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Roles and Competencies of Doctors in Artificial Intelligence Implementation: Qualitative
Analysis Through Physician Interviews
Masashi Tanaka # 1 2 3, Shinji Matsumura 1 4, Seiji Bito 1, Affiliations expand
PMID: 37200074 DOI: 10.2196/46020
Abstract
Background: Artificial intelligence (Al) is a term used to describe the use of computers
and technology to emulate human intelligence mechanisms. Although Al is known to
affect health services, the impact of information provided by Al on the patient-physician
relationship in actual practice is unclear.
Objective: The purpose of this study is to investigate the effect of introducing Al
functions into the medical field on the role of the physician or physician-patient
relationship, as well as potential concerns in the Al era.
Methods: We conducted focus group interviews in Tokyo's suburbs with physicians
recruited through snowball sampling. The interviews were conducted in accordance with
the questions listed in the interview guide. A verbatim transcript recording of all
interviews was qualitatively analyzed using content analysis by all authors. Similarly,
extracted code was grouped into subcategories, categories, and then core categories. We
continued interviewing, analyzing, and discussing until we reached data saturation. In
addition, we shared the results with all interviewees and confirmed the content to ensure
the credibility of the analysis results.
Results: A total of 9 participants who belonged to various clinical departments in the 3
groups were interviewed. The same interviewers conducted the interview as the
moderator each time. The average group interview time for the 3 groups was 102 minutes.
Content saturation and theme development were achieved with the 3 groups. We
identified three core categories: (1) functions expected to be replaced by Al, (2) functions
still expected of human physicians, and (3) concerns about the medical field in the Al era.
We also summarized the roles of physicians and patients, as well as the changes in the
clinical environment in the age of Al. Some of the current functions of the physician were

primarily replaced by Al functions, while others were inherited as the functions of the
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physician. In addition, "functions extended by AI" obtained by processing massive
amounts of data will emerge, and a new role for physicians will be created to deal with
them. Accordingly, the importance of physician functions, such as responsibility and
commitment based on values, will increase, which will simultaneously increase the
expectations of the patients that physicians will perform these functions.

Conclusions: We presented our findings on how the medical processes of physicians and
patients will change as Al technology is fully implemented. Promoting interdisciplinary
discussions on how to overcome the challenges is essential, referring to the discussions
being conducted in other fields.

Keywords: Al services; Al technology; artificial intelligence; competency; decision-
making, qualitative research; medical field; patient-physician; shared decision-making.
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Effect of multimodal comprehensive communication skills training with
video analysis by artificial intelligence for physicians on acute geriatric care:
a mixed-methods study

Masaki Kobayashi, Miwako Honda

(Department of Geriatric Medicine,
National Hospital Organization Tokyo Medical Center)
BMJ Open 2023;13:e065477. doi: 10.1136/bmjopen-2022-065477

Abstract:

Objectives To quantitatively analyse by artificial intelligence (AI) the communication
skills of physicians in an acute care hospital for geriatric care following a multimodal
comprehensive care communication skills training programme and to qualitatively

explore the educational benefits of this training programme.

Design A convergent mixed-methods study, including an intervention trial with a
quasi-experimental design, was conducted to quantitatively analyse the communication
skills of physicians. Qualitative data were collected via physicians’ responses to an

open-ended questionnaire administered after the training.
Setting An acute care hospital.
Participants A total of 23 physicians.

Interventions In a 4-week multimodal comprehensive care communication skills
training programme, including video lectures and bedside instruction, from May to
October 2021, all the participants examined a simulated patient in the same scenario
before and after their training. These examinations were video recorded by an eye-
tracking camera and two fixed cameras. Then, the videos were analysed for

communication skills by Al (Figure 1)

Main outcome measures The primary outcomes were the physicians’ eye contact, verbal
expression, physical touch and multimodal communication skills with a simulated

patient. The secondary outcomes were the physicians’ empathy and burnout scores.

Results The proportion of the duration of the participants’ single and multimodal types

of communication significantly increased (p<0.001), (Table1)

The mean empathy scores and the personal accomplishment burnout scores also

significantly increased after training. (Table 2)

We developed a learning cycle model based on the six categories that changed after

training from the physicians’ perspective: multimodal comprehensive care
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communication skills training; increasing awareness of and sensitivity to changes to
geriatric patients’ condition; changes in clinical management; professionalism; team

building and personal accomplishments.(Figure 2)

Conclusions Our study showed that multimodal comprehensive care communication
skills training for physicians increased the proportions of time spent performing single

and multimodal communication skills by video analysis through Al.

Figure 1 Study design:

Participant recruits
A total of 23 physicians

v

Pre-evaluation
Pre-training survey': baseline assessment and physician
empathy and burnout scores
Pre-training physical examination of a simulated patient with
video recording

v

Intervention
Multimodal comprehensive care communication skills training
for physicians
Weekly 1-hour online video lecture for 4 weeks
Weekly bedside training by instructors for 4 weeks

v

Post-evaluation
Post-training survey?: physician empathy and burnout scores
Post-training physical examination of a simulated patient with
video recording

¥

Quantitative analysis
Comparison of pre/post communication skills: video
analysis by artificial intelligence
Empathy: JSPE-HP; Burnout: MBI-HSS

v

Qualitative analysis
Post-training survey®: an open-ended questionnaire survey

\ J

::a': :uroponlons of time spent performing ¢ ication skills during p g and post-training

N Pretraining (%) Post-training (32) Pvalue*
Eye contact 21 57 274 <0.001
Verbal expression 21 396 531 0.006
Touch 21 377 46.1 0.03
Multimodal 21 155 431 <0.001

+ The bold numbers are significant p values (<0.05) before and 3 months after the training.

* "Wilcoxon signed-rank test.
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Table 2
Pretraining and post-training means and SDs of the Jefferson Scale of Physicians Empathy-Health Professionals Version (JSPE-HP) scores and the Maslach Burnout Inventory-
Human Senvice Survey and changes in physician bumout (n=23)

Pretraining Post-training P value*
Mean JSPE-HP score (SD) 111.0£10.6 119.6110.5 <0.001
Burnout, n (%) 19(82.6) 15(65.2)
Mean emotional exhaustion score (+SD) 18.9£10.0 18.7111.4 0.89
Mean depersonalisation score (+SD) 6.3£5.3 6.315.5 0.88
Mean personal accomplishment score (+5D) 28.3%6.8 30.7+7.8 0.004

« The bold numbers are significant p values (<0.05) before and 3 months after the training.

* *Wilcoxon signed-rank test.

Figure 2

Multimodal
comprehensive care
communication skills
training for physicians

Increased awareness
of and sensitivity to Personal
changes in geriatric accomplishment
patients’ condition

Changes in

- Team building
clinical management

Professionalism
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The Augmented Reality affective training
increases the care communication skill and empathy

Atsushi Nakazawa; Kyoto University, Miyuki Iwamoto;Kyoto University,
Ryo Kurazume;Kyushu University, Masato Nunoi ;Sugiyama Jogakuen University,
Masaki Kobayashi ;Tokyo Medical Center, Miwako Honda;Tokyo Medical Center.

Scientific Reports, 2022: https://doi.org/10.21203/rs.3.1s-1667324/v1

Abstract :

It is important for caregivers of people with dementia (PwD) to have good patient
communication skills as it has been known to reduce the behavioral and psychological
symptoms of dementia (BPSD) of PwD as well as caregiver burnout. However,
acquiring such skills often requires one-on-one affective training which can be costly.
In this study, we propose affective training using augmented reality (AR) for
supporting the acquisition of such skills. The system uses a see-through AR glasses
and a nursing training doll to train the user in both practical nursing skills and
affective skills such as eye contact and patient communication. The experiment was
conducted with 39 nursing students. The participants were assigned to either the Doll
group, which only used a doll for training, or the AR group, which used both a doll and
the AR system. The results showed that eye contact significantly increased and the
face-to-face distance and angle decreased in the AR group, while the Doll group had no
significant difference. In addition, the empathy score of the AR group significantly
increased after the training. Upon analyzing the correlation between personality and
changes of physical skills, we found a significant positive correlation between the
improvement rate of eye contact and extraversion in the AR group. These results
demonstrated that affective training using AR is effective for improving caregivers’
physical skills and their empathy for their patients. We believe that this system will be
beneficial not only for dementia caregivers but for anyone looking to improve their

general communication skills.

Objectives:

To evaluate multimodal communication skill training effect with augmented reality.

Study design and participants:

A two-group randomized controlled study was conducted. Participants were recruited
from students in the clinical nursing department at Bukkyo University, Japan. The
demographics of the participants (N = 38) are listed in Table 1. Participants ranged
from 18 to 28 years old, with an average age of 20.9 years old. All of them were born in

Japan and are native Japanese speakers. The students ranged from first to fourth
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years, and 82% of them were female. They were paid 2,000 JPY (about 16 USD) for
their two-hour participation. Written informed consent was obtained from all patients
for the participation of the study and publication of accompanying images. They were

randomly assigned to either the control (Doll) or the experimental (AR) group.

Measure:

All participants filled out and submitted a shortened version of the Japanese Big-Five
Scale27 and the Jefferson Scale of Empathy (JSE) Health Profession Students’
version28. A 7-point Likert scale was used for both surveys. The Big-Five was 2/11
administered and collected once before the experiment, whereas the JSE was collected
before and after the experiment to observe the effects of training on the participants’
empathy. To measure the physical behavioral features, first-person videos were
recorded from head-mounted cameras worn by the participants. From the videos, we
then retrieved face-to-face distance and pose, the occurrence of eye contact between the
participants and simulated patients, and the length of the caregiver’s speech. These

skills are vital aspects of the Humanitude care technique. (Figure 1, 2)

Result:

Face to face distance and pose Fig. 3 shows the face detection rates which indicate how frequently
the participant looked at the simulated patient. The face detection rate significantly increased (Pre:
0.157 (0.105), Post: 0.184 (0.110), p = 0.012) in all participants, and that of the AR group also
significantly increased (Pre: 0.168 (0.122), Post: 0.212 (0.122), p = 0.011). However, no significance
was found in the Doll group (Pre: 0.145 (0.080), Post: 0.150 (0.085), p = 0.323). As shown in Fig.4,
the face-to-face distance significantly decreased in all participants (Pre: 980.77 (445.28)[mm], Post:
899.35 (369.48)[mm], p=0.045), but no significance was found in the Doll group (Pre: 1048.96
(582.35)[mm], Post: 933.32(359.49) [mm], p = 0.095) and the AR group (Pre: 925.58 (297.09)[mm],
Post: 871.84(383.92)[mm], p=0.153). Fig. 5 shows the occurrenece rates of when the face-to-face
distance is less than 700 [mm], which is the same threshold used in the AR system. They
significantly increased in all participants (Pre: 0.096 (0.080), Post: 0.122 (0.087), p=0.001) and in
the AR group (Pre: 0.109 (0.093), Post: 0.145 (0.096), p = 0.002), but no significance was found in
the Doll group (Pre: 0.081 (0.058), Post: 0.094 (0.068), p = 0.108). Fig. 6 shows the results of face-
to-face posture (angles). The mean yaw-angles significantly decreased in all participants (Pre: 17.19
(8.41)[deg], Post: 15.58(6.39) [deg] p=0.040) and in the AR group (Pre: 18.16 (9.35)[deg], Post:
15.63 (6.73) [deg], p = 0.010), while no significance was found in the Doll group (Pre:
15.98(7.18)[deg] to 15.51(6.14)[deg], p = 0.382). The smaller yaw angle indicated that participants
looked at the simulated patients’ face in the frontal direction, leading to improved face-to-face

communication skills for the participants in the AR group.
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Conclusion:
Training using AR is effective for improving caregivers’ physical skills and their
empathy for their patients.

Fig 1 System configuration

Eye contact and
AR Glass verval i Avatar Doll

Participant

Virtual scene
Real scene

Figure 1. System configuration of HEARTS

..

Happiness Anger Surprise Sadness Fear

Fig 2 Real-time feedback system

Gaze skilll ' " My ocal skill

Touch skill

|Mu|li-madal score skill| [Scorcs of each skill]

Figure 3. Gaze, speech scores displayed on HEARTS

Before experiment Read Humanitude textbook,

Experimental day  Pre-evaluation: Perform care-tasks
for a simulated patient

!

Control group: Training using a doll Experimental group: Training using AR

Post-evaluation: Perform care-tasks
for the simulated patient.

) 4

Questionnaires (Empathy)
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Fig 3 face detection rate Fig 4 Face to face distance
os p=0012 o032 p=0011 "o = 0045 13 (p-0.09%) ns(p=0.184)
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Fig 5 Occurrence rate of distance<700mm Fig6 Face to face angle
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9th Annual Meeting of the Society for Bioacoustics and 18th Meeting of Inner Ear
Distortion Research Group of Japan Audiological Society (Dec.3, 2022 Odawara)

[Symposium 1]
Comparative anatomy of vertebrate ABR and brainstem auditory pathways.

The Auditory Brainstem Response (ABR) in Five Vertebrate Cases
(Fish, Amphibian, Reptile, Bird and Mammalian)

Kimitaka Kaga

The auditory brainstem response (ABR) is the neurological activity that is generated
and transmitted along the auditory neural pathways from the cochlea on its way to the
medial geniculate body (MGB) in the human brain. This response, which can be recorded
form external electrodes pasted onto the skull and mastoid process of the subject, is
therefore called a “far-field recording” which means that the electrodes recording this
response are externally placed on the skull, quite distant from the actual neurologic
activity within the brainstem. Stereotypical in that this ABR waveform is remarkably
similar in overall form across mammalian species (human, simians, cats, rats, etc.). As
this response traverses the neurological substrate, it passes through various nuclei
which each generate a positive potential (wave), the ABR waveform, related to its source
(P1; cochlear nerve, P2; cochlear nucleus, P3; superior olivary complex, P4 and P5;
lateral lemniscus nucleus and inferior colliculus, P6; brachium of inferior colliculus, and
MGB in the brain). In this symposium, we report on ABRs recorded in mammalian and
non-mammalian vertebrates. In representative elasmobranchs, fishes, amphibians,
reptiles, birds and small mammalians average evoked potentials in response to acoustic
clicks or tone bursts were recorded intracranially, but outside the brain or extracranially.
The ABR should be useful in neuroethology since it can be studied without invading the

brain.
Histological Findings of the Telencephalon, Midbrain, and Brainstem Related
to the Evolution of Auditory Function in Five Vertebrates
Ryohei Akiyoshi
One of the major revolutions in vertebrate evolution occurred when animals moved

from sea to land. Sensory organs developed to adapt to living in air on land. In the air,

the auditory system developed a middle ear that conveyed air vibrations to adapt to the
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dramatic environmental change, and evolved to receive sound not only through the bone
conduction but also through the air conduction. On the other hand, its environmental
change forced animals properly process and perceive their auditory signals transmitting
from the peripheral organ to the brain along the ascending auditory pathways. The
morphology of the brain must have changed during evolution to perceive the auditory
signals. However, few studies have compared the brain in vertebrates for the evolution
of auditory system and its function. In this symposium, we examined how the central
neural system has changed among vertebrates, and what kind of auditory components
they have come to perceive. We show the histological findings of telencephalon, midbrain,
and brainstem of Fish, Amphibians, Reptiles, Birds, and Mammalian related to the
evolution of auditory system and its function. While it is found that Fish or Amphibians
have larger volume and more complexed cytoarchitectural structures in midbrain,
Reptiles, Birds, or Mammalian have larger volume of telencephalon and layer structures
with neuropil on the surface of telencephalon. In the telencephalon of vertebrates in the
air on land, more complex and larger-volume brain could develop higher brain functions,
which could contribute to binaural hearing by air conduction in the central auditory

system.

Role of bony cribriform structures at the bottom of Internal auditory canal

in human and other mammalians
Shinsaku Matsuda

Gustaf Retzius reported detailed sketches of the differences in inner ear morphology
among various vertebrates. In human, the entry point of the 8th nerve to the inner ear
exists at the bottom of the internal auditory canal, and bony cribriform structures which
the tractus spiralis foraminosus (TSF) and macula cribrosa superior (MCS) / media
(MCM) are present at that region. The cochlear, superior vestibular, and inferior
vestibular nerves pass through TSF, MCS, and MCM with fine branching to peripheral
organs, respectively. Our study and other reports suggest that these bony cribriform
structures act as a physical barrier to the inner ear from the internal auditory canal.
However, these bony cribriform structures' role and developmental process still need to
be clarified because it is conceivable that this characteristic structure could have an
important role in hearing and balance. In this paper, we report 1) the sizes of small holes
composing these bony cribriform structures (TSF, MCS, and MCM), 2) the developmental
process of ossification of bony cribriform structures during the fetal period, and 3) The
bottom of the internal auditory canal are investigated by 3D CT scan. In addition, we
conducted comparative histological studies on the inner ears of humans, a mouse, and a
bird.
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G IERL) (BCVA), MBAT s, IREMA, IREEE, StTlrEit (OCT)., HiErs
. ERAEHTFIRHL L & ORE R RIRFHRA 23T o417z, Humphrey Field Analyzer %
721% Octopus 101 perimeter % V7= EHER) 72 B BTLEF G 2 32056 L, {5 HME OIRUOEE R
TERS L7, M 7 U —HEFRAERE RO — U RZET By MCRET D RO/ F—
I, BRIRIGHZ ERb LIAFEE DV HIE LTz, N> 7 ) — B O FER A/ N F — AR R
2R ED T m— LI RIEIL, 10-2 1 KO 80-2 DEAERIT DNV TR 2 AT T2 & & 5T
W &z,

N T ) —HIREDO Y — U AFE~ TR SN 37— &b LT, LR,
T OMOKEEHE, R LEED 3 DO Y — i/, OCT B A¥y > LD
TERERI R &, BIERBIM LWERBA D 2 72 4 FI2HE L. LRpTHEEEX
(mfERG) D 2B FE# D & . FOOBEREIRAFAY, HODBERRIR ML, RHREIK TR 3 7 &
A T Es iz, [7,10]
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ANOBFHFRT — 2 B LR T — & & FRilk#ist 2 v, 8 D ORI 71— 7 T O ERIRH)
BLXOBEOREEZ KR L, 70— 7ROk SHTIE, Kruskal-Wallis f2E & 72 1%
Fisher's exact f# € % V) TY{TV ), Pearson fHEEHTIL, ¥ /X7 A —% —& BCVA & DA
AT 272D AT o 7o, HEHHIA EMEIL P E<0.05 & L7,

TS

ARFFETIL, bOT LAk RPILI R NY 72 MIERT 2 ZERAE 38 A xR e L
7o FBEOFIERFOEFHIL 81.2119.6 i T, & ENDHIRD ¥ BCVA 1% 0.55+0.33
logMAR Th o7z, ZFHBFITIL, FOME. ZOMOKE R, BEeLE D 320/
—UPEEINT, FREDOBRE (89.5%) 1%, MR TH UMHE &7 — 2R L, BT RIS
W FE TR BTz, FUDEF sl b — 72 32— TH Y | TLI%DRICBIZE S
77

VF mfERG
BCVA 20v60 - MD: -2.37 e e g e
. PED; 3.BS L TN PE T RS PO
B I scnmmi
EEEN A
g T E_l_ 3 i =
- e e

T MD: 4,70 Fbihortaios
PRI - - = Otedaleds

BEE N E YR SRR L ol
T TmEm
DR EEE
EFSEEE R
EmE|

| MD: -0.29 i
PED: 1.18

1 3 OO0 NRZ—r (A: FULEE, B: ZOMEE S, C: A2 L) ISR A8
L HERE - MRS BT A REVR. [12]

o, HEPTR L OCT ity TR SN OMEZ(L L ORICAEREERH Y, HEORI
AP FT L E A EICEEL TS 2 E NG &7 o7z, BCVA LHEFFTR., BCVA &5
SAHZHET R (mfERG) OFIZIE, AELRMEIZA AR Tz, UL, TR
mfERG (23317 % FLOBEREIR TR & A RIS L7z,
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Characteristics Centiral Scotoma (n = 54) Other Scotomata (n = 14) No Scotoma (n =8) P Value

SD-OCT phenotype
Severe 52 (96.3%) 9 (64.3%) 4 (50%) <0.001
Symmetric (across the fovea) 51 (94.4%) 12 (85.7%) 8 (100%) 0.302

External limiting membrane 38 (70.4%) 6 (42.9%) 1(12.5%) <0.001
involvement

FAF findings
Hyperautofluorescence within normal 15 (28.8%) 7 (58.3%) 0 (0%) 0.038
foveal hypoautofluorescence
mfERG findings, group 1: 2: 3’ 3:40:0 (6.1:81.6:12.2%) 4:0:2 (33.3:50:16.7%) 3:5:0 (37.5:02.5:0%) 0.017

SD-OCT, spectral-domain optical coherence tomography; FAF, fundus autofluorescence; mfERG, multifocal electroretinography.
" Group 1, paracentral dysfunction with relatively preserved central/peripheral function; group 2, homogeneous central/paracentral
dysfunction; group 3, widespread dysfunction over the whole area tested.

#1 3 OOHENRY — TS HHEER - BERERYR B

EBE

AWFFE T, £/ 7 Lt RPILIERI N 70 MCEINT 5 OMD ##E (ZFH) B0
T, REPPT R &S - BEE RN T A —F L OBEEZRE LT, EORESE. OMD O £ 70 LERY)
HIHERE X T A — & Th DR L, MRS E O EMBEEORE L AEICE#E L D 2
EAVHIA U7z, F72, AR VES] Tl DR S BIER S, #1130 S [ )3 i
Y Cre < BRARIZITHUDRE S ARIE - #1779 2 rTREMED R Sz, HBPRA I, HERERY
FIE PR ORI A TH 5 Z L3RS i, OMD OFEJEE SO L e FH 2 b
PR E Tz,

FHIBEEEMRE (mfERG) & LEHMMRA (HEF) 250 ERAIL. OMD O &+
=BV TR NWTRRDZREZRTZERHLNE RS T, MR LTS T2T X TORER]
78 mfERG D R4 2R L2 DIk L, 10.5% D & IR HRAE CRE 2/ RERMhoT=2Z &)
5. OMD BFIZE VT mfERG (FREFMRA L 0 HEGER T OMRHEE N @2 E B 50
Ehpote, LU, SEREIZIRE 7 V =y 7 TILKFHTE D L WHFIE L H D HND,
218 ERG X° mfERG 72 S OMFERAIC L, B PRI B s &) b B R
L. RS HEIGZHRETT & Th D,

AMFEDIRIR L LT, 3BIRNSS, T ARCHBERDIZE &2 8, WL OO SRR INT
W5, 7o, AUFZEIIRERTI RS TH O | EBOEITCHEWTI 22 0T IS 3 A B R A D
BENZOWTITHET CE 2o T2,

ERR

ABFFEIZ, OMD (2351 2 SHAOHLEF O ERIREOA PED R TRRES S 4L, B A3 OMD o
BEREREAM, W, DBICAMRY — L Th D Z EMRShT,
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HLWIRAN Lo XEEEGTE 5 O formula DE%R

Rk W OKE-Z. BHE M
(BLRAFEES, v—EY a HFJE=)

B

BEY : RV DT E oS A IR R NEM, KiE, AERR EDNT A—=2 %2 Hn
F AEREHAE D B OERBERNEIC LV IRN L > XERE BT D8 - 2R IR L REHGE
F530 (O formula) OFHMEEZREET 5,

T I A vt BEEREBNI KT 5 14 A 1A E B

FiE [ENLIPEAS RO [E R o & — Tsingle-piece, L-loop 7 7 U LVEIRAN L > X (IOL)
AR SV FHHEGI4230R (42361) Zxf5 L L7z, O FormulalZ J %TOLEE KR HIZ &
7RI AEREHHT — & [Xanterior segment swept-source optical coherence tomography
(SS-OCT) & SS-OCT-based biometer.z HVTHUSG L. itk 12> A BES COJEST FHIFAZED
FEHER 7= (SD) % heteroscedastic testlZ & 0 it L7=#&5R % . Barrett Universal IT (BUII)
& Kane formulas & bz U7z,

&5 O formuladSD (0.426) 1XBUII(0.464, P=0.034) £ ¥ H AL/ E A o723, Kane
formula (0.433,61 P=.601) & (TH EELBD RN o7z, WiREITRRZA23+0.50,+1.00 DL
W TH - TZIEB OFEIA 1L, O formula 75.4%,98.6%, BUIIL 77.1%,797.9%. Kane formulas
76.6%,98.1% Cd -7z,

fEam: 1RV IV T & LIOLERGHRIC R LI F5Ek 7237 A — &2 Z# Vg, SS-OCT#%
FEi & LT AR E A & YedaBRE 2 AW CHRIHT 5 0 formulal IIOLEHGHEE L LTH
Mkl 25, 5B IBICEEHNCLHDBEEDLEEND,
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di B
=P

FI N B AR L2 330 2 IR 8% R BT 1 0RS 2 1R 20 TOL EEEREH R o iz L v ir4E,

M ELTETHWAN 1, BRBHiE 1D 2B DEITIRAZ A U DIERD 5 NREFIET 5
2~5, R ST &7 Haigis,6 Hoffer Q7. Holladay 18 and SRK/T9 formulas (Z
N % . F % Barrett Universal II (BUII), the Emmetropia Verifying Optical
(EVO,unpublished)B . Radial Basis Function (RBF3.0), Holladay 2 with axial length
adjustment10 . Kanell . Olsenformulal2 72 &% < OFHANHTE I, BEOMN L
MEHITNDA, 2D OFRTHEE R AR R R EE, KME, A S8 L v 5 HRHE~
—ADINT A=F D728 U D RRAEZ A FRERYIC & T 6,10,12-25, F 4 (3 IOL
FEBCE IS LB 72T ZERGHAI T — # % anterior segment swept-source optical coherence
tomography (SS-OCT) & SS-OCT-based biometer.% VN THUAS L. SefkBHRE T IOL &
e mH T 28727 IOL JEEGHRE 5 O Formula B L. £OHAMEIZ O W THRIEEL
7,

Fik

ENLRBER UK R 2 7 —C 2015 4F 12 A5 2020 4F 6 A ORI (T.N.)
WX Fip T, A7 x—2b Rartvy "GN ANEFNERN 258 & L.
HGEFI D HAF BT R A% A E T L, REEMRT (0.5) LLTF, NIRFEro
BETE, B O DR IR B2 A3 D 0ERNEERS LT (ENCRPi O =i v 4 —mEl L B &
7K R18-161),

TR TOREFNIHTAT L W E 1A IR T, T BV MR, MR B ER A, IRE
HE, IREHRA, ARE=RE, BEERE (OA-2000; Tomey Corporation), HiRFOCT
[ fEHTE (CASIA2; Tomey Corporation) Z Hifs L 72, FiiiE2. 2mm BRI A4 BEEIBH C1T 40,
IOLiZsingle-piece, L-loop, acrylic IOL (AcrySof Toric IOL, SN6A T3-T6; Alcon) % FH\ 7=,
Intraocular Lens Power Calculation Data Collection
it JmTRR 2 3N B TETE & PRIESTE S o2 L L TR T,
mean numerical prediction error (ME), standard deviation of prediction error (SD), mean
absolute prediction error (MAE), median absolute prediction error (MedAE), 714 JE 17
7 +0.25,+0.50, and +1.00 DLA T DIEBIOEIE 2% NCHRI L7, 72, MREHRE (<22
mm), FEHEIREIR LG22 to <26 mm), RR#EIRAEG26 mm)DY 7 7 Vv — 7 HITHE 21T
277,

Statistical Analysis

JMP Pro version 14.0.0 (SAS Institute Inc.)Z T4 3 DSDfE % The heteroscedastic
test CREMT L7231

Definitions of Anterior Segment Parameters (Figure 1)

(CCT) : distance between the anterior and posterior corneal surface.

Aqueous depth (AQD) : The distance between the posterior corneal surface and anterior
lens surface

Crystalline lens thickness (LT) : distance between the anterior and posterior lens
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surface.

Angle-to-angle depth (ATA depth) : the perpendicular distance between the posterior
corneal surface and a line drawn between the anterior chamber angle recesses on the
nasal and temporal sides of the horizontal OCT scans25.

The lens equator depth (LE-depth) : the perpendicular distance from the posterior
surface of the cornea to the crystalline lens equator line.

Crystalline lens equator line : two meridians of the lens equator, which was estimated
based on an imaginary line connecting the anterior and posterior lens surface.

IOL depth : the distance between the posterior corneal surface and the anterior IOL

surface along the vertex normal (Figure 2).

Figure 1. A horizontal cross-sectional image by anterior-segment swept-source optical
coherence tomography before (a) and after (b) cataract surgery.

AQD = aqueous depth, AR = angle recess, ATA depth = angle-to-angle depth, CCT

= central corneal thickness, IOL depth = intraocular lens depth, LE depth = lens
equator depth, Lens-f = lens fornix, LT = crystalline lens thickness, SS = scleral

spur.

10L depth

Calculation of Axial Length and Predicted Intraocular Lens Depth

Segmented AL : the sum of the thicknesses of the cornea, aqueous, lens, and vitreous.13—
15

The refractive indices : cornea, aqueous, lens and vitreous were set to 1.376, 1.336, 1.410,
and 1.338, respectively.27,28

Segmented AL from the cornea to the photoreceptors (external limiting membrane 200
[ELM]D) (1):

Segmented AL = CCT + AQD + LT x 1.410/1.426 + (1.3496 202 X (0.9573 x AL
+1.3304) — 1.376 x CCT — 1.336 x AQD — 1.410 x LT)/1.338 — EL (1)

7272 L. LOCSIII29 L EOEELATRD & L T2 iEG] TR SR D JE 2% (1.450) & LT
B L7228, F7=. The predicted IOL depthiX., BEIZ#HI L7 5#E25% 4% L /-regression
formula (2) MW THMH LT,

IOL depth = (a) x segmented AL + (b) x (LT/2 + AQD) + (c) x 222 ATA depth + (d) x LE-
depth + (e) (2) ( (a), (b), (o), (d), () : arbitrary coefficients. )
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[EES

4230R (423[R) 28RS, Rt Si7-,

WEIOLIEE X, 4.14+0.27 mm (range: 3.09 to 4.83 mm), THIIOLAEE X, 4.15+0.22
mm (range: 3.30 to 4.72 mm), & D R2 valuel£0.79 ( P< .0001). IOLE FHIOMAE
130.09+0.08 mm CT& - 7=, Figure 212 FHITOLIEE & #ii# S2IMTOLIEEE O B % HiAi X ¢
ZNERS

£ DK EMGERS 5 4 Table 1 12779, Heteroscedastic testiZ & 50 formula®SDix
(0.426)13ZBUII (0.464, P=.037) XV L, HEIZ/NE - 72743, Kane formula (0.433, P=.607)
LI EEZRD -T2, KR Dabsolute refractive prediction errors, AL, K reading
DI T — =3 — R X% Figure 312777,

YT T N—THOMMNT (Table2) Tix, FMIREHER (100R) TIIAEBH CTHAEELZROR
Mo T=hy, EUEREERE (352 iR) Tix O Formula @ SD i BUIL (P=.008) L ¥ $, HEIC
/INEDyo T2, Kane formulas (P=.21) L IZHEEZRO -7, RIRfER 611R) T
I TAHEEZRD R T,

Table 1. Overall outcomes for the Barrett Universal II, Kane, and O formulas.

Percentage of Eyes within Diopter
Formula Mean SD Range MAE =+ SD MedAE Range Indicated (%)
+025D +050D =+1.00D

Without Adjusting Mean RPE to Zero

Barrett Universal I 0.083 = 0464 -100to 1.59 0373 =0288 0320 ~ 400 ~ 728 " 969
Kane " 00349 0433 -127t01.30 0349 +=0259 0295 ~ 414 " 766 " 979
Oformula 0093  0.426 -097t01.23 0349 + 0260 0303 435 752 979

After Adjusting Mean RPE to Zero
Barrett Universal II 0.000 0439 -109to 145 0.351 = 0.264 :0.290 435 77.1 97.9
Kane 0000 0434 -123t0 1.35 0.347 + 0261  0.295 418 76.6 98.1

r

O formula " 0000 " 0429 -1.09to 1.6 0343 + 0256 0290 ~ 430 " 754 " o986

D = diopter; MAE = mean absolute prediction error; MedAE = median absolute prediction error; RPE = refractive prediction
SD = standard deviation of prediction error.

Table 2. Standard deviation, median absolute prediction error, and mean
absolute prediction error for each formula by axial length

Formula SD MedAE MAE

Short Barrett Universal I = 0.398 " 0273 " 0383
(n =10) Kane " 0.363 " 0.340 " 0.361
O formula " 0570 " 0392 " 0408

Medium Barrett Universal I ~ 0.467 " 0315 " 0353
(n =352) Kane 0.437 0.305 0.348
O formula " 0416 " 0275 " 0339

Long Barrett Universal Il ~ 0427 i 0.344 i 0.315
(n =61) Kane 0.412 0.335 0.305
0 formula " 0454 " 0.356 " 0333

MAE = mean absolute prediction error; ME = mean prediction error;
MedAE = median absolute prediction error; SD = standard deviation of prediction error
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Figure 2. Scatterplot of the correlation between postoperative intraocular 515 lens (IOL)
depth and predicted IOL depth (n = 423)
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4.6 4
44 -

42

3.8 1

3.6 -

Predicted IOL depth (mm)
F -

344 o p

3.2 - e

3 32 34 36 38 4 42 44 46 48 5
IOL depth (mm)

Figure 3. Scatterplot with three classes of absolute refractive error (RE) calculated using
the Barrett Universal II formula (a), Kane formula (b), and O formula (c) in relation to
axial length and the average keratometry value obtained by swept-source optical
coherence tomography based biometer. Absolute REs were color-coded into three classes:
red dot, more than 1.0 diopter (D); green dot, 0.5 D or more and 1.0 D or less; blue dot,
less than 0.5 D.

(a) (b)

Barrett Universal |1 O formula
50 50
o 48 48
I 46 46
“g’ 44 44
T 42 42
g 40 40
8+ I+ B+
2122 23 24 25 26 27 28 29 30 21 22 23 24 25 26 27 28 29 30 2122 23 24 25 26 27 28 29 30
Axial length (mm) Axial length (mm) Axial length (mm)
| Absolute RE; @,1.0D > @®,05D-10D; ®,05D <

ZAVETIOL EEGHRICHW O N T E 7o SR E IR R I EM, KE, A B2 Eox
T A=z SS-OCT %551 & U= 5 O FAMRRIEM R & 2 IEM D &Lt
BYNEIZ X VRN L > XERAE R T 2872 2IRN L XEHGHR 7 O formula OF H
PEDSRIZ S L7z, O formula (3 BT THIFEEE D SD, MAE 28\ T b & WG 2R
L7z,

A I A T AR R R E AR K B PTRETE R @ vergence formula (TG 95 72 8 O fiiii
EREONTETH Y | U D REE T el BT R 2 EhE 3 2 LB ENE
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(238 L7 ETlde <L o A EECH FERICRH PRI 3T XA — % L1372 U 15720, O formula
1% SS-OCT % W RN D> HAF LN D ABETIRT — % . X0 BRI IEMICER S
ToRENRE, XV EfEC PRI S 7z IOL EERLE & RN L o XD T — 4 % T IOL
FERGHRZIT OB LWH AR LT,

AR R HEMIZRE L Cid, IEROER TR SN TV AEIE, AR O NEF U E
TZFHH LU 72 immersion-ultrasound AL [ZH AT 5 L 9 ME SN ETH D8, FEEEIC

AERIR TR S D ACE X, PRI 7 7 A N—kRiEE 2 & O72 0 AN BT

I (AERESHE) EHERI S D728 (£ LV Stiles—Crawford effect 237 S 415 32-

33) . HR#hE XA BT 2 DN AR E TOMEE L ERINDLIRE LB,

K b R D R HRITREAL LT K > TEALT 2 7= 34-35 EEfEZRAREIR OB HITITEA L
DOIRFEIZZ W B2 DRI HWARE LB BND,

AR B LT, fEk., AERT%mO=RL®REE2 —E L LT Placido XD 7 7 b
A — 2 —THAMERTE R ZHE U, EEO AR O IR TI1E7/2 <. il Keratometric
index (1.3375-1.3315) % M\ T KAEIZHRE L@ A5 T 7z, KAEIZFEERO M4 K
JEHT /1 L1035 0.56D~0.9D DR H 5 36 (RKAETH Y | KD vergence IOL FHEIEICEH A
ENTZHDOTHDHHN, KHBEBHEICHAND /8T A—2 L LTl LT,

IOL D[EE FRINE & L TRV LT & 72 effective lens position (ELP) (&
vergence it HIEICB T HEABDETH Y . Fxr OFE#H 25 T/ Izl EEEO I0L ﬂ%
ZaIETIEZe < BRREBNEIC L 23 E DT A—2 L3720 272\, O Formula Tl
SS-OCT % FW 72 B ARHTIC X 0 WS EE O TOL TN E 25-26 & V5, ARRFZEICIIT
% IOL TREEOYEEFREA AT 0.1 mPNTH Y | ZivE TloEdds Sz PRI O RS E & [F
FLEOWEZA LTV,

O Formula 13 Z 4 5 RO ARG HIE 2 € IOL EEGHRE 217 9 23, FIRFIZ IOL I
BAILCTH., AEERD XS e EH OB Cld /e < EARN IS (Rt mise, FubE
JEATER, FEEKEER) BT AR ME LT 5, & IOL O EHFRITIZEA— I —Ick o
THEMEZZET 5720, 4% O Formula OfF HAMERSHENL S, RS E LT H7-0I21EER
OOMEHROIG L EFHICE L CTRANREEAET 522 ENBEZ6N5,

TERDAAERI 23T A — 2 Tl 2 i SR IR =R e, KB, A &8 & a2 VT,
FEEEOEMRIR O E R AN U 72 JEME D & YR BINEIZ LY IOL EHE=RHTT 25 0
formula I35 %D S HITEWVREE DO IOL BEEGIR A MRS 2 L TORMRFIELRY 25
AREMEDNV R S, A% S BICEBOIEFNZEB T DEEORIENLEEND,

T

PEFD TOL FEEGGHH RN R L7 5k 72 3T A — 2 77, SS-OCT % HFH & LBk
W EE 2 YRR B A A2 W CTHEIT % O formula 1% IOL EGEHHEEE L CHERALRGEE
LAREMENRIB S, SR I LICEEHIC LD BEnEEND,
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Fur J Med Res. 2021 Jun 9;26(1):52.
Natural nasal-esophageal fiberscopy in the COVID-19
pandemic-preventing sneezing without anesthesia: a case report.

Tsunoda K, Hentona K, Yamanobe Y.

Abstract

Background: We are laryngologists. We observe natural phonatory and
swallowing functions in clinical examinations with a trans-nasal laryngeal
fiberscope (TNLF). Before each observation, we use epinephrine to enlarge and
smooth the common nasal meatus (bottom of nostril) and then insert a wet swab
inside the nose, as in taking a swab culture in the nasopharynx. During the
current COVID-19 pandemic situation, this careful technique prevents any
complications, including nasal bleeding, painfulness, and induced sneezing. Here,
we introduce our routine to observe esophageal movement in swallowing in a

natural (sitting) position without anesthesia.

Case presentation: The case was a 70-year-old female who complained that
something was stuck in her esophagus; there was a strange sensation below the
larynx and pharynx. After enlarging and smoothing the common nasal meatus,
we inserted the TNLF (slim type 22.9 mm fiberscope, VNL8-J10, PENTAX
Medical, Tokyo, Japan.) in the normal way. We then observed the phonatory and
swallowing movements of the vocal folds. As usual, to not interfere with natural
movements, we used no anesthesia. We found no pathological condition in the
pyriform sinus. We asked the patient to swallow the fiberscope. During the
swallow, we pushed the TNLF and inserted the tip a bit deeper, which made the
fiberscope easily enter the esophagus, like in the insertion of a nasogastric tube.
We then asked the patient to swallow a sip of water or saliva to clear and
enlarge the lumen of the esophagus. This made it possible to observe the
esophagus easily without any air supply. With tone enhancement scan, the

esophagus was found to be completely normal except for glycogenic acanthosis.

Conclusions: The advantage of this examination is that it is easily able to
perform without anesthesia and with the patient in sitting position. It is quick
and minimally invasive, enabling observation the physiologically natural
swallowing. It is also possible to observe without anesthesia down to the level of
the esophagogastric junction using with a thin type flexible bronchoscope. In the
future, gastric fiberscopes might be thinner, even with narrow band imaging
(NBI) function. Before that time, physicians should remember to just insert

along the bottom of the nose.
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Annals of Internal Medicine, 2021
Additional “COVID-19 Hygiene”
https://www.acpjournals.org/doi/full/10.7326/M21-0111

Koichi Tsunoda, Mihiro Takazawa.

Drs, Prather, Wang, And Schooley showed us timely perspectives in last issue.
(26 June 2020 1422-1424)!. They mentioned the importance about the mask
reduces airborne transmission. In that literature they also suggested that the
distance from a smoker at which one smells cigarette smoke indicates the
distance in those surroundings at which one could inhale infectious aerosols.
Virus can attach to other particles such as dust and pollution, which can
modify the aerodynamic characteristics and dispersion. The terms of this
explanation were very helpful to every citizen in the world.

Their perspectives are based in the Evidence based medicine. Of course,
evidence is the most important thing in the medicine as one of a Science.
COVID-19 may bring us many scientific evidences.

However, only a mask and hand wash can be suggested as current evidence so
far.

In this particular pandemic situation, to try a predictable positive prediction or
experiment-based medicine is important rather than the evidence because we
have no time to wait the evidence.

In surgery, first we wear the cap, shoe cover and mask, then wash our hand,
wear a surgical gown and groves to reduce transmission of the bacteria or virus.
Furthermore, in an aseptic room, we remove those particles which included
bacteria and virus through the filters by using aerodynamic circulation cycle.
Therefore, we strongly suggest to remove the mask and dust off of hair and
clothes, removing and disinfecting the shoes? before entering the house then

wash hands and gargle to reduce predictable transmission.
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Am J Med. 2023 May;136(5):e85-e86.
Dysphonia After Taking Dietary Supplements.

Tsunoda K, Mochimaru T, Takazawa M, Nakazawa R, Komai N.

Abstract

Background

A 46-year-old woman was referred by her family physician to our voice clinic
because of difficulty in breathing accompanied by dysphonia and cough, with no
other marked changes in her general condition. Laryngeal fiberoptic study
showed edema in the bilateral anterior subglottis just below the vocal folds. The
edematous lesion (Figure A) formed a glottal chink in the anterior part of the
glottis (Figure B), which prevented vocal fold adduction for sufficient glottal
closure during phonation, causing dysphonia in the form of breathy hoarseness.
The patient's blood count, coagulation study results, and serum chemistry levels
were within normal limits, and her oxygenation level was 98%. We therefore
performed additional blood testing to rule out the presence of suspected allergic
antigens (house dust, seasonal allergy), and antinuclear antibodies. The results
of the additional blood tests were all negative. The patient was 160 cm tall,
weighed 50 kg, and had a body mass index of 19.53.

Results

Although the patient's oxygen level had never been found to decrease below 95%,
she had previously been prescribed prednisolone on 2 occasions to treat severe
hoarseness, and the symptoms resolved on both occasions. However, the
symptoms subsequently recurred and continued. When we conducted an in-depth
interview focusing on her lifestyle, she revealed that her voice had gradually

changed since she had started taking new dietary supplements for weight loss.

We asked the patient to stop taking the supplements immediately, and within 2
weeks her voice had completely recovered. Further examination showed that the
laryngeal edema had resolved, allowing satisfactory glottal closure and
resolution of dysphonia and the symptoms of difficulty in breathing with
coughing. Fortunately, the manufacturer of the dietary supplement was
cooperative, and we performed drug-induced lymphocyte stimulation tests on the
supplements. The results were strongly positive for calcium stearate and

magnesium oxide.
Discussion

Generally, drug-induced subglottal edema is accompanied by critical dyspnea

with stridorl,2 because of airway obstruction caused by glottal stenosis.1 In our
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patient, an edematous lesion occurred only in the anterior subglottic area, and
therefore, the edema prevented anterior vocal fold adduction during phonation,
resulting in dysphonia in the form of breathy hoarseness. Drug-induced
pulmonary reactions are reversible if the drug is withdrawn in time and if
additional appropriate measures are taken as required.3 It is therefore
important to determine the drug history of patients presenting with those
symptoms.4 Fortunately, our patient informed us of her habitual dietary
supplement use before critical symptoms occurred. This case reminds us that
careful, in-depth interviews are important to prevent patients’ symptoms from

worsening to the critical stage.
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Am J Med. 2022 Oct;135(10):1156-1157.

Do Hospital Visit Restrictions Cause Increase in the Doses of Morphine
in Terminal Care? Spiritual Pain and Palliative Care in the COVID-19
Pandemic.

Kudo H, Miyata C, Kawaguchi Y, Yachi Y, Shinfuku M, Kinoshita T, Kurihara T,
Momiyama Y, Chong T, Kobayashi Y, Takazawa M, Itoh K, Tsunoda K.

Abstract

Background

The Centers for Disease Control and Prevention (CDC) alerted public health
departments, health care professionals, and first responders of “a concerning
acceleration of the increase in drug overdose deaths” coinciding with the
emergence of the coronavirus disease 2019 (COVID-19) pandemic and said that
the surge in deaths was driven primarily by a rapid rise in overdose deaths
caused by synthetic opioids.

Objective

The COVID-19 pandemic has resulted in hospitals across world, including Japan,
restricting visitation to their patients. Families of terminal-stage patients were
also prohibited from visiting. We speculated that these restrictions of visitation
would increase the physiological and psychological distress of patients and
increase their total dose of opioids (morphine milligram equivalents). In this
study, we objectively compared the total dose of patients in terminal-stage before
death in the periods before the COVID-19 pandemic (hospital visits allowed for
patients’ families) and during the COVID-19 pandemic (visiting prohibited).

Methods and Findings

We investigated all clinical records of the patients with cancer pain on opioid
analgesics who received palliative care from our palliative care team and who
died in our hospital during the 3 years 2018, 2019, and 2020. Because our
hospital's decision to prohibit patients’ families from visiting hospital was
announced on March 31, 2020, we counted the cases for 2020 in the period from
April 1 of that year through March 31, 2021. To make accurate comparisons, we
also counted only the cases from April 1 through March 31 of 2019-2020 and
2018-2019 in the same manner. This study was approved by National Hospital
Organization Tokyo Medical Center, Ethics Committee on October 4, 2021
(#R21-081, UMIN000045866).

Discussion

Before the increases of morphine dose, all members of the clinical team are
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called to use compassionate listening and communication skills to address the
pervasive isolation and grief of those in their care.4 With the firm care of our
palliative care team, we were able to see a decreasing trend in total opioid doses
in the 2 years prior to restricting visits. However, after the restricted visitation,
total doses for pain relief increased significantly. In other words, the study found
that the restricted visitation increased the spiritual pain factor and could cause

significant stress to patients in terminal stage.

To decrease spiritual or physiological pain, solutions were suggested to provide
spiritual and psychological palliative care to hospitalized patients and their
families through interdisciplinary telehealth delivery.5 Phone and video calls
can be effective and may significantly reduce the dosage of morphine needed.
The results of this study provide objective evidence that it is important for
patients to meet and talk with someone personally close to them and that there

is a causal relation between this invisible power and spiritual pain.
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Laryngoscope. 2022 Nov;132(11):2206-2208.

Tone Enhancement Electro-Fiberscope Combined with Strobe Light
Source and Re-analysis Past Images-Tone Enhancement Dynamic
Stroboscope.

Tsunoda K, Nagai R, Kobayashi R, Takazawa M, Wasano K, Kondo K.

Abstract
Tone enhancement electro fiberscope combined with strobe light source is benefit
for dynamic observation of vocal fold vibration, mucosal waves and voice, it also
may be effective for early detection of cases of glottal cancer rather than
ordinate stroboscopic examination or simple NBI observation. Laryngoscope,
Both NBI and TE are effective to determine the surgical margin during the
surgery. TE electro-fiberscope combined with strobe light source may be effective
for early detection of cases of glottal cancer during stroboscopy to better
characterize benign versus malignant laryngeal lesions rather than an ordinate
stroboscopic examination or simple NBI observation. Also, this method may be

useful in diagnosis and follow-up after the treatment.
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Folia Phoniatr Logop. 2022 Aug 5.

Verifying efficacy of self-inhalation training for velopharyngeal
dysfunction -Velopharyngeal closure in healthy adults during
different tasks.-

Kobayashi R, Hagiwara N, Takazawa M, Higuchi N, Tsunoda K.

Abstract

Objective: Velopharyngeal dysfunction causes not only resonance problems (so
called "hypernasality") but also dysphagia particularly in the elderly. In our
previous study, we developed a new inhaling training method to objectively
improve velopharyngeal function using measurement of peak inspiratory flow
(PIF) rate, which was effective in all patients. In this study, we clarify the
degree of velopharyngeal closure to determine the efficacy of our training to

improve the closure mechanism.

Methods: Three healthy volunteers performed tasks in a magnetic resonance
imaging (MRI) gantry in the supine position. To confirm velopharyngeal function,
volunteers were first asked to distinguish the difference in the velum position
between the production of a nonnasal (sustained phonation /shi:/) and a nasal
(sustained phonation /n:/) sound. They were then asked to inhale forcefully
through the mouth from an empty 500-ml plastic bottle. For comparison,
volunteers performed exhaling forcefully, then inhaling and exhaling softly,
through a straw. Each task was performed for 30 seconds, and the MRI images

were obtained in sagittal sections.

Results: Inhaling forcefully from an empty plastic bottle created the strongest
velopharyngeal closure between posterior surface of velum (soft palate) and

posterior pharyngeal wall in all volunteers.

Conclusion: The results of our MRI study supported our training method. Using
inhalation through a PIF meter or from a plastic bottle to create resistance
strengthens particularly the levator veli palatini muscle for velopharyngeal
closure, which may be useful in patients with other acquired velopharyngeal
dysfunctions including physiological aging. Also, anyone, anywhere can train
with plastic bottles.
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The METTL23 Mutation Underlie Normal-Tension Glaucoma
Yang Pan, Takeshi Iwata

[Abstractl

Normal-tension glaucoma (NTG) is a heterogeneous disease characterized by retinal
ganglion cell (RGC) death leading to cupping of the optic nerve head and visual field loss
at normal intraocular pressure (IOP). The pathogenesis of NTG remains unclear. Here,
we describe a single nucleotide mutation in exon 2 of the methyltransferase-like
23 (METTLZ23) gene identified in 3 generations of a Japanese family with NTG. This
mutation caused METTL23 mRNA aberrant splicing, which abolished normal protein
production and altered subcellular localization. Mett/23-knock-in and -knockout mice
developed a glaucoma phenotype without elevated IOP. METTL23 is a histone arginine
methyltransferase expressed in murine and macaque RGCs. However, the novel
mutation reduced METTL23 expression in RGCs of Mettl23G mice, which recapitulated
both clinical and biological phenotypes. Moreover, our findings demonstrated that
METTL23 catalyzed the dimethylation of H3R17 in the retina and was required for the
transcription of pSZ, an estrogen receptor a target gene that was critical for RGC
homeostasis through the negative regulation of NF-k B—mediated TNF-a and IL-18
feedback. These findings suggest an etiologic role of METTL23 in NTG with tissue-
specific pathology.

[Materials and Methods]

Seven affected and five unaffected members, from a Japanese family with dominantly
inherited NTG, were clinically investigated. To identify the novel NTG-causing gene, we
performed whole-exome sequencing (WES) on all collected samples from the NTG family,
including patients and controls. Candidate causal gene mutations were selected
according to the snpEff score and the allele frequency in the 1,000 Genomes database,
ExAC database, HGVD, and our in-house database. Splicing assay was performed to
determine the effect of this mutation on mRNA splicing using the pSpliceExpress vector.
The human 1iPSCs were established by Sendai-viral infection from circulating T-cells in
the peripheral blood of patients after fully informed consent. Mett/23-knock-in and
knockout mice were established by CRISPR-Cas9. TA-cloning following Sanger
sequencing was performed to confirm the splicing in iPSCs derived from patients and in
retina of Mett/23-knock-in mice, respectively. Retinal immunofluorescence was
performed to investigate the endogenous retinal expression of Mettl23 protein. OCT and
pSTR were performed to gain further insight into the degeneration of RGCs. To directly
assess the effects of this mutation on human RGCs, the differentiation of iPSC-RGCs
was performed.
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[Results]

1. Clinical presentation and identification of the NTG causative mutation

A O Normal (no mutaton)
@ Glaucoma patient Criterion Number
n* Sample collected of variants
I O iPSCs obtained Patients' amino acid change 19,624

Patients' common amino acid change 2983
d oy <1% Minor allele frequency in EXAC, gnomAD, HGVD and 4.7K|PN database 108
' In-house 14 controls 5
. 2 Family controls 2
. Functional prediction by Polyphen2 and SIFT 1
B Optic disc photograph  OCT RNFL thickness c c.AB3G:p.E28G c.84+60delAT
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Figure 1. Identification of the METTL23 c.A83G mutation. (A) Pedigree of the Japanese
family with members with NTG. (B) Clinical manifestations of a patient with NTG (A,
patient II-8). (C) Sanger sequencing chromatogram of the c.A83G (p.E28G) mutation
indicated by the red box at the end of exon 2.

2. Conserved METTLZ23 c.A83G mutation exhibits gain of splicing in vitro and vivo.
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Figure 2. The METTLZ23 ¢c.A83G mutation leads to splicing in transfected HEK293T cells
and iPSCs. (A) The splicing construct minigene was generated by incorporating the
genomic region of the METTLZ23 gene into the pSpliceExpress vector via Xhol and Xbal

Glaucoma b Glaucoma a
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restriction sites. Vector exons are depicted as black boxes, and the METTL23 exon 2 is
shown as a gray box. The locations of the mutations are marked by arrowheads (red:
c.A83G:; yellow: ¢.84+60de- 1AT). (B) Gel electrophoresis of RT-PCR products from
transfected HEK293T cells. The primers are indicated by arrows in A. EV, empty vector;
PBS, cells transfected with PBS only; PCR-n, PCR negative control. WT and mutant
transcript contents were determined by Sanger sequencing and are depicted to the right
of the gel image. (C) Graphic display of iPSC preparation. Collected samples are marked
with a red box in Figure 1A. Scale bar: 200 pm. (D) Charac- terization of iPSCs. A83G-
iPSC colonies (glaucoma a and b) were derived from lymphocytes from patients with
NTG. There was no difference between iPSC controls (normal a/b) and A83G-iPSCs
(glaucoma a/b) during induction and cultivation. Scale bar: 200 pm. (E) Gel
electrophoresis of RT-PCR products from iPSCs. TA-cloning analysis following Sanger
sequencing identified 4 splicing variants in A83G-iPSCs (glaucoma a/b). (F) Schematic
representation of the splicing variants. (G) Predicted protein structures of the splicing
variants (red: p.E28G). The 2 predicted proteins lack motif 1 and motif post 1, suggesting
that the mutant alleles are functionally null. C-term, C-terminal; N-term, N-terminal.

3. METTL23 c.A83G mutation and deficiency result in NTG.

A Microscopy Horizental 2 mo C Horizontal 6 mo
L5
ek ti‘*
" 3
: ko LIS
90y k% = o0 kRkR
r | —
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Fundus GCC thickness Disc diamater & depth  Disc & cup volume

o I |
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Figure 3. MettI23 mutation and deficiency cause morphologic and functional changes in
RGCs by OCT and pSTR. (A) Representative OCT data were obtained from MettI23-KI, -
KO, and control mice by a B-horizontal scan centered on the optic nerve head. (B and C)
Peripapillary GCC thicknesses in RGCs of Mett123%/G, Metti23G/G, Metti23%/~, and
Mett123~~ mice were measured with Insight (Phoenix) and compared with thlcknesses
in RGCs of Mettl23"/* mice at 2 months (B) and 6 months (C) of a age { (n>6 per group) D
and E) pSTR of scotopic ERG in Mettl231" 7, Mett123"G Mett]23 Mett]23+ , and
Mett123~— mice. Histogram of pSTR peak amphtude changes in mlce at 2 months (D)
and 6 months (E) of age (n>6). Light intensity = —4.5 log scot cd s/m2. All data are
presented as the mean = SEM. *P< 0.05, **P< 0.01, ***P<0.001, and **** < 0.0001,
by 1-way ANOVA followed by Tukey’s multiple-comparison test. The GCC comprises the
RNFL, GCL, and IPL.
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Figure 4. Mett/28 mutation and deficiency cause RGC degeneration. (A) H&E staining of
murine retinal sections from Mett123" G, Mett125G7 G, Mett]23+/_, Mettl23 /_, and
control mice at 2 months of age. Scale bars: 100 pm. (B) Confocal images of whole-mount
retinas with Brn3a-labeled RGCs from Mett123%/G, Mett123G/G, Mettl237/~, Metti23~-,
and control mice at 6 months of age. All images were taken from the mid-periphery of
the retina. Scale bar: 100 pm. (C) RGC quantification was performed in a 700 X 700 pm
area in 4 quadrants from the mid-periphery of the retina and averaged for mice at 2 and
6 months of age (>3 retinas per group). (D) Representative cross-sectional images of
optic nerve stained with paraphenylenediamine (PDD) from Mett1231" G, Met- 123G/ G,
Mett]23+/_, Mettl23 /_, and control mice at 2 months and 6 months of age. Scale bar: 10
pm. (E) Quantification of axons stained with PDD in optic nerve cross-sections from
Mettl237 G, Mett125G7 G, Mett]23+/_, Mettl23 /_, and control mice at 2 and 6 months of
age (n>6 retinas per group). All data are presented as the mean = SEM. *P< 0.05 and
** P<0.01, by 1-way ANOVA followed by Tukey’s multiple-comparison test.

4. METTL23 regulates H3R17me2a methylation in the retina.

METTL23 catalyzes the asymmetric dimethylation of arginine 17 in histone H3
(H3R17me2a) in vitro and in murine oocytes, but its functional role in the retina is
unknown. To demonstrate the retinal function of METTL23, we investigated its

methylation activity in the murine retina by WB using an anti-H3R17me2a antibody.
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Figure 5. Methylation and regulation activity of METTL23 in vitro and vivo. (A) The
Metti23 mutation reduced the methylation activity at arginine 17 of histone H3
(H3R17me2a) in the retina in vivo by WB. (B) The effect of METTL23 on arginine
methylation in transfected cells. HEK293T, COS-7, and 661W cells were transfected
with full-length METTL23 (METTL23-full), splicing 1, and splicing 2 in parallel. (C) The
effect of METTL23 mutation on arginine methylation through an in vitro methylation
assay is shown by WB. METTL23-full-FLAG-His6, METTL23-splicing1-FLAG-His6 and
METTL23-splicing2-FLAG-His6 were purified from transfected HEK293T cells, and WB
was performed after an in vitro methylation assay. (D) A strengthening of the
transcription of PSZ2and PTGES, 2 ERa target genes, was observed in METTL23-
overexpressing cells. HEK293T, COS-7, and 661W cell lines were transfected with full-
length METTL23, splicing 1, and splicing 2, respectively. The mRNA levels of PSZ/pS2
and PTGES! Ptges were analyzed by RT-qPCR, relative to GAPDH and Gapdh in
quadruplicate. The attenuation of their transcription was observed in iPSCs derlved
from patients with NTG (E) and from retinas of Metti23G/G (n=5) and Metti23'— (n=

5) mice (F), compared with controls (n = 10). (&) Immunohistochemical staining for p—
NF-xB—p65 (Ser539) in retinal sections from Mett/23 G/G and Mettl23~— mice at 2
months of age. Scale bar: 20 um. (H) mRNA levels of 7NFA and /L1B were increased in
Metti230/G (n = 6) and Mettl23~— mice (n=6) compared with levels in WT mice (n=
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10). All data are presented as the mean + SEM. *P< 0.05, **P< 0.01, ***P< (0.001, and
**k** P<0.0001, by 1-way ANOVA followed by Tukey’s multiple-comparison test.
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