.7+2.1(21.8-32.8) 22.3+4.2(17.6-24.7) 22.8+2.75
Diagnosis

Osteoarthritis 52 278 330(94.8%)

Osteonecrosis 12 6 18(5.2%)

Others 0 0 0
Type of operation

Primary 64 284 348

Revision 0 0 0

Operation time (min) 132(115-153) 129.9(93-158) 130.1£34.9
Type of anesthesia

General 64 284 348

Spinal 0 0 0

BMI, body mass index
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Table 3 Characteristics of patients in the DV T-positive group

DVT+ DVT-
No. of patients (total 348) 95 (27.2%) 253(72.8%)
Male (64) 6(9.4%) 58(90.6%)
Female (284) (P=0.0002) 89(31.3%) 195 (68.7%)

Age (years) (P=0.041)
Operation time (min) (P=0.4509)
BMI (%) (P=0.2956)
Deep Venous Thrombosis
Proximal
Distal
Symptomatic PE
Side of VTE
Operated side
Non-operated side

Both

63.3+11.2(39-90)
125.9+20.3(104-171)
22.9+29(17.6-24.7)

73.0+7.9(55-84)
135.1+41.0(93-154)
224+22(18.0-26.2)

6(6.3%) -
89(93.7%) -
O -

39(41.0%) -
44 (46.1%) -
12(12.8%) -

BMI, body mass index; DVT, deep venous thrombosis; PE, pulmonary embolism, Proximal=

iliac-popliteal vein, Distal=lower leg vein

D-dimer (ugmi

16.00

14.00

12.00 +

10.00

8.00

6.00

4.00

2.00 1.i0 1-i3

0.00 +

_ pre POD3
BDVT + 1.40 6.08
=DVT - | 1.58 439
P value 0.716 0.0014

mDVT +
6.8 m DVT -
52
POD7 POD14 POD21
10.65 8.28 6.18
8.79 7.69 5.32
0.021 0.497 0.202

Figure 1 Changes in D-dimer values
On POD 3 and POD 7, the D-dimer value was significantly higher in the DVT-positive
group compared with the DVT-negative group (POD 3: 6.08 ng/ml in positive group vs.
4.39 ug/ml in negative group, P=0.0014; POD 7: 10.65 pug/ml in positive group vs. 8.79 ug/
ml in negative group, P=0.021). POD, post-operative day; DVT, deep venous thrombosis

20.0% on POD 0, 46.7% on POD 1, 13.3% on POD 3,
6.7% on POD 7, and 0% on POD 14 and 21.

Discussion

THA is a surgical procedure associated with a
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high risk of DVT. Therefore, physical and drug
prophylaxis is recommended for THA perfor-
mance. In our hospital, all patients were adminis-
tered enoxaparin for thromboprophylaxis at 2,000
units twice a day for two weeks after surgery.
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FDP( ug/ml)

20.00

7:80
18.00 17,4478

171-79

508

16.00

14.00
12.00

10.00
8.00

mDVT+

6.00 333

4.00 -

mDVT-

2.00 A

0.00 -~
pre POD3 POD7

POD14 POD21

HDVT+ 5.33 11.80 17.41

17.79 13.99

mDVT- 4.25 9.94 17.80

15.08 10.88

Pvalue 0.180 0.248 0.852

0.238 0.083

Figure 2 Changes in FDP values
There was no significant difference in FDP values between the DV T-positive group and the
DVT-negative group. DVT, deep venous thrombosis; FDP, fibrinogen degradation products

DVT positive ratio

25.0%
20.0%

20.0%

15.0%

10.0% A.0%
500  3.0%
0.0% B

Pre post POD1

M Positive ratio  3.0% 9.0%  20.0%

181% 18.1%

| | 16.3% 16.3%

POD3 POD7 POD14 POD21
18.1% 18.1% 16.3% 16.3%

Figure 3 DVT-positive rates
The DV T-positive rates in all cases were 3.0% pre-operatively, 9.0% on POD 0, 20.0% on
POD 1, 18.1% on POD 3, 18.1% on POD 7, 16.3% on POD 14, and 16.3% on POD 21. POD,
post-operative day; DVT, deep venous thrombosis

Despite thromboprophylaxis, we observed DVT in
27.2% of the cases. This incidence of DVT was less
than the rates of 34-63% in previous reports®®. In
this study, thrombus mostly formed in the soleal
vein, consistent with previous reports!® !,

In previous studies, the majority of thrombus
cases were found in the lower leg and disappeared
within a few days, but approximately 30% extended

to the proximal side within a few weeks!?¥,
Thrombus that develops on the proximal side tends
to become free-floating within a short period,
leading to widespread pulmonary thromboembo-
lism'. Therefore, the source of embolization for
severe PE is often proximal to the popliteal vein,
particularly the femoral vein. However, it can some-
times occur on the distal side'">'% and from the
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50.0%
45.0%
40.0%
35.0%
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10.0%
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0.0% Pre post

B 133% 20.0%

20.0%

13.3%

POD1

46.7%

46.7%

13.3%

6.7%

I 0.0% 0.0%
POD3 POD7 POD14 POD21
13.3% 6.7% 0.0% 0.0%

Figure 4 Time points when thrombus became positive for the first time in the DVT-

positive group

In the DVT-positive group, the frequencies for first observation of DVT were 20.0% on
POD 0, 46.7% on POD 1, 13.3% on POD 3, 6.7% on POD 7, and 0% on POD 14 and POD 21.
POD, post-operative day; DVT, deep venous thrombosis

soleal veins'V. Therefore, for distal thrombosis with
a tendency towards enlargement, it is necessary to
check for thrombus at regular intervals.

Regarding imaging diagnosis, noninvasive venous
US is the first choice for thrombosis detection in
the lower extremities because of high diagnostic
accuracy'”'¥. Contrast-enhanced CT examination
involves administration of a contrast agent and
radiation exposure. We sometimes encountered
rare cases in which clinical VTE was highly
suspected without positive US findings. In such
cases, contrast-enhanced CT or magnetic reso-
nance imaging should be performed!®2022,

US can continuously visualize the femoral, popli-
teal, and lower leg veins in B mode. A compression
US technique was used, in which the vein was
compressed with a probe, allowing the determina-
tion of the presence or absence of a thrombus. Color,
power, and pulse Doppler methods are commonly
used to visualize blood vessels and check for
obstructions!®2Y The mean sensitivity for proxi-
mal-type DVT in the femoral and popliteal veins,
compared with venography, was reported to be
97% (range, 89-100%) for symptomatic patients
and 62% (range, 38-100%) for asymptomatic
patients®. Furthermore, the mean sensitivity of
US for distal-type DVT was 73% (range, 0-100%)
for symptomatic patients and 53% (range, 0-92%)
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for asymptomatic patients®. However, the speci-
ficity compared with venography was 96% (95%
CI, 95.2-96.8%)'®. The result of 27% of DVT posi-
tive cases in our study may be lower than the
actual result because the sensitivity of US is low in
the distal-type. However, since the specificity is
high, there is little possibility that false positives
are included.

In the present study, the patients in the DVT-pos-
itive group were significantly older than those in
the DVT-negative group. The risk of DVT was
reported to gradually increase every 10 years with
age, and the risk of DVT in patients aged >65 years
was 2.1 times higher?-27, The results relative to the
mean age in the present study correspond to those
of previous studies. In addition, the DV T-positive
ratio was 9.4% (6/64) in men and 31.3% (89/284)
in women. There was a significant difference
between the groups (p = 0.0002). The factors that
cause DVT more frequently in women than in men
may be that the average age of women is older
than that of men and that older people are more
likely to delay rehabilitation progress®2. In addi-
tion, it is possible that lower preoperative activities
of daily living due to advanced age may affect post-
operative walking ability?®?, and lower limb
pumping ability due to differences in muscle mass
may contribute to venous stasis®”.
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In the DVT-positive group, thrombus formation
was observed in 66.6% of cases by POD 1, indi-
cating that the thrombus appeared very early after
surgery. This finding may be reflected by the high
D-dimer value observed during the early postoper-
ative period. Furthermore, body posture during
surgery and bed rest until POD 1 may facilitate
thrombus formation. However, there was no signif-
icant difference in the operation time between the
DVT-positive and DVT-negative groups. In addi-
tion, there were no significant differences between
the operated and non-operated sides. The affected
femur and lower leg were always grasped by the
assistant, and the limb position was continuously
moved according to the surgical situation. There-
fore, it is possible that the massage effect was
equivalent to that on the healthy side to which the
intermittent pneumatic compression device was
attached. It is also possible that postoperative reha-
bilitation may be affected by the early start of range
of motion training on the affected side. Regarding
the operation, the duration of vein occlusion in the
affected hip joint with flexion and the internal rota-
tion position at the time of implant insertion may
be intraoperative factors. However, we did not
examine these factors in this study. Nevertheless,
we can conclude that a distal thrombus formed
very early after the operation. Moreover, we can
clarify that many thrombus cases after THA were
found by POD 1, and almost all thrombus formation
was completed by POD 7.

Attention should be paid to PE because its
results are serious. Nakamura et al®” investigated
108 acute PE patients and reported that 57% devel-
oped symptoms while standing or walking and 22%
developed symptoms after defecation or urination.
Therefore, we need to pay careful attention to the
physical condition of patients when they get out of
bed, depending on the tendency for increased
thrombus formation. In high-risk patients, it is
necessary to check for thrombus formation using
US to prevent symptomatic PE preoperatively and
when they get out of bed. Therefore, as we did, it
is better to perform blood sampling and a lower
limb US test during the perioperative period and to
perform contrast-enhanced CT for positive individ-
uals. In this study, the previously mentioned
prevention did not cause symptomatic PE in all
subjects except the high-risk group.

A limitation of this study is that US was
performed by one person, and hence, the inter—
rater reliability cannot be calculated accurately.

In conclusion, the majority of thrombus cases
were found on POD 1, and thrombus formation was
mostly completed by POD 7. The thrombus formed
very early after the surgery, indicating that US
should be performed as soon as possible during the
perioperative period. In patients who have a
tendency for thrombus formation postoperatively, it
may be necessary to examine thrombus formation.
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Development of a Non-invasive Diagnostic Method for Esophageal Squamous Cell Carcinoma

by Gas Chromatographic Analysis of Exhaled Breath
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Objectives: Since esophageal carcinoma progresses asymptomatically, for many patients the disease is already advanced at the
time of diagnosis. The main methods that are currently used to diagnose esophageal carcinoma are upper gastrointestinal
radiographic contrast examinations and upper gastrointestinal endoscopy, but early discovery of this disease remains difficult.
There is a need to develop a diagnostic method using biomarkers that is non-invasive while both highly sensitive and specific.
Materials and Methods: Exhaled breath was collected from 17 patients with esophageal squamous cell carcinoma (ESCC), as
well as 9 control subjects without history of any cancer. For each fasting subject, 1L of exhaled breath was collected in a gas
sampling bag. Volatile organic compounds (VOCs) were then extracted from each sample using Solid phase micro-extraction
(SPME) fibers and analyzed by gas chromatography-mass spectrometry (GC-MS).
Results: Levels of acetonitrile, acetic acid, acetone, and 2-butanone in exhaled breath were significantly higher in the patient
group than in the control group (p = 0.0037, 0.0024, 0.0024 and 0.0037, respectively). ROC curves were drawn for these 4 VOCs,
and the results for the area-under-the-curve (AUC) indicated that ESCC patients can be identified with a high probability of 0.93.
Conclusion: We found distinctive VOCs in exhaled breath of ESCC patients. These VOCs have a potential as new clinical biomarkers
for ESCC. The measurement of VOCs in exhaled breath may be a useful, non-invasive method for diagnosis of ESCC.

Key words: Volatile organic compounds (VOCs), Esophageal squamous cell carcinoma (ESCC), Gas chromatography-

mass spectrometry (GC-MS)

of all esophageal carcinomas®. Known risk factors

Introduction for ESCC include smoking, drinking alcoholic

Esophageal carcinoma is the tenth most common
malignancy in the world”, and the tenth most
common cause of cancer death in Japan?. Incidence
of squamous cell carcinoma of the esophagus
(ESCC) is decreasing in Europe and America,
whereas the incidence of esophageal adenocarci-
noma is, conversely, trending upward. In Asia,
squamous cell carcinoma still accounts for a majority

beverages, hot foods, drinks and malnutrition?.
The quality of diagnosis and treatment has improved
recently, but these cancers still have a poor prog-
nosis. The main symptoms of esophageal carcinoma
are dysphagia and a feeling that food is stuck in the
throat. However, because only advanced cancers
cause these symptoms, there are usually no symp-
toms in the early stage of the disease. As a result,
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discovery of esophageal carcinomas in its early
stage remains difficult. Clinical biomarkers and
tests for early detection of esophageal carcinomas
have not yet been established. Developments of
non-invasive method for early diagnosis with
better sensitivity and specificity are expected.

In recent decades, various scent detection studies
have been performed with animals and electronic
devices?. The presence of some infections and
malignant tumors can be identified based on changes
in patients’ metabolites. Devices for detecting vola-
tile organic compounds (VOCs) that are odorous
elements of cancers are also being developed®?.
McColloch et al. reported high accuracy rates using
the exhaled breath of dogs with lung and breast
cancers®. Breath analysis using gas chromatog-
raphy has also identified several VOCs specific to
lung and breast cancers®'V. The identification of
cancers by exhaled breath analysis is expected to
develop as non-invasive methods for detection of
early-stage cancer. Recent studies demonstrated
the clinical potential of VOCs profiling to identify
esophageal or gastric adenocarcinoma'?1®. To date,
there have been no reports of VOCs specific to
ESCC, and the present pilot study aimed to identify
just such VOCs as clinical biomarkers.

Materials and Methods

Subjects

Exhaled breath was collected from 17 patients
who had been diagnosed with ESCC and 9 healthy
volunteers in Juntendo University Hospital between
July 2012 and November 2013. Healthy volunteers
were selected from staffs at our facility who had
been approved to participate in the study and who
had no history of cancer or other medical condi-
tions. No upper gastrointestinal endoscopy was
required. The exhaled breath was analyzed for its
VOC contents. All subjects were interviewed to
confirm the disease for which they were being
treated, whether they were taking any medications
or smoked, and their family histories. Patients who
were being treated with either radiotherapy or
chemotherapy were excluded from the study, since
such treatments might alter their metabolism. All
protocols were approved by the ethical committee
of the Juntendo University Hospital (No.16-062),
and all participants provided written informed
consent before their participation in this study
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according to the guidelines established in the
Declaration of Helsinki.

Exhaled breath collection

All participants were fasted for 6-8 hours prior
to their breath sample collection. For each subject,
1L of exhaled breath was collected in a Supel™
Inert Gas Sampling Bag (Sigma-Aldrich Co. LLC.
MO, USA) in a clean-air environment before any
treatment. Prior to the collection, each sampling
bag was washed with nitrogen to reduce other
influences. All collected samples were stored and
processed in a cold room at 4TC.

Extraction and analysis of volatile organic
compounds

Samples were analyzed by gas chromatography-
mass spectrometry (GC-MS) combined with solid
phase micro extraction (SPME) (Sigma-Aldrich
Co. LLC. MO, USA). The SPME was used for pre-
concentration of VOCs in the breath samples. A
manual SPME holder with 85um Carboxen®/
Polydimethylsiloxane (CAR/PDMS) fiber (Sigma-
Aldrich Co. LLC. MO, USA) was inserted into the
Supel™ Inert Gas Sampling bags for 16 hours at
room temperature. The VOCs extracted in SPME
fiber were desorbed thermally in the heated GC
injector at 250°C (splitless mode) and analyzed by
GC-MS. The GC-MS analysis was performed with
a TRACE GC connected to TSQ QUANTUM GC
(Thermo Fisher Scientific Inc., MA, USA). A CP
Pora PLOT Q capillary column (0.25mm id x 25m
x 8um firm thickness, Agilent Technologies Inc,
CA, USA) was used for separation of VOCs. The
column temperature started at 40°C for 3 minutes,
then raised at 10°C per minute to 250°C and held
for 5 minutes. Helium was used as carrier gas at
1ml/min. MS transfer line was set at 250°C. The
MS analysis was carried out Electron impact ioniza-
tion (EI) mode with 70eV of electron energy at
scan range m/z:10-400. Ion source temperature
was set at 250°C. The detected VOCs were identi-
fied by NIST MS Search 2.0 (Thermo Fisher Scien-
tific Inc., MA, USA).

Statistical analysis

After alignment the comprehensive peaks in
GC-MS chromatograms of every sample using
Thermo Scientific SIEVE Software (Thermo
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Fisher Scientific Inc., MA, USA), the Fisher Ratio
was calculated against individual frames and signif-
icant peaks were extracted to find candidate for
biomarkers which discriminated 2 groups*¥. VOCs
were identified by comparing EI mass spectra of
each peak with that of the NIST Mass Spectral
Library Version 2.0f using NIST MS Search 20.
The area of selected ion peak in each candidate
was applied to principal component analysis (PCA).
And those of them that were significantly higher in
the patient group than in the healthy volunteer
group were used to generate receiver—-operating
characteristics (ROC) curves using the free ROC
analysis software (WROCFIT). Statistical analysis
was performed using #—test. The differentially
expressed compounds with p-values of < 0.05 were
considered statistically significant. Receiver-oper-
ating characteristics (ROC) curve was used to
evaluate the discriminatory power of selected
VOCs for differentiation of patients and controls.

Results

Study population
The clinical characteristics of the patient group

are summarized in Table 1. Seventeen esophageal
carcinoma patients and 9 volunteer control subjects
were enrolled in this study. All subjects in the
patient group had been pathologically diagnosed
with advanced ESCC.

VOCs profiling of samples

Representative GC/MS total ion chromatograms
of samples from the patient group and the control
group were showed in Figure 1. Statistical analysis
of the obtained peaks revealed that 15 VOCs
containing 4 VOCs, ie. acetonitrile, acetic acid,
acetone, 2-butanone, of which were significantly
higher in the patient group than in the healthy
volunteer group.

Figure 2 showed differences of peak area for 4
VOCs in two groups. These differences were found
to be significant (acetonitrile, p = 0.0037; acetic
acid, p = 0.0024; acetone, p = 0.0024; 2-butanone, p
= 0.0037).

ROC curves were drawn for acetonitrile, acetic
acid, acetone, and 2-butanone. The results for the
area—under-the-curve (AUC) of the combination of
these 4 VOCs indicated that ESCC patients can be

Table 1 Clinical characteristics of esophageal carcinoma patients in this study

Patient . .Family . Main location  Size . L. Depth of Lymph node  Distant
o, Sex Age Smoking history of Histology? of the lesion”  (mm) Differentiation® 'tum(')r metastasis  metastasis tage
cancer invasion
1 M 40 Yes No SCC CeUt 50 WD T3 N2 No B
2 F 66 No No SCC Lt 70 MD T3 N2 No B
3 M 70 Yes No SCC Ce 45 PD T3 N3 No mC
4 M 66 Yes Yes SCC Lt 44 MD T3 NO lung v
5 M 55 No Yes SCC MtUt 42 MD T4b N2 No B
6 M 55 Yes Yes SCC Mt 36 MD T3 N2 No B
7 M 67 Yes Yes SCC CeUt 50 MD T3 N2 No B
8 M 66 Yes Yes SCC Mt 39 PD T2 N2 No B
9 M 81 Yes No SCC MtUt 66 MD T4b N3 No mc
10 M 55 Yes Yes SCC Ut 30 PD T2 N2 No B
11 M 62 Yes Yes SCC LtAe 45 MD T3 N1 No A
12 M 70 Yes Yes SCC CeUt 80 MD T3 N3 No mc
13 M 65 Yes Yes SCC CeUt 60 MD T4b N3 No mc
14 F 65 Yes No SCC LtMt 76 MD T3 N3 No mc
15 M 68 Yes No SCC MtLt 60 MD T3 N2 No B
16 F 83 Yes No SCC Ce 20 MD T4b N2 No mc
17 F 80 No Yes SCC Mt 25 MD T3 N1 No A

2 SCC, esophageal squamous cell carcinoma

b Ce, cervical esophagus; Ut, upper thoracic esophagus; Mt, middle thoracic esophagus; Lt, lower thoracic esophagus; Ae, abdominal esophagus
¢ WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated
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identified with a high probability of 0.93 (Figure 3).

Discussion

There was significant difference in VOCs included
in exhaled breath between the ESCC patient group
and the control group: acetone, acetic acid, acetoni-
trile, and 2-butanone showed higher concentration
in the patient group. To the best of our knowledge,
this is the first report that demonstrates the signif-
icance of VOCs measurement in ESCC.

Recent years, several VOCs detection by breath
analysis with GC/MS have been reported to be
useful to identify lung and breast cancers®'?.
Metabolomics studies for detecting various cancers
are increasing'™'”. However, studies that focus on
ESCC are still relatively rare. Cancer growth is
promoted by mutations in genes and proteins,

Control
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A: Acetonitrile B: Acetone C: Acetic acid D: 2-butanone during the metabolic processes associated Wlth
Figure 1 Representative GC/MS total ion chromatograms cancer growth, and it is suspec'ted .that different
of the breath samples from the control group and the substances and/or compounds with different molec-
patient group ular weights are released by different types of

Each peak shows (A) acetonitrile, (B) acetic acid, (C) cancers. Moreover, it is not just that VOCs are
acetone, and (D) 2-butanone.
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Figure 2 Comparison of the 4 VOCs level between in the control group and the patient group
The peak area of (A) acetonitrile, acetic acid, (B)acetone, (C) acetone, and (D) 2-butanone in the ESCC
patient group were significantly higher than those in the control group (p<0.01, respectively).
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Figure 3 Receiver operating characteristic (ROC) curve for the detection of
ESCC patients using the combination of acetonitrile, acetic acid, acetone, and

2-butanone concentration in exhalation

The area-under-the-curve (AUC) was 0.93.

released directly from cancers, but also that metab-
olites are conveyed from the blood stream by
alveoli and enter the exhaled breath!?V. As a
result, it is thought that it is possible to measure
the changes in metabolism that are caused by
cancer growth in exhaled breath®.

In esophageal carcinoma patients, the exhaled
breath is thought to include not only metabolites
originating from the alveoli, but also many fragrant
substances arising from the esophageal carcinoma
itself. Thus, it is thought that breath analysis of
VOCs would make it possible to identify substances
specific to ESCC more accurately compared with
other cancers. Altomare et al. found that 15 VOCs,
including alkyl aldehydes, ketones, alkanes, and
aromatic hydrocarbons, differed between healthy
subjects and patients with colorectal cancer®.
Huang et al. measured VOCs in urine samples and
found differences in acetone, acetic acid, hexane,
hydrogen sulfide, methanol, and phenol between
patients with gastro esophageal cancer and healthy
subjects®”. Kumar et al. demonstrated that 12
VOCs in exhaled breath were present at signifi-
cantly higher concentrations in the esophageal and
gastric adenocarcinoma cancer groups than in the
noncancer controls’. They reported that VOCs
profiling was useful for early detection of cancers.

The present study has several limitations. First,
this was a single center study with a small sample

size, and it will be necessary to study a larger
number of samples to confirm these findings.
Second, the patients in this study had compara-
tively advanced cancers. There have been reports
that lung, colorectal, and breast cancers could be
distinguished from healthy individuals at a rela-
tively early stage using this method®2”. Therefore,
this method of cancer detection must be tested in
patients with early-stage ESCC. Third, there are
no established methods for breath analysis of
VOCs, and there is a need to evaluate whether
food, tobacco wuse, ingested drugs, concurrent
diseases, genetic factors, etc., affect the results of
this analysis method. Moreover, the composition of
gastrointestinal microbiota could have a major
impact on the exhaled breath of suspected diges-
tive cancer patients; this factor has not yet been
studied sufficiently in the context of diagnostic
breath testing?®.

In conclusion, this study found that the levels of
4 VOCs, ie. acetonitrile, acetic acid, acetone, and
2-butanone, were significantly higher in the exhaled
breath of ESCC patients than in control subjects.
Those findings indicate that measurement of VOCs
in the exhaled breath has potential as a useful, non
invasive method for diagnosis of ESCC.
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The Cingulate Island Sign is Useful for a Differential Diagnosis of Early-Onset Alzheimer's
Disease and Dementia with Lewy Bodies: A 99mTc-ECD SPECT Study

MoTo NISHIGUCHIY, TosHIKI TAKAYAMAY, Kojit KASANUKI?, TSUNEYOSHI OTAVY,
NoBUTO SHIBATAY, YOSUKE ICHIMIYAY, HET ARATY

DDepartment of Psychiatry and Behavioral Science, Juntendo University Graduate School of Medicine, Tokyo, Japan
2)Department of Neuropsychiatry, St. Marianna University School of Medicine, Kanagawa, Japan
3) Alzclinic Tokyo, Tokyo, Japan

Introduction: Early-onset dementia is fast-progressing compared with late-onset dementia, with major clinical characteristics
including prominent focal cerebral symptoms. Given its economic and psychological implications, proper diagnosis and treatment
at an early stage is essential. In the present study, the authors conducted a retrospective study to evaluate the usefulness of
various numerical indices (including CIScore calculated by eZIS, cerebral blood flow SPECT analysis software) in the differential
diagnosis of early-onset dementia.
Materials and Methods: This study involved patients with early-onset and mild dementia who were receiving ambulatory care
at our outpatient department specializing in Alzheimer’s disease (14 MCI patients, 16 AD patients, and 16 probable/possible
DLB patients). ROC analysis was performed for each SVA numerical index calculated by eZIS to calculate AUC. For the AD
and DLB groups, correlation between the CIScore and MMSE was assessed.
Results: When SVA-A (severity) was used to differentiate AD from MCI and DLB from MCI, the respective AUC values were
0.960 and 0.911. When CIScore was used to differentiate AD from DLB (threshold value: 0.225), the obtained AUC value was
0941, and the accuracy, sensitivity, and specificity were 90.6%, 87.5%, and 93.7%, respectively. No significant correlation was
observed between the MMSE and CIScore scores in these disease groups.
Conclusion: The results of this study have suggested that the SVA-A is a useful index for evaluating the conversion from MCI
to either early-onset AD or DLB, and that the CIScore is useful for differentiating AD from DLB in both late-onset and early—
onset dementia cases.

Key words: early-onset dementia, early diagnosis, differential diagnosis, SPECT

Lewy bodies (DLB)Y. Compared with late-onset

Introduction

Early-onset dementia is a term used to describe
any form of dementia that develops in people aged
64 or below. Epidemiological research estimates that
approximately 40 thousand people have this condi-
tion in Japan. The most common cause is vascular
dementia (VD), which is followed by Alzheimer's
disease (AD), head trauma, and dementia with

dementia, early—onset dementia is fast-progressing
and clinically characterized by prominent focal
cerebral symptoms. Given its economic and psycho-
logical implications, proper diagnosis and treatment
at an early stage is essential.

Neuropsychological tests, such as Mini-Mental
State Examination (MMSE)?, are the primary
means of diagnosing dementia. However, recent

Corresponding author: Nobuto Shibata

Department of Psychiatry and Behavioral Science, Juntendo University Graduate School of Medicine

2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421, Japan

TEL: +81-3-5802-1071 FAX: +81-3-5802-1071 E-mail: nshibata@juntendo.ac.jp

(Received Apr. 30, 2022]) (Accepted Jul. 8, 2022)
J-STAGE Advance published date: Sep. 9, 2022

Copyright © 2022 The Juntendo Medical Society. This is an open access article distributed under the terms of Creative Commons Attribution

License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original source is properly credited.

doi: 10.14789/jmj.JM]J22-0018-OA

505


https://creativecommons.org/licenses/by/4.0/

Nishiguchi M, et al: The Cingulate Island Sign is useful for a differential diagnosis of Early-Onset Alzheimer’s disease

advances in cerebral function measurement tech-
nology have made it practicable to employ brain
imaging analysis as an auxiliary measure for more
accurate diagnosis. Technologies that are typically
utilized for brain imaging include magnetic reso-
nance imaging (MRI) and single photon emission
computed tomography (SPECT). Clinically, detecting
minute brain atrophy, a characteristic symptom of
early-stage AD, requires high skill and long time.
With the aim of easily and quantifiably identifying
atrophied lesions in the hippocampus and parahip-
pocampal gyrus in MR imagery, the Voxel-Based
Specific Analysis System for Alzheimer’s Disease
(VSRAD)?® has been recently developed and is
now being used in medical practice. However,
patients with early-onset dementia often have
hippocampus/parahippocampal gyrus
that are fairly inconspicuous, and it is not uncommon
for VSRAD-based indices to fall within the normal
range. At the stage of mild cognitive impairment
(MCI), which is considered to be the prodromal
phase of AD, known cerebral blood flow findings
include a decrease in blood flow in the parietal lobe,
precuneus, and posterior cingulate gyrus. Since
even AD patients tend to display high blood circu-
lation in the precuneus and posterior cingulate
gyrus, it is difficult to macroscopically detect a
decrease from early stages. An easy Z-score
imaging system (eZIS) was developed to compare
the normal blood flow of healthy people with that
of AD patients*® and is now being used for aiding
AD diagnosis.

Depressiveness, hallucinations, and delusions are

atrophies

frequently observed symptoms of DLB”. However,
presenile DLB patients are often falsely diagnosed
with depression and/or schizophrenia due to these
diseases sharing similar symptoms®. Impaired
cognitive functions and psychiatric symptoms
derived from DLB can be effectively treated with
donepezil”. Therefore, early diagnosis is more
crucial for DLB than for AD because it can signifi-
cantly affect the prognosis. Moreover, predisposi-

tions of DLB patients, such as high sensitivity of
antipsychotics, mean that differential diagnosis is
critical. In DLB, sugar metabolism and blood flow
decrease in the occipital lobe. Additionally, 18F-
FDG PET imaging reveals a cingulate island sign
(CIS), a finding that sugar metabolism is relatively
retained in the posterior cingulate gyrus in DLB as
opposed to AD?. According to the Clinical Diag-
nostic Criteria for DLB (2017 Revised Edition), the
CIS is regarded as one of the major biomarkers!?.
Furthermore, a recent study has reported that
DLB patients exhibit CIS findings are in cerebral
blood flow SPECT using 99mTc-ECD, as compared
with AD patients'?. Another study has demon-
strated the high effectiveness of CIScore (a refer-
ence index using CIS in eZIS) in differentiating AD
from DLB™.

In the present study, we retrospectively evalu-
ated the usefulness of various numerical indices
calculated by eZIS (cerebral blood flow SPECT
analysis software) in differentiating types of early-
onset dementia.

Materials and Methods

The present study was approved by the Ethics
Committee of Juntendo University Hospital (No.
JHS 17-0017) and was conducted with the informed
consent of the subjects and their families in writing.

The study involved patients with early-onset
and mild dementia who were receiving ambulatory
care at our outpatient department specializing in
Alzheimer’'s disease. The patient characteristics
are summarized in Table 1. The subjects comprised
14 MCI patients (11 men and 3 women), 16 AD
patients (11 men and 5 women), and 16 probable/
possible DLB patients (6 men and 10 women). The
MCI patients were diagnosed in accordance with
Petersen’s Criteria 2004, were 51 to 69 years old
(mean: 584; standard deviation 6.3), and their
MMSE score ranged from 22 to 30 (mean: 27.4;
standard deviation: 2.3). The AD patients were
diagnosed in accordance with DSM-IV-TR, were

Table 1 Demographic data

Characteristic MCI (n=14) AD (n=16) DLB (n=16)
Male / Female 11/3 11/5 6 /10
Age (mean=SD) 584%6.3 58.3%+5.7 61.6+3.8
MMSE score (mean+SD) 274%2.3 204+6.1 16.7+6.6
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47 to 68 years old (mean: 58.3; standard deviation:
5.7), and their MMSE score ranged from 4 to 26
(mean: 204; standard deviation: 6.1). The DLB
patients were diagnosed in accordance with the
3rd International WS DLB, were 54 to 69 years old
(mean: 61.6; standard deviation: 3.8), and their
MMSE score ranged from 5 to 26 (mean: 16.7; stan-
dard deviation 6.6).

All subjects underwent head SPECT at our
Radiology Department. For SPECT, TOSHIBA
GCA 9300 A, and SIEMENS Symbia_E, and S were
used. Additionally, a fan beam collimator was used.
A tracer (99mTc-ECD) was administered to all
participants at a supine position, with the eyes
closed. The parameters of SPECT imaging were as
follows: matrix size: 128x128; step angle: 4 degrees;
view: 90; rotation time: 1min; and rotation: 16.

Automatic analysis using eZIS (version 1.1.0)
was performed to set a volume of interest (VOI).
With eZIS, specific VOI analyses (SVA-A and
SVA-B) were performed. The VOI of SVA-A is
the area with significantly decreased blood flow (p
< 0.001) in the 99mTc-ECD image of an incipient

Alzheimer’s dementia patient with mildly impaired
cognitive functions (amnestic MCI), which is
comparatively analyzed against the 99mTc-ECD
image of a healthy person. The image includes the
posterior and anterior cingulate gyrus and a part of
the vertex. As numerical indices, severity (degree
of blood flow decrease in the VOI), extent
(percentage of area with decreased blood flow in
the VOI), and ratio (ratio of area with decreased
blood flow in the VOI and that in the entire brain)
are calculated. The VOI of SVA-B is the area with
significantly decreased blood flow (p < 0.05) in the
99mTc-ECD image of a DLB patient compared
with that of a healthy person. When this area VOI1
(mainly the posterior head) is subtracted from the
VOI of the aforementioned SVA-A VOI, the VOI2
(mainly the posterior cingulate gyrus) is set (visu-
alization in Figure 1). The sum of the Z scores in
the area with decreased blood flow obtained from
these two VOIs are used to calculate the CIScore
(CIScore = sum of the Z scores in the decreased
blood flow area obtained from the VOI2/sum of the
Z scores in the decreased blood flow area obtained

VOI1 (blue): Areas where blood flow is decreased in DLB compared to healthy person.

VOI2 (red): Areas where blood flow is relatively maintained in DLB compared to AD.

Figure 1 Examples of VOII and VOI2
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from the VOII). In a multi-center study so far, the
normal Z score value has been reported as severity
< 119, extent 142 < 2%, and ratio < 2.22'. The
MCI, AD, and DLB groups were analyzed by eZIS
SVA calculate various numerical indices (severity,
extent, ratio, and CIScore). Significant differences
in the Z scores of the VOII and VOI2 were verified
between the groups. Receiver operating character-
istics (ROC) analysis was performed to calculate
the area under the ROC curve (AUC). Addition-
ally, the correlation between the CIScore and
MMSE was assessed for the AD and DLB groups.

Results

Table 2 lists the numerical indices of all the
groups, their means, and standard deviations.
Mann-Whitney U test was performed for the
numerical indices of each group, with p < 0.05
being the level of significance.

In the MCI group, all severity, extent, and ratio
values exceeded the normal range. When the MCI
group was compared with the AD and DLB groups,
both the severity and extent values were signifi-
cantly high, and the ratio value was not signifi-
cantly different. Box plots of the Severity and the
CIScore are shown in Figure 2. When severity was

used for differentiating MCI from AD and DLB, the
respective AUC values were 0.960 and 0.911. Like-
wise, when the CIScore and VOI1 were used, the
respective AUC values were 0.186, 0.641, 0.785, and
0.988 (Figure 3). When the CIScore was used for
differentiating AD from DLB, the obtained AUC
was 0.941. When the threshold value was set at
0.225, the accuracy, sensitivity, and specificity were
90.6%, 87.5%, and 93.7% (Figure 4). When chrono-
logical changes of the SVA-A and CIScore in the
MCI due to AD and MCI due to DLB cases were
tracked, the chronological changes of the CIScore
tended to decline (Figure 5). In all disease groups,
no significant correlation between the CIScore and
MMSE was observed (Figure 6).

Discussion

Compared with the MCI group, both the AD and
DLB groups exhibited significantly increased
severity and extent, and no significant difference
was observed in the ratio. The obtained AUC also
had high severity and extent, thus suggesting that
severity and extent were useful indices for evalu-
ating the conversion of MCI into other diseases in
both the AD and DLB groups. The obtained AUC

indicates that severity is more useful for differen-

Table 2 SVA index (mean=SD) in each group

Severity Extent Ratio CIScore VOI-1 VOI-2
MCI 1537 % 26.27 4.29 0.227 8677 1771
+0.33 +13.80 +240 +0.130 +2478 +580
AD 3387 68.72 5.84 0.358 ¢ 15159 4826
+1.31 +20.41 +2.73 +(.159 +7607 +2173
DLB 3.19% 62.82 3.88 01738 24616 4226
+1.27 +2397 +1.25 +0.057 +9125 +1971
T, %, §& significant difference
- Severity - CIScore - VOI-1
7 1 ¢ MC' ! AD DLB oo 4 MCl mAD DLB
+MCl =AD 4DLB 0.9
6 . n 40000
08 35000
5 = 0.7 30000 =
4 2 06 : 25000 E
. 0.5 ' . i
3 H 0.4 s [ ’;
5 R 1 03 : H 15000 : ]
$ [] 0.2 $ Ll 10000 3 s
] ’ ; = | I
1 0.1 5000 i ]
0 0 0 .
0 1 2 3 4 0 0.5 1 15 2 25 3 35

Figure 2 Boxplot in each group
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tial diagnosis. The severity and extent significantly
increased in the AD and DLB groups. In other
words, the significant increase in severity reflected
the conversion and aggravation into AD and DLB.
In contrast, the ratio was not significantly different
between the groups, meaning that the ratio was
almost constant regardless of the severity. These
trends are consistent with previous studies using
eZIS that involved healthy elderly people and mild
to serious AD patients (Matsuda et al.) 419,

510

The above results suggest that severity and
extent are useful indices for evaluating the conver-
sion of MCI into AD and DLB. However, no signifi-
cant difference was observed between the AD and
DLB groups. Therefore, use of the VOII, the
volume of interest of DLB, is the most effective
means of differentiating MCI from DLB.

In contrast, it was suggested that CIScore is not
suitable for evaluating conversion from MCI to AD
and DLB. The VOII is the volume of interest of
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DLB, and the VOI2 is the area that remains after
the VOIl is subtracted from the SVA-A, the
volume of interest of AD. Independently, these
indices reflect the quantity of blood flow decrease
in the respective areas. Significant difference was
observed, suggesting the progression from MCI to
AD or DLB. However, the CIScore, the ratio of
these indices, did not show significant difference.
The MCI group includes “due to AD” and “due to
DLB”, thus implying the possibility that character-
istics of both diseases start developing from the
MCI stage. Further research needs to be conducted
to compare patients with healthy people and longi-
tudinally evaluate indices. In the case of poor blood
flow reduction, it is assumed that the above results
were obtained because the relative difference
increased by taking the ratio.

The CIScore was highly effective in differenti-
ating early-onset AD and DLB. In a previous study,
Imabayashi et al. used the CIScore for differenti-
ating late-onset AD and DLB"® (AUC0.882). The
present study achieved a higher differentiating
capability. This may reflect the fact that compared
with late-onset dementia, blood flow decrease is
more prominent in the VOI than in the area of
brain atrophies in morphological imagery in early-
onset dementia., and higher values tend to appear
in the SVA®. Therefore, this suggests that it may
be useful for differentiation in early-onset dementia.
However, the fact that the clinical diagnosis also
referred to the cerebral blood flow SPECT imaging
findings may be the cause of the particularly high
sensitivity and specificity levels.

In the MCI due to DLB group, the CIScore
tended to decline over time in a single case. In
other words, the CIS findings increased. lizuka et
al. have reported that the CIS findings increased as
the MMSE score decreased down to around 22.
However, below the score of 22, the CIS findings
disappeared!”. In the present study, where the
final MMSE score was 27, the results were consis-
tent with the tendency reported by them. There-
fore, in the early-onset DLB group, the MMSE was
predicted to correlate with the CIScore reflecting
changes in blood flow. However, no apparent
correlation was observed as a whole. lizuka et al.
have argued that the disappearance of the CIS find-
ings is related to the progression of AD pathology,
thus explaining the changes in the CIS findings by

the chronological changes of the posterior cingulate
cortex and precuneus plus cuneus'”. In general,
the neuropathological findings of DLB include
numerous Lewy bodies in the cerebral cortex and
AD pathological findings such as senile plaques and
degraded neurofibrils (common form). In contrast,
early-onset cases often exhibit only Lewy lesions
without showing any AD lesions (pure form)®®.
Moreover, just like atrophies and tissue denatur-
ation in the cerebral cortex differ between AD and
SDAT, the characteristics of DLB were maintained
in early-onset cases from MCI to more advanced
conditions. Consequently, no correlation between
the MMSE and CIScore was observed.

For differentiating early-onset dementia cases,
eZIS was used. When severity was used for differ-
entiating MCI from AD and DLB, the AUC values
were 0960 and 0911, respectively. The CIScore
was used for differentiating AD from DLB, and the
threshold value was set at 0.225. The resultant
AUC was 0941, and the accuracy, sensitivity, and
specificity were 90.6%, 87.5%, and 93.7%, respec-
tively. The SVA-A was suggested to be useful for
evaluating the conversion of MCI into both early-
onset AD and DLB. Furthermore, the CIScore was
suggested to be highly effective in differentiating
AD from DLB not only in late-onset dementia but
also early-onset dementia cases. It is important to
understand the characteristics of each index and
apply it to clinical practice.
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Examination of a Low-density Lipoprotein Receptor Relative with

11 Ligand-binding Repeats (LR11) as a Biomarker in Esophageal Cancer

TAKAYUKI UCHIDA, MoTomI NASU, TAKASHI HASHIMOTO,
MASAHIKO TSURUMARU, YOSHIAKI KAJIYAMA

Department of Esophageal & Gastroenterological Surgery, Juntendo University Graduate School of Medicine, Tokyo, Japan

Objectives: Some previous studies reported that the levels of a low-density lipoprotein receptor relative with 11 ligand-binding
repeats (LR11) was a prognostic marker in some malignant tumors; however, whether LR11 is related to survival in patients
with esophageal cancer remains unclear.
Methods: In this study, we measured LR11 in the preoperative serum of 46 patients of esophageal cancer who undergoing
surgery using a sandwich enzyme-linked immunosorbent assay (ELISA) method with anti-LR11 monoclonal antibodies. We
investigated the correlation between the level of LR11 and survival of patients with esophageal cancer. Clinicopathological data
were retrospectively retrieved from our institution’s database.
Results: The patients were divided into two groups (low LR11 and high LR11) based on the level of LR11. There was no
statistical difference in clinicopathological factors between these two groups. The low LR11 group had a significantly longer
overall survival than the high LR11 group.
Conclusions: LR11 can be measured with a relatively simple ELISA and is potentially a new prognostic marker for esophageal
cancer.

Key words: esophageal cancer, lipoprotein receptor, LR11, biomarker

in the infiltration of tumor cells or metastasis*?.

Introduction LR11, which is part of the LDL receptor family, has

Eleven ligand-binding repeats (LR11) is a receptor
that shares a gene structure with the low-density
lipoprotein (LDL) receptor and serves as an essen-
tial lipoprotein receptor that regulates the homeo-
stasis of cholesterol metabolism. LDL receptors are
thought to be involved in arteriosclerosis as well as
in the migration of vascular smooth muscle cells.
It has been reported that the expression of the lipo-
protein receptor related protein-1 or the LDL
receptor-related protein 1B is an expression of a
function—deficient gene family*®. This gene family
was identified from lung cancer and may be involved

been reported as a marker for Alzheimer’s disease
and arteriosclerosis?, as well as for leukemia®, and
it has been reported that it may also be expressed
in the serum of patients with cancer. However,
there is no study for association between LR11 and
esophageal cancer.

In this study, we examined the relationship
between preoperatively collected serum LRI11
levels in patients with thoracic esophageal cancer
and survival to clarify whether LR11 is a useful
prognostic factor for esophageal cancer.
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Methods

This study included a total of 46 patients diag-
nosed with esophageal cancer who underwent
radical esophagectomy with three-field lymph-
adenectomy via a right thoracotomy and laparotomy
at Juntendo University Hospital between September
2005 to December 2006%. Written informed consent
was obtained from all enrolled patients. This study
was conducted within the guidelines set by the
Declaration of Helsinki and approved by the ethical
committee of Juntendo Hospital (No. E21-0253).
Blood was collected just before surgery. A total of
10 mL of collected blood was centrifuged, and the
obtained serum was stored at -80C.

The serum LR11 levels were measured by the
sandwich enzyme-linked immunosorbent assay
(ELISA) described below using anti-LR11 mono-
clonal antibodies. A total of 100 uL of eight-fold
diluted serum was dispensed into three wells of an
antibody-binding plate (anti-LR11 mouse mono-
clonal antibody, Sekisui Medical Co., Ltd., Tokyo)
that was then left at room temperature (18-26C)
for 2 h. The liquid in the well was discarded, and
the well was washed with 350 uL of cleaning solu-
tion (buffer solution, Sekisui Medical Co. Ltd.,
Tokyo). The washing solution was removed, and
100 uL of biotin-labeled antibody solution was
added and left at room temperature for 1 h. The
solution in the wells was then removed, and then
the wells were washed. After washing, 100 uL of
tetramethylbenzidine solution (Sekisui Medical Co.,
Ltd., Tokyo) was added and left to stand at room
temperature, away from light to luminesce. Next,
100 uL of stop solution (sulfuric acid, Sekisui
Medical Co., Ltd., Tokyo) was added to stop the
reaction. A microplate reader was used to measure
the absorbance at a wavelength of 450 nm.

The serum LRI11 concentration measured by
same method was reported around 10 ng/mL in
most healthy individuals”?®; thus, we divided the
patients into a low LR11 group (LR11 levels below
10 ng/mL) and a high LR11 group (LR11 levels of
10 ng/mL or higher) and compared the two groups.

We examined the relationship between LRI11
levels and clinicopathological findings of esophageal
cancer. Additionally, we also examined its relation-
ship with serum total protein (TP) level and
albumin (Alb) level, which reflect nutritional status,
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and serum total triglyceride (TG) level and total
cholesterol (T-Cho) level in serum. Treatment
strategies were decided according to the Union for
International Cancer Control (UICC) TNM classifi-
cation 7™ edition for esophageal cancer? in 2005 to
2006, so we analyzed based on this staging. Japa-
nese Classification of Esophageal Cancer 11™ edition
was used for tumor location and vascular invasion
evaluation'®!V. For statistical analyses, we used
Kruskal- Wallis test and the Kaplan—-Meier esti-
mate for survival analysis (IBM SPSS Statistics
ver.26).

Results

Patients’ characteristics

Patients’ characteristics are shown in Table 1.
The serum LR11 levels ranged from 2.75 ng/mL to
214 ng/ mL. The average value across all patients
was 6.86 ng/mL, and the standard deviation was
368 ng/mL (Figure 1).

After dividing the patients into the low-and
high-LR11 level groups (cutoff value of LR11: 10
ng/mL), there were 39 patients in the low LR11
group and seven in the high LR11 group. There
were no significant differences between the two
groups in patients’ characteristics.

Relationship between serum LRI11 levels and pT
staging

We examined the relationship between pT
staging (classified as pT1, pT2, pT3, and pT4) and
serum LRI11 levels (Table 1). The serum LRI1
levels tended to be lower in patients staged pTl,
and to rise with increased tumor invasion degree;
however, no significant differences were found
(Figure 2).

Relationship between serum LR11 levels and pN
staging

Regarding pN, the mean = standard deviation
values of serum LR11 in each group characterized
as pNO, pNI1, pN2 and pN3 showed no significant
differences (Figure 3).

Relationship between serum LR11 levels and
vascular invasion

We examined serum LR11 by classifying patients
according to the degree of lymphatic invasion into
Iy0, lyl, ly2, and ly3 (Figure 4) and according to
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Table 1 Clinicopathological background

Low-level group (n)  High-level group (n)

Gender Male 34 5
NS
Female 5 2
Main tumor location® Ce 0 1
Ut 7 0
Mt 19 3 NS
Lt 11 3
Ae 2 0
Histologic type
Squamous cell carcinoma
Well 15 2
Mod 18 2 NS
Poor 4 2
Carcinosarcoma 1 1
Malignant melanoma 1 0
Depth of tumor invasion* pT1 14 0
pT2 7 1
NS
pT3 14 4
pT4 4 2
Lymph node metastasis** NO 12 3
N1 12 2
NS
N2 11 0
N3 4 2
pStage** I 8 0
I 11 4
NS
I 16 2
v 4 1

Ce: Cervical esophagus, Ut: Upper thoracic esophagus, Mt: Middle thoracic esophagus,

Lt: Lower thoracic esophagus, Ae: Abdominal esophagus, Well: Well differentiated squamous cell carcinoma,
Mod: moderately differentiated squamous cell carcinoma, Poor: poorly differentiated squamous cell carcinoma
* Japan Esophageal, S; Japanese Classification of Esophageal Cancer, 11" Edition

* UICC TNM Classification of Malignant Tumours, 7% ed

NS: Not Significant

degree of venous invasion into v0, vl, v2, and v3
(Figure 5). There were no significant differences
between these groups.

Relationship between serum LR11 levels and
blood biochemistry

We examined the correlation between each of
the blood biochemistry findings, as TP, Alb, TG,
and T-Cho with serum LRI11 levels; however, the
results showed no significant differences for each
value (Figure 6, 7).

Relationship between serum LR11 levels and
survival

We compared overall survival of 39 patients in
the low LR11 group and seven patients in the high
LR11 group using the Kaplan-Meier estimate.
Results showed that the 5-year survival rate was
41% in the low LR11 group and 14.3% in the high
LRI11 group, with a significantly worse prognosis
for the high LR11 group (p=0.012, Figure 8).

Discussion

LR11 was discovered by Jiang et al. in 2008 as an
important factor involved in the differentiation of
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Figure 1 Distribution of serum LR11 levels in patients with esophageal cancer
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Figure 2 Depth of tumor invasion (T factor)* and serum
LR11 levels in patients with esophageal cancer
T: UICC TNM Classification of Malignant Tumors, 7 edition

undifferentiated vascular smooth muscle cells'®. In
2010, Takahashi et al. found that serum soluble LR11
(sLR11) was an indicator of coronary artery
stenosis'®. Furthermore, it has been noted in recent
years that sLR11 has characteristics as a biomarker
for malignant tumors, where its levels increased
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Figure 3 Lymph node metastasis (N factor)* and serum
LR11 levels in patients with esophageal cancer
* UICC TNM Classification of Malignant Tumors, 7 edition

with the exacerbation of acute leukemia, normal-
ized with remission, and increased significantly
with tumor infiltration into the bone marrow! .
Not only in the serum, LR-11 levels reported
significantly higher in the bile from biliary tract
cancer and pancreas cancer patients than in those
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Figure 4 Lymphatic invasion (ly)* and serum LR11 levels
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with benign diseases'®.

In this study, we hypothesized that serum LR11
level should rise in esophageal cancer patients, and
examined the expression of LR11 in the serum of
patients to evaluated the clinical significance of
LR11. Thereby, the high serum LRI11 level group
had a significantly worse prognosis compared to
the low LR11 group.

Firstly, the serum levels of patients with esopha-
geal cancer were 6.86 = 3.68 ng/mL; this value was
relatively low when compared to values for patients
with non-Hodgkin's lymphoma (17.7 = 226 ng/
mL), acute lymphocytic leukemia (735 = 935 ng/
mL), and acute myeloid leukemia (26.8 = 29.1 ng/
mL), where LR11 is already used as a biomarker!®?.
It can be said that the value of serum LRI1I in
patients with esophageal cancer was lower than
people without disease because the mean value of
serum LR11 was reported to be around 10 as
described above. We speculated that it was from
patients’ malnutrition because serum LR11 was
related to metabolism of cholesterol and patients
with esophageal cancer often become undernour-
ished caused from esophageal stenosis. We
compared LR11 levels with TP/ Alb, which reflects
the nutritional status of the patient, and TG/
T-Cho, which reflects lipid metabolism in the
patient; however, the results showed no significant
differences. Therefore, we suspect that relatively
low level of LRIl might be from differences
between gastrointestinal solid cancers and hemato-
logical malignancies®®. Recently, in patients with
bile tract cancer and pancreatic cancer, bile sLR11
suggested to release from the cancer cell, and may
reflect the characteristics of the microenvironment
such as hypoxic conditions, and rapid cell prolifera-
tion*'9. Similarly, esophageal cancer might be
affected by their microenvironment, so that it
needs further study.

Based on our data, the level of serum LR11 are
likely to be related to pT status, but not associated
with pN, lymphovascular invasion, and other nutri-
tional or lipid markers in blood. It is interesting
that only pT status is likely to be related to serum
LR11 because most prognostic biomarkers tend to
be related to other significant prognostic markers
like pT, pN, and lymphovascular invasions. We
speculate that serum LR11 might not be related to
the malignant potential but might be related to

other factors such as size of tumors which could be
influenced by food intake. In this study, we were
not able to get information about how much weight
patients lost before esophagectomy.

This study has some limitations. First, this study
utilized a retrospective design. Second, the sample
size was very small, and short period of observa-
tion. Moreover, the effect of another clinical features
like adjuvant therapy, hyperlipidemia, and athero-
sclerosis need to be validated. Further, pathological
evaluation of LR-11 expression in tumor tissue
remains to be clarified, too.

In Conclusion, LR11 could be measured using the
relatively simple ELISA method and is expected to
be used as a new prognostic predictor for esopha-
geal cancer.
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Postoperative Pyoderma Gangrenosum in a Laparoscopic Gastrectomy Port Site:

A Case Report
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Background: Postoperative pyoderma gangrenosum (PPG) is a rare inflammatory skin disease of unknown etiology characterized
by blistering and ulcerative lesions in postoperative wounds. Untreated pyoderma gangrenosum (PG) is potentially life-
threatening; therefore, immediate and appropriate treatment is essential. Although PPG and surgical site infection (SSI) present
similar clinical findings, they should be differentiated because of their conflicting treatment modalities.
Case presentation: An 82-year-old man with comorbidities of pulmonary tuberculosis, chronic obstructive pulmonary disease,
and diabetes underwent laparoscopic gastrectomy for gastric cancer. On postoperative day 6, fever exceeding 39°C, port wound
redness, and pain was observed. Laboratory tests revealed severe inflammatory reactions: white blood cell, 42,800/ul. and
C-reactive protein, 30.2 mg/mL. The patient was diagnosed with SSI and treatment with antibiotics and drainage was started;
however, his general and wound conditions also worsened. Therefore, he was diagnosed with PG because painful skin findings
were exacerbated by external stimuli and no significant bacteria were detected in the culture test. Treatment with oral
prednisolone was started, which significantly improved his skin and inflammatory conditions.
Conclusion: We managed a rare case of PPG that occurred in a port wound after laparoscopic gastrectomy. If atypical clinical
findings of postoperative SSI are observed, general surgeons should recognize and consider PPG as a differential diagnosis.
Key words: postoperative pyoderma gangrenosum, laparoscopic gastrectomy, surgical site infection

matous pyoderma®. Although PPG and surgical

Background site infection (SSI) presents similar clinical find-

Pyoderma gangrenosum (PG) is an uncommon,
rare ulcerative skin disease characterized by a
rapidly enlarging necrotic ulceration with an under-
mined border and surrounded by erythemal?.
Untreated PG is potentially life-threatening; there-
fore, immediate and appropriate treatment is essen-
tial. Postoperative pyoderma gangrenosum (PPG)
is also designed as postsurgical or pathergic PG
and is closely associated with superficial granulo-

ings, they should be differentiated because of their
conflicting treatment modalities.

Case presentation

An 82-year-old man with comorbidities of pulmo-
nary tuberculosis, chronic obstructive pulmonary
disease, and diabetes underwent upper gastrointes-
tinal endoscopy performed by close examination of
the black stool and was, therefore, diagnosed with
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gastric cancer. Laparoscopic distal gastrectomy
was performed. The ports were positioned in a
reverse trapezoid shape, as commonly practiced.
The umbilical port was 12 mm in size. The port
below the right hypochondrium was 5 mm in size,
and the other three ports were 12 mm. The opera-
tion time and bleeding volume were 175 min and 35
ml, respectively, and no intraoperative complica-
tions occurred. Until postoperative day 5, only
low-grade fever and prolonged inflammation were
observed, but without specific clinical symptoms.
On postoperative day 6, fever exceeding 39°C, port
wound redness, and pain was observed. Laboratory
tests revealed severe inflammatory reactions: white
blood cell, 42,800/uL and C-reactive protein, 30.2
mg/mL. Computed tomography showed no postop-
erative intra—abdominal events but fluid retention
in the subcutaneous tissue of the port site (Figure 1).
He was diagnosed with SSI; therefore, the umbil-
ical, right, and left latero-abdominal port wounds
were opened and drained, and a Penrose drain®
was placed. After administering broad-spectrum
antibiotics and continuing the lavage treatment,
the wound condition worsened, blisters and erosions
were formed around it, and some necrotic findings
with ulcers were also observed (Figure 2). Further-
more, the inflammatory reaction became even
more severe in the laboratory test. The course did
not match that of the typical postoperative SSI;
therefore, we consulted with a dermatologist. The
patient was diagnosed with PPG because of painful
skin findings exacerbated by external stimuli and

Figure 1 Computed tomography findings
No postoperative intra-abdominal events but fluid retention
in the subcutaneous tissue of the port site.
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the absence of bacteria in the culture test. Skin
biopsy also showed a high degree of neutrophil
infiltration from the epidermis to the dermis and
multilocular cysts, consistent with PG (Figure 3).
The treatment with oral prednisolone of 50 mg/
day was started, which significantly improved skin
and inflammatory findings (Figure 4, Figure 5a, 5b).
Written informed consent was obtained from the
patient for publication of this case report and any
accompanying images.

Discussion

We managed a rare case of PPG occurring in a
port wound after laparoscopic gastrectomy and
required differentiation from SSI. Although the
incidence of PPG is rare, most reports of PPG to
date have come from dermatologists. Although
very infrequent, it is one of the diseases that
general surgeons should anticipate in differenti-
ating atypical SSI.

PG is a neutrophilic dermatosis typically presenting
as a small pustule, surrounded by a halo of inflam-
mation that rapidly becomes painful ulceration
with undermined wound edges and violaceous
borders*®. The cause of PG remains unknown, and
its incidence is approximately 3-10 per million per

Figure 2 Skin findings on the sixth postoperative day after
drainage treatment

Blisters and erosions were formed around it, and some
necrotic findings with ulcers were also observed.
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Figure 3 Pathological findings by skin biopsy
High degree of neutrophil infiltration from the epidermis to the dermis and multilocular cysts,
consistent with PG.

—— Fever (C)
— WBC (mm?3)
—CRP (mg/L)
37.2 36.9 36.9
Wound Oral prednisol§
drainage (1mg/kg/day) .
2.4
13900 ‘ 'v 1.1 0.1
11400 10600

7000 7800
POD1 POD3 POD6 POD10 POD11 POD13 POD29 POD33

Figure 4 Changes in inflammatory findings
Inflammatory findings (fever, white blood cell, C reactive protein), which were
aggravated by wound drainage, improved quickly after the start of treatment as PPG.

&

Figure 5 Changes in skin findings
In addition to oral prednisolone, wound treatment by maintaining a moist environment that avoids
external stimuli resulted in significantly improvement.
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year®?, PG is diagnosed by excluding other similar
entities caused by infection, vasculopathies, neoplasms,
and various inflammatory conditions®. Inflamma-
tory bowel disease, rheumatologic disorders, and
hematologic malignancies are comorbid conditions
frequently associated PG”. Untreated PG is poten-
tially life-threatening, and patients with PG have a
three—fold increased risk of death compared to the
general population; therefore, immediate and appro-
priate treatment is essential'®!?. Aside from mortality,
PG may cause pain and adversely impact the
quality of life, predispose to secondary infection,
disfiguring scarring, and recur>”.

PPG is also classified as postsurgical or pathergic
and is closely associated with superficial granulo-
matous pyoderma®. Systemic disease is reported to
occur in 50%-78% of patients with PG, whereas a
low prevalence of the systemic disease has been
reported in PPGS 101319 Suggesting that the coex-
istence of systemic diseases that are typical of PG
may not be important in suspecting PPG. No comor-
bidity of systemic diseases related to PG was
observed in this case. PPG commonly occurs in the
breast, abdomen, and lower legs, in that order, at
an average age of 50 years, and often occurs about
1 week postoperatively'®.

The common theme of all PPG literature is that
the condition is almost always misdiagnosed as an
SSI*1®  Stanislav et al. reported that 73% of
patients with PPG were initially misdiagnosed as
SSI and eventually treated'. Because fever, wound
pain, and increased inflammatory response in blood
tests and wound changes are also characteristic
clinical findings of SSI; thus, the rarity of PPG can
result in a false diagnosis. Currently, laparoscopic
and robotic surgery have been introduced and
widely performed in gastrectomy for gastric cancer
due to their low invasiveness and cosmetic outcomes.
The occurrence of SSIs is associated with an excess
postoperative hospital stay, decreased quality of
life, increased treatment costs, and increased
mortality!?. Although the standard of care for SSI
is indisputably antibacterial therapy and appro-
priate debridement, a paradoxical relationship
between SSI and PPG treatment must be consid-
ered. Our case was also regarded as SSI and treated
with antibiotics, open drainage, Penrose drain®
placed, and wound lavage; however, the wound
condition wound severely deteriorated. One of the
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important points is that drainage, considered to be
effective for wound infections, can worsen the
wound condition in PPG"®2.2D_ Furthermore, no
bacteria were detected in the wound culture test in
PPG, and histological examination only shows
nonspecific inflammatory findings, which will be
useful in ruling out SSI. In the present case, only
three of the five port wounds developed PG. The
reason for this seems that all three port wounds
were 12-mm ports, which are frequently manipu-
lated intraoperatively, and the laparoscopy and
forceps manipulations can easily cause strong
physical irritation to the wounds, which is possibly
contributed to the development of PG.

The treatment for PPG is generally the same as
PG; corticosteroid and cyclosporine therapies are
supported best by the literature'?. Zuo et al.
reported that the majority of patients were treated
with oral prednisolone (05-15 mg/kg/day) or
intravenous methylprednisolone (0.5-1.0 mg/kg/
day) combined with/without cyclosporine!®. If the
patient is resistant to these treatments, other treat-
ments such as mycophenolate mofetil, infliximab,
tacrolimus, or plasmapheresis may be consid-
ered®?). Moreover, steroid and immunosuppres-
sive therapies for the treatment of PPG are predis-
posed to wound infections and can exacerbate
existing infections; therefore, they should be used
cautiously®2-2 . As for the treatment of the wound
itself, as mentioned earlier, drainage should not be
performed as it will worsen the condition. Main-
taining a moist environment after washing with
saline is important to promote proper wound
healing®”. Consistent with this case, systemic symp-
toms, laboratory findings, and wound condition
dramatically improved with 50 mg (1 mg/kg/day)
of oral prednisolone and wound care that avoided
external stimuli as much as possible.

Although PPG is a rare disease, general surgeons
should consider PPG as one of the differential diag-
noses and treatments when managing an untypical
course of SSI. Postoperative wound abnormalities
that are resistant to the standard treatment should
be referred to a dermatologist at an early stage of
treatment, if possible, as the addition of expert
judgment can lead to earlier diagnosis and treatment.

Conclusion

We managed a rare case of PPG that occurred in
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a port wound after laparoscopic gastrectomy. If
atypical clinical findings of postoperative SSI are
observed, general surgeons should recognize and
treat PPG as a possible differential diagnosis.
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included with the manuscript when it is first
submitted.
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Availability of data and materials

Authors must disclose the source of publicly avail-
able data and materials, such as public repositories
or commercial manufacturers, by including acces-
sion numbers or company details in their manu-
script, as appropriate.

Authors may make their own data and materials
available by linking from their manuscript to rele-
vant community-recognized public databases or
digital repositories. All data sets must be made
available in full to the editors and reviewers during
the peer review process, and must be made publicly
available by the date of publication. Authors
commit to preserving their data sets for at least
three years from the date of publication in the
journal.

The journal encourages authors to grant reason-
able requests from colleagues to share any data,
materials and experimental protocols described in
their manuscript.

Also JM]J encourages authors to disclose any data
which is the source of their manuscript, in J-STAGE
Data, a data repository developed and managed by
the Japan Science and Technology Agency (JST).
When publishing available data and materials from
J-STAGE Data, authors must submit them to the
Editorial Committee for peer review, and all
research data should be distributed as open under
the Creative Commons licensing.

Animal/human experimentation

Authors of manuscripts describing experiments
involving humans or materials derived from
humans must demonstrate that the work was
carried out in accordance with the principles
embodied in the World Medical Association’s
(WMA) Declaration of Helsinki (https://www.wma.
net/policies-post/wma-declaration-of-helsinki-eth
ical-principles—for-medical-research-involving-hu
man-subjects/), its revisions, and any guidelines
approved by the authors’ institutions. For Japanese
research institutions, the applicable statute is the
Ministry of the Environment’s notification ‘Criteria
for the Care and Keeping of Laboratory Animals
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and Alleviation of their Suffering’. Where relevant,
the authors must include a statement in their
manuscript that describes the procedures for
obtaining informed consent from participants
regarding participation in the research and publica-
tion of the research.

Authors should respect the privacy of patients and
their families. Identifying details should be omitted
if they are not essential, but patient data should
never be altered or falsified in an attempt to attain
anonymity. Complete anonymity is difficult to
achieve, and informed consent should be obtained
if there is any doubt.

Authors of manuscripts describing experiments
involving animals or materials derived from animals
must demonstrate that the work was carried out in
accordance with the guidelines approved by the
authors’ institution(s), and this must be stated

within the manuscript.

Clinical trial registration

A clinical trial is defined as any research project
that prospectively assigns human participants to
intervention or comparison groups to study the
cause-and-effect relationship between an interven-
tion and a health outcome. The journal adheres to
the International Committee of Medical Journal
Editors ICMJE) policy on Clinical Trials Registra-
tion (http://www.icmje.org/about-icmje/fags/clini
cal-trials-registration/), which recommends that
all clinical trials are registered in a public trials
registry at or before the time of first patient enroll-
ment as a condition of consideration for publication.
Manuscripts describing clinical trials must include
the registration number of the trial and the name
of the trial registry.

The following items are to be stated in the Methods
section: how informed consent was obtained from
the study participants (ie. oral or written), the
approval number from the institutional review
board or ethics committee, a registration ID for the
trial, and the trial’s start and end dates.

Reporting guidelines

The journal requires authors to follow the
EQUATOR Network’s Reporting Guidelines (https://
www.equator-network.org/reporting-guidelines/)
for health research. Study types include, but are
not limited to, randomized trials, observational
studies, systematic reviews, case reports, qualita-
tive research, diagnostic and prognostic studies,
economic evaluations, animal pre-clinical studies
and study protocols.

Author competing interests and conflicts of interest
In the interests of transparency, the journal
requires all authors to declare any competing or
conflicts of interest in relation to their submitted
manuscript. A conflict of interest exists when there
are actual, perceived or potential circumstances
that could influence an author’s ability to conduct
or report research impartially. Potential conflicts
include (but are not limited to) competing commer-
cial or financial interests, commercial affiliations,
consulting roles, or ownership of stock or equity. A
Conflicts of Interest statement must be includes in
the manuscript (see the ‘Manuscript Preparation’
section below for more details).

Authors should list all funding sources for their
work in the Funding section of their manuscript.

Confidentiality

The journal maintains the confidentiality of all
unpublished manuscripts. By submitting their
manuscript to the journal, the authors warrant that
they will keep all correspondence about their
manuscript (from the Editorial Office, editors and
reviewers) strictly confidential.

Self-archiving (Green Open Access) policy

Self-archiving, also known as Green Open Access,
enables authors to deposit a copy of their manu-
script in an online repository. JM] encourages
authors of original research manuscripts to upload
their article to an institutional or public repository
immediately after publication in the journal.
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Long-term digital archiving

J-STAGE preserves its full digital library, including
JM]J, with Portico in a dark archive (see https://
www.portico.org/publishers/jstage/). In the event
that the material becomes unavailable at J-STAGE,
it will be released and made available by Portico.

Peer Review Process

Editorial and peer review process

JM]J undertakes single-blind peer review. When a
manuscript is submitted to the journal, it is assigned
to the Editor-in-Chief, who performs initial screening.
Manuscripts that do not fit the journal's scope or
are not deemed suitable for publication are rejected
without review. For peer reviewing, the manu-
scripts that pass through the initial screening are
assigned to two reviewers by the Editor-in— Chief.
Reviewers are selected based on their expertise,
reputation and previous experience as peer
reviewers. The deadline for submission of the
reviewers' reports is basically 3 weeks.

Upon receipt of the two reviewers reports, the
Editor-in-Chief makes the first decision on the
manuscript. If the decision is to request revision of
the manuscript, authors are requested to re-submit
their revised manuscript within one to six months,
depending on the comments of the reviewers.
Revised manuscripts submitted after this deadline
may be treated as new submissions. The Editor-in-
Chief may send the revised manuscripts to peer
reviewers for their feedback or may use his or her
own judgment to assess how closely the authors
have followed the Editor-in—Chief's and the review-
ers’ comments on the original manuscript. The
Editor-in—-Chief is responsible for making the final
decision on each manuscript.

If a manuscript satisfies the journal’s requirements
and represents a significant contribution to the
published literature, the Editor-in-Chief may
recommend acceptance for publication in JM]. If a
manuscript does not meet the journal's require-
ments for acceptance, but it has a high probability
of acceptance after minor or major revision, the

Editor-in-Chief may ask the authors to revise it
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accordingly. Revised manuscripts must be submitted
within one to six months, depending on the
comments of the reviewers; otherwise they will be
treated as new submissions. If a manuscript does
not meet the journal’s requirements for acceptance
or revision, the Editor-in-Chief may recommend
rejection.

Reviewer selection, timing and suggestions
Reviewers are selected without regard to geog-
raphy and need not belong to the journal's Editorial
Board. Reviewers are selected based on their
expertise in the field, reputation, recommendation
by others, and/or previous experience as peer
reviewers for the journal.

Reviewers are invited within 2 weeks of an article
being submitted. Reviewers are asked to submit
their first review within 3 weeks of accepting the
invitation to review. Reviewers who anticipate any
delays should inform the Editorial Office as soon as
possible.

When submitting a manuscript to the journal,
authors may suggest reviewers that they would
like included in the peer review process. The Editor
may consider these suggestions but is under no
obligation to follow them. The selection, invitation
and assignment of peer reviewers is at the Editor’s
sole discretion.

Reviewer reports

It is the journal’s policy to transmit reviewers
comments to the authors in their original form.
However, the journal reserves the right to edit
reviewers' comments, without consulting the
reviewers, if they contain offensive language, confi-
dential information or recommendations for publi-
cation.

Acceptance criteria

If a manuscript satisfies the journal's requirements
and represents a valuable contribution to the
published literature, the Editor-in-Chief may
recommend the acceptance for publication in JM].
The questions addressed when considering a
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manuscript for publication in JM] are as follows:
Relevance:

* Is the work within the journal's Aims and Scope?
Reproducibility:

* Do authors show sufficient information to

reproduce their experiments or data?
Written quality:
¢ Is the manuscript clearly presented?
Title:

* Does the Title accurately reflect the contents

of the manuscript?
Abstract:

* Does the Abstract adequately describe the
background or context of the work, the objec-
tives of the research project and the methods
used?

Introduction:

* Does the Introduction provide adequate back-

ground and context for the work?
Materials and Methods:

* Have the authors described the methods in
enough detail to allow others to replicate them?

* Have the authors adhered to established codes
of practice and ethics if human/animal experi-
mentation has been undertaken?

* Did the authors use appropriate methods?

Results:

* Have the authors explained their results clearly

and adequately?
Discussion:

* Is the Discussion supported by the results?

* Have the authors considered any alternative
explanations for their results?

e Have the authors made unsupported claims or
Inappropriate speculations?

General:

* Are all cited references relevant and neces-
sary?

* Has any relevant literature been omitted?

* Have the authors cited the data described in
the manuscript adequately?

* Is each table and figure necessary?

* Are any potentially useful figures or tables

missing?

e Are the tables and figures complete and inter-
pretable?
* Is the manuscript clearly written in English?
* Have the authors adhered to established codes
of publication ethics?
* Are there any errors in fact, methodology, or
analyses?
* Has the manuscript been published previously,
in part or in whole, in any language?
If a manuscript does not meet the journal’s require-
ments for acceptance or revision, the Editor-in-
Chief may recommend rejection.

Editorial independence

As the journal owner, the Juntendo Medical Society
(JMS) has granted the journal's Editorial Board
complete and sole responsibility for all editorial
decisions. The JMS will not become involved in
editorial decisions, except in cases of a fundamental
breakdown of process.

Editorial decisions are based only on a manuscript’s
scientific merit and are kept completely separate
from the journal's other interests. The authors’
ability to pay any publication charges has no
bearing on whether a manuscript is accepted for
publication in the journal.

Appeals

Authors who believe that an editorial decision has
been made in error may lodge an appeal with the
Editorial Office. Appeals are only considered if the
authors provide detailed evidence of a misunder-
standing or mistake by a reviewer or editor.
Appeals are considered carefully by the Editor-in—
Chief, whose decision is final. The guidelines of the
Committee on Publication Ethics (https://publicati
onethics.org/) (COPE) are followed where and
when relevant.

Confidentiality in peer review
The journal maintains the confidentiality of all
unpublished manuscripts. Editors will not:

1. disclose a reviewer's identity unless the

reviewer makes a reasonable request for such
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disclosure

2. discuss the manuscript or its contents with
anyone not directly involved with the manu-
script or its peer review

3. use any data or information from the manu-
script in their own work or publications

4. use information obtained from the peer review
process to provide an advantage to themselves
or anyone else, or to disadvantage any indi-
vidual or organization.

Conflicts of interest in peer review

A conflict of interest exists when there are actual,
perceived or potential circumstances that could
influence an editor’s ability to act impartially when
assessing a manuscript. Such circumstances might
include having a personal or professional relation-
ship with an author, working on the same topic or
in direct competition with an author, having a
financial stake in the work or its publication, or
having seen previous versions of the manuscript.
Members of the journal's Editorial Board under-
take to declare any conflicts of interest when
handling manuscripts. An editor who declares a
conflict of interest is unassigned from the manu-
script in question and is replaced by a new editor.
Editors try to avoid conflicts of interest when
inviting reviewers, but it is not always possible to
identify potential bias. Reviewers are asked to
declare any conflicts of interest to the Editor, who
will determine the best course of action.

Errata and retractions

The journal recognizes the importance of main-
taining the integrity of published literature.

A published article that contains an error may be
corrected through the publication of an Erratum.
Errata describe errors that significantly affect the
scientific integrity of a publication, the reputation of
the authors, or the journal itself. Authors who wish
to correct a published article should contact the
editor who handled their manuscript or the Editorial
Office with full details of the error(s) and their
requested changes. In cases where co-authors
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disagree over a correction, the Editor-in-Chief may
consult the Editorial Board or external peer
reviewers for advice. If a Correction is published,
any dissenting authors will be noted in the text.

A published article that contains invalid or unreli-
able results or conclusions, has been published else-
where, or has infringed codes of conduct (covering
research or publication ethics) may be retracted.
Individuals who believe that a published article
should be retracted are encouraged to contact the
journal’'s Editorial Office with full details of their
concerns. The Editor-in-Chief will investigate
further and contact the authors of the published
article for their response. In cases where co-au-
thors disagree over a retraction, the Editor-
in-Chief may consult the Editorial Board or external
peer reviewers for advice. If a Retraction is
published, any dissenting authors will be noted in
the text.

The decision to publish Errata or Retractions is
made at the sole discretion of the Editor-in—Chief.

Editors as authors in the journal

Any member of the journal's Editorial Board,
including the Editor-in—Chief, who is an author on
a submitted manuscript is excluded from the peer
review process and from viewing details about
their manuscript.

A manuscript authored by an editor of JM]J is
subject to the same high standards of peer review
and editorial decision making as any manuscript
considered by the journal.

Responding to potential ethical breaches

The journal will respond to allegations of ethical
breaches by following its own policies and, where
possible, the guidelines of COPE.

Reviewer Confidentiality

As part of their responsibilities, reviewers agree to
maintain the confidentiality of unpublished manu-
scripts at all times. By accepting the invitation to
review a manuscript, reviewers agree not to:

1. disclose their role in reviewing the manuscript
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2. reveal their identity to any of the authors of
the manuscript

3. discuss the manuscript or its contents with
anyone not directly involved in the review
process

4. involve anyone else in the review (for example,
a post-doc or PhD student) without first
requesting permission from the Editor

5. use any data or information from the manu-
script in their own work or publications

6. use information obtained from the peer review
process to provide an advantage to themselves
or anyone else, or to disadvantage any indi-
vidual or organization.

Copyright, Open Access and Fees

Copyright and licensing

JMJ is fully Open Access and uses the Creative
Commons CC BY 4.0 (Attribution 4.0 International)
(https://creativecommons.org/licenses/by/4.0/).
This license allows users to share and adapt an
article, even commercially, as long as appropriate
credit is given.

Authors are required to assign all copyrights in the
work to the Society, who then publish the work
under the CC BY 4.0 International license.

Some funding bodies require articles funded by
them to be published under a specific Creative
Commons license. Before submitting your work to
the journal, check with the relevant funding bodies
to ensure that you comply with any mandates.

Article Processing Charge

There are many costs associated with publishing
scholarly journals, such as those of managing peer
review, copy editing, typesetting and online hosting.
To cover these costs in the absence of journal
subscriptions, authors (or their representatives)
are asked to pay article processing charges (APCs).
There is no submission fee.

All articles, with the exception of those requested
by the Editorial Board, attract publication expenses
which must be borne by the authors. Authors will
be notified of the exact sum.

The APC depends on the article type and the total
number of typeset pages. The table below indicates
how many pages are free of charge for each article
type. Each page over this limit attracts a fee of
24,000 JPY/printed page.

JMS Members All others

Original articles The first 5 pages The first 3 pages

Review articles The first 5 pages The first 3 pages

Case reports The first 2 pages The first 1 page

Color printing charges: 30,000 JPY per page

Reprint charges: All reprints will be charged
according to the actual printing costs.

Waiver policy

Waivers for APCs are provided automatically when
the corresponding author is from a “Group A”
Research4Life country (https://www.research4life.
org/access/eligibility/). In cases of demonstrated
financial hardship, the journal will consider a
presubmission application for a waiver from any
corresponding author to [provide email address of
person to contact]. Applications cannot be made
after the peer review process has begun.

The ability of an author to pay the APC does not
influence editorial decisions. To avoid any possi-
bility of undue influence, editors involved with the
decision—-making process on submitted manuscripts

are not involved in any deliberations on waivers.
Manuscript Submission

Manuscripts should be submitted online via the
Juntendo Medical Journal online submission and
peer review page on S cholarOne Manuscripts
(https://mc.manuscriptcentral.com/jmj).

S imply log on to S cholarOne Manuscripts and
follow the onscreen instructions for all submissions.
You will need to register before your first submis-
sion to Juntendo Medical Journal. If you have any
technical problems or questions related to the elec-

tronic submission process, please contact our Edito-
rial Office:

557


https://creativecommons.org/licenses/by/4.0/
https://www.research4life.org/access/eligibility/
https://mc.manuscriptcentral.com/jmj

Juntendo Medical Journal Editorial Office

c/o International Medical Information Center

2F Shinanomachi Rengakan,

35 Shinanomachi, Shinjuku-ku, Tokyo 160-0016,
JAPAN

Phone: +81-3-5361-7089

E-mail: jmj@imic.or.jp

Manuscript Preparation

Style

Manuscripts should be prepared in Microsoft Word
or other appropriate software using double line
spacing throughout, page numbers on the lower
right, and with margins of at least 2.5 cm.

English standards

Manuscripts should be written in clear, grammati-
cally correct English. Authors whose native
language is not English are strongly encouraged to
have their manuscript checked by a native English
speaker or by an editing service prior to submis-
sion; a certificate of English editing that accompa-
nies submissions can be useful in many circum-
stances. If a manuscript is not clear due to poor
English, it may be rejected without undergoing

peer review.

Format

The first page of each manuscript should contain:
Title, Authors’ full names, Affiliations, Key words,
Running Title, and the name and full address
(including telephone number, facsimile number,
and e-mail address) of the corresponding author.
Manuscripts should be divided into the following
sections and presented in this order: Introduction;
Materials and Methods; Results; Discussion;
Acknowledgements; Funding; Authors’ contribu-
tions; Conflicting interest statement; and Refer-
ences.

Manuscripts should be arranged in the following
order: 1. Title page; 2. Abstract and keywords; 3.
main text; 4. Acknowledgements, Funding, Author
Contributions, Conflict of interest statements; 5.
tables together with any accompanying legends; 6.
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figure legends; 7. other as required. Each of the
numbered items should begin on a separate page.

Title page
The first page should include:

1. The title of the manuscript in sentence case.
No abbreviations other than gene names or in
common use

2. Full names of all authors and ORCID ID
(https: //orcid.org) if desired

3. Affiliations of the authors; use numbers not
symbols

4. If authors make an equal contribution, indi-
cated with an asterisk (up to 2 authors,
including the first author) and a note indicating
this under the author names

5. Name, full postal address, including street
number and name, and e-mail address of the
corresponding author (s)

6. Key words (no more than five key words).
Refer to Medical Subject Headings in MeSH or
Index Medicus

7. Running title preceded by the first author’s
name (maximum 120 characters with spaces,

including the author’s name).

Title

The title should describe the content of the article
briefly but clearly and is important for search
purposes by third-party services. Do not use the
same main title with numbered minor titles, even
for a series of papers by the same authors. Do not
use abbreviations in the title, except those used
generally in related fields.

Footnotes

Footnotes, if any, should be typed in a separate
sheet (the second page of the manuscript). Abbre-
viations should also be listed on this page.

Abbreviations

Each abbreviation should be defined in parentheses
together with its non-abbreviated term when it
first appears in the text (except in the Title and


https://orcid.org/

Abstract).

Units
SI or Sl-derived units should be used. More infor-
mation on SI units is available at the Bureau Inter-
national des Poids et Mesures (BIPM) website
(https://www.bipm.org/en/about-us/).
Abstract
The second (and, if necessary, the third) page of
the manuscript should contain only the abstract
(maximum 250 words). The abstract must be fully
comprehensible without reference to the text.
Abstracts should be divided into sections as follows:

1. Objectives

2. Materials (or “Design”)

3. Methods (or “Interventions”)

4. Results

5. Conclusions

Introduction

The Introduction should provide sufficient back-
ground information to allow the reader to under-
stand the purpose of the investigation and its rela-
tionship with other research in related fields,
although it should not include an extensive review
of the literature.

Materials and Methods

The description of the methods should be brief, but
it must include sufficient details to allow the exper-
iments to be repeated. The sources of unusual
chemicals, animals, microbial strains or equipment
should be described, and the location (city, country)
of the company should be provided in parentheses.
If hazardous materials or dangerous procedures
are used in the experiments and the precautions
related to their handling are not widely recognized,
it is recommended that the authors provide the
necessary details.

Results

This section includes the results of the experi-
ments. The Results and Discussion sections may be
combined if this helps readers to understand and

evaluate the study. Tables and figures, including
photographs, can be used to present the experi-
mental results (see below). Excessive explanations
of the data presented in tables and figures should
be avoided.

Discussion

The Conclusion or Discussion should be concise
and should deal with the interpretation of the
results. Novel models or hypotheses may be
proposed in this section only if they are suggested
by the results obtained in the experiments. Do not
repeat the description of the experimental results

in this section.

Acknowledgments

Contributors who do not meet the criteria for
authorship should be listed in the Acknowledge-
ments section. Examples of those who might be
acknowledged include a person who provided
purely technical help, or a department chair who
provided only general support. If you do not have
anyone to acknowledge, please write “Not appli-
cable” in this section.

Funding

All articles should have a funding acknowledge-
ment statement included in the manuscript in the
form of a sentence under a separate heading enti-
tled “Funding” directly after Acknowledgements
section, if applicable. The funding agency should be
written out in full, followed by the grant number in
brackets. Multiple grant numbers should be sepa-
rated by commas and spaces. Where the research
was supported by more than one agency, the
different agencies should be separated by semi-
colon, with “and” before the final funder. If the
research is not funded by a specific project grant,
please state in the manuscript as follows: “The
author(s) received no financial support for the
research” or “No funding was received”.

Author contributions
The individual contributions of authors to the
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manuscript should be specified in this section after
Funding section. Please use initials to refer to each
author’s contribution in this section, for example:
“AU analyzed and interpreted the patient data
regarding the hematological disease. KT performed
the histological examination of the liver, and was a
major contributor in writing the manuscript. All
authors read and approved the final manuscript.”

Conflicts of interest statement

All manuscripts must include a “Conflicts of
Interest statement” in line with the ‘Author
competing interests and conflicts of interest’ section
above. If no conflicts exist, please state that “The
Author (s) declare(s) that there are no conflicts of

interest”.

References

References, including those given in tables and

figure legends, should be numbered sequentially in

the order they appear in the text and listed in

numerical order at the end of the manuscript under

the heading “References”. In the text, citations

should be indicated as superscript numbers with

an end parenthesis character following each cita-

tion number. Three or more consecutive citations

should be indicated as a range using a hyphen, e.g.

“3)-5)". Journal titles should be abbreviated as

shown in Index Medicus and List of Journals

Indexed. When there are six or fewer authors, all

should be listed; when there are seven or more,

include only the first three and add “et al.” Please

note the following examples.

Example citation list entries:

Journal article

1) You WC, Blot W], Li JY, et al: Precancerous
gastric lesions in a population at high risk of
stomach cancer. Cancer Res, 1993; 53: 1317-
1321.

Book

2) Matsumoto A, Arai Y: Hypothalamus. In: Matsu-
moto A, Ishii S, eds. Atlas of Endocrine Organs.
Berlin: Springer-Verlag, 1992: 25-38.
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Tables

Tables with suitable titles and numbered with
Arabic numerals should be placed at the end of the
text on separate sheets (one table per page). They
should be understandable without referring to the
text. Column headings should be kept as brief as
possible, with units for numerical information
included in parentheses. Footnotes should be
labeled a), b), ¢), etc. and typed on the same page
as the table they refer to.

Figures

Figures should also be submitted online as sepa-
rate files. They should be numbered in order of
appearance with Arabic numerals (e. g. Fig. 1, Fig. 2).
Author (s) must pay printing costs for color photo-
graphs. Electron micrographs should contain a
scale. Individual figures may not exceed the size of
a Journal page. Graphs or drawings containing
typewritten characters are unacceptable. Numbers,
letters and symbols must be large enough to be
legible after reduction. In principle, figures should
be suitable for publication, and jpg digital files
preferred. Each figure must have an accompanying
legend, which should be understandable without
reference to the text. All figure legends are to be
double spaced, and should be collected together as
text page(s), rather than being attached to their
respective figures.

Cover letter

Summarize briefly the important points of the
submitted work including a brief description of the
study to be submitted, that it is an original study
presenting novel work, that it has not been previ-
ously submitted to or accepted by any other
journal, that is has been approved by all authors,
and explain whether any author has a conflict of
interest.

Accepted Manuscripts

Manuscripts that are accepted for publication are
copyedited and typeset by the journal’s production
team before publication. The journal is published 6



times per year / continuously online. All communi-
cation regarding accepted manuscripts is with the
corresponding author.

Proofs

Page proofs are sent to the corresponding author,
who should check and return them within 48 hours.
Only essential corrections to typesetting errors or
omissions are accepted; excessive changes are not
permitted at the proofing stage.

Reprints

Order forms for reprints are sent with the proofs
to the corresponding author and should be returned
with the proofs. The corresponding author will be
sent a PDF of the paper on publication.

Contact

To contact the Editorial Office or the Editor-in-
Chief, please write to:

Juntendo Medical Journal Editorial Office

c/o0 International Medical Information Center

2F Shinanomachi Rengakan,

35 Shinanomachi, Shinjuku-ku,

Tokyo 160-0016, JAPAN

Phone: +81-3-5361-7089

E-mail: jmj@imic.or.jp
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