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Long coronavirus disease (COVID) syndrome is persistent symptoms and complica-
tions that occurs in at least 10% of severe acute respiratory syndrome coronavirus 2 in-
fections. Symptoms associated with long COVID can vary widely from person to per-
son but commonly include: fatigue, shortness of breath, chest pain or discomfort, joint
pain, difficulty concentrating (brain fog), headache, loss of taste or smell, sleep distur-
bances, palpitations, persistent cough. Possible pathophysiologic theories are viral per-
sistence, dysregulated immune response, autoimmune response, endothelial dysfunc-
tion, gut dysbiosis, damage to organs and tissues, neurological involvement, post-viral
syndrome. Although current diagnostic and treatment options are insufficient, the
management aim to alleviate symptoms, improve quality of life, and support recovery.
The possible therapies and interventions that may be considered are symptomatic
management, rehabilitation and exercise, respiratory support, cognitive and psycho-
logical support, sleep management, nutritional support, support groups and patient
education, anti-inflammatory drugs, immuno-modulatory therapies. For patients en-
during prolonged suffering from this long COVID syndrome, a multidisciplinary ap-
proach is essential for comprehensive management.

Keywords: Complication, Immune response, SARS-CoV-2 infection

Introduction

Long coronavirus disease (COVID) syndrome, also known as post-acute se-
quelae of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion, refers to a condition in which individuals experience persistent symptoms
and complications following the acute phase of a COVID-19 infection. Long
COVID syndrome can affect individuals of all ages, including those who had
mild or moderate initial COVID-19 symptoms [1].

About 10% (65 million) of COVID-19 infected people around the world have
long COVID syndrome. The incidence is estimated at 10-30% of non-hospital-
ized cases [2], 50-70% of hospitalized cases [3], and 10-12% of vaccinated cases
[4]. Long COVID is associated with the highest percentage of diagnoses between
the ages of 36-50 years, and most long COVID cases are in non-hospitalized pa-
tients with a mild acute illness [5].

Clinical Presentation

The defining characteristic of long COVID syndrome is the persistence of
symptoms for weeks or months after the acute phase of the illness has resolved.
Symptoms associated with long COVID can vary widely from person to person
but commonly include: fatigue, shortness of breath, chest pain or discomfort,
joint pain, difficulty concentrating (brain fog), headache, loss of taste or smell,
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Table 1. Common symptoms associated with long COVID syndrome

Table 2. Possible theories of long COVID syndrome

1. Fatigue: Profound and persistent exhaustion that can interfere with
daily activities.

2. Breathlessness: Difficulty breathing or shortness of breath, even
with minimal physical exertion.

3. Brain fog: Cognitive impairment, including problems with memory,
concentration, and focus.

4. Joint and muscle pain: Aches, soreness, and weakness in the mus-
cles and joints.

5. Chest pain: Discomfort or tightness in the chest.
Headaches: Recurring headaches or migraines.

7. Sleep disturbances: Insomnia, disrupted sleep patterns, or excessive
sleepiness.

8. Loss of taste and smell: Persistent loss or alteration of the sense of
taste and smell.

9. Mood disorders: Depression, anxiety, or mood swings.

10. Other symptoms: Dizziness, palpitations, gastrointestinal issues, and
skin rashes.

sleep disturbances, palpitations, persistent cough (Table 1).

The World Health Organization (WHO) defines a symptom
that occurs within three months of COVID-19 confirmation
and lasts more than two months as "long COVID-19." The
most common symptoms are fatigue, decreased vitality, and
shortness of breath [6]. In Korea, a research team of Seoul Na-
tional University Hospital followed 147 patients confirmed
with COVID-19 for more than three months and 55.8% of
them complained of long COVID-19 symptoms. The most
common persistent symptoms were chronic fatigue (32.7%),
memory loss (15%), olfactory disorders (14.3%), anxiety (9.5),
myalgia (7.5%), hypogeusia (6.8%), and dizziness (6.8%) [7].

Long COVID-19 increases adverse outcomes, with new-on-
set cardiovascular, thrombotic and cerebrovascular diseases,
type 2 diabetes, myalgic encephalomyelitis/chronic fatigue syn-
drome (ME/CFS), dysautonomia, and postural orthostatic
tachycardia syndrome (POTS). These symptoms can last for
years, and new-onset ME/CFS and dysautonomia are expected
to be lifelong.

Pathophysiology

The exact cause and pathophysiology of the persistent symp-
toms are not fully understood, and many studies are still in
progress. Possible pathophysiologic theories are viral per-
sistence [8], dysregulated immune response [9], autoimmune
response [10], endothelial dysfunction [11,12], gut dysbiosis
[13], damage to organs and tissues [14], neurological involve-
ment [15], post-viral syndrome [16,17] (Table 2).
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1. Viral persistence [8]: One theory suggests that the SARS-CoV-2 vi-
rus may persist in certain tissues or organs in some individuals,
leading to ongoing low-level viral replication and chronic inflam-
mation. This chronic inflammation could contribute to the
long-lasting symptoms experienced in long COVID.

2. Dysregulated immune response [9]: It is possible that long COVID
syndrome is caused by an abnormal or prolonged immune response
to the initial infection. This theory suggests that the immune sys-
tem continues to produce an exaggerated inflammatory response,
leading to the persistence of symptoms.

3. Autoimmune response [10]: Another theory proposes that long
COVID syndrome may be linked to an autoimmune response, where
the immune system mistakenly attacks healthy tissues in the body.
This autoimmune response could be triggered by the initial viral in-
fection.

4. Endothelial dysfunction: Circulatory system disruption includes en-
dothelial dysfunction and subsequent downstream effects, and in-
creased risks of deep vein thrombosis, pulmonary embolism and
bleeding events [11]. Microclots, thrombosis, long-term changes to
the size and stiffness of blood cells have also been found in long
COVID, with the potential to affect oxygen delivery [12].

5. Gut dysbiosis [13]: Higher levels of Ruminococcus gnavus and Bac-
teroides vulgatus and lower levels of Faecalibacterium prausnitzii
have been found in people with long COVID, with gut dysbiosis
lasting at least 14 months. Low levels of butyrate-producing bacte-
ria are strongly correlated with long COVID at 6 months. Persisting
respiratory and neurological symptoms are each associated with
specific gut pathogens.

6. Damage to organs and tissues [14]: COVID-19 can cause damage to
various organs, including the lungs, heart, kidneys, and brain. Mul-
tiple studies have revealed multi-organ damage associated with
COVID-19. In a 1-year follow-up study with 536 participants, look-
ing at the heart, lungs, liver, kidneys, pancreas and spleen, found
that 59% had single-organ damage and 27% multi-organ damage.

7. Neurological involvement [15]: SARS-CoV-2 has been shown to
enter the central nervous system, and there is evidence of neuro-
logical symptoms in COVID-19 patients. It is hypothesized that long
COVID symptoms could result from direct viral invasion or im-
mune-mediated damage to the nervous system.

8.  Post-viral syndrome: Long COVID syndrome shares similarities with
post-viral syndromes seen in other viral infections. by reactivation
of underlying pathogens, including herpesviruses such as Epstein-
Barr virus (EBV) [16] and human herpesvirus 6 (HHV-6) [17]. These
syndromes are characterized by prolonged fatigue, muscle pain, and
cognitive difficulties. It is possible that long COVID represents a
similar post-viral syndrome triggered by SARS-CoV-2 infection.

Multiple studies have revealed multi-organ damage associat-
ed with COVID-19. In a 1-year follow-up study with 536 par-
ticipants, examining the heart, lungs, liver, kidneys, pancreas
and spleen, found that 59% had single-organ damage and 27%
multi-organ damage.

Risk factors potentially include female sex, type 2 diabetes,
Ebstein-Barr virus reactivation, the presence of specific au-
to-antibodies, connective tissue disorders, attention deficit hy-
peractivity disorder, chronic urticaria, allergic rhinitis, Hispanic

http://www.e-kmj.org
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or Latino heritage, lower income and an inability to adequately
rest in the early weeks after developing COVID-19 [18].

It's important to note that these theories are not mutually ex-
clusive, and it's likely that multiple factors contribute to the de-
velopment of long COVID syndrome. Ongoing research is fo-
cused on understanding the underlying mechanisms and de-
veloping effective treatments for this condition.

Management

Although there are no broadly effective treatments of long
COVID syndrome, the management and treatment aim to alle-
viate symptoms, improve quality of life, and support recovery.
Since long COVID syndrome encompasses a wide range of
symptoms and affects individuals differently, a multidisci-

plinary approach involving various healthcare professionals

Table 3. The management of long COVID syndrome

1. Symptom management: Treatment may involve addressing specific
symptoms experienced by individuals, such as medications for pain
relief, anti-inflammatory drugs, or cough suppressants. Depending
on the symptoms, interventions like physical therapy, occupational
therapy, or speech therapy may be beneficial.

2. Rehabilitation and exercise: Gradual and individualized exercise
programs, guided by physical therapists or rehabilitation specialists,
can help improve physical function, reduce fatigue, and enhance
cardiovascular fitness [19]. Pulmonary rehabilitation programs may
be recommended for individuals with respiratory symptoms.

3. Respiratory support: For individuals with persistent respiratory is-
sues, interventions like supplemental oxygen, breathing exercises,
and pulmonary rehabilitation may be employed to improve lung
function and breathlessness [20].

4. Cognitive and psychological support: Brain fog, memory problems,
anxiety, and depression can significantly impact individuals with
long COVID. Cognitive rehabilitation, counseling, and mental health
support from psychologists or psychiatrists can help manage these
issues.

5. Sleep management: Sleep disturbances are common in long COVID
syndrome. Strategies for improving sleep hygiene, relaxation tech-
niques, and, in some cases, medications may be recommended to
address sleep issues.

6.  Nutritional support: A balanced and nutritious diet can support
overall health and aid recovery. Dietary interventions may be rec-
ommended based on individual needs and symptoms.

7. Support groups and patient education: Participating in support
groups or online communities with fellow long COVID patients can
provide emotional support, share experiences, and offer practical
tips for coping with the condition. Education about long COVID and
its management is also crucial for patients and their caregivers.

8. Medications and targeted therapies: As research progresses, specific
medications or targeted therapies may be developed to address the
underlying mechanisms of long COVID. This could include anti-in-
flammatory drugs, immunomodulatory therapies [21], or medica-
tions targeting specific symptoms or organs affected by the condi-
tion [22].

http://www.e-kmj.org

may be necessary. The possible therapies and interventions that
may be considered are symptomatic management, rehabilita-
tion and exercise, respiratory support, cognitive and psycholog-
ical support, sleep management, nutritional support, support
groups and patient education, anti-inflammatory drugs, immu-
no-modulatory therapies (Table 3).

Many strategies for ME/CFS are effective for individuals with
long COVID, including pacing and symptom-specific f-block-
ers for POTS, low-dose naltrexone for neuroinflammation and
intravenous immunoglobulin for immune dysfunction) and
non-pharmacological options (salt intake, cognitive pacing,
and elimination diets for gastrointestinal symptoms).

The treatment for long COVID syndrome focuses on man-
aging the individual's symptoms and improving their quality of
life. This may include a multidisciplinary approach involving
healthcare professionals such as primary care physicians, spe-
cialists, physical therapists, occupational therapists, mental
health professionals, and rehabilitation specialists.

It's important to note that the treatment approach for long
COVID syndrome is highly individualized, and healthcare pro-
fessionals will assess and tailor interventions to each person's
specific needs and symptoms.

Official health websites for the latest developments in the un-
derstanding and management of long COVID syndrome are:
World Health Organization (https:/www.who.int/), Centers for
Disease Control and Prevention (https://www.cdc.gov/corona-
virus/2019-ncov/index.html), National Institutes of Health
(https:/www.nih.gov/), European Centre for Disease Preven-
tion and Control (https://www.ecdc.europa.eu/), The Lancet
and Journal of the American Medical Association (JAMA).

Conclusion

Long COVID syndrome is a condition where individuals
continue to manifest a variety of symptoms even after confirm-
ing a COVID-19 infection. Patients often experience prolonged
difficulty in coping with the aftermath. While various mecha-
nisms and risk factors have been suggested, there is still a lack
of definitive evidence in certain areas. However, for patients
enduring prolonged suffering from this long COVID syn-
drome, a multidisciplinary approach is essential for compre-
hensive management.
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through Literature from the Perspective of
Medical Humanities
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The purpose of this study is to examine the possibility of medical humanities from
the perspective of death literature and to explore educational possibilities. In this
study, the possibility of medical humanities from the perspective of death literature
was considered by dividing it into the effect of death education in poetry, the effect
of death education in novels, and the effect of death education in essays. As a result,
the possibility of death education using poetry seems to be key to triggering the
imagination related to the experiences of students through the medium of death po-
etry implied in symbolic language. The possibility of death education using novels
seems to be meaningful in indirectly experiencing life and death by using the char-
acteristics of transitional experience of novels and having them worry about the true
meaning and value of life. The possibility of death education using essays is that they
can utilize the characteristics of empathic experiences of essays. Essays contain actu-
al events rather than fiction and are expected to be effective in education on death
because they present the author’s direct experience and accompanying emotions. In
conclusion, this study is meaningful in suggesting the application of medical hu-
manities education that integrates and improves the direction of death education as
human-centered medicine based on clinical and medical science as a humanistic
understanding of death.

Keywords: Death education, Essay, Medical humanities, Novel, Poet

Introduction

2147] SJetimgol A AgEet ot <l
522 AY Aol 75T AeHi. ol EH a7
A 1A ThEA) 2HE FAA 9zt olalg viko s 9 Qb4
2 urolshe Zoje & 4 ik ole] oJskmge] FAIL QIzke] Ayt
7k Aol F710014] mhA]uko 2 ghetmel %80 Fstel o= XX}

2 N
B
S
B
i
H
roi
N
b
el
:?:lg‘
st
30,
e

P
1
w
A%

i)

1o
1o
_Ii_l’,
g oo A
ol
>

K

f

M ko
R H

o
N

o
ftlo
of
ot



Possibility of Death Education through Literature

Keimyung Med J

Aofska] BAISAR olUle 2R Ak ol 2A ] Fgolst
FA1% tholo sHe 91X]o] eilt. olefst QzHEA ot
29 WELS AEshy] Aste] B ATOIHE Fg 2} Bl
R IEet Fs A AT LEH e AE FPshaa gk
28] T AP ATENNE F2 Ao] F= T8A

w349} Z20L2) BAYY) T AFEo| £F 01T F20

B 523} Q1L ule) olmelon A AwaiA Hi AAle] a3t
%8 173 49 7PNl et B ola| o o Euh B %
o AAE 2719} o] ik 91zt ofshis Bxje} o= Al)

=

AEH B 741011 FAHN GUL T 9 YA e
Shs et QAlEH: ¢
ol e S S et dizel 28 Aol %
& 9lonz ol gebe oS S FSWEL Fa
o} SHATHD 41, AA 02 %8l Thet Ql4o] wishs X
THA|o] AAer oklet Ajole] 4o olulg AP &
ok o ol A91e] 7H Gl 4he RS B g R A
ol710] SJA7} 517] Sigk EH|THg] QUi o3t HobE Ao
o £SWES thyst W8 AR AAHolok st Tt 7]
20] ATl Aol T A 58, 48 28 Hopd

=
2

A77h 5 ol RQith. EFF AT FA EF HLwS| 1t 9 W
240 T A9So] thREol9lT B3] OJstm el Tht
oA 2] Z& % AR A EIA Ztec

olo] 2 ATOIAL JStuRe] ANEH F& B B %
208 THs e GToA Tk B T o 2
A AU B 529 Huiat Fgo] vhe 24
P
Aot 32kt bt o|shS F3t 4] A7|Z 28T 4 oAk 17
147 AR il o BRE olojA ehxte] At el
T AES =2 % UrHsl. olgh 2 YA B A7 g
IHe vjehe] At Aol B oft ahgSel Bahe iRz
3 %20 Auist 282 Fotol AU 49 2L P, o
AN AEH BAL TR FUAY 5 U B8 7}
4 FolFt Aolet sHT. olo] £ At B3
o BEHOT F& B3 BHNHY JRALI WL 1A

Death education in poetry

2ol 4] Z2e

2L Aol Eoby N 2E B 4E

Lo o] %89 T3} ofulo] Tk ofsl], 80 QA Hlgk}
o] Aol Jltt. w3t AT} BT L2l 1T 5 FLY
o] w7l F83He BEUL /AT ek, ole o] Eat A5
o o} 9. FOIHE FEoleke AG A4S BEOE H
29 8- FASHE Zlo] Bot 4B 28U F21 %0 o]
76

2 ¢ 5 ik B8 A2 FoINE 228 TE AoAe] @8
Ahe 71910) Aot A TAE AL Fuo 2 Alo] Lt
o A} 747t 7i9le] Aol ]utstel 4ol 7Kt el |
o= o] st 2k Afote] TiEt A 2 el Tk ol
oo}l % glom, o= QEst BHoIA T8 7Hs e Al Table 1
o AN 4ES oz 5 4 Ut

oINS B A spgel A A9 Aol B1ke] 220
natao 2 Agste] G A4 Aol & 4 9tk o] 4|9
Qe A B A1 olel SRAA] AL A B
A F7EoRA AIH AFR0] oA A Aote] it 27)gk
89l 2.2 Sl Fe)

zemgorA A miks 7 4

2o] that 241 AHe Betoleks i S
o}, ol A4 ARE Bolo] ko] H&L uEHS o 7

o] 4F9] Fto] obdl ML A2E 93 AL T2
2 % 9tk Al S0 BEE W8-S AHs AL B
Aol §9 FAVE LA 3R HEE

HLo o]

ol

o
It o
o}f‘n ol
ol

N
E
¢ 1o
o
g
4 &
%0 X

HN i
i3
EEI)

i

oft

L
L

e 9z
2 59 S _?‘EHE‘_I]LE"T[_Q_OL/\ME]—O
o BRI S T A1) A Ffelo] AT S
chgel 22 &30P Sold 4 e AR R8T
NS B8 289 q@e ol 2L AFSHA B &
292 dote gus A
o A4 WAHE Ba 40l fEAS AL 220
SULE UL AU 42 AT 49 st

u-{o
i
[

N
o

-1>

0 o

gﬁ@:@
30 & &
o 4n31

olr
ot
o
N

ot
2 e
il nﬂg
ol & fd

© A% G HHRE Sl FES WA 81 49l o
£ B St AE BT L BT Aol A 1S
TRV FORH BE AL Zolek HEAH FUY ko] &
o Sltks AL AL How Bl 48 258 4 A He
aie & 5 vt

Table 1. Works that can be used from a medical humanities
perspective-poem

Genre Author Title

Poem Hyeon Seung Kim Tears

Windowpane

The Chohon, flowers on the mountain
Forgetting death and living

Back to heaven

JiYong Jeong

So Wol Kim

Haw In Lee

Sang Byeong Cheon
So Yeop Kim Death is not a period

Hermann Karl Hesse  The last stage of life, old age
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Death education filial piety in novels
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Table 2. Works that can be used from a medical humanities
perspective-novel

Genre Author Title

Novel Haruki Murakami Norwegian wood
John Green The fault in our stars
Gabriel Garcia Marquez One hundred years of solitude
Leo Tolstoy The death of Ivan llyich

Mitch Albom, Morrie Schwartz Tuesdays with Morrie
So Yeop Kim Death is not a period

Hermann Karl Hesse The last stage of life, old age
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Table 3. Works that can be used from a medical humanities
perspective-essay

Genre Author Title
Essay Michel Eyquem de Essays
Montaigne

Elisabeth Kubler-Ross,
David A. Kessler

Wan Kim
Sallie Tisdale

Life lessons

Cleaning the house of the dead

Advice for future corpses (and those
who love them): a practical per-
spective on death and dying

Tae Maeng Noh Goodbye, as if today is the last day

Makiko Miyano,
Maho Isono

Accidental disease, inevitable death

Hermann Karl Hesse The last stage of life, old age
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In Korea, the COVID-19 pandemic began and the situation was very serious due to
the rapid increase in confirmed cases. In this study, we conducted a study that in-
cluded the online class environment, learning environment including living envi-
ronment, and overall life of medical students who are experiencing sudden changes
in environment due to COVID-19, to help medical students' academic and school
life, and to provide medical services. We want to help improve the quality of educa-
tion. The subjects of the study are 6 grades from the 1st year of pre-medical school
to the 4th year of the medical department attending a medical school in the Daegu
area in the 2021 school year, and a total of 450 are studied. In addition, a survey was
conducted on students who agreed to the study, and it consisted about the online
learning environment and overall living conditions. As a result of the study, there
were no gender differences in the online learning environment and overall life amid
the COVID-19 pandemic. There were differences between pre-medical and medical
students in the online learning environment, and overall life. Due to the sudden
COVID-19 pandemic, medical students were faced with an online learning environ-
ment that they could not choose. They took care of the physical resources provided
by the school on their own and learned the importance of this.

Keywords: Medical education, Medical student, COVID-19, Learning environment

Introduction

‘COVID-19; which broke out in 2020, is evaluated as one the most powerful
pandemics [1]. The outbreak of COVID-19 changed the lives of many people
around the world, including the economy, society, and culture, and among
these, communication methods are evaluated as the area that has changed the
most rapidly. It has been reported that communication that previously took
place face-to-face is now being done non-face-to-face in almost all areas, and
in particular, non-face-to-face communication methods have appeared the
fastest in school education [2,3].

In the case of Korea, the COVID-19 situation was very serious as it was rec-
ognized globally as a risky country due to the rapid increase in confirmed cases
at the beginning of the COVID-19 outbreak, and was designated as a country
with entry restrictions by almost all countries. Accordingly, all schools switched
to entirely non-face-to-face online classes, and online schooling and on-
line-centered school classes were unprepared and had to go through a lot of
trial and error, causing many problems [4,5].

Korean schools quickly switched to online classes despite the sudden change,
and through much research on online classes and efforts to find improvements,
student and instructor satisfaction with online classes increased [5,6]. After

http://www.e-kmj.org
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COVID-19, research and interest in school education have
focused on online classes, including real-time interactive
classes and content utilization, but classes only represent a
part of the education that schools are responsible for.

The ultimate premise and purpose of school education is
equality of educational opportunity and equality of educa-
tional results. In particular, equality of educational outcomes
is the goal of a developed society and one of the most import-
ant goals of education [7,8]. Therefore, schools must provide
students with an environment where everyone can learn
equally. However, in the COVID-19 situation, schools only
provided online classes and failed to provide all environments
in which to receive classes, and it was reported that on-
line-centered school education in the COVID-19 situation
further strengthened the learning gap among students [9,10].
In particular, the learning gap among students was large de-
pending on family circumstances [9]. In addition, students'
difficulties were found not only in online classes, but also in
many other areas, such as poor academic performance, life
management and learning management, friendship and fami-
ly relationships, and emotional problems [10,11].

In particular, it has been reported that medical students ex-
perience a lot of stress even before the COVID-19 pandemic
[12]. In addition, it was found that the COVID-19 situation
also adds stress to medical students, which is related to learn-
ing and acts as a hindrance to medical school education [13].
In Korea, medical students have a significant degree of learn-
ing about medical specialties, and almost all education is con-
ducted face-to-face (offline) [14]. It can be seen that the
COVID-19 pandemic has a significant impact on the learning
of medical students, and that not only medical students' class-
es, but also the overall learning environment, including emo-
tional issues, human relationships, and life, are all important.
However, no research has been reported on the learning envi-
ronment needed for medical students due to the COVID-19
pandemic.

Against this background, in this study, we conducted a
study that included the online class environment, learning
environment including living environment, and overall life of
medical students who are experiencing sudden environmen-
tal changes due to COVID-19 to help medical students with
their studies and school life. And we also aim to help improve
the quality of medical education. Therefore, this study set the
following research questions.

First, we want to learn about the online learning environ-
ment amid the COVID-19 pandemic and verify whether
there are differences according to gender and medical school
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course. Second, we would like to learn about the overall life of
medical students in online-centered school life amid the
COVID-19 pandemic and conduct research on differences
according to gender and medical school courses.

Methods

1. Subject of study and data collection

The subjects of the study are 6 grades from the Ist year of
pre-medical school to the 4th year of the medical department
attending a medical school in the Daegu area in the 2021
school year, and a total of 450 are studied. The survey was
conducted from August 1st to August 30th, when the first se-
mester of the 2021 school year ended, it was administered to
the research subjects, including a recruitment notice and con-
sent form for research participants. The recruitment notice
explained the research purpose, research method, and study
content in detail, and sent an address to an online survey site
containing a consent form, asking participants to fill out an
online consent form and survey. The survey was designed so
that if the research subject did not consent, the survey could
be stopped immediately.

2. Instruments

The research tools are a questionnaire developed previously
and implemented to suit the context of the medical school be-
ing studied, and a tool developed by the Research Information
Center of the Seoul Metropolitan Office of Education [15].
Additionally, we developed additional survey questions suit-
able for investigating the overall learning environment of
medical students. Three medical education experts and two
education experts with more than 10 years of medical school
education experience participated in the development of the
questionnaire. The survey consists of questions about medical
students' online learning environment and living conditions
amid the COVID-19 pandemic.

3. Statistical analysis

The collected data were analyzed using IBM SPSS ver. 27.0
(IBM Corp., Armonk, NY, USA) as follows. A chi-square test
was conducted to verify differences in the online learning en-
vironment in the COVID-19 pandemic situation, differences
in living conditions in the COVID-19 pandemic situation be-
tween pre-medical and medical students, and gender. A t-test
was conducted to verify the difference in sleep time during
the COVID-19 pandemic.
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4. Ethical statements:

For research ethics, a notice and consent form with suffi-
cient explanation were provided prior to the survey, and an
online survey was designed so that only students who volun-
tarily agreed to participate could respond. Even during the
survey, if respondents did not want to take the survey, they

could stop immediately, and this was announced in advance.

Results

1. Characteristics of participants
Of the 450 students who responded 39.1% (176), including 73

2. Differences in online learning environments in the
COVID-19 pandemic
1) The best part

The best part about the online learning environment was
‘Study whenever you want, 77 (43.8%), ' Autonomy in time
utilization’, 53 (30.1%), and ' Speed adjustable’, 34 (19.3%).
There was no statistically significant difference between male
and female, and pre-medical and medical students (p > 0.05)
(Table 2).

Table 1. Characteristics of participants (N = 176)

(41.3%) of the pre-medical and 103 (58.5%) of the medical stu- Variables Number (%) Variables Number (%)
dents. Regarding gender distribution, 98 (55.7%) of male stu- Gender  Male 98 (55.7) Course  Premedical 73 (41.3)
dents and 78 (44.3%) of female students responded (Table 1). Female 78 (44.3) Medical 103 (58.5)
Table 2. Differences in online learning environments in the COVID-19 pandemic
Gender Medical course
- - Total
Male Female val Premedical  Medical val (N = 176)
N=98 (N=78 PV (N=73 (N=103 PV
The best part, n (%)
Speed adjustable 14(143) 20(256) 0.218 10(13.7)  24(23.3) 0442 34(19.3)
Study whenever you want 47 (48.0) 30(38.5) 35(47.9) 42(40.8) 77 (43.8)
Autonomy in time utilization 29(29.6) 24(30.8) 22(30.1)  31(30.1) 53 (30.1)
Increased conversation with professors - - - -
Improved concentration 1(1.0) - 1(1.0) 1(0.6)
Comfort of place 4 (4.1) 4(5.1) 5(6.8) 3(2.9) 8 (4.5
etc 3(3.1) - 1(1.4) 2(1.9) 3(1.7)
The worst part, n (%)
Large amount of assignments 7(7.1) 13(16.7) 0532 12 (16.4) 8(7.8) <.05 20(11.4)
Non-interactive classes 19 (19.4)  11(14.1) 13(17.8) 17 (16.5) 30(17.0)
Immediate questions not possible 12 (12.2) 7 (9.0) 12 (16.4) 7 (6.8) 19 (10.8)
Anxiety about learning alone 25(25.5) 19 (24.4) 16 (21.9) 28(27.2) 44 (25.0)
Difficulty concentrating due to studying alone 14 (14.3) 9(11.5) 7(9.6) 16 (15.5) 23(13.1)
Disturbance due to location 16(16.3) 15(19.2) 13(17.8) 18(17.5) 31(17.6)
etc 5(5.1) 4(5.1) - 9(8.7) 9(5.1)
Main place to take classes, n (%)
Home 80 (81.6) 64 (82.1) 0.478 64 (87.7) 80(77.7) <.05 144 (81.8)
School 3(3.1) 2(2.6) - 5 (4.9) 5(2.8)
Reading Room 9(9.2) 7 (9.0) (4.1) 13 (12.6) 16 (9.1)
Cafe 3(3.1) 5(6.4) (4.1) 5 (4.9) 8 (4.5)
etc 3(3.1) - (4.1) - 3(1.7)
What is most needed in an online learning environment, n (%)
Computers such as PCs and laptops 67 (68.4) 47 (60.3) 0.440 49 (67.1) 65(63.1) 0.125 114 (64.8)
Computer peripherals 1(1) 1(1.3) 2(2.7) - 2(1.1)
Internet, WiFi connection 19 (19.4) 15(19.2) 16(21.9) 18(17.5) 34(19.3)
Space to study 10(10.2)  15(19.2) 6(8.2) 19 (18.4) 25(14.2)
Dormitory - - - 1(1) 1(0.6)
etc 1(1) - - - -
82 http://www.e-kmj.org
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2) The worst part

The worst part about the online learning environment was
‘Anxiety about learning alone; 44 (25.0%), and ‘Non-interac-
tive classes;, 30 (17.0%). Analysis of the differences between
male and female could not confirm statistically significant
differences (p > 0.05) (Table 2).

Among pre-medical students, 16 (21.9%) expressed ‘Anxiety
about learning} 13 (17.8%) ‘Non-interactive classes, and 13
(17.8%) ‘Disturbance due to location. Medicine students were
analyzed as ‘Anxiety about learning alone, 28 (27.2%), ‘Dis-
turbance due to location, 18 (17.5%), and 'Non-interactive
classes' 17 (16.5%), and a statistically significant difference
was confirmed (p < 0.05) (Table 2).

3) Main place to take classes

The main place to attend classes in the online environment
was ‘Home’ for 144 (81.8%), ‘Reading room’ for 16 (9.1%),
‘School’ for 3, and ‘Cafe’ for 8 (4.5%). There was no statistical-
ly significant difference between male and female students (p
> 0.05) (Table 2).

A statistically significant difference was confirmed between
pre-medical and medical students (p < 0.05) (Table 2). The
pre-medical students were analyzed in the following order:
‘Home’ 64 (87.7%), ‘School’ 3 (4.1%), ‘Cafe’ 3 (4.1%), and
‘Other’ 3 (4.1%). Medical students were analyzed in the fol-
lowing order: ‘Home’ 80 (77.7%), ‘Reading room’ 13 (12.6%),
and ‘Cafe’ 5 (4.9%).

4) What is most needed in an online learning environment

The most necessary things in an online learning environ-
ment were ‘Computers such as PCs and laptops’” for 114
(68.4%), ‘Internet, Wi-Fi connections’ for 34 (19.3%), and
‘Space to study’ for 25 (14.2%). There were no statistically sig-
nificant differences between female and male students and
between pre-medical and medical departments (p > 0.05)
(Table 2).

3. Differences in living conditions in the COVID-19
pandemic
1) The most difficult thing about school life

The most difficult aspect of living during the COVID-19
pandemic was 'Difficulty interacting with friends’, 79 (44.9%),
‘Extracurricular activities, 35 (19.9%), and 'Overall learning
environment (internet connection, learning location, media
preparation for class, etc.)’, 23 (13.1%). There was no statisti-
cally significant difference between male and female students
(p > 0.05) (Table 3).
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A statistically significant difference was confirmed between
pre-medical and medical students (p < 0.01) (Table 3). Among
pre-medical students, 49 (67.1%) had Difficulty interacting
with friends, 10 (13.7%) had ‘Extracurricular activities’ and 9
(12.3%) had ‘Online class. For medical students, 30 (39.1%)
had Difficulty interacting with friends, 25 (24.3%) had, ‘Extra-
curricular activities’ and 11 (10.7%) had ‘Online class.

2) Regularity of life

Regarding regularity of life, 95 (54.0%) responded that they
lead ‘Irregularity, and 81 (46%) responded that they lead an
irregular life, and there was no statistically significant differ-
ence between male and female students (p > 0.05) (Table 3).
A statistically significant difference was found between
pre-medical and medical students (p < 0.05) (Table 3). It was
analyzed that 33 (45.2%) of pre-medical students and 62
(60.2%) of medical students led ‘Regularity’

3) Wake up time and sleeping time

It was analyzed that students in the COVID-19 pandemic
situation wake up later and go to bed later than before. The
waking up time was ‘Later’ for 100 (56.8%), ‘No change’ for 59
(33.5%), and ‘Earlier’ for 17 (9.7%). The sleeping time was
‘Later’ for 89 (51.1%), ‘No change’ for 73 (42.0%), and ‘Earlier’
for 12 (6.9%). There was no statistically significant difference
between male and female students in both waking up time
and going to bed, and there was no statistically significant dif-
ference between premedical and medical students (p < 0.05)
(Table 3).

4) Living environment during semester

The residential environment of students during the semes-
ter amid the COVID-19 pandemic was analyzed as follows:
103 (58.5%) ‘Living at home; 49 (27.9%) ‘Living alone, and 24
(13.6%) ‘Dormitory’. There was no statistically significant dif-
ference between female and male students (p > 0.05) (Table
3). There was a statistically significant difference between
pre-medical and medical students (p < 0.01) (Table 3). The
pre-medical students were analyzed as follows: 46 (63.1%)
‘Living at home] 15 (20.5%) ‘Dormitory; and 12 (16.4%) Liv-
ing alone. Among the medical students, 57 (55.3%) ‘Living at
home), 37 (36.0%) ‘Living alone) and 9 (8.7%) ‘Dormitory..

4. Differences in sleep time in the COVID-19 pandemic

In the COVID-19 pandemic, the average sleep time of med-
ical students is 7.3 hours. Although there was no statistically
significant difference between male and female students (p >
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Table 3. Differences in living conditions in the COVID-19 pandemic
Gender Medical course
. - Total
Male Female _value Premedical Medical _value (N = 176)
(N = 98) (N = 78) pva (N = 73) N=103 P
The most difficult thing about school life, n (0/0)
Online class 11 (11.2) 9(11.5) 0.377 9(12.3) 11 (10.7) <.01 20 (11.4)
Overall learning environment 8(8.2) 15(19.2) - 23(22.3) 23(13.1)
Difficulty interacting with friends 48 (49) 31(39.7) 49 (67.1) 30(29.1) 79 (44.9)
Difficulty meeting professors 6(6.1) 6(7.7) 5(6.8) 7 (6.8) 12 (6.8)
Extracurricular activities 21 (21.4) 14 (17.9) 10 (13.7) 25 (24.3) 35(19.9)
etc 4(4.1) 3(3.8) - 7 (6.8) 7 (4.0)
Regularity of life, n (%)
Regularity 50 (51) 45(57.7) 0.378 33 (45.2) 62 (60.2) <.05 95 (54.0)
Irreqularity 48 (49) 33 (42.3) 40 (54.8) 41(39.8) 81 (46.0)
Wake up time
No change 32(32.7) 27 (34.6) 0.730 24 (32.9) 35(34) 0.986 59 (33.5)
Earlier 11(11.2) 6(7.7) 7 (9.6) 10(9.7) 17 (9.7)
Later 55 (56.1) 45 (57.7) 2 (57.5) 58 (56.3) 100 (56.8)
Sleeping time, n (%)
No change 43 (44.3) 30(39) 0.750 33 (46.5) 40 (38.8) 0.175 73 (42.0)
Earlier 6(6.2) 6(7.8) 2(2.8) 10(9.7) 12 (6.9)
Later 48 (49.5) 41 (53.2) 36 (50.7) 53 (51.5) 89 (51.1)
Living environment during semester, n (%)
Living at home 55 (56.1) 48 (61.5) 0.767 46 (63.1) 57 (55.3) <.01 103 (58.5)
Dormitory 14 (14.3) 10 (12.8) 15 (20.5) 9(8.7) 24 (13.6)
Living alone 29 (29.6) 20 (25.6) 12 (16.4) 37 (36.0) 49 (27.9)
etc - - - - -

0.05) (Table 3), the average sleep time of pre-medical students
was 7.75, and the average sleep time of medical students was
7.03, confirming a statistically significant difference (p < 0.01)
(Table 4).

Discussion

This study investigated the online learning environment
and the overall learning environment of medical students in
Daegu and Gyeongbuk, which were selected as the first spe-
cial disaster area in Korea due to the rapid spread of the
COVID-19 pandemic. As a result of the study, differences by
gender did not appear in all items, and it was confirmed that
there were differences between pre-medical and medical stu-
dents in the online learning environment and life amid the
COVID-19 pandemic. Based on the above analysis results, the
following suggestions can be made.

First, it was found that the learning environment, where
most classes are conducted online, allows students to study at
their own time and allows free use of time, which is better
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Table 4. Differences in sleep time in the COVID-19 pandemic

Mean + SD t p-value
Gender
Male 740 £ 1.14 0.80 0.42
Female 7.24 + 142
Medical course
Pre-medical 7.75 + 1.28 3.81 <.01
Medical 703 + 1.18
Total 7.33 £ 1.27

Values are presented as mean * standard deviation.

than before the COVID-19 pandemic for medical students.
And this is related to the characteristics of medical school ed-
ucation. Compared to most other colleges, medical schools
have longer study periods, more credits to complete, and
more frequent exams, so students have a high level of pressure
about exams and anxiety about repeating grades and grades.
In addition, since a large amount of learning is required of
medical students to complete and follow the medical school
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curriculum, it has been reported for a long time that students
have a relative lack of time and suffer from insufficient rest
time and sleep deprivation [16,17]. Concerns regarding men-
tal health issues, including severe burnout, have been report-
ed among medical students due to the tight curriculum and
academic demands of medical schools. As solutions related to
this, the need for sufficient rest time and the importance of
well-being among medical students have been reported [18-
21]. Due to the COVID-19 pandemic, medical school educa-
tion unintentionally became an online-centered learning, and
it was found that securing time autonomy could provide
medical students with time for rest and well-being. In the
post-corona era, medical schools need to review online learn-
ing differently than before based on past experiences, and
continuous interest and efforts are needed to support and ex-
pand the online learning environment when necessary.

Second, it was analyzed that the biggest difficulty faced by
medical students in the online learning environment is that,
unlike before, they feel anxious because they are learning
alone without going to school and are not sure if they are do-
ing it properly. It was analyzed that pre-medical students had
great difficulty with the lack of interaction in class, and medi-
cal students had great difficulty with being interrupted in
class by the place called home.

In addition, amid the COVID-19 pandemic, the place
where most medical students participated in classes was at
home. However, it was analyzed that most pre-medical stu-
dents participated in classes at home and school, and that
most medical students participated in classes at home and in
the reading room, which showed the difference between
pre-medical and medical students. These results show that
medical students place more emphasis on a concentrating
study environment and academic achievement than premedi-
cal students. Similar to these results, it has been reported that
it is related to the learning context of medical students ac-
cording to Korea's medical education curriculum. Medical
students learn in earnest the knowledge of basic medicine and
clinical medicine necessary for future doctors [22], and as the
number of credits earned and the amount of learning increas-
es, it can be seen that places that interfere with concentration
are factors that cause many difficulties in learning. A previous
study also reported that medical students had greater aca-
demic and exam burden and related burnout than premedical
students [23]. Therefore, medical schools should consider
providing physical support for medical students' learning.

Third, in the COVID-19 pandemic differences in various
aspects of the lives of pre-medical and medical students were
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confirmed. In the COVID-19 pandemic situation, medical
students led a more regular life than pre-medical students, and
the average sleep time was 7.3 hours, while pre-medical stu-
dents slept 7.8 hours and medical students 7.03 hours, showing
the difference between pre-medical and medical students.
These results show that sleep time has increased compared to
medical students before the COVID-19 pandemic. Previous
studies have shown that medical students lack sleep time due
to heavy exams and study load [24], and the sleep time of Ko-
rean medical students has been reported to range from as little
as 5.5 hours to as much as 6.5 hours in previous studies [25-
27]. However, due to the COVID-19 pandemic, it was con-
firmed that the sleep time of medical students increased due to
non-face-to-face classes [22], and this study also found that
the average sleep time increased compared to before.

Due to the sudden COVID-19 pandemic, we were uninten-
tionally faced with an online learning environment that we
could not choose according to national policy. Medical stu-
dents took care of the physical resources previously provided
for classes and medical school studies on their own, and were
able to see the need for these physical resources. In the
post-corona era, we will continue to pay attention to a better
educational environment for medical students based on this,
and we will need to prepare for sudden disasters such as in-
fectious disease outbreaks that may occur again.

Limitations of this study include that it targeted a specific
university and that the response rate was low due to the tight-
ness of the medical school curriculum. In future research, we
propose a study targeting a broader group to complement
these limitations.
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Value of TMEM115 as a Potential Prognostic
Biomarker in Liver Hepatocellular Carcinoma

Hye-Ran Kim, Jongwan Kim

Department of Biomedical Laboratory Science, Dong-Eui Institute of Technology, Busan,
Korea

Transmembrane protein 115 (TMEM115) is a membrane protein; considering the
potential of membrane proteins as biomarkers for various pathological conditions,
we aimed to examine the value of TMEMI115 as a potential biomarker for improving
the prognosis and treatment of liver hepatocellular carcinoma (LIHC) in this study.
Online databases including the Tumor Immune Estimation Resource, UALCAN,
Gene Expression Profiling Interactive Analysis version 2, OSlihc, and human Pro-
tein Atlas were used. The analysis suggested that TMEM115 expression in LIHC was
higher compared to normal tissues; further, TMEM115 expression was confirmed to
be related with poor prognosis in LIHC. Higher protein expression levels of
TMEM115 were observed in LIHC tissues than in normal tissues. Tumor infiltration
by immune cells was confirmed to be correlated with the expression of TMEM115.
High TMEM115 expression and immune cell infiltration were further related to
poor prognosis in LIHC. We also confirmed a correlation between TMEM115 and
TP53 mutations. In conclusion, we confirmed that TMEM115 expression is correlat-
ed with tumor-infiltrating immune cells and poor prognosis in LIHC and that
TMEM115 shows potential as a prognostic biomarker in LIHC.

Keywords: Liver hepatocellular carcinoma, TMEM115, Prognosis, Biomarker, Tu-
mor-infiltrating immune cells

Introduction

Liver cancer, the third leading cause of cancer-related deaths worldwide, is ex-
pected to affect approximately one million patients by 2025. Liver hepatocellular
carcinoma (LIHC) is the most common histological subtype of liver cancer [1].
Over the past decade, strategies for the early diagnosis and treatment of LIHC
have improved the survival rate of patients. However, the survival rate of LIHC is
low because of the high recurrence, metastasis, and side effects of LIHC chemo-
therapy [2]. Further, early diagnosis of LIHC remains difficult. Most patients are
diagnosed with the disease in the late stages, thus showing poor prognosis after
cancer diagnosis. Overall, there is an urgent need for the developing new bio-
markers to improve the early diagnosis and survival rate of LIHC; notably, tumor
immunotherapy has recently been studied as a new treatment strategy for LIHC.

The immune system plays an important role in cancer progression [3]. Cancer
occurs in a complex tumor immune microenvironment (TIME) consisting of
immune cells and various extracellular elements. To treat and predict cancer, un-
derstanding and overcoming the TIME is essential. The TIME comprises im-
mune cells, such as Th cells, Tc cells, B cells, NK cells, and various other extracel-
lular factors [4]. Tumor-infiltrating immune cells (TIICs) that infiltrate the TIME
are related to the prognosis of cancer treatment and have been considered as
novel biomarkers that predict therapeutic effects; many relevant studies are also
ongoing [5,6]. Therefore, further research on TIICs is important. Many studies
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have demonstrated a relationship between prognosis and the
density and type characteristics of TIICs. These studies have
demonstrated the importance of TIICs such as dendritic cells,
macrophages, and NK cells in LTHC [7-9].

Transmembrane protein 115 (TMEM115) is a membrane
protein that acts as a transporter of proteins from the Golgi to
vesicles [10]. Membrane proteins constitute 30% of the human
proteins and are used as biomarkers in various physiological
and pathological conditions [11]. In addition, Transmembrane
proteins have been reported to novel biomarker for prognosis of
LIHC [12-14]. However, the TMEM115, a transmembrane pro-
tein, has not been confirmed as a biomarker in LIHGC; thus, its
potential as a tumor biomarker must be confirmed. TP53 mu-
tations occur in many cancers and are associated with poor
prognoses [15,16]. Moreover, the most prevalent mutation in
LIHC, TP53, has been demonstrated to affect LIHC prognosis
[17]. However, the mechanisms underlying the association
among TP53 mutations, TMEM115, and TIICs remain to be
studied. Therefore, it is necessary to confirm the correlation
between TMEM115 and TIICs in the context of TP53 muta-
tions in patients with LIHC.

In this study, we compared the expression of TMEM115 in
cancers, including LIHC, with that in normal tissues and evalu-
ated the prognostic value of TMEM115 expression. In addition,
we aimed to confirm the correlation between TMEM115 ex-
pression and TIICs and to confirm the correlation between
TMEM115 expression and TIICs according to TP53 mutations.
Thus, we intend to present the possibility of TMEM115 as a
biomarker for predicting LIHC prognosis.

Materials and Methods

Tumor Immune Estimation Resource (TIMER) database
analysis

TIMER (https://cistrome.shinyapps.io/timer/) is an online
tool used to analyze gene expression, survival rates, and im-
mune infiltration in various cancers including LIHC; it uses
more than 10,000 samples from The Cancer Genome Atlas
(TCGA) for analysis [18]. The correlation between TMEM115
and TIICs was analyzed using TIMER. In addition, the correla-
tion between TP53 gene mutations and TIIC was confirmed.

UALCAN database analysis

UALCAN (http:/fualcan.path.uab.edu) is an online database
that uses TCGA sequences and the clinical data of 31 cancer
types [19]. Using UALCAN, we analyzed the differences in
gene expression between normal tissues and tumors according
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to race, sex, histological subtype, age, grade, and stage.

Gene Expression Profiling Interactive Analysis version 2
(GEPIA2)

GEPIA2 (http://gepia.cancer-pku.cn/) is an online database
containing information from more than 9000 cancer tissue
samples and more than 8000 normal samples [20]. The survival
rate and gene expression levels according to gene expression in
LIHC were measured using GEPIA2.

OSlihc database analysis

OSlihc was used to evaluate the prognostic value of the gene
[21]. The overall survival (OS), decay-free interval (DFI), pro-
gression-free interval (PFI), and disorder-specific survival
(DSS) related to the gene were measured using OSlihc.

Immunohistochemistry (IHC) staining analysis

The Human Protein Atlas (HPA) is an online database that
contains information about protein distribution in human tis-
sues and cells [22]. IHC images were obtained from HPA to
confirm the TMEM115 protein expression levels. The protein
expression level was expressed as undetected, low, medium, or
high according to the fraction of stained cells.

Statistical analysis

The statistical results of all data analyses were automatically
analyzed in the online databases, and the statistical results are
presented as p-values < 0.05 from a log-rank test and hazard
ratio (HR) values.

Results

mRNA expression levels of TMEM11S in LIHC and
different tumor types

TMEM115 expression was found to be upregulated in LIHC,
bladder urothelial carcinoma, breast invasive carcinoma, blad-
der cholangiocarcinoma, esophageal carcinoma, head and neck
squamous cell carcinoma, and prostate adenocarcinoma com-
pared to normal tissues. In addition, TMEM115 expression was
found to be downregulated in colon adenocarcinoma, kidney
renal papillary cell carcinoma, lung adenocarcinoma, lung
squamous cell carcinoma, thyroid carcinoma, and uterine cor-
pus endometrial carcinoma compared to normal tissues (Fig.
1A). We analyzed the correlation between TMEM115 expres-
sion and clinicopathological characteristics, including sample
type, race, sex, histological subtype, age, grade, and TP53 muta-
tions in LIHC. Our results showed a significant correlation be-
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Fig. 1. mRNA expression levels of TMEM115. (A) Expression of TMEM115 using the TIMER database, (B) the expression of TMEM115
in various clinicopathologic characteristics using the UALCAN database. TMEM115, transmembrane protein 115; TIMER, tumor immune
estimation resource; UALCAN, the university of alabama at birmingham cancer data analysis; ACC, adrenocortical carcinoma; BLCA, bladder
urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL,
cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma
multiforme; HNSC, head and neck squamous cell carcinoma; HPV, human papilloma virus; KICH, kidney chromophobe; KIRC, kidney renal clear
cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LGG, lower grade glioma; LIHC, liver hepatocellular
carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, Mesothelioma; OV, ovarian serous cystadenocarcinoma;
PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum
adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; THCA,
thyroid carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma.
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tween TMEM115 expression and the primary tumor, race
(Caucasian, African, American, and Asian), sex (male and fe-
male), histological subtype (hepatocellular carcinoma, fibrola-
mellar carcinoma, and hepatocholangiocarcinoma), age, grade
(L 11, IIL, IV), stage (I, IT, IIT, IV), and TP53 mutations in LIHC
(Fig. 1B).

Protein expression levels of TMEM11S5 in LIHC

The HPA database was used to assess TMEM115 protein ex-
pression. IHC results from the HPA showed that TMEM115
protein was not expression in normal liver tissues but was high-
ly expressed in LIHC tissues (Fig. 2).

Prognostic value of TMEM11S5 expression in LIHC

The survival rate for TMEM115 expression in LIHC were
analyzed. Higher TMEM115 expression was associated with
poorer OS (hazard ratio [HR] = 2, p = 0.00017) and DFS (HR
= 14, p = 0.04) (Fig. 3A). Further, upregulated TMEM115 ex-
pression was correlated with poor prognosis in LIHC using the
OSlihc web server (OS: HR = 2.3159, p = 0.00005; DFI: HR =
1.8293, p = 0.0033; PFI: HR = 1.8158, p = 0.0034; DSS: HR =
2.1251, p = 0.0187; Fig. 3B). Furthermore, upregulated
TMEM115 expression was associated with poor prognosis in
LIHC (age: HR = 1.21,p = 0.0163; sex: HR = 121, p = 0.0181;

race: HR = 1.23, p = 0.00996; stage: HR = 1.17, p = 0.00669;
Fig. 3C). The survival rates associated with TMEM115 expres-
sion in various cancers are presented in Table 1.

Correlations between TMEM11S5 expression levels and
infiltrating immune cells in LIHC

TMEM115 expression levels were positively correlated with
the infiltration levels of B cells (r = 0.135, p = 0.012), neutro-
phils (r = 0.271, p = 0.000000321), macrophages (r = 0.247, p
= 0.00000358), myeloid dendritic cells (r = 0.277, p =
0.00000017), CD4+ T cells (r = 0.105, p = 0.022), and CD8+ T
cells (r = 0.161, p = 0.0028; Fig. 4A). In addition, TMEM115
expression levels were positively correlated with the infiltration
levels of follicular helper T cells (r = 0.16, p = 0.0027), regula-
tory T cells (r = 0.11, p = 0.033) and MO macrophages (r =
0.12, p = 0.02), whereas resting CD4 memory T cells (r =
-0.14, p = 0.0066) and resting mast cells (r = -0.12, p = 0.019)
were negatively associated with TMEM115 expression levels
(Fig. 4B). We investigated whether TMEM115 expression was
associated with prognosis and TIICs in LIHC. High TMEM115
expression and high neutrophil infiltration levels were associat-
ed with worse prognosis than that with low TMEM115 expres-
sion and low neutrophil infiltration levels. High TMEM115 ex-
pression and high macrophage infiltration levels were associat-

Staining: Not detected

Normal

LIHC

Staining: Medium
Antibody: HPA015497
LIHC

Staining: Not detected

Staining: Medium
Antibody: CAB006319

Fig. 2. Protein expression levels of TMEM115. Protein expression of TMEM115 was analyzed using the HPA. TMEM115, transmembrane protein

115; HPA, the human protein atlas; LIHC, liver hepatocellular carcinoma.
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Fig. 3. Prognostic significance of TMEM115 expression. (A) GEPIA2, (B) OSlihc, and (C) TIMER. GEPIA2, gene expression profiling interactive
analysis 2; OSlihc, online consensus survival web server for liver hepatocellular carcinoma; TIMER, tumor immune estimation resource; TCGA, the
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ed with a worse prognosis than that with low TMEM115 ex-
pression and low macrophage infiltration levels. High
TMEMI115 expression and high CD4+T cell infiltration levels
were associated with worse prognosis than that with low
TMEMI115 expression and high CD4+T cell infiltration levels
(Fig. 4C). In addition, based on the XCELL algorithm, the infil-
tration level of T cell CD4+ Th2, monocyte, common lymphoid
progenitor was positively associated with the TMEMI115 ex-
pression. Based on the CIBERSORT, the infiltration level of
macrophage M2 was positively associated with the TMEM115
expression. Based on the TIDE, the infiltration level of myeloid
derived suppressor cell was positively associated with the
TMEMI115 expression (Table 2). Taken together, our results
suggest that High TMEM115 expression is associated with
TIICs and may affect tumor prognosis.

http://www.e-kmj.org

Correlation between TMEM11S5 expression and TPS3
mutation in LIHC

The correlation between TP53 mutation and TMEM115 ex-
pression in LIHC was investigated. TMEM115 expression levels
were positively correlated with the TP53 expression levels (p =
0.0000174) (Fig. 5A). In addition, TMEM115 expression was
increased in TP53 mutation compared to that in the wild type
(WT) (Fig. 5B). TMEM115 mutation was increased the num-
ber of macrophages M2 and activated memory CD4+ T cells
(Fig. 5C). Further, TP53 mutation was associated with higher
infiltration levels of B cells and macrophages (Fig. 5D). Taken
together, these results suggest that TMEM115 expression is as-
sociated with TP53 mutations.
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Table 1. Prognostic significance of TMEM115 expression in various cancers

Dataset Cancer Type Endpoint N In I(-Il-il?FiI_:\l,\?]h / Cox p-value In (HR) [95% CI-I-Ichjw Cl-upl
GSE12276 Breast cancer Relapse Free Survival 204 -0.74 0.000009 -0.86 0.42 [0.29-0.62]
GSE7390 Breast cancer Relapse Free Survival 198 -0.83 0.027733 -0.18 0.83 [0.71-0.98]
GSE1M121 Breast cancer Distant Metastasis Free Survival 200 -1.10 0.030108 -1.03 0.36 [0.14-0.91]
GSE31210 Lung cancer Relapse Free Survival 204 0.94 0.012843 1.57 4.83 [1.40-16.68]
GSE31210 Lung cancer Overall Survival 204 -1.16 0.003265 -0.57 0.57 [0.39-0.83]
(GSE9891 Ovarian cancer  Overall Survival 278 -0.68 0.000888 -0.51 0.60 [0.45-0.81]
GSE17537 Colorectal cancer Disease Free Survival 55 -1.1 0.002050 -5.19 0.01 [0.00-0.15]
GSE17537 Colorectal cancer Disease Specific Survival 49 -1.68 0.010429 -4.22 0.01 [0.00-0.37]
GSE17536 Colorectal cancer Disease Specific Survival 177 -0.82 0.040376 -1.83 0.16 [0.03-0.92]
GSE17537 Colorectal cancer Overall Survival 55 -1.61 0.003982 -3.95 0.02 [0.00-0.28]
GSE17536 Colorectal cancer Overall Survival 177 -0.83 0.036380 -1.62 0.20 [0.04-0.90]
GSE8970 Blood cancer Overall Survival 34 -1.69 0.005080 -1.06 0.35[0.16-0.73]
E-TABM-346 Blood cancer Event Free Survival 53 -0.89 0.034906 -0.63 0.53 [0.30-0.96]
GSE4271-GPL96  Brain cancer Overall Survival 77 0.91 0.007552 0.51 1.67 [1.15-2.44]
GSE19234 Skin cancer Overall Survival 38 2.17 0.015668 1.18 3.27 [1.25-8.55]
THEM115, Transmembrane protein 115; N, number; HR, hazard ratio.
Table 2. Correlation between TMEM115 expression and TlICs
Cancer Immune infiltrates Z-score p-value
LIHC (N = 371) T cell CD4+ Th2_XCELL 3.143444665 0.00166972
Monocyte_XCELL 2.220060308 0.026414674
Common lymphoid progenitor_XCELL 1.976289192 0.048122033
Macrophage M2_CIBERSORT 2.712012750 0.006687602
Myeloid derived suppressor cell_TIDE 3.176312933 0.001491600

THEM115, transmembrane protein 115; TIICs, tumor-infiltrating immune cells; LIHC, liver hepatocellular carcinoma; CD4, cluster of differentiation 4;

Th2, T helper 2.

Discussion

Among various cancers, liver cancer has a high mortality rate
worldwide [23]. LIHC is the most common pathological form
of liver cancer and occurs through chronic liver inflammation
[24]. LIHC is associated with a continuous increase in mortali-
ty owing to its poor prognosis and limited treatment methods
[25]. Biomarkers for prognostic prediction and treatment strat-
egies for LIHC are still being researched, but novel biomarkers
have not settled in clinical practice except for alpha-fetoprotein
[26]. Therefore, research is being performed to create biomark-
ers in order to uncover novel treatment techniques for LTHC.

The immune system plays an important role in the progres-
sion and growth of cancers. In the TIME, TIICs surrounding
tumor cells play an important role in cancer growth and have
been found to be involved in the development and progression
of cancer; they are thus being studied as important prognostic
indicators and potential therapeutic targets [27,28].
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TP53 is a tumor suppressor gene involved in apoptosis, cell
cycle arrest, and DNA repair. However, mutations in TP53 are
known to cause abnormal cell proliferation and tumor gene ac-
tivity, which are associated with poor prognosis in cancer. Re-
search on TP53 mutations and immune cell regulation is con-
stantly being conducted to study tumor immune regulation
[29,30]. However, the mechanisms by which TP53 mutations
are related to TMEMI115 expression and TIICs have not been
studied.

TMEMI115 is a membrane protein; notably, membrane pro-
teins constitute 30% of human proteins and have been used as a
physiological and pathological biomarker [10,11]. Fan et al.
found that increased TMEM 147 expression was associated with
poor prognosis [14]. Furthermore, LIHC has demonstrated the
potential of transmembrane protein as a biomarker. In this
study, the mRNA level of TMEM115 was found to be higher in
LIHC tissues than in normal tissues. In addition, by upon ana-
lyzing the gene expression level by race, sex, age, grade, and
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stage in detail, a high expression level of TMEM115 was con-
firmed compared to that in normal tissues. TMEM115 expres-
sion was also correlated with poor prognosis in LIHC. In addi-
tion, a correlation between poor prognosis and various clinico-
pathological factors was confirmed. Thus, TMEM115 may
serve as a potential biomarker for LTHC.

http://www.e-kmj.org

Protein expression is important for gene function. By com-
paring the protein expression levels of TMEM115 in LIHC tis-
sues, IHC analysis confirmed its higher expression in LIHC tis-
sues than in normal tissues. These results suggest an effect of
TMEM115 at the transcriptional and translational levels in pa-
tients with LIHC.
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We confirmed the correlation between TMEM115 expres- ated with worse prognosis in LIHC. These findings were con-
sion and immune cell infiltration in LIHC. High TMEM115 sistent with previous research on the identification of LIHC
expression and immune cell infiltration was found to be associ- biomarkers [31,32].
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TP53 mutation, which is key to the progression of malignant
tumors, results in loss of function through genetic modification
in more than half of human cancers [33,34]. Therefore, the cor-
relation between TP53 and TMEM115 in the context of LTHC
prognosis, needs to be confirmed. In a correlation investigation
between TP53 mutation and TMEM115 expression in LIHC
cells, TMEM115 expression was increased in TP53 mutation
compared to that in WT. This finding suggests that TMEM115
is associated with TP53 mutation.

In conclusion, we suggest that high TMEM115 expression
correlates with poor prognosis in LIHC. Therefore, we present
TMEMI115 as a potential biomarker for LIHC. As the results of
this study were confirmed using online databases, further stud-
ies are needed to confirm the potential function of TMEM115
using in vitro and vivo models.
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Fluoroscopic Landmark to Optimize the View
of the Foramen Ovale Using the Neighboring
Structure

Ji Hee Hong, Se Nyung Huh, Ki Beom Park

Department of Anesthesiology and Pain Medicine, Keimyung University School of Medicine,
Daegu, Korea

Radiofrequency thermocoagulation (RFT) via trans-oval approach is effective treat-
ment modalities for trigeminal neuralgia. Clear identification of the foramen ovale
(FO) is the most important initial step for successful percutaneous procedures. The
purpose of this study was to verify whether the medial end of the temporomandibu-
lar joint and the distance between the mandibular angle and the occipital inner line
can be used as a fluoroscopic landmark to determine the proper angulation of the
C-arm. Analysis of previously saved fluoroscopic FO images during RFT was per-
formed. As a fluoroscopic landmark to guide a proper lateral and axial oblique rota-
tion of the C-arm, the position of the medial end of the temporomandibular joint
and the vertical distance between the mandibular angle and the occipital inner line
were evaluated. When the FO was located at the most central point within the H-fig-
ure, the medial end of TMJ was always located within the mandibular notch. The
maximum view of the FO was defined when the FO showed maximal short axis to
long axis ratio. The FO showed the best view when the vertical distance between the
mandibular angle and occipital inner line was 20.04 (5.1) mm. This study demon-
strated that the medial end of the temporomandibular joint and the vertical distance
between the mandibular angle and occipital inner line as a fluoroscopic landmark
for obtaining the optimal view of the FO.

Keywords: Foramen ovale, Mandibular angle, Occipital inner line, Temporoman-
dibular joint, Vertical distance

Introduction

Trigeminal neuralgia (TN) presents a sudden severe, electric shock like, stab-
bing, and recurrent facial pain involving one or more of the trigeminal nerve
divisions. TN is the most common among cranial neuralgia. The severe and
disabling pain nature of TN significantly affects the quality of life and may re-
sult in psychologic distress and even lead to suicide [1-3].

Radiofrequency thermocoagulation (RFT), glycerol injections, and balloon
compressions of the gasserian ganglion through the foramen ovale (FO) have
been proven to be effective TN therapeutic interventions following conserva-
tive care failure [4,5]. However, the use of these intervention is limited by un-
clear visualization of FO, which may results in various complications including
mispuncture of the jugular foramen, foramen lacerum, inferior orbital fissure,
or foramen spinosum, and even damage to the internal carotid artery [6].

Clear identification of the FO is the most important initial step for a success-
ful percutaneous procedures of TN. However, accessing the FO with C-arm
guidance is very challenging even for experienced pain physician. A recent
study suggested the H-figure landmark to easily identify the FO [7]. According
to their study, the two vertical lines of the H-figure are the medial border of the
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mandible and the lateral edge of the maxilla, and the superior
line of petrous ridge of temporal bone as the horizontal line.
In addition, they suggested that the medial end of the tem-
poromandibular joint (TM]) is a very useful fluoroscopic
landmark to identify the superior line of the petrous ridge of
temporal bone and to aid in optimizing the FO view [7].
When the medial end of the TM]J is located within the man-
dibular notch (located between the medial and lateral border
of the mandibular ramus), the FO is positioned very close to
the midpoint of the H-figure. [7]. Previous study also demon-
strated that the mandibular angle and the occipital cortex line
as anatomic landmarks to facilitate the FO visualization [8].

For the successful percutaneous procedures using trans-oval
method, the FO should be the most central point with maxi-
mum visualization. Proper axial and lateral oblique angulation
of the C-arm is essential to better visualize the FO within the
H-figure. However, so far, no study has demonstrated practical
fluoroscopic landmark for the proper angulation of C-arm for
better visualization of FO during RFT of TN.

The purpose of this study was to verify whether the medial
end of the temporomandibular joint and the distance between
the mandibular angle and the occipital inner line can be used
as fluoroscopic landmark to determine the proper angulation
of the C-arm.

Methods

Patients

This study was performed in a retrospective manner after
approval of our institutional review board (2021-06-025). Pa-
tients of TN who had received a RFT from May 2019 to May
2021 were included. Diagnosis of TN was performed according
to the criteria of the International Classification of Headache
Disorder-1II (2018) [9]. Patients who did not have successful
outcome after fluoroscopic guided RFT and patients whose flu-
oroscopic images did not include the medial end of TM]J or
mandibular angle and occipital inner line were excluded.

Identification and analysis of TN patients who had received
a RFT were performed using a program of Clinical Data
Warehouse v 2.5 (CDW, Planit Healthcare, Seoul, Korea). The
search word that we used with the CDW for analysis was “ra-
diofrequency thermocoagulation of gasserian ganglion”

RFT procedure

Informed consent was obtained from patients before the
procedure of RFT.

For proper visualization of FO, we used the H-figure ap-
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proach suggested by He L, et al [7]. Patients were placed in
supine position with their head assisted by a 10 cm pillow and
their neck extended 30°- 40°. The initial C-arm axial oblique
angulation was set at 20° caudally and the lateral oblique an-
gulation was set at 15°. After the angulation, apparent H-fig-
ure could be obtained. The two vertical lines of the H-figure
is the medial border of the mandible and the lateral edge of
the maxilla, and the superior line of petrous ridge of temporal
bone as the horizontal line (Fig 1A, B). When the H-figure
was identified clearly, the lateral oblique angulation was ad-
justed properly so that the FO was located at the central point
of the H-figure. At this position, the axial oblique rotation
was adjusted to obtain the most clear and maximum view of
the FO, and the C-arm images containing the best FO images
were saved.

During the procedure of RFT, light sedation was main-
tained with intravenous midazolam at 0.02 mg/kg and sufent-
anil 5 ug, so that the patient could respond properly during
electrical stimulation. Patient was monitored with electrocar-
diography, blood pressure, and pulse oximetry. Facial mask
was applied to supply oxygen (3 L/min). Sterile skin draping
was done at the painful side of face. Skin entry was done at
2-3 cm lateral to the angle of the mouth. A radiofrequency
cannula of 22-gauge, 10-cm, and 2 mm or 5 mm active tip
was used. After confirming the clear visualization of the FO,
the cannula was inserted in a coaxial manner into the fluoro-
scopic beam towards the FO. The final depth of the needle
was confirmed in a lateral view with the tip located around
the clivus. Once the proper cannula position was verified with
C-arm, the electrical stimulation of 0.1 V at 50 Hz frequency
was in concordance with the location of the pain. The final
position of the cannula tip was modified minutely, according
to the effect of the stimulation (Fig 2A, B). After successful
concordant electrical stimulation in the painful area, RFT was
performed at 75°C for 60 seconds for one or two times.

Analysis of fluoroscopic FO images

Fluoroscopic FO images that were saved during RFT were
analyzed. To include the best FO images, FO images should
meet two conditions; first, the position of FO should be the
most central point within the H-figure. Second, the view of
FO should demonstrate the maximum visualization. Maxi-
mum visualization of FO was defined according to the maxi-
mal short axis to long axis ratio of the FO. Since the FO shows
round oval shape, the vertical and transverse diameter corre-
spond to the short and long axis, respectively (Fig 3A, B). The
selection of image which showed maximum visualization of

http://www.e-kmj.org
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Fig. 1. Fluoroscopic landmark of the H-figure to identify the foramen ovale (FO). (A) The two vertical lines of the H-figure are the medial
border of the mandible and the lateral edge of the maxilla, and the superior line of petrous ridge of temporal bone as the horizontal line. (B)
The C-arm view of the FO. The red arrow indicates the FO. Temporomandibular joint is pointed out by greenish arch.

Fig. 2. Final penetration of the foramen ovale (FO) with the H-figure. (A) The cannula is approaching the FO with tunnel view method. (B)
Lateral image showing the position of cannula tip indicating the clival line.

FO was determined by two pain physicians who had more
than 5 years experience in gasserian ganglion RFT.

To evaluate the first condition above, proper lateral oblique
rotation should be adjusted. As a fluoroscopic landmark to
guide a proper lateral rotation of the C-arm, the position of
the medial end of TMJ was analyzed in relation to the man-
dibular notch when the FO was moved to the medial, central,

http://www.e-kmj.org

and lateral side of the H-figure (Fig 4A-C).

To evaluate the second condition above, proper axial
oblique rotation should be adjusted. As a fluoroscopic land-
mark to guide an axial rotation of the C-arm, the vertical dis-
tance between the mandibular angle and the occipital inner
line was measured. We analyzed the vertical distance between
the mandibular angle and the occipital inner line when the
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FO was barely visible, better visible, and the best visible (Fig
5A-C).

All the analysis of the saved fluoroscopic FO images was
performed using INFINITT PACS M6 (INFINITT Health
care, Seoul, Korea).

Statistics
The data are presented as the mean (SD).

Results

Fifty-five images of the FO, for cases that showed successful
pain reduction after RFT of gasserian ganglion, were ana-
lyzed. All the 55 images demonstrated the H-figure. Among
them, only 50 images of the FO met the two pre-analysis con-
ditions; 35 female and 15 male TN patients. Fluoroscopic
landmark of lateral oblique angulation

When the FO was located at the most central point within

Fig. 3. lllustration showing short (A) and long axis (B) of the
foramen ovale.

the H-figure, the medial end of TMJ was always located with-
in the mandibular notch. All fifty images of the FO showed
the medial end of TM] located within the mandibular notch
(Fig 4B). However, when the FO was too close to the medial
vertical line of the H-figure, the medial end of TM] was locat-
ed to the medial point of the mandibular notch (Fig 4A).
When the FO was too close to the lateral vertical line of the
H-figure, the medial end of TM] was located to the lateral
point of the mandibular notch (Fig 4C). The FO was always
found in the same horizontal line of the TMJ (Fig 4A-C).

Fluoroscopic landmark of axial oblique angulation

The maximum view of the FO was defined when the FO
showed maximal short axis to long axis ratio. As guidance to
adjust the degree of axial angulation, the vertical distance be-
tween the mandibular angle and occipital inner line was eval-
uated. The vertical distance between the mandibular angle
and occipital inner line was widened when the axial oblique
rotation was directed toward the caudal side. When the man-
dibular angle and occipital inner line was nearly overlapped
(axial 10°), the FO was barely visible (Fig 5A). When the axial
oblique rotation was directed more toward the caudal side
(axial 15°), the FO was better visible (Fig 5B). When the axial
oblique rotation was further directed toward the caudal side
(axial 25°), the FO was best visible and the vertical distance
between the mandibular angle and occipital inner line was
20.04 (5.1) mm (Fig 5C).

Fig. 4. Fluoroscopic view of the foramen ovale (FO) for optimizing the lateral oblique angulation. (A) The FO (red arrow) is too close to the
medial end of the H-figure, this means that C-arm is over-rotated to medial side. Notice that the medial end of temporomandibular joint
(TMJ, greenish arch) is medial to the mandibular notch. (B) The FO (red arrow) is located at midpoint between the medial and lateral line
of the H-figure, this means that C-arm angle is appropriate. Notice that the medial end of TMJ (greenish arch) is within the mandibular
notch. (C) The FO (red arrow) is too close to the lateral end of the H-figure, this means that C-arm is over-rotated to lateral side. Notice
that the medial end of TMJ (greenish arch) is lateral to the mandibular notch.
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Discussion

The trans-oval technique is an essential step for the success-
ful procedure of glycerol rhizolysis, balloon compression, and
RFT of gasserian ganglion for the treatment of TN. Unclear
visualization of the FO can lead to unwanted puncture of the
other foramina at the skull base or damage of important neu-
rovascular structure [6]. The clear identification of the FO is
very important for successful procedure. However, such step
was challenging and time consuming.

The H-figure method to facilitate the visualization of the
FO has demonstrated an advantage in reducing fluoroscopic
shots and procedure time compared to the traditional ap-
proach [7]. Previous study suggested improved visualization
of the FO using CT or 3-dimensional CT reconstruction.
However, such methods required higher radiation exposure
to the patient and medical staff [8,10].

To adjust a proper degree of lateral and axial oblique rota-
tion for the visualization of FO, we used a relative location of
the neighboring structure. The relative location of the medial
end of TMJ was used to determine the degree of lateral rota-
tion. For the beginners of RFT, identifying joint structure
might be easier than identifying the FO. Although the FO was
shown up within the H-figure, one might not notice the ap-
pearance of FO. However, if the medial end of TMJ is seen
within the mandibular notch, it means that the FO is present

within the H-figure.

Another advantage of using the medial end of the TM] is
that the FO is always located in the same horizontal line as
the TM]J. This relationship is beneficial since TMJ is a very
useful fluoroscopic landmark to identify the superior line of
the petrous ridge of the temporal bone [7]. If a pain physician
encounters a difficulties in locating the FO, one should draw
a horizontal line from the TM]J towards the medial direction
and the FO could be found easily within that horizontal line.

The vertical distance between the mandibular angle and the
occipital inner line was used to determine the degree of axial
oblique rotation. As a novel method of locating the FO, over-
lapping the mandibular angle and the occipital cortical line
with 15° lateral oblique rotation demonstrated clear visualiza-
tion of the FO [8]. However, when the mandibular angle and
the occipital cortical line was overlapped, we could barely
identify the FO. The distance between the mandibular angle
and occipital inner line should be widened enough, to at least
20 mm to obtain a maximum view of the FO. We thought that
using the mandibular angle and occipital inner line is a prac-
tical fluoroscopic landmark since those structures are easily
identifiable by the beginners of RFT.

Positioning FO within the H-figure and subsequent obtain-
ing the best optimized view of the FO is a highly dynamic ad-
justment process based on the location of the neighboring
structure. Optimizing the view of the FO according to a pre-

Fig. 5. Fluoroscopic view of the foramen ovale (FO) for optimizing the axial oblique angulation. (A) The FO (red arrow) is barely seen.
Notice that the mandibular angle (asterisk) and occipital inner line is nearly overlapped. The visualized FO (yellow oval) is illustrated in
the right upper corner of this image (B) The FO (red arrow) is better visualized after adjustment of axial oblique angulation toward more
caudal direction than the angulation of (A). Notice that the vertical distance between the mandibular angle (asterisk) and occipital inner
line is wider than the distance of (A). The visualized FO (yellow oval) is illustrated in the right upper corner of this image. (C) Further
adjustment of axial oblique angulation toward caudal direction resulted in more optimized view of the FO (red arrow) than the FO of (B).
Notice that the vertical distance between the mandibular angle (asterisk) and occipital inner line is wider than the distance of (B). The
visualized FO (yellow oval) is illustrated in the right upper corner of this image.
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determined fluoroscopic angle is inaccurate since significant
variations might exist among individuals [7,11].

There are some limitations to this study. First, the number
of included fluoroscopic images was relatively small. Further
analysis with larger numbers of fluoroscopic images is re-
quired.

Second, we evaluated the relative location of the neighbor-
ing structure of the FO in Asian people only. The fluoroscopic
landmark in other racial groups might be different slightly
due to different skull size. However, using a neighboring
structure as a fluoroscopic landmark does not depend on
fixed C-arm angulation. Rather, we suggested a practical and
dynamic method to optimize the view of FO based on the
neighboring structure. Third, we suggested TM] medial end
for the angulation of the lateral rotation. However, this meth-
od is hard to apply in patients who have poor fluoroscopic
image of TM]J. Severe arthrosis or degenerative change of TM]
could provide poor image of TMJ.

In conclusion, the medial end of TM] and the vertical dis-
tance between the mandibular angle and occipital inner line
can be used as the fluoroscopic landmark to obtain the opti-
mal view of the FO.
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Lung cancer is the leading cause of death from cancer and the most effective way to
reduce lung cancer mortality is early detection and treatment. The low-dose com-
puted tomography (CT) can reduce the chances of lung cancer death, and used as
screening test in several countries. Pulmonary nodules are a common finding in
smokers, and differential diagnosis from cancer is a particularly important in lung
cancer screening in smokers. We tried to find out the characteristics of lung nodules
in patients who underwent smoker cancer screening. Data on low-dose lung CT
findings and smoking counseling were collected for lung cancer screening patients
for smokers conducted from January 2012 to June 2022. Out of a total of 1,320 pa-
tients, 1,101 had lung nodules. Lung nodules located in the right upper lobe were
the most common at 30.5%, and lung nodules located in the right middle lobe were
the least at 11.5%. Solid nodules were 97.3%, and ground-lass shadowing lesion was
2.4%. The average nodule size was 3.33 mm, and the largest was 43 mm. Compared
to the previous test, 8.8% of the nodules were changed, and 1.8% of the total were
suspected of cancer. The number of cessation patients interviewed was 138 (10.5%),
and 98 were referred to smoking cessation clinics. This study shows that the lung
nodule reporting rate is higher than overseas lung nodule reporting rate.

Keywords: Low-dose computed tomography, Pulmonary nodule, Smoking
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Table 1. Characteristics pulmonary nodule (N = 1,256)

Variables

Age 63.5 + 5.52

Prior chest CT scan present, n (%) 213 (17.0)

Number of nodules, n (%)
None 255 (30.3)
1 253 (20.1)
2 168 (13.4)
3 151 (12.0)
4 100 (8.0)
5 71 (5.7)
6 or more 258 (20.5)

Size of largest nodule, n (%)
Less than 4 mm 498 (39.6)
4~6 mm 393 (31.3)
7~10 mm 82 (6.5)
More than 10 mm 44 (3.5)

Data are represent mean + standard deviation or number (%). %
represents the fraction of a column in the table.
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Table 2. Characteristics of nodule according to malignant suspicious

o HZ2-e HIEL 5~59.7% Aol ZAXofA
43~73.7%2 B A7} 9t} [5,12-14]. B AdFoM= &
oA9l WAEY #HEEo] 79.7%E, ML =4t EAH (www
kostat.go.kr)oll T2 FWjoA9] H Xk 9 Algo] Al &
U glong s FARIA Y w2 WA HEEY Hlol i
g A7 "B ad Aot

AQEold HFAE OHE, AME 45 E= Hojoh 22 Ht
IE G R fARHAY BYS 94 ES M ¢
= Aoz & QuHis]. gutdoz A-dLe vy, BB 1,
et 22 ekl E4os ERE, FHAQ0 £
7] Wi2ol B7HA 7k9] WAt 9lg 4 Utk £
2 7
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Variables Malignant suggestive (N = 59) Benign suggestive (N = 3,286) p-value
Locations, n (%) 0.066
RUL 18 (30.5) 998 (30.4)
RML 1(1.7) 387 (11.8)
RLL 12 (20.3) 574 (17.5)
LUL 13 (22.0) 742 (22.6)
LLL 15 (25.4) 585 (25.4)
Characteristic of nodule, n (%) 0.000
Solid 53 (89.8) 3,197 (97.3)
Partially solid 6(10.2) 6(0.2)
GGO 0(0.0) 82 (2.5)
Size of nodule, n (%) 0.000
Less than 4mm 0(0.0) 2,502 (76.1)
4~6 mm 4(6.8) 705 (21.5)
7~10 mm 33 (55.9) 60 (1.8)
More than 10 mm 22 (37.3) 9 (0.6)
Changes compared to the past examination, n (%) 0.000
Yes 14 (23.7) 57 (1.7)
No 0(0.0) 713 (21.7)
Not applicable 45 (76.3) 2,515 (76.6)

P-values are analyzed by Fisher's exact test. % represents the fraction of a column in the table. RUL, right upper lung; RML, right middle lung; RLL, right
lower lung; LUL, left upper lung; LLL, left lower lung; GGO; ground grass opacity.

Table 3. Characteristics according to malignant suspicious

Variables « =A:|'256) Mallg?anisggeﬁ;estwe Bem(?\ln :ugg:twe « N=onze56) p-value
Age 63.5 + 5.52 659 + 5.83 63.6 + 5.53 62.6 + 5.22 0.000
Cessation counseling, n (%) 137 (10.9) 6(10.7) 11 (11.8) 20(7.8) 0.199
Consult to cessation, n, (%)
Smoking cessation clinic 39 (3.1) 3(5.4) 28 (3.0) 8(3.1) 0.025
Public Health Care Center 7(1.4) 0(0.0) 15 (1.6) 2(0.8) 0.192
Smoking cessation call center 10 (0.8) 0(0.0) 9(1.0) 1(04) 0.183
Others 15(1.2) 0(0.0) 13 (1.4) 2(0.8) 0.192
p-values are analyzed by analysis of variance or Fisher's exact test. % represents the fraction of column in the table.
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2.5%% Aottt F84 139 vl 2 ATolA 12(0.4%)
A7t A= e, O% 6717F 943 7HsAde] Qe Z o HilE]
o, g AFoNE FEA oA o ¥t w2 A2
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A Rare Case of Malignant Solitary Fibrous
Tumor on the Scalp

Kwang-Ryeol Kim, Ki Hong Kim

Department of Neurosurgery, Daegu Catholic University College of Medicine, Daegu, Korea

Solitary fibrous tumor (SFT) is an uncommon tumor that typically originates in the
pleural cavity but may also be found in extra-pleura sites like the head and neck,
spine, lungs, mediastinum, peritoneum, and pelvis. There are few reports of SFT of
the scalp, and malignant SFT of the scalp appears to be so rare that only two cases of
it were reported previously. A 47-year-old woman was admitted to our institution
with a large, rapidly growing mass on the left parietal scalp. An analysis of her scalp
condition and imaging findings of the mass revealed two different appearances be-
tween the superior and inferior halves; the scalp of the inferior half looked normal,
but that of the superior half did not. Also, computed tomography findings of the
mass confirmed different patterns between the superior and inferior halves. The
mass with the abnormal superior half scalp was removed totally. The pathological
diagnosis was malignant SFT, but the inferior mass was revealed to have a benign
nature. The patient underwent prophylactic radiotherapy and experienced no local
recurrence or distant metastasis at the final follow-up at 12 months. We present a
third case of malignant SFT originating on the scalp and describe our clinical and
surgical experience managing malignant SFT of the scalp.

Keywords: Malignancy, Scalp, Solitary fibrous tumor

Introduction

Solitary fibrous tumor (SFT) is an uncommon mesenchymal cell tumor that
usually originates in the pleural cavity. However, extra-pleura sites of tumor or-
igin include the head and neck, spine, lungs, mediastinum, peritoneum, and
pelvis [1-5]. Although SFT has a generally benign nature, its variable clinical
course encompasses local invasion and multiple metastases. The pathological
characteristics of SFT include nodular spindle-cell proliferation, and specific
immunoreactive stains are helpful for diagnosis. Among the various sites of or-
igin, SFT originating from the scalp has been reported in 16 cases [6-9]. In
contrast, malignant SFTs with a scalp origin are extremely rare, with only two
cases reported in the literature [10,11].

We present a rare case of malignant SFT originating from the scalp, which
appeared to be rapidly growing and huge. In this report, we describe our expe-
rience with the clinical presentation, imaging findings, pathological character-
istics, and surgical outcome of malignant SFT of the scalp.

Case Report

A 47-year-old woman was admitted to our institution with a huge mass on
the left parietal scalp. The patient had experienced a minor head trauma (colli-
sion with the edge of a table) five years prior, and her scalp had swelled at the
time of injury. Over time, the swelling of the scalp decreased slightly, but did
not resolve completely, and a scalp mass persisted for a few months. She report-

107


https://doi.org/10.46308/kmj.2023.00150

Malignant Solitary Fibrous Tumor

Keimyung Med J

ed that the scalp mass had been growing very slowly until re-
cently. The patient stated that the scalp mass was initially a
dome-shaped mass measuring about 5 cm in size. Four
months prior to the current presentation, however, the lesion
had started to rapidly increase in size. Upon examination, the
mass appeared to have a cylindrical shape in the vertical di-
rection. The maximum size of the mass was about 8 x 7 x 11
cm grossly, and it was hard, smooth, painless, and not tender
on palpation. There was no abnormal pulsation on the scalp
over the mass. The surface of the scalp was divided into supe-
rior and inferior halves according to differences in appearance
(Fig. 1). The superior half of the scalp appeared to be very
thin and pale, with no hair. There were many dilated vessels
and disruptions of the normal epidermal layer and ulceration.
Conversely, the inferior half of the scalp had a normal appear-
ance with hair, hair follicles, and normal coloring. The patient
did not have a previous history of infection. No focal neuro-
logic deficit was found. The laboratory values of the patient
were within normal ranges.

Computed tomography (CT) imaging demonstrated that the
mass was well circumscribed with heterogeneous density on
non-enhanced images, and the size of the mass was about 10.6
cm in height and 7.4 x 6.5 cm in diameter. The enhanced pat-
tern of the mass was different between the superior and inferi-
or halves of the scalp (Fig. 2). The inferior portion of the mass
included a heterogeneous but well-enhanced lesion on the pe-
ripheral portion with a less-enhanced central portion. The su-

perior half of the mass was less enhanced compared to the in-
ferior half and had a low density of the central portion. The
left parietal bone attached under the mass showed wide bony
erosion but no bone invasion. The thickness of the inferior
half of the scalp was the same as that of the normal skull. How-
ever, the superior half of the scalp was very thin due to com-
pression by a huge mass. There was no intracranial lesion,
such as local invasion or a metastatic mass. To assess the pa-
tient for systemic disease, positron emission tomography was

Fig. 1.Different appearance of the superior and inferior halve of
the scalp. The superior half of the scalp was pale with no hair,
many dilated vessels, disruptions of skin and ulceration. The
inferior half of the scalp had a normal appearance.

Fig. 2. Different enhanced pattern of the superior and inferior mass on non-enhanced (A) and enhanced (B) coronal computed
tomography image. A heterogeneous but well-enhanced lesion on the peripheral portion with a less-enhanced central portion of the
inferior portion of the mass. The superior half of the mass was less enhanced compared to the inferior half.
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performed and demonstrated no other uptake lesions through-
out the body.

Surgery was performed under general anesthesia with the
patient in the supine position with neck flexion. An incision
was created between the abnormal superior and normal infe-
rior scalp margins to remove the abnormal scalp with the su-
perior half of the mass. After a circumferential incision of the
scalp was made, the superior portion of the mass was easily
detached from the inferior mass and removed together with
attached abnormal scalp skin in a single piece (Fig. 3A). The
remaining inferior portion of the mass was adhered to the
scalp by a fibrotic tissue layer but was well-demarcated, and
we easily dissected it from the scalp without any evidence of
invasion of surrounding tissue (Fig. 3B). The frozen section
of a superior portion of the mass revealed a malignant tumor
with suspicion of SFT. The left parietal bone was very thin but
had clear margins and no invasion. After removal of the en-
tire mass, there was a scalp defect of the same size as the mass.
The defect was closed by a plastic surgeon using remnant
normal inferior scalp tissue that had been overlying the re-
moved mass.

The final pathologic report was malignant SFT. A pleomor-
phic spindle-cell proliferation with branching and hyalinized
“staghorn”-shaped blood vessels in variable collagenous stro-
ma was revealed by microscopic examination (Fig. 4). CD34
and vimentin were positive in immunohistochemical stains.
However, desmin, smooth muscle actin, S-100, myogenin,

CD99, and myo D1 were negative. The inferior and superior
portions of the mass have different features: the well-en-
hanced inferior mass had a benign nature with a hypocellular
appearance and fewer pleomorphic cells, while the less-en-
hanced and superior mass displayed malignant features with a
hypercellular nature, high mitotic figure (> 10 mitoses/10
high-powered fields), and areas of necrosis.

We delivered prophylactic radiotherapy (radiation dose, 60
Gy/30 fx) to the operation field at four weeks after resection.
At the final follow-up of 12 months, there was no local recur-
rence or intracranial metastasis on magnetic resonance imag-
ing (MRI) (Fig. 5).

Discussion

SFT was first reported as a pleural tumor in 1931 by Klem-
perer and Rabin [12]. The etiology of SFT is unclear but is
thought to originate from mesenchymal cells [13]. Heman-
giopericytoma, which is a tumor also with a mesenchymal or-
igin, was considered a distinct neoplasm previously [14].
However, SFT and hemangiopericytoma were combined and
reclassified as the same entity (SFT/hemangiopericytoma) in
the 2016 World Health Organization classification. Contrary
to recognizing that SFT is a pleural neoplasm initially, it can
arise at various sites, such as head and neck, spine, lungs, me-

diastinum, peritoneum, pelvis, genitourinary system, skin,
and liver [1-5,15,16]. Almost all SFT cases are benign, but

Fig. 3. The resected superior portion of mass with abnormal scalp (A). Well-demarcated inferior portion of the mass (B).
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Fig. 4. A pleomorphic spindle-cell proliferation with branching and hyalinized “staghorn"-shaped blood vessels in variable collagenous
stroma (HE stain, x 100) (A). Positive CD34 in immunohistochemical stains (B). A hypocellular appearance and fewer pleomorphic cells in
the inferior mass (HE stain, x 400) (C). A hypercellular nature and high mitotic figure (> 10 mitoses/10 HPF) (HE stain, x 400) (D).

about 6.5% of SFT cases are be malignant [17]. SFT with a
scalp origin is very rare, with just 16 cases reported previously
[6-9,18-21]. As with SFT at other sites, malignant SFTs of the
scalp are rare, with just two cases reported. The first case was
reported by Shirley et al. and presented a patient with a right
parietal scalp mass that was resected completely and diag-
nosed as malignant SFT [11]. The second case was reported
by Rabie et al. and involved a recurrent malignant SFT on the
occipital scalp that was diagnosed as dermatofibrosarcoma af-
ter the first operation; however, the recurrent mass was diag-
nosed as malignant SFT [10]. To the best of our knowledge,
our case is the third of malignant SFT of the scalp.
Histological characteristics of SFT are based on a “staghorn”
pattern of branching vessels and spindle cell proliferation. Be-
cause of the difficult diagnosis of SFT by histologic features
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due to morphological variation, immunohistochemistry
staining is a valuable tool. SFT is stained for CD34, CD99,
Bcl-2, and activator of transcription 6 (STAT6), with variable
or negative stain for cytokeratins, smooth muscle actin, epi-
thelial membrane antigen, desmin, and S100 [22]. Especially,
STATS6 is a highly sensitive and specific marker for SFT diag-
nosis [23]. Malignant SFT could be distinguished from be-
nign SFT using several factors including mitotic activity (> 4
mitoses/10 high-powered fields [HPF]), mass size > 5 cm,
degree of cellularity, presence of immature and pleomorphic
tumor cells, and hemorrhage and necrosis [24]. In our case,
the pathological features of the inferior mass were low cellu-
larity, few pleomorphic cells, and low mitotic activity. Howev-
er, the superior mass had different pathologic features, such
as high cellularity and > 10 mitoses/10 HPFs. So, both benign

http://www.e-kmj.org
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Fig. 5. Postoperative magnetic resonance imaging (MRI) at the follow-up 12 months. The MRI showed no abnormal enhanced mass
lesion. Non-enhanced coronal image (A) and enhanced coronal image (B).

and malignant pathologies were observed in this single case.
Scalp SFT clinically mimics lipoma and epidermoid cysts.
Pathological differential diagnoses for malignant SFT on the
scalp include dermatofibrosarcoma protuberans, synovial sar-
coma, liposarcoma, and leiomyosarcoma [25,26]. Dermatofi-
brosarcoma protuberans is a rare soft tissue tumor located
commonly on the trunk. The tumor usually involves the der-
mis and subcutaneous fat. Synovial sarcoma is a malignant
tumor involving muscle and ligaments and presents in the
arm and leg near the joints. Liposarcoma is a rare tumor orig-
inated from fatty tissue, usually in the abdomen or thigh.
Leiomyosarcoma is a rare malignant tumor involving smooth
muscles. It presents commonly in the intestines, stomach, and
blood vessels. The radiologic findings of these malignant soft
tissue tumors, which are uncommon on the scalp, are gener-
ally irregular with no well-circumscribed margin and fre-
quent local invasion. However, differential diagnosis based on
radiological findings was not found in the literature review.
There were no definite radiological findings of SFT on CT
or MRI. In general, like other subcutaneous tumors, benign
SFT is well-demarcated with a lobulated contour and usually
presents with absence of local invasion. However, a malignant
SFT has a not well-defined margin and usually demonstrates
local invasion. In our case, the peripheral portion of the infe-
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rior mass was diagnosed as benign SFT and the superior por-
tion of the mass was diagnosed as malignant SFT pathologi-
cally. On CT imaging, the mass appeared entirely well-demar-
cated, but the peripheral portion of the inferior mass was only
well-enhanced, and the central portions of the inferior and
superior masses were not enhanced. The non-enhanced por-
tion of the inferior mass had a connection to the superior
mass at the upper border of the inferior mass. It may be that
the superior mass was arising from the center of the inferior
mass and grew upward to form the superior mass. On consid-
eration of the clinical course of mass growth (rapid growth for
four months after slow growth) and the difference between
the inferior and superior halves of the scalp (the inferior half
appeared normal due to slow growth of the mass, but the su-
perior scalp was abnormal due to the fast-growing mass), the
belief is that the superior mass was a malignant transforma-
tion from a benign inferior mass.

Treatment choices for malignant SFT include complete sur-
gical resection. Meanwhile, adjuvant chemotherapy and ra-
diotherapy of malignant SFT after surgical resection are con-
troversial. Cox et al. suggested that complete resection of head
and neck SFT with a clear margin does not require additional
treatment and had a good prognosis [17]. Pisters et al. report-
ed the good response to radiotherapy of malignant SFT with
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> 50 Gy of radiation [27]. There are some reports about the
benefits of chemotherapy for malignant SFT [28]. However,
because of the lack of cases, the role of adjuvant therapy after
surgical resection is not obvious. Yang et al. reported a recur-
rence rate of 11% and a metastasis rate of 33% [29]. There is
also a report that the number of mitoses correlates with prog-
nosis [30]. However, because of the few cases of malignant
SFT and the lack of studies on SFT in general, it is difficult to
determine the clinical prognosis, and long-term follow-up is
necessary. In both previous cases of malignant SFT on the
scalp, neither received adjuvant treatment. Although the fol-
low-up durations were 18 and 6 months, respectively, no re-
currence or distant metastasis was found. In our case, malig-
nant SFT on the scalp was dissected easily with adjacent tissue
to obtain complete resection, and we performed adjuvant ra-
diotherapy. At the final follow-up at 12 months, there was no
local recurrence or distant metastasis.

Malignant SFT of the scalp is an extremely rare tumor. To
our knowledge, this is the third case of malignant SFT of the
scalp. Complete surgical resection is the preferred treatment,
while the role of adjuvant treatment is not obvious yet. To
date, the number of studies is insufficient, and the follow-up
period is typically short. A large number of patients and long-
term follow-up are needed to determine the surgical results of
malignant SFT of the scalp.
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Cardiac Arrest as the Initial Presentation of
Leigh Syndrome Associated with Novel
NDUFS1 Mutation

Na Hyun Lee', Do-Hoon Kim?, Jun Chul Byun1

'Department of Pediatrics, Keimyung University School of Medicine, Daegu, Korea
’Department of Laboratory medicine, Keimyung University School of Medicine, Daegu,
Korea

Leigh syndrome is a rare progressive neurodegenerative mitochondrial disorder.
Over 75 pathogenic mutations have been identified in both the mitochondrial and
nuclear genomes. Leigh syndrome can be diagnosed based on clinical manifesta-
tions, physical and biochemical examinations, and brain magnetic resonance imag-
ing results. Patients with Leigh syndrome classically present in early childhood with
developmental regression, ataxia, and hypotonia with subsequent respiratory and
brainstem dysfunction. However, the clinical course of Leigh syndrome is heteroge-
neous with significant differences in age of onset, symptom severity and prognosis.
Here, we report a case of Leigh syndrome with cardiac arrest as initial presentation,
and identified the novel mutation of NDUFSI gene.

Keywords: Heart arrest, Leigh disease, Mitochondrial disease, NDUFS1 gene

Introduction

25 (Leigh syndrome)> H|EZ =] obg AFsFRIATSI (oxidative phospho-
rylatlon OXPHOS)°l| o7} T8 st= A7 =/ A&oltt(1]. ol= Lot 7
SRt AFARREge 2 A E480t 34,000~77,0007 B 1789 W= ARt
A LA AR FSEFTE IS, AAIE, Aokt gAL, TRA HA S
BYde T AL = e, e TS St X]'O]E L]
= 9o], S T A7), 5= R ATt ol ohFeith3 4]t S

lN

: GJobrlol 240l AHEl, TSl Hs, SFAL, 208D
& 58 HolRlA|, W75 Aol 2 AWSIHS 41, SHAIR, Hadolut AololA B4
o] WRH|E sk, A48t Rl FAgle] Fot BANBFRLOE A o] 7, H4

filo

5

iis‘%ﬂi Hol g|&5F goloj|A, A2 NDUFSI 3
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A% 228% Hopt AR SEA st W 1294
FE] 35.5~35.8% 2] AH LS WHEAoR HYY, Ui gL d=
of Zulls] HolHAM A AHo® FFANSS] Sl °
ot 2] AP Eo] gle AAA AH 2 AvadEe Alst
AL, AP E 102 3 Fofl A &2 315 H Ak

Zob= vl¥iA ool =, Afef AT 367 4Y, 4 AF 3,120 g2
B AFEANZ "o, W A7 Alo] 9 g2 A/dol
FrE= @A A7l ol Aoy fAA e Aol ]i%d
104]9} 64]9] = otol= 2RI 44 9 WEE Holal U
A1 ofol= A 46U 1 F Fot SR AP, 7
Alol| Higt o HARE AFSHA] FATHL Tt

AL 194 AHANA E lactater= 20.0 mmol/L(ZAA]
0.5~2.2 mmol/L), neuron specific enolase(NSE):= 44.2 ng/mL(*J
A2 0.0~16.3 ng/mL), 2 =901, Y 79A HAIA lactate:=
1.0 mmol/Lo.E ZFAE 01}, NSE= 82.0 ng/mLOE T &7
S7HE AT HuEARNA & djEuttol A SAAY Supr)
= AT HES 28 B0 HAVISH S dAelAe &
Z 71T AV, 9] A2 A, T 9 st 7912 ¥l
St o] 43 HASks WHo] ¥EAE= Ao, f5Fde &
A 247 SHEE AR A4k 518/ ¥ S (hypoxic-ischemic
encephalopathy, HIE) £7-& ¥ 3tHFig. 1).

A whole-exome sequencing(WES) AAMA nEZE o}

H

T

o)

>

ZEAREY complex I 7|52 AsHA7lE Ao g 4HA Us,
NDUFSI 5329] c.419A>GS} ¢.548T>G] £ o|g T =<
HolE ZId 5= AUATHEZAIE: NM_005006.7). c419A>G2t
c548T>G Ho|&= o2l %R §-A A glo] el o] A(Korean Refer-
ence Genome Database, KRGDB)2} genomADO] #AH o] gl
= #W$ =& WHol]o]I(PM2), in-sillico prediction(SIFT,
Polyphen2, Mutation Taster)ollA] TL5% R-5fi5tA of|&H wololct
(PP3). 7}52] WES AAF A3, ot A= NDUFSI c.419A>G,
p-GIn140Arg | Bt SAHOIE, oMY= NDUFSI c.548T>G,
p.GIn140Arg °|3 3 SIS 7HA 1L AR (PM3), AA| 2t
EA ofol= SAHOlE 7HAAL UA] skt AlA ofolo] EHAL
AZA(PP4)S £551o] American College of Medical Genetics and
Genomics(ACMG) 7Fo|=2}Rlof| uhel 5 ¥olE ‘likely pathogen-
ic 240= wastlth(Fig. 2).

gok= AFEE7IE olEshAl &oto, 7|3 9 7HE
SEF71E AHESHEA EYshlal, A% srd xS HA
oM 571 AAHSH T Z-score: 4.2-5.0, 57| Fd 39
A Z-score: 5.1-6.1% A 5 Bt} LAE U o] F B
A A=5E AESH 5, AF 10710 fEF o= AFGSHRIT

re

-

Discussion

Fig. 1. Brain magnetic resonance imaging (MRI). (A) Axial T2-weighted and (B) sagittal T1-weighted brain MRI showing the progressive
encephalomalacic change with severe atrophy involving as follows; deep gray matters (both basal ganglia, thalami, periaquaductal gray
matter, midbrain), subcortical white matters of paracentral lobule, both hippocampi and corpus callosum.
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Q e Predicted ! 3 :
N Gene DNA change AA change Zygosity OMIM Disease Inherit Class
NDUFS1 C419A>G p.GIn140Arg Het MCIDNTS AR vuUS
c419A>G (+) c.419A>G (_) NDUFS1 C.548T>G p.lle183Ser Het MCIDNTS AR vus
c.548T>G () c.548T>G (+) 0 Gene DNA change :;eclﬂ::;de Zygosity Class Result
| NDUFS1 NM_005006.7:c.419A>G p.GIn140Arg het - Detected
I Fatner L0 1OE7-044-100) _NHOUMD ) _8x6_TM_EOODD."
: >/< i q r _E 1.8 .8 T
cA19A>G (-) c419A>G (-) d. 7wk /" c.419A>G (+)
c.548T>G (-) ¢.548T>G (-) c.548T>G (+)
Gene DNA change Predicted Zygosity Class Result
AA change
NDUFS1 NM_005006.7:c.419A>G p.GIn140Arg wild Not Detected
= ” L - -

Fig. 2. Results of the familial genetic tests. (A) Pedigree of the family. (B) Diagnostic whole-exome sequencing test result of proband. (C)
Sanger sequencing revealed heterozygous NM_005006.7:c.419A>G from proband's father. (D) Sanger sequencing revealed heterozygous

NM_005006.7:c.548T>G from proband's mother.
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sequencing® WESY} 22 A0 H7]&0] AH o2 ot {4
1o} Bl 5ol Al fFdo] HAlHl Qlof, Bl5ee] AHE
ol 3 | olA|aL AHHo, 10]. 9] Aol = OXPHOS
71740l B a3k of2] S (pyruvate dehydrogenase, complex I~ V,
coenzyme Q10 5)9] 7]%5Z ASHAIZIA ==t °] T complex I
Ayo] 7P E5HHD,10]. & S OIAM 2R1E NDUFSI mutation
% complex I 7152 A5tA7]= A9l G422 & LA ok
S50 AEEL 154190 68%, 164101 57%, 204101 20%7
L2, F2 2340 AFgshs Ao® BAEA Qlrt4,11,12]. A
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= 3T OXPHOS AolE Hol= AFEAIESNA coenzyme
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thiamine, riboflavin 59] 9F& ARE3] & 4= QQcH1]. ESF multivi-
tamin cocktail, ketogenic diet 53} THgh HE4 Q1 A BHHEES A
Lokl A, Adks UEAYHA GH3.4]. 2 FEE AR 2
55F7] Bx, 43 4]o], biotin¥} thiamine 5] BE4Q] A=
Al YSEAAIRE, S 1071 €l AFgskaitt. of2fet UHE ol F=
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Pneumococcal Cerebrospinal Meningitis: A
Rare Complication of Pediatric Temporal
Bone Fracture

Jun Chul Byun"', El Kim**

'Department of Pediatrics, Keimyung University School of Medicine, Daegu, Korea
*Department of Neurosurgery, Keimyung University School of Medicine, Daegu, Korea

Meningitis is a rare and potentially serious complication in children with temporal
bone fractures. We present an unusual case of a 7-year-old girl with pneumococcal
meningitis complicated by cerebrospinal fluid (CSF) leakage following transverse
fracture in the left temporal bone. She had an otorrhea resolved spontaneously in
the early stage of hospitalization. At 4 days post-discharge, the patient returned with
headache, fever, neck stiffness, voiding difficulty, and bilateral abducens nerve palsy.
Magnetic resonance images demonstrated an intense uniform contrast enhancement
in the cerebral cisterns and the sacral nerve roots. Laboratory analysis and culture
diagnosed meningitis caused by Streptococcus pneumonia. She was discharged home
after getting intravenous ceftriaxone for 5 weeks. Follow-up for the patient required
constant vigilance and included a multidisciplinary approach. At 7 months after
head trauma, the child was well with no neurological and auditory deficits. This case
illustrates a previously unreported complication in pediatric patient of temporal
bone fracture associated with CSF otorrhea.

Keywords: Cerebrospinal fluid otorrhea, Meningitis, Pediatric trauma, Pneumococ-
cus, Temporal bone fracture
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Fig. 1. (A, B) High-resolution axial and coronal computed tomography scans show complete opacification of the left middle ear and
mastoid air cells. (C) Magnetic resonance image reveals a hemorrhagic fluid collection related to longitudinal fracture of the temporal
bone. (D) Dynamic brain image depicts a diffuse leptomeningeal enhancement in the basal cisterns and sylvian fissures. (E) Enhanced
spine scan demonstrates the nerve root involvements in the sacral segment, whereas the conus medullar appears normal (arrow).
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Treatment of Primary Cerebral Ventricular
Abscess: Use of Dual Catheters and Ommaya
Reservoir

Jun Chul Byun"', El Kim**

'Department of Pediatrics, Keimyung University School of Medicine, Daegu, Korea
*Department of Neurosurgery, Keimyung University School of Medicine, Daegu, Korea

An isolated ventricular abscess is a rare event, and its treatment is a real challenge.
We report such case in a 52-year-old man that was successfully managed with aid of
occipital approach and ventricular access device. This patient presented with the
chief complaint of headache and fever of 3-day duration. Magnetic resonance imag-
ing showed fluid-filled layering within the posterior horns of the lateral ventricle
without contrast enhancement. Blood test and cerebrospinal fluid analysis was con-
sistent with acute bacterial ventriculitis. Using stereotactic technique guided by elec-
tromagnetic navigation, the occipital horns were bilaterally targeted and catheter-
ized, and then the abscess and debris was evacuated. The Ommaya reservoir im-
planted at the left entry was intermittently punctured for preventing the recollection.
The pus culture was positive for Streptococcus pneumoniae. He received an antibiotic
therapy and the reservoir aspiration leading to rapid recovery and remission of clini-
cal manifestations. There was no evidence of the recurrence within the ventricles on
follow-up scans after discharging. This modification, occipital approach and reser-
voir placement, is effective treatment for improving the cure rate in the selected cas-
es with intraventricular cerebral empyema.

Keywords: Bacterial infections, Empyema, Streptococcus pneumoniae
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Fig. 1. (A) Diffusion-weighted magnetic resonance image (MRI) shows foci of bright signal involving the dependent portions of both
lateral ventricles. (B) An axial T1-weighted MRI is negative for contrast enhancement of the ventricular ependymas. (C) Bone window
setting of computed tomography depicts the two trephines to puncture the posterior horns of the lateral ventricle (arrows). (D) The left-
sided pyocephalus is penetrated by the catheter of Ommaya reservoir. Inset confirms a dome-shaped reservoir fixed the cranium to
irrigate and aspirate the pus (arrow). (E) Follow-up scan demonstrates no further collection of the pus in the ventricles suggesting good
response to therapy. The high signals near the occipital horns corresponds the prior trajectory for the double catheterization.
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