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Supersaturation and Sensitive Region for Diffusion Direction
in Low-temperature Diffusion Cloud Chamber

Naruomi YASUDA

School of Health Sciences, Gifu University of Medical Science
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Abstract

Objective and Methods: Low-temperature diffusion cloud chambers are charged-particle track detectors. However,
developing of a low-temperature diffusion cloud chamber with a wide sensible region in the vapor diffusion direction
is challenging because of the need to appropriately design various conditions, such as sufficient vapor vaporization,
convection suppression, sufficient cooling at the bottom, and a large temperature gradient. In this study,
supersaturation and ion limit were theoretically considered as basic research for developping a low-temperature
diffusion cloud chamber with a wide sensible region in the vapor diffusion direction. The temperature gradients of
steady and transient states in the diffusion direction were measured to estimate the sensible region based on
theoretical considerations. In addition, a numerical simulation of the temperature gradient using the finite element
method (FEM) was performed.

Results: In the case of ethanol vapor and solid carbon dioxide, the ion limit at the bottom of the cloud chamber was
"3.94 at 233 K. The temperature range of sensitivity in the diffusion direction was 237-267 K, which corresponds to
the bottom 5 -45 mm of the cloud chamber.
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Discussion: In the upper part of the diffusion direction, vapor cooling is often insufficient, suggesting the importance

of a structure to effectively cool the upper part to obtain a wide sensible region.

Key words : diffusion cloud chamber, degree of supersaturation, ion limit, temperature gradient, particle track

detector
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Figure 1 : Volume AV of a spherical shell with an inner
radius r and a thickness A r
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Figure 3 : Dependence of surface tension y of ethanol on
temperature T (Based on data in reference ")
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Figure 4 : Dependence of density p of ethanol on
temperature T (Based on data in reference )
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ethanol when the condensation nucleus has no charge



ZHBCRL - AR LR TR O AR EE & LT 1R O A7 I

1, 7 &) = (300, 300, 300) mm OKFDOL DL L,
Fx Y N— OEEFFEAMEBHE O (F 23.0 mm)
Wz F o o= FEIE AR OIEFEIL A
DR IHN T B 7201EHT v 774 VA%
L, EHIZEHROBZERPF VIR (53
1.0 mm) (ZTRERZ B LR 9w X9 PRI B
B EM -7 D& Lz, RO TFIZIE7a Yy
7 IROEE IR (E 24950 mm, FA-HERAE:
¥194K) Z#ELZETCTEREZGH Lz F2 v
IN=POEEBEPICIE TS 7 —)b (s Rk
I¥ )=V [Hrrr—]) OF— Vi EEL,
293 K D=l & % ARG TRz FES &
720 RIS EARBESEDLOIZTY ) — )b
T—NVEb—F =TT LI EDH LD, Hbf
REOL—F — X 2MEHIEOY —EZX S v FTH
DXy ) — )& —EDOWEIZIEMHICHRD Z L 25
T — % —OBIEDN T x VN—NDIRE IS
THURMNED D B 720, KWIZETIEE — % —I13ff
A3 BERAILE L7z,

EEcEAb L7z = VS PR THEIE T
WEIFIFEI 2 R L, & 2 2 EK T 25EiEd 4
EMRBRAERM CTE D X )12 Do FEBICREHE
WTETVWBRREBIZBWT, KE1LrL0E X
h=10 ~ 190 mm (Ah=20 mm) DAL EIZ10F ¥
ANV O/NREE Y 2 — & YL E L CF o v
IN— PR DI A Bt % 42 i C AR HIE L 7zo 1
SENZAREF OB 2 4052 L 72 iR E A RC A8 L 7
SERIREE, ROGHIBG2 O BEVPERKRE 20 8l
HITTEEIC 72 5 £ COMM O H% & 72 % 8EZ LD
MFZDWTAT % o 720 /INEIOFEFR ThIUIE
FEEE CAERDNEIZIEH L T 53 % iR E AR5
5 ILTHREF Y S NhD 555, REDH DT
IREABL DS E L CORBR2SEIN S 5 F Tl
G S BA 7 AL O B R W IR A3 0 50 B 72
9, MmEARORMZELZET 5 LITKME
FARETABICHER IERE %5, REL Y
Y—id7 7o oM PEER K BES (7 X7 2 DS-
2000-0601) %\, BERFOEFEFIEL T ¥ v
JAXYLAOFX Uy S A7 -3 ay (HEERE
LR8410) (2 TINE L 720 F 72, REFZEHT S
720 O BEBIIZ1320 kKim O & EH 4 LED S %
a7z,

| 300 mm |

ethanol pool

diffusion of vapor

* . .
300 mm * # measuring point

*

o

sensitive region

Cu plate (1.0 mm?)

solid carbon dioxide (50 mm!)

Figure 5 : Schematic of the structure of a cloud chamber
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temperature inside a chamber (left side) , and the
conditions of the temperature measurement (right
side).
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Figure 7 : Degree of supersaturation S at each temperature
T [K]
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Figure14 : Design of a cloud chamber using CAD system (left side), temperature constraints at the top and bottom of the chamber
(center), and a result of FEM analysis for temperature estimation (right side).
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Effects of Regional Comprehensive Support Center Activities to
Prevent Nursing Care for Elderly Individuals Living Alone in Depopulated Areas
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Abstract

Objectives: To elucidate the effect of nursing care prevention projects for elderly individuals living alone in
depopulated areas that have been undertaken by regional comprehensive support centers.

Methods: We surveyed 16 elderly individuals living alone who participated in two or more courses conducted four
times a month. Grip strength, one-leg standing time with eyes open, subjective feeling of health, and energy level
were compared before and after the course.

Results: The one-leg standing time with eyes open for the left leg improved, but there was no change in grip strength.
Subjective feeling of health and energy levels also increased. The participants appeared to enjoy their interactions
with others who they had not seen for some time. They voiced the opinions such as “I was able to participate
happily” and “I think I could continue the exercises at home.”

Discussion: Even with little nursing intervention, we can expect an improvement in subjective aspects, such as
subjective feeling of health and energy level, of elderly patients; however, improving their physical functioning will
be difficult. To improve physical functioning of elderly in depopulated areas where it is difficult to increase the

frequency of nursing care, a system must be developed to provide help to individuals to continue independent

H)II#F  nfurukawa@u-gifu-ms.ac.jp
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exercises and for activities to be put in place for local residents to help each other.

Key words : depopulated areas , regional comprehensive support centers, nursing care prevention projects,

elderly individuals living alone
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Factors Influencing the Implementation of Discharge Guidance
for Foreign Puerperal Women
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Department of Nursing, Faculty of Nursing, Gifu University of Medical Science
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Abstract

Objective: This study aims to clarify the factors affecting the implementation of discharge guidance for foreign
puerperal women by obstetric nursing staff.

Methods: A total of 214 obstetric nursing staff with experience in providing discharge guidance to foreign puerperal
women were retrospectively surveyed using an anonymous self-administered questionnaire. Furthermore, to
investigate the factors affecting the implementation of discharge guidance for foreign puerperal women, multiple
logistic regression analysis was performed with the implementation of discharge guidance (high group and low
group) as the dependent variable and the support system of the facility, support measures, and related attributes as
the independent variables.

Results: The years of experience of the nursing staff, Japanese language proficiency of the foreign puerperal women,
employment status, and state of being at high risk were significantly associated with the implementation of discharge
guidance. Even after adjusting for these variables, the availability of professional interpreters at the facility,
information sharing among the staff, and cooperation with the health center were significantly associated with the
implementation of discharge guidance.
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Discussion: A support system comprising professional interpreters at the facility, information sharing among nursing

staff and cooperation with related organizations are important for providing discharge guidance to foreign puerperal

mothers.

Key words - foreign puerperal women, discharge guidance, nursing staff
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Abstract

Current Status of End-of-life Care in Special Elderly Nursing Homes from the Perspective of Nursing Managers

Objective: The purpose of this study was to qualitatively clarify the current status of end-of-life care provided by
nursing and care professionals in special elderly nursing homes through interviews with nursing managers of these
facilities as a basis for establishing end-of-life care education systems.

Methods: An approximately 50-minute semi-structured interview session was conducted for each nursing manager
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working in a special elderly nursing home within the period between August 2019 and August 2020, and qualitative

and inductive analysis was performed.

Results: Through analysis, 5 categories were identified: [not giving up on eating until the end], [anguish over not

being able to confirm patients” will], [support for family members who cannot accept patients’ death], [nursing

management in end-of-life care], and [hoping for situational improvement through end-of-life care].

Conclusions: The results clarified the status of end-of-life care provided by nursing and care professionals, revealing

various challenges, such as the necessity of support for the personal growth of nurses, family support, and

“organizational operations” according to the mission of the office, experience of staff, and developmental stage.

Key words - Special Elderly Nursing Homes, Nursing Managers, End of life care.
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The Task of Education for the Imported Infectious Diseases at the Nursing School
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[Br] BRSO BRGEBRE G HEM (CNIC) & BH#EHE &5 RIHEMFAN BT 5 M A RIHELE O L%
MEHFEOEELMR, FEELHL2IZT 5,

(5] 2EORHBEE# CNIC 3574 & S EFERIARIH AL E R, ELANEMK - Web 7 > 7 — Miids
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Abstract

Objective: To clarify the necessity and actual state of education on imported infections in nursing schools through a
survey of certified nurses (CNICs) and nursing teachers in the medical field.

Method: An anonymous questionnaire/ web questionnaire survey was performed with 357 CNICs working at
hospitals nationwide and 311 teachers at nursing schools nationwide. We investigated the necessity of learning and
the presence or absence of education for each of the 22 questionnaire items related to imported infectious diseases,
by simple tabulation, and compared the ratio of need and education that CNICs think using the proportion difference
test.

Result: Approximately 60% — 90% or more of the respondents answered that they needed to learn about each item
related to imported infectious diseases, but the percentage taken up in class was 7.8% —45.3%. Approximately 60%

—90% or more of the respondents answered that they needed to learn about each item related to imported infectious
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diseases, but the percentage taken up in class was 7.8% — 45.3%. In all items except the law on infectious disease,

CNIC was significantly lower than the percentage of need to think (P<.001).

Conclusion: Both CNICs and nursing teachers feel the need to learn about each item related to imported infectious

diseases. It became clear that the actual class implementation rate was not determined in the survey. Thus, we

suggest that it is necessary to enhance learning about imported infectious diseases in the nursing education course.

Key words - The imported infectious diseases, Certified nurses for infection control, Nursing education,
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Factors Related to Shame and Anxiety during Pelvic Examinations
in Japanese Women

Miyu MATSUURA, Jungetsu SEI
Department of Nursing, Faculty of Nursing, Gifu University of Medical Sciences

Abstract

Objective: To mitigate women'’s feelings of shame and anxiety related to pelvic examinations, the underlying factors
must be understood, yet no such studies appear to have been conducted. The purpose of this study was to obtain
suggestions for further study of how medical professionals should treat women having a pelvic examination, through
an analysis of the factors that contribute to women'’s feelings of anxiety and shame following an exam.

Methods: Text from the free responses of 256 of the women regarding their feelings during the pelvic examination
was analyzed. Word frequency, co-occurrence network and hierarchical cluster analysis was performed using KH
Corder.

Results: The most frequently appearing terms were “omou” (feel) and “hazukashii” (ashamed). Co-occurrence
network analysis showed “feel” and “ashamed” strong connections to “medical examination,” “pelvic examination,”
and “explanation.”

Hierarchical cluster analysis grouped these into six clusters: “feeling ashamed,” “nurses being considerate in how
they treat an individual patient,” “provision of explanations and considerations to mitigate pelvic exam anxiety,”
“examination room environment set-up and waiting time on the examination table,” “examining doctor, nurses,” and
“understanding the content of the examination and procedures.”

Discussion: The results suggest that to reduce anxiety and shame in women having a pelvic examination, care should
be taken to set up the examination room environment and avoid keeping the patient waiting on the examination table.
In addition, a medical professional should carefully explain the content of the examination to the patient, while

nurses should speak to the patient in an appropriate manner that is considerate of feelings of shame.
Key words - shame, anxiety, pelvic examinations

to their embarrassment of being internally examined at
I. INTRODUCTION

the examining table” . However, this internal

In Japan, it is recommended that women aged > 20 examination is an essential part of obstetric and
years undergo cervical cancer screening. However, the gynecological practice, and cannot be avoided or
screening rate for cervical cancer in Japan is 43.7%" eliminated due to patients’ embarrassment and anxiety.
which is one of the lowest among the developed In addition, the response of medical personnel is
countries” . It is imperative to improve the uptake rate important in increasing the screening rate and must
of obstetric and gynecological examinations to consider women's feelings of shame and anxiety.
increase the uptake rate of uterine cancer screening To reduce the anxiety and embarrassment of women
and early detection of other gynecological diseases” who visit obstetricians and gynecologists to get
among women. internal examinations, it is necessary to identify the

Previous studies have shown that women'’s resistance factors that contribute to their anxiety and
to seeing an obstetrician/gynecologist is primarily due embarrassment. However, we found no studies
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Miyu MATSUURA, mmatsuura@u-gifu-ms.ac.jp
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apropos this among Japanese women.

Therefore, the purpose of this study was to
investigate the factors that increase anxiety and
embarrassment experienced by women during internal
examinations and to identify the responses they require
from medical personnel. Once the response that the
examinee seeks from the healthcare provider is
clarified, it can be individually tailored to the

examinee's needs.
I. METHODS

1. Participants

A questionnaire survey was conducted via mail to
investigate women's feelings about internal
examinations on the examination table. Participants
included women aged 20 years or older who visited
the obstetrics and gynecology clinic in Nagoya
between April and May 2016. To avoid coercion in
cooperation with the study, the questionnaire was left
at the reception desk for women to take home.

2. Data collection

Textual data on women'’s feelings about internal
examinations and the responses of medical personnel
obtained from the free-text sections of the
questionnaire were included in the analysis.

3. Data analysis

The collected data were analyzed using the KH
Coder, a free software for quantitative text analysis
and text miningm , where it is possible to summarize
text data as a whole or by clusters, extract important
words and keywords for their trends and characteristics
in short words, and analyze their frequency of
occurrence, concurrent relationships, etc” . Qualitative
data can then be quantified and statistically analyzed
for word frequencies and word associations” .

In this study, frequent word analysis was conducted.
Co-occurrence network analysis was also performed to
analyze the relationships between terms. A co-
occurrence network is a network diagram in which the
co-occurrence relationships are represented by lines.
The frequency of the occurrence of words and word-
to-word connections were statistically analyzed. In

addition, hierarchical cluster analysis was performed
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whereby groups of different properties were mixed
together, and those with similar properties were
gathered and grouped into clusters.
4 . Ethical considerations

In addition to the purpose and objectives of the
study, ethical considerations were explained in writing
to the participants, such as the fact that the
questionnaires would be collected and analyzed
anonymously, that their cooperation in the study was
voluntary, and that their consent to research
cooperation was given when the questionnaires were
posted in the mailbox; thus, their cooperation was
obtained. This study was conducted with the approval
of the Aichi Prefectural University Research Ethics
Review Committee (27 Aikendaigakujou 6-41).

. RESULTS

Twenty-nine facilities agreed to cooperate in the
study, and 880 copies of the questionnaire were set up;
256 people responded to the questionnaire.

1. Characteristics of the participants

The characteristics of the participants are shown in
Table 1. More than half of the women were in their 20s
and 30s, and about 80% of the women had visited an
obstetric outpatient clinic five or more times. A total
of 68.2% of the women said they had a family doctor,
and 62.8% said they had given birth.

Table 1 Characteristics of the participants (n=256)
n %
Age
20's 30 11.9
30's 102 40.4
Over 40s 120 47.6
Number of visits
less than 5 times 40 5.6
5 times or more 184 82.1
Have a family doctor
none 79 31.7
have 170 68.2
Childbirth experience
none 94 37.1
have 159 62.8

The numbers for each variable exclude missing values.
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2. Word frequency Table 2 Word frequency
The results of frequent word analysis are shown in Word Times
Table 2. “Omou” (feel), “hazukashii” (ashamed), omou” (feel) 258
o . L o “hazukashii” (ashamed) 190
naishin (pelvw examination), “ishi” (doctor), . ) o
naishin” (pelvic examination) 127
shinsatsu” (medical examination), “naishindai “ishi” (doctor) 11
(gynecological examination table), “kango” (nursing “shinsatsu” (medical examination) 9%
care), and other terms were extracted at the top of the “naishindai” (gynecological examination table) 92
list “kango” (nursing care) 80
. “sensei” (doctor) 73
3. Co-occurrence network analysis . .
setsumel (descrlptlon) 69
The results of the co-occurrence network analysis “katen” (curtain) 66
are shown in Figure 1. Co-occurrence network analysis “koe” (voice) 65
showed “feel” and “ashamed” occupied the central anshin” (relief) 62
e . . “kimochi” (a feeling) 60
position in the network with strong connections to o ¢
. PR S josei” (woman) 9
medical examination, “pelvic examination, and “
dansei” (male) 58
“explanation.” “byouin” (hospital) 53
Surrounding that center, “doctor” had strong “ukeru” (have) 52
connections to “woman,” “nursing care,” and “peace of jushin” (consultation) ol
e . . " “kanjiru” (feel) 46
mind,” while “pelvic examination table” had strong . J
ima” (now) 44
connections to “get up on,” “curtain,” and “wait. “fuan” (anxiety) A4
Strong associations were also found between “pelvic “mae” (previous) 40

examination,” “explanation,” “feel” and “ashamed.

S s
“owaru” (open)
“hitsuyou” finish) /(‘state) —— agamu”
(necessary) (get up on)
\ ________________ | ztlme) /

oy P (1 eg)
(do) (ﬁeaﬁnem) \
\ / ‘m"‘
('Lusi.ness].ike) )\

“kimochi”

(mce)\ R g
supponypam) (mmgatmn) -------- x _____
(ccnsclen\huus) = ..
(medlcal) (seem)
(get used to) fs ’ : Siphtion)
“naishin” __ (doctor) A i
(pelvic e 4
“naishigchiten” “Ygiisa” <etsumei””” €xamination) \,'\ —__‘__J._'— d‘;‘ blc)
(pel mination (clinical test, (explanation) sl “, ,," (male) ' @@precablc

-
L (mind)

&r) (e'xsmmahon)

“kango
(nursing care)

“ima” 9 ;
i (pre'vxous) ﬁ“t tlmc) = R (mr) "hasn;om"
(cons dcratnon) (bath towel
(consultatlon) (peace of mind)
\ “Koe”
(women) (young) (voise)
-
Community: (go) (person) /(watch tmyself) (E;’é'i"
01 R “wakaru” (\‘Nomau doctor)
02 (understand)
gi Frequency: ' 50 100 150 200 250
Wos

Figure 1 Co-occurrence network analysis
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In the third community, we found that the
environment of the internal examination room, such as
“pelvic examination table” and “curtain,” were
associated with women's movements, such as
“underwear,” “ride,” and “to take off.”

4 . Hierarchical cluster analysis

The results of the hierarchical cluster analysis are
shown in Figure 2. Hierarchical cluster analysis
grouped these into six clusters. The first cluster was
named “feeling ashamed,” because it consisted of
terms such as “ashamed” and “ eeling ashamed.” The
second cluster was named “nurses being considerate in
how they treat an individual patient,” as it consisted of
terms such as “nursing care,” “support,” and “pelvic

examinations.” The third cluster was named

“examination room environment set-up and waiting

“ashi” (leg)

“naishindai” (gynecological examination table)
“matsu” (wait)

“katen” (curtain)

“basutaoru” (bath towel)

“ishi” (doctor)

“dansei” (male)

“sensei” (doctor)
“jose1” (woman)
“jibun” (myself)

“miru” (watch) ‘

“syochi” (treatment) r
“hitsuyou” (necessary) }
“naishinshitsu™ (pelvic examination room) B
“ki” (mood)
“kimochi” (a feeling)
“omou” (feel) Ejﬁ
“hazukashii” (ashamed)

“mae” (previous) ————————

“sukoshi” (a little) .
“shinrai” (trust)
“fuan” (anxiety)

“shinsatsu” (medical examination)
“ukeru” (have) ]
“setsumei” (explanation) ——————— |
“anshin” (peace of mind) 4
“u” (say)
“kensa” (clinical test)
“ima” (now)
“fujin” (Women)
“jushin” (consultation)
“kanja” (patiant)
“iya” (disagreeable)
“kango” (nursing care)
“koe” (voice)
“taiou” (support)
“kanjiry” (sence)
“byouin” (hospital)
“naishin” (pelvic examination)
“hajimete” (first time)
“hito” (person).m

Grouped these into six clusters:

“feeling ashamed,”

“nurses being considerate in how they treat an individual patient,”
“provision of explanations and considerations to mitigate pelvic exam anxiety,”
“examination room environment set-up and waiting time on the examination table,”
“examining doctor, nurses,”

“understanding the content of the examination and procedures.”

Figure 2 Hierarchical cluster analysis
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time on the examination table,” because it was
composed of terms such as “explanation,” “peace of
mind,” and “trust.” The fourth cluster was named
“provision of explanations and considerations to
mitigate pelvic exam anxiety,” because it comprised
terms such as “gynecological examination table,”
“wait,” etc. The fifth cluster was named “examining
doctors and nurses,” because it was composed of the
terms “doctor,” “male,” and “woman.” The sixth
cluster was composed of terms such as “necessary,”

“treatment,” etc., and was named “understanding the

content of the examination and procedures.”
V. DISCUSSION

1. Frequent Word Analysis and Co-occurrence
Network Analysis

In the analysis of frequently occurring words, “feel”
and “ashamed” were the most frequently used words.
These two words were also central to recall in the
fourth community in the co-occurrence network
analysis. This indicates that shame has a significant
impact on women'’s values on the internal examination
table in women. This result is consistent with those of
previous studies”® v

The strong association between “pelvic
examination” and “explanation,” as well as “feel” and
“ashamed,” suggests that the explanation provided by
the medical provider influences feelings of shame and
thoughts about the examination table. It is believed
that healthcare providers should carefully explain to
women the necessity of the internal examination. This
is consistent with the results of previous studies
conducted by the authors” .

In the second community, there was an association
between words related to gender and the medical staff.
“Peace of mind” was strongly associated with “doctor,”
“kind,” and “voice.” There was also an association
between “voice” and “nursing care.” We believe that
for women to feel comfortable during internal
examinations at the examination table, polite and
gentle encouragement is needed from doctors and
nurses.

In the first community, “pain” was associated with
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“anxiety.” This suggests that pain can lead to anxiety
in women. Matsuoka et al. described an association
between pain and anxiety, and the results were similar
to those of this studylm . Medical personnel must
minimize the pain experienced by women during
internal examinations. If women are extremely tensed
during the internal examination, it may be difficult to
insert the vaginal speculum into the vagina, which may
cause pain. The nurses should explain to the patient
what is about to happen in an appropriate manner and
encourage them to relax.

In the third community, we found a link between the
environment of the pelvic examination room and the
behavior of women in the pelvic examination room. It
was suggested that a large number of women were
concerned about the internal examination room
environment; therefore, the environment of these
rooms should protect the privacy of women where they
can change in peace.

2. Hierarchical cluster analysis

The results of the hierarchical cluster analysis
showed that many women desired not to wait too long
on the internal examination table. The nurses should
therefore adjust the timing of the elevation of the
internal examination table to avoid long waits for
patients while the table is being raised. This is
believed to effectively reduce the sense of shame
among women. In addition, nurses should take care to
cover the patient’s legs with a bath towel during the
internal examination to minimize the exposure of the
pubic area. As mentioned above, it is necessary to
frequently speak to women during examinations to
relieve their tension.

Similar to the results of the co-occurrence network
analysis, the results of the hierarchical cluster analysis
suggest the need for an explanation of the content of
the medical examination. It is predicted that shame is
considerably reduced when women are convinced
about their internal examination. Trust in doctors and
nurses may also be effective in reducing women's
feelings of shame. The ability of women to trust their
doctors and nurses and feel comfortable visiting an

obstetrician/gynecologist leads them to a family
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doctor. When women have a family doctor, the rate of
uterine cancer screening and other medical
examinations increases. This is expected to lead to an

improvement in women'’s health.
V. CONCLUSIONS

Analysis of women'’s feelings about internal
examinations based on their free descriptions
suggested that the following actions by health care
providers are needed to reduce women's
embarrassment.

1. Avoid keeping women waiting too long on the
internal examination table.

2. Nurses should minimize exposure of the woman's
pubic area.

3. Health care providers need to provide a detailed
explanation regarding the medical examination to
the patients.

4. Nurses should use language that takes into account
women's feelings of shame and relieves their
nervousness.

5. Internal examination rooms should be designed to
provide privacy so that women are medically

examined in a safe and comfortable environment.
ADDITION

Portions of the content of this paper were presented
at EAFONS 2019. The authors have no conflicts of
interest to declare that are relevant to the content of

this article.
ACKNOWLEDGEMENTS

We would like to express our sincere gratitude to all
the medical institutions and subjects who cooperated
with us in conducting this study. This research was
supported by JSPS Grant-in-Aid for Scientific
Research 15K15860.

REFERENCES

1) Cancer Information Service (2019): Download Statistics
on Cancer Screening, Available at: https://ganjoho.jp/reg_
stat/statistics/stat/screening/dl_screening. html#al8,
Accessed Oct 26, 2022.

2) Japan Medical Association (2022): Cancer Information in



10)

Medical Science and Educational Research 17 2023 p. 43~48

Other Countries, Available at: https://www.med.or.jp/
forest/gankenshin/data/foreigncountry/, Accessed Oct 26,
2022.

Japan Society of Obstetrics and Gynecology (2022):
Cervical Cancer, Available at: https://www.jsog.or.jp/
modules/diseases/index.php?content_id=10, Accessed Oct
26, 2022.

Tomita K (2003): Sanfujinkajusinnnoime-jitoteikoukan,
Ochanomizu Joshi Daigaku hattatsu rinshou shinrigaku
kiyou, 5, 83-94.

Higuchi K (2022): KH coder, Available at: https://
khcoder.net/, Accessed Oct 26, 2022.

Higuchi K (2018): Quantitative Text Analysis for Social
Researchers: A Contribution to Content Analysis,
Nakanishi R, Nakanisiya syuppan, Kyoto, 21-29.
Matsuura M, Minoura T (2022): Factors that increase
embarrassment of obstetric and gynecological patients
undergoing endoscopy and responses required from
medical professionals, Medical Science and Educational
Research 16, 35-41.

Segawa A,Miyamoto N(2021): Naishinpantsu
dounyuuniokeru kanjano syuutishin nikansuru cyousa,
Nihonkangogakkai ronbunsyu kangokanri kangokyouiku,
51, 275-278.

Inoue F, Hamada Y (2013): Female liberal arts college
students'decislon-making regarding cervical screening,and
influencing factors -A cervical cancer and screening
awareness survey-, Japanese Journal of Maternal Health,
54( 1), 200-209.

Matsuoka H, Sakano Y (2009): Development and
Validation of Japanese Version of Pain Anxiety Symptoms
Scale-20, Japanese Journal of Behavioral Medicine 14,

1-7.

48



Correlation between the Stroke Volume, Vascular Resistance,
and Second Derivative of Finger Plethysmogram
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Abstract

Objective: The arterial waveform is determined by specific cardiovascular system properties, such as vascular
stiffness. To analyze these properties, the second derivative of the plethysmogram (SDPTG), that implies “a” to “e”
waves, has been investigated. Stiffness is related to aging, and the SDPTG change over a short period is unclear. In
the present study, SDPTG changes were investigated using the Valsalva maneuver and cold pressor test, which
instantaneously changed the arterial waveform.

Methods: Arterial pressure and SDPTG before, during, and after exhalation of Valsalva maneuver, and before and
during cold pressor test were measured continuously. From arterial pressure waveform, stroke volume (SV), and
total peripheral resistance (TPR) were analyzed. The relationships between SV, TPR, and ratio of b and d waves to a
wave of SDPTG (b/a and d/a, respectively) were also analyzed.

Results: The b/a ratio significantly decreased during the Valsalva maneuver, which was associated with a decrease in
SV. The d/a significantly decreased during the cold pressor test, which was associated with an increase in TPR.
Furthermore, b/a was linearly and positively correlated with the SV; d/a was linearly and inversely correlated with
TPR in the cold pressor test and Valsalva maneuver.

Discussion: The b/a was considered to represent the vascular stiffness. However, it changes and correlates with SV
over a short period. d/a changes with magnitude of the reflected wave from the peripheral to central vessels due to

peripheral vascular stiffness and TPR, and thus, correlates with TPR over a short period.
Key words : Cold pressor test, Valsalva maneuver, stroke volume, total peripheral resistance

especially important for understanding the vascular
I. INTRODUCTION . .
properties. To compare the difference between

Pulse waveform analysis has been used to estimate
arterial stiffness using radial tonometry or fingertip
plethysmograml'3> . The waveform is determined by
specific properties of the cardiovascular system, such
as heart contractility, stroke volume (SV), peripheral
blood flow, vascular stiffness, and vascular resistance,
and so on. To analyze these properties, the second
derivative of the plethysmogram (SDPTG) has been
investigated4'6) . The waveform of the SDPTG
comprises five waves from “a” to “e”. The shift from
the baseline to the peak of each wave is considered as

the value for each wave. The “b” and “d” waves are

subjects, the ratio of “b” and “d” waves to the “a” wave
are widely used (b/a and d/a, respectively). The b/a
ratio expresses the vascular response to blood ejection
or SV from the left ventricle, and reflects the vascular
wall stiffness or compliance. Stiffness is related to
aging and should not change instantaneously” " o
Thus, the b/a ratio may be affected by SV during a
short period. The d/a ratio changes with the magnitude
of the reflex wave, which is altered by stiffness,
functional vascular wall tension or vascular
resistance”’’ . d/a reportedly correlates with the total

peripheral resistance (TPR) of the vascular vessels
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before and after meal ingestion, which induces
vasodilatation” . In the present study, we hypothesized
that b/a is instantaneously related to SV, and d/a is
related to TPR during vasoconstriction. To test this
hypothesis, we measured SDPTG continuously during
the Valsalva maneuver and cold pressor test, which
instantaneously induced an increase in the SV and

vasoconstriction, respectively.
I. METHODS

This study was approved by the Institutional Review
Board of Gifu University of Medical Science (30-7 ),
and informed written consent was obtained from all
subjects.

Nine healthy young subjects ( 3 males, 6 females;
20-22 years of age; 150-175 cm in height; 45-75 kg in
weight) were recruited for this study. The subjects
were not on any regular medication, and had no history
of cardiovascular disease.

Measurements

The subjects were placed in a sitting position. The
arterial pressure (AP) was measured in the left index
finger with a continuous blood pressure monitor
(Human NIBP system, AD Instruments, Sydney,
Australia). The finger with the blood pressure cuff
was placed at the heart level to avoid hydrostatic
pressure differences between the heart and the
measuring site. AP was monitored and recorded using
an analog-to-digital converter (PowerLab, AD
Instruments, Sydney, Australia), with simultaneous
data acquisition and analysis software (LabChart, AD
Instruments, Sydney, Australia) simultaneously and
continuously at a rate of 200 samples/s. The mean AP,
pulse rate, and SV were analyzed from the AP
waveforms using the same software. TPR was
calculated as follows"” : TPR = mean AP / (pulse rate
X SV).

The another pulse waveform from the left middle
finger was also measured simultaneously and
continuously using a Piezoelectric plethysmogram
(AYA-P; Taiyo Yuden, Tokyo, Japan) at a rate of 300
samples/s with data acquisition and analysis software

(Smart Pulse Analyzer, Taiyo Yuden, Tokyo, Japan).

50

The SDPTG was also analyzed using the same
software. Systolic waves a, b, c, and d and diastolic e
waves were detected in the SDPTG. The values of a, b,
and d were used for further analysis.
Valsalva maneuver

After 1 min of resting and normal respiration, the
subjects exhaled against a closed airway connected to
a manometer and the pressure was maintained at 40
mmHg for 15 s. The expiratory effort (exhalation)
was suddenly released, and respiration was restored to
normal level” . The AP, SV, and TPR of the AP
waveform and b/a and d/a of the SDPTG were
averaged every O s.
Cold Pressor Test

After 1 min of resting period, the right hand was
dipped into iced water (up to the wrist, with fingers
spread) at 4 C for 1 min' . The AP, SV, and TPR
of the AP waveform and b/a and d/a of the SDPTG
were averaged every 20 s.
Analysis

To analyze AP, SV, TPR, b/a, and d/a over time, a
repeated-measures two-way analysis of variance was
performed with time and conditions as factors. The
summarized data are presented as mean * standard
error. If statistically significant results were obtained,
Scheffe’s post-hoc test was applied to compare the
differences between the baseline values (at 5s before
the Valsalva maneuver and at 10s before cold
stimulation) and each time point during and after the
stimulation. The correlation between SV and b/a and
between TPR and d/a was analyzed. For the
correlation analysis in the Valsalva maneuver, averaged
values of SV, TPR, b/a, and d/a at O - 5s before, 10 -
15s during, and 15 - 20s (0- 5s after release of
exhalation) after the start of exhalation were used. In
the cold pressor test, values at 0 - 20s before and 40 -
60s after the start of stimulation were used for the

correlation analysis. Statistical significance was set at

p<0.05.
M. RESULTS

The upper panels of Figure 1 are representative

SDPTG waveform before and during exhalation of the
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Valsalva
Maneuver

Cold
Pressor test

Figure 1
Representation of second derivative of the plethysmogram (SDPTG)

waveforms before and during exhalation of the Valsalva maneuver (upper
panels), and before and during cold pressor test (lower panels). To compare
the level of each waveforms peak uniformly, the baseline and height of the

a-wave was aligned.

Valsalva maneuver. The lower panels show the
waveforms before and during the cold-pressor test.
The baseline and height of the a-waves were aligned to
compare the level of each waveform peak. During the
exhalation of the Valsalva maneuver, the b and d wave
peaks were deeper than those before the maneuver.
Thus, b/a and d/a rations reduced from -0.92 and -0.39
to -1.37 and -0.81, respectively. During the cold
pressor test, the b wave peak was shallower, and the
d-wave was deeper than that before stimulation. Thus,
b/a increased from -0.89 to -0.85, while d/a reduced
from -0.38 to -0.59 (Figure 1 ).

Figure 2 shows the summarized values of AP, SV,
TPR, b/a, and d/a before, during, and after the Valsalva
maneuver. The AP" (p = 0.0078 and 0.0003, 10s and
15s during vs. before exhalation, respectively) and SV
significantly decreased during exhalation (p = 0.0073
and 0.0039, 10s and 15s during vs. before exhalation,
respectively). The AP increased immediately and
significantly after cessation of exhalation (p = 0.019,
5s before vs. after exhalation). Similarly, SV
significantly decreased during exhalation (p = 0.0073
and 0.0039 for 10s and 15s during vs. before
exhalation). SV increased significantly after cessation
of the exhalation (p = 0.0095 and 0.042, for 10s and
15s after vs. before exhalation, respectively). TPR

tended to increase, but did not change significantly (p
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Summarized values of arterial pressure (AP), stroke volume (SV), total
peripheral resistance (TPR), b/a, and d/a values before, during, and after
exhalation of the Valsalva maneuver. *p < 0.05, vs. before onset of

exhalation

=0.99, 0.94, and 0.81, for 5s, 10s, and 15s during vs.
before exhalation, respectively). The b/a ratio
significantly decreased during exhalation in a similar
manner to SV (p = 0.0011 and 0.0002, for 10s and 15s
during vs. before exhalation, respectively). The d/a
tended to decrease during exhalation, but was not
statistically significant (p = 0.61, 0.32, 0.068, for 5s,
10s, and 15s during vs. before exhalation,
respectively) .

Figure 3 shows summarized values of the AP, SV,
TPR, b/a, and d/a before and during cold stimulation.
AP significantly increased during cold stimulation (p
= 0.008, 0.0005, and 0.0003, for 20s, 40s, 60s during
vs. before stimulation, respectively). SV tended to
increase during stimulation, but did not reach the
statistical significance (p = 0.78, 0.53, and 0.67, 20s,
40s, 60s during vs. before stimulation, respectively).
TPR significantly increased during middle of the
stimulation (p = 0.031 for 40s during stimulation).

Similar to SV, b/a tended to increase during
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Cold stimulation
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Summarized values of arterial pressure (AP), stroke volume (SV) total
peripheral resistance (TPR), b/a, and d/a values before and during cold
pressor test. *p < 0.05, vs. before onset of cold stimulation.

stimulation, but did not reach statistical significance (p
= 0.78, 0.96, and 0.73, for 20s, 40s, 60s during vs.
before stimulation, respectively). However, d/a
decreased significantly during stimulation (p = 0.0033,
<0.0001, and <0.0001, for 20s, 40s, 60s during
stimulation vs. before stimulation, respectively).
Thus, b/a and SV were changed similarly, and d/a and
TPR changed in the opposite direction.

Figure 4 depicts the relationship between SV and
b/a in the Valsalva maneuver (left panel) and cold
pressor test (right panel). In both measurements, the
SV and b/a showed a significant and positive
correlation (r° = 0.34, p <0.0001 in Valsalva maneuver
and 1 = 0.33, p < 0.0001 in cold pressor test). Thus,
b/a ratio increases with increase in the SV.

Figure 5 depicts the relationship between TPR and
d/a in the Valsalva maneuver (left panel) and cold
pressor test (right panel). In both measurements, the
TPR and d/a showed a significant and inverse
correlation (r*=0.16, p =0.0004 in Valsalva maneuver
and 1’ = 0.26, p = 0.0005 in cold pressor test). Thus,

d/a ratio decrease with increase in TPR.

Valsalva Cold
Maneuver Pressor test
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Figure 4

Relationship between stroke volume (SV) and b/a in the Valsalva maneuver (left panel) and cold pressor test (right panel).
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Relationship between total peripheral resistance (TPR) and d/a in the Valsalva maneuver (left panel) and cold pressor test (right panel).

V. DISUCSSION

In the present study, we established that b/a
decreases during exhalation of the Valsalva maneuver
and d/a decreases during the cold pressor test.
Additionally, b/a was linearly and positively correlated
with SV, while d/a was linearly and inversely
correlated with TPR in the cold pressor test and
Valsalva maneuver.

The Valsalva maneuver has been used in multiple
clinical domains, ranging from autonomic dysfunction
evaluation to arrhythmia treatment and a marker for

heart failure” .

An increase in the intra-thoracic and
intra-abdominal pressures result in an increase in
venous pressure and a decrease in venous return to the

heart with AP reduction"”

. After release of exhalation,
overshoot of AP above the baseline is due to
resumption of venous return to the heart, ,SV, and
increased sympathetic nerve activitym . b/a decreased
with decrease in SV, indicating a direct correlation in
the present study. The absolute value of the “a” to “e”
waves differ among individuals and depend on their
condition. Thus, each magnitude should be

normalized to the “a” wave, which is derived from
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blood ejection, before comparing within and between
The b/a ratio consists of waves in the
. This

ratio is considered to represent the stiffness or

individuals.

early systolic phase and increases with age" o

compliance of the vascular wall. However, the
stiffness is changed yearly, and does not change over a
short period, as in this measurement. In our study, b/a
changed in association with SV and was positively
correlated with SV during the Valsalva maneuver
(Figures 2 and 4 ). SV did not change significantly
during the cold pressor test. However, the relationship
was similar; SV and b/a were positively correlated
(Figure 4 ).

The cold pressor test is used to assess the function
of the autonomic nervous systemm . Cold stimuli
activates the sympathetic nervous system, and the
resulting response is characterized by an increase in
AP due to vasoconstriction or an increase in TPR' .
In association with this increase in TPR, the d/a
decreased during the stimulation in our study (Figure
2). The “d” wave is a downward wave of the SDPTG
that appears in the late systolic phase, and changes
with the magnitude of the reflected wave from the

peripheral to central vessels due to the peripheral
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. . 2,3) .
vascular stiffness and resistance™” . Vascular stiffness

,7.8)
; thus,

does not change over a short time-period*
the d-wave changes in the present study are considered
to be due to TPR changes. When the TPR increased,
the reflection increased, and the d-wave notch was
larger (Figure 3 ). Thus, TPR and d/a were inversely
correlated. Although not significant, a similar
relationship was observed during the Valsalva
maneuver as well (Figure 5 ).

The systolic waveform includes the reflected wave
from the peripheral vessels, which changes due to

7-19)

vascular stiffness with aging” "’ . In the present study,

we included only young subjects and found significant
correlations between SV, TPR, and SDPTG. However,
the relationship in the present study cannot be
generalized among different ages.

In conclusion, b/a and d/a changed and were
correlated with SV and TPR, respectively. These
measurements may be useful for the simple monitoring

or estimation of SV and TPR.
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Abstract

Objective: Triple-negative breast cancer (TNBC) is difficult to treat and has a high recurrence rate within 3 years.
However, subtype classification is invasive, requiring needle biopsy or surgical biopsy. In this study, we aimed to
detect TNBC by extracting radiomics features from images. Methods: In this experiment, 60 MR images were
selected from TCIA I-SPY1TRIAL and classified into TNBC and breast cancers other than TNBC (Others). There
were 9 TNBC cases and 51 Others cases. Radiomics features were measured using MaZda after marking tumor
regions on MR images. Lasso regression was used to reduce the number of features to 10, and classification was
performed using the Neural Network Console. Results: Accuracy was 90%, and the correct answer rate for Others
was 100% (51/51). However, the correct rate of TNBC was 33% (3/9 ). Discussion: Accuracy was high at 90%,
but TNBC could be differentiated in only 3 of the 9 cases. Because the number of TNBC cases was smaller than

the number of Others cases, we considered that our method was not able to extract enough Radiomics features.

Key words - Radiogenomics, Radiomics, Deep Learning Breast Cancer, Triple-negative

TJE§7C  e-mail: shinohara@u-gifu-ms.ac.jp

55



Medical Science and Educational Research 17 2023 p. 55~59

I. Fam

HOENZBWTHDS AL THB Y, 19944F
WIEEPAZRCTEUDRET 2L VDA
ozt L DO A, TN R
BLR T %50, ADPATZOREITHA RE
FHERLTBY, bAEORERIL0HMAEL
PO LGS, 40iH %5 550 A 11T
=712 ) 3,

TITRE D ¥ — 7 M0 A2 5 50 AT
2 DRI 2 A 2 R L T do

LS A ORI A HF 20 S 3IN LiG o,
0B HFEDPBORGHIFETE— 27122 ) £3,
S, AN, Lo EKD 25 AT
HHZLERLTVWET,

2512, MREERO0EAERETHIEY -2 24
ZAHEDH) 9. OTHADILDS A, B
K& B ) BRI N T E AT L7228, i
FIRCKRD &9 ICHIREZ BB T E T,

FLASADIELE S BIMEIIZH D, 19904F 121
5845 NTdHh - 7245, 20094 121211918 N & 7 > T
BY, BLZ2M/HICHEML TWwa, 20204F 121
IO FIEZEFEE LTELC D, 2 OfEn
25 EHE S WAEBIC R 5 & FRENTVE Y,
INHHADADERKTICIE, Y~ VYETT T4
WX 2R APEETHLYY, L L, LA
A, R OBER D SImBESRZ ), &8

NEBITTHLEEZOLNT WS, TD2D,
A DEFNAIIVEFRE, R, R
EHAE DR ELERESHVOND Y, 1
AL, TRHECEARRIC X AR OIEEE Y b &1
IREB A, BEPALZEIZGEL, WEORR
RTREEE L CERIEH2RELTEZ, L
L, 7/ AEREROFZEICLY, AN OEE
FHERETT T 7 )V @RI LTS AT
SETAWNRERMY 75 A T A, B
HRET LI LVIRE L LTRE SNz, HEEE
RIZBWTRIETFEB T T 7 7 A ) % 22| fi B
(255 Z L IIREETH 720, RIEMRRI L
% (ImmunoHistoChemistry; THC %) (2 X % fififfl
VT IATOFEPLEE SN TWEEY,
HCEIZ & 275 4 T8I, RVE »ZHE,
HER2% ¥ /87, BIHREDM A G DREIZ L o T
Table 1 D L HIZ5 DS, THIZEDS
WA, AL, PR L O3
FEDEIRSN Do FITBREGRRE LTHRILVEY
LR YU HER2FE L & W Lo h & 2 %
N T WA T T 4 THA A (Triple-Negative Breast
Cancer: TNBC) &, GNP HEL <, 3FELADOFH
FEDPFNE EINT WD,

BUE, HCHEIZ X 2% 75 4 78I, $HER
RHNFHEME LEL T H2ORENTH L, Z
MUK L CIFRE L BHFMRAE NS, WEICHET S
=R TT O M5 (Radiomics FFE=) 2l L,
FLBADYT T F A THFEEAT) BIEED 5T
Who INETICY, W& 5INADEZ I
*XET DI 2 — 7 LEZ W (Computer-

Table 1 Breast Cancer Subtype Classification
Hormone receptor
Subtype Classification HER2
ER PR
Luminal A Positive Positive Negative
. Positive Positive
Luminal B .
. or or Negative
(HER2 Negative) . .
Negative Negative
. Positive
Luminal B .. ..
. Positive or Positive
(HER2 Positive) .
Negative
HERZ2 Negative Negative Positive
Triple-negative Negative Negative Negative
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Figure 1 Select the slice containing the tumor from the MRI image and mark the
region manually. (a) Selected slice, (b) Marking the region
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Table 2 Evaluated value of prediction accuracy with 10
Radiomics features

AUC 65.36%
Accuracy 90.00%
Precision 89.47%

Recall 100.00%
F-measure 94.44%

Table 3 Confusion matrix of predictions by 10 Radiomics
features
Computer Output
Others TN
Others 51 0
Truth
TN 6 3
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