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fEGISEE : Pure autonomic failure TREUL I
$ASFZICL E—IMFRERHITE & 2R Nz 16
L E—RIEDERIBIE ERIBRFERICDOWVT

G LRESE—R EFRBHR
BEBAFAZREZRARHEOES D
FBEATET

MNES :

KMWTHIEL, MIFEBFHTRERGRIDEDORETIRAL. DL
& L E—/MABUERADE & BB S MU IER 2 1RR L. BRAR_ EDRIBERIC DL
TNBNEBEZNA TRE Ulc. LE—/IVERS (LBD) DERBEICIE. 8
HIRICIBF VIR SRk - 101k - KRFRE, SS5ICHBANETITY
DRI OFE - [BERROREPR (BT ) XEPRE A - NFFE
DSKMNE HTSDREO - DORBEHBESNTNDD. SSITDHE
TR ERIRED DB E DRI FET TN HD. FERGEE
[FRMBOTREMZZRL. BEORBES(CLZTREDRFICANT, B
FACOLBDEHiIZ DT 2 NETH B,

F—T— R {REESEALE. UE—/IVRRBRAE. L E—/IvRR,
LE—RE, RIBER

Eavel- N

A case of dementia with Lewy bodies diagnosed about four years
after the onset of pure autonomic failure : Pathological progression
and prodromal symptoms

| discuss a case of dementia with Lewy bodies that developed with
syncope and had been followed up with pure autonomic failure
for about four years regarding the clinical issues with reference
to the literature. Two courses have been postulated for the
pathological progression of Lewy body disease. One is the course
whose pathology starts from the olfactory nucleus and extends
to neocortex, the other is that starts from medulla oblongata and
extends to neocortex. In addition, there may be another course
originating from the distal axons of the postganglionic cardiac
sympathetic nerve. For early diagnosis of Lewy body disease,
syncope and autonomic nervous disorders should be considered if
an unexplainable fall occurs in the elderly.

Key words : Pure Autonomic Failure, Dementia with Lewy bodies,
Lewy body disease, Lewy pathology. Pathological progression

[IFUHIC]

Pure Autonomic Failure (PAF : #i¥rBESEADIE) DERIFT PR
BELUTWVWDELDTHD (RBIEE, 2002), RXMRED K UEI%IRIME
EONBEETNZBDZEPAFE U, TRERRDEE SN2 SRREMIE
(MSA) ¥ L E—/I\&f% (LBD) ZBRH L TEE LTV 2HBEaN DD, ZD
—75C. PAFZLBDD—4E%Y (PAF with Lewy bodies) & UTEZELTWL
3BEaDHD. COKXIBKRTH B, A TIFPAFZ [EEEE P
EH - REWEROBSEZIY. BIMRNE - KEEDLE LicBE
WRREEDH 72T DBAREREE CEELUTLUTICHLDTEET D,

PAFDRRASAREEZH, LBDDI KRR E S IRMEDREE & DBhEN A E
VETNTWVD FLERIEEA, 2013), Fio. ECPREDOZRMERDE
EERIITMAPKREORZMREETH 2 ECRBEHBEORERES
(AAG) £ DESEBRIEEN TS (Singer et al., 2017) . LBDO#EDIC,
EIIMPREMORMECKDKRBEELD T —REHTERZEL. TLS
H2EEDRG CIE. HENICRRT DERD—DTH D, KM@, 2017
FCHIRINL E—/IFEIERIE (DLB) D LV SRR ETH RN
&L TEREFEHINTLS (McKeith et al., 2017),

S, DLBORIBRAEIK (CEB U - RERRZHT - JAEDOEEMNRHAINT
W% (Fujishiro et al., 2013). L ABEERITEIRE (RBD) £IREEEDH]
EREIRE L TOEMMHER<ASNTVDH, ZOMOBIEMERDE S
DEIINLEFEND, SO, KBTHAEUDLBEIZRTL. KBOFIER
fERE UTODSEE - BREP LU E—REOERBIEICDOVT, XEieE
REITOIEDTHRET %,

BEERED D FHULOFEEZS . T, ERUERICEEL. B
EICRENBRVEFETHE ZRE Uiz, £EF2017EICAREEKRAR
HEI—HFAHARMD SEBRZZI TS,

[FEFIRR]
[fE#I] 60mMAEBFDIEME
[M5205EER] SELIDKBRIE. [HDNHWVDRHUNT B
[RIEE] $ICRL
[4£EF] 65mCRUMEETEFERB UL, E2EZABS L. BB - BUE
B2 Lo
[BRERE] {BAMAE (FRIRER)
[BH/RFE]
200X-44F., IRZEEDED. RAICRHZR > CTHA U, W19RICE
BHEEEU, TOBBAULSITIRRT (BRELDRE) KBT DL

S(Caofc. ARGRRRZEZZ L. SERENEBENIBR. IR
MEZEHHONIZ. MIBGDEHY Y F IS5 T 4 —ICTRYIAMHE FHRERS
Nize ULDL, W—F Y ZX s - BEBEEET - SRIFBHSNT, 8|
RETRBREEB oI

200X4E, KEBREENELE B STz, Fio. [HENNVBRERUNT D] &
ST, BEEBICHE (EBERBER) 2022 U,

(3R£E]

IAHEIATTAE. BLCIUEFFREN TV, ME (BE() 118/76.
IRIBE67/ 5. RFWICE. G LROBEOHERES A IO—XR%E
RO, REIFRDHBN DIz BEFPPIEIET, BEDORBRIES
BROSNIT, BREICKY. #20FFIN SHEEICHULWVWES Gl &
PHBALR. %z WDOEDSIETERY, BERECRBEOREEE
HERH 5N,

[&EmR]

MEFZIRE T, FICEBZZROIBN oz, BEMRI - FBEBUS - /DE
US - LY —DEBRRE - MRIRETH. KICEBRFIRHSNEN o1,
MMSE (26 (R2458-1 - F=-1 - B&E-1 - BE-1). MOCAIF195 (1]
RRE-4 - A3 - 5552 - BEAL-2 - REHE-1. BEFHTH) T
SAAREEPEEHEERT R b TREBRKITHERO 5N,

[52Hn]

BED M VOBRPUEIVDEVEDDD SRR DHZ0EE N
ROSNDRABEREN G, SSOICBRED/N—FV Y XL, FE
R, REES. U LAERTEES RBD) EBONDIER. KI4FH]
[CRIECRESNIEMBGLEY Y F IS5 T 4 —THRWUAHETNERD S
NETEREN S, BIFOBRREZHIEE(ICHEL) (McKeith et al., 2005).
probable DLBERZHI Uz, 18d3. 201 7FICHERSNIH UV ERREZHTE
#TH (McKeith et al., 2017). probable DLBEZHTTE S,

[#%:8]

LRLERERR B IC[BLEBMTIN. VI 7 —ICE>TWD] (L
DFH. XEICII>TVB] BREDLHENHER LTz,

KM EMEDRERZEZ DD, EA3LMU LN DEBEFOMAEREZR
IRICHIER U, ZORBR, K@ ICIINMRERMENCOREICR>THY,
WICHBRESICIF16012EICIR D T ENHIBALIC, BPO RE#M hv
VI DBERAEEDBEDTIEL. SSICNERRZFALT, BRSLY
FEUNEUF— 3 VOEEEED I,

RABEEORICTHULTRERII, N=F VY ZXAICHLT
L-Dopa. K#ICH U TIFROFY RINTHEEZRB L. [REDEICH
WV CBRA eIz, OTOITHEREE (RLS) DEHZERV. 5=
RFY—)L 0.125mg ZUF LIcET2BML. BRRRIEFNE L, BE
BN SHI3NB%. RRARIIL 8mg - L-Dopa 300mg (+HJLER/V- T
VIAMY) - ROFTR/Y 300mgT. L8 - S—F VXL - Kb
ERICHELIC, TOICHK3NAE. MMSEIF28R (F=-2) . MOCAIZ
25 (IR - S58-2 - BIEBE-3. HEFHCTH) & RA0HEE
DERICHE U,

Z5
CORNEGIN 5FN U LD > TELBDDREEPELE L DFERIR - &
BERICOVT, XRWBRERZRIC, LWONMDIEBICHIIT. RIS
Y B,

1.VE—REDEREBRICDNT

]I (2018F118) &3, VE—REBOERBRZCE. ZDD/i9—
UHEZSNTWVD, —DlF. BEHS. Bk, BER. AREE. &
SICRENETTY B [F10RE (| - /\BR) ] T W (Sengoku et al.,
2008). 53—, EFFHEDREMRE AL - EIRZ. BHEDSHK.
PRNERE. 1HER FEB - YA RV NEEK. KNEENE 793 52041
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A case of primary hyperparathyroidism
in an elderly patient who exhibited
characteristic severe generalized pain :
The second case report in the literature
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Text
Primary hyperparathyroidism (PHPT) is an endocrine disorder,
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in which adenoma, carcinoma, or hyperplasia develop in the
parathyroid gland, leading to the excessive secretion of parathyroid
hormone. It causes various physical and/or neuropsychiatric
symptoms.! PHPT is classified into the following three types in
Japan : the renal type, in which stones develop in the kidneys ;
the bone type, in which pathological fractures and osteitis fibrosa
develop ; and the biochemical type, which is discovered during
routine biochemical laboratory examinations and does not
involve kidney stones or bone disease.? Even in the biochemical
type, various physical symptoms and psychiatric symptoms can
develop. Neurocognitive disorder, which is regarded as a type
of so-called ‘treatable dementia’, can also arise. Therefore, even
in the biochemical type, patients that are suspected of having
neurocognitive disorder or somatic symptom disorder might visit
psychiatric clinics, in addition to patients who develop psychiatric
symptoms. Thus, psychiatrists must be informed about PHPT.

The pain caused by PHPT differs among the three types of the
disease. In the renal type, pain can be caused by renal, ureteral,
or urinary bladder stones. In the bone type, bone pain can be
caused by skeletal deformities due to excessive bone resorption,
for example, pain due to pathological fractures, osteitis fibrosa
cystica, or osteoarthritis and/or peripheral neuropathic pain due
to nerve compression can develop. On the other hand, bone pain
seldom develops in the biochemical type.?® In general, the mild
osteopenia/osteoporosis seen in the biochemical type does not
usually cause severe pain, except when a fracture occurs.

| experienced a female case in her early 70s with PHPT who
suffered from various characteristic types of pain (Supporting
information) . The characteristics of this case are summarized as
follows :

1) A patient with biochemical-type PHPT manifested with several
characteristic types of pain.

Characteristic types of pain were observed in various regions.
For example, severe pain extended from the lower back to
the lower extremities which persisted for several days ; pain
that felt like being pricked by needles affected the tongue and
forearms ; sudden severe pain accompanied by itching and/
or numbness arose in the lower extremities ; and the patient
experienced severe pain in her fingers when she touched water.
The characteristics of these types of pain seemed to differ from
those of the nociceptive and/or peripheral neuropathic pain
associated with pathological fractures, motor organ disorders,
and spinal disease.

The various types of pain resembled central neuropathic pain,
but they might have been different from the previously reported
‘organic' central neuropathic pain because most of them
rapidly improved after parathyroidectomy.

2

®

&

| searched the literature for reports about cases of PHPT
involving severe pain like that experienced by my patient and
found only one similar case report.* Sakaguchi et al. suggested
that the severe generalized pain experienced by their patient
might have been bone pain, although no clear bone disease was
observed, and the reasons why they thought it might be bone pain
were not clearly described.

How could the characteristic types of pain exhibited by the
current patient have been generated ? Were there multiple
microfractures and/or small osteitis lesions in her bones ? |
consider that it is unlikely that microfractures or osteitis could
explain the various types of pain that arose in the current patient
or the severe generalized pain experienced by the patient
described by Sakaguchi et al.

| previously published a report about the association between
Lewy body disease and chronic pruritus,® in which | discussed the
similarities and differences between pain and itching sensations,
suggested four common developmental mechanisms for pain and
itching sensations, and presented specific examples of conditions
that correspond to the four developmental mechanisms of pain
and itching (Table 1, cited from Reference 5). In the latter study,
| stated that no previous studies have described pain sensations
generated by systemic disease.' However, in the present case it is
necessary to consider the possibility that the various types of pain
experienced by the patient might have been caused by a systemic
disease ; i.e., that the pain was caused by systemic factors. If the
central pain that arises after a spinal cord injury and/or stroke
is referred to as ‘organic', the pain experienced by the present
patient might be referred to as ‘functional’ pain associated with
the central nervous system.

Of course, | recognize that this hypothesis regarding pain
generation is purely speculative at this point. However, | believe
that this hypothesis should be considered and tested in order to
elucidate the mechanism responsible for pain generation in PHPT.

Thus, more case reports regarding PHPT patients that suffer from
pain are required, and | expect that the developmental mechanism
of the pain that arises in PHPT will be elucidated in the near
future in interdisciplinary studies performed by researchers from
the endocrinology, orthopedic, anesthesiology, neurology, and
psychiatry fields.
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Supporting Information Legend

A female in her early 70s with primary hyperparathyroidism
suffered from various characteristic types of pain, such as severe
pain from her lower back to her lower extremities, sudden severe
pain of the lower extremities which persisted for several hours,
pain that felt like being pricked by needles in the tongue and
forearms, and severe finger pain when she touched water. These
types of pain rapidly disappeared after parathyroidectomy.
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Table 1. Clinical classification of pain and itching based on their etiology
(cited from reference 5, partially modified)

Category (main structure :

responsible for inducing Pain : Itching

the sensation) :

Nociceptive pain (e.g, due | Dermatological itching (due
to burns, inflammation, or ¢ to dermatological conditions,
trauma) such as atopic eczema)

Peripheral neuropathic | . I
oain (eg, due topost- | Peripheral neuropathic itching

herpetic neuralgia or diabetic : . “?'g" dueto post-herpeﬁwc
itching or nerve compression)
polyneuropathy)

S iching caused by systemic
factors (e.g. due to chronic
idney disease or cholestasis)

Free nerve endings of the
primary afferent nerves

Receptors in the central i |
nervous system (maybe)

Central neuropathic pain (e.g.
due to spinal cord injuries,
stroke, or LBD)

LBD, Lewy body disease; -, not present

Central neuropathic itching

Central nervous system (e, due toLBD)
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Abstract

Background: Visual hallucinations (VH) are one of the most
common psychological symptoms of dementia with Lewy
bodies (DLB). It is generally considered that the VH that



occur in DLB usually disappear when patients try to touch
imaginary objects. However, DLB patients also sometimes
experience tactile hallucinations (TH). To the best of my
knowledge, this is the first report to comprehensively
describe the TH experienced by DLB patients.

Methods : | searched the literature for case reports that
described TH in Parkinson's disease (PD), PD dementia, or
DLB. There were four reports regarding TH in PD, one of
which was a review article published in 2017. | described
the clinical courses of five representative cases of DLB in
which TH were associated with VH, and then compared the
characteristics of the TH experienced in DLB with those of
the TH encountered in previously reported cases of PD.
Results : The TH experienced by the DLB patients had
very similar characteristics to the TH experienced by PD
patients. However, the TH of the DLB patients differed from
those of PD patients in the following respects: (1) When
the DLB patients tried to touch the imaginary objects,
they often did not disappear: (2) the imaginary objects
experienced by the DLB patients sometimes exhibited
characteristic hardness and temperature; and (3) the
imaginary objects experienced by the DLB patients were
often influenced by the patients' behavior, which in turn led
to further hallucinations.

Conclusions : Based on the abovementioned characteristics
of the hallucinations of DLB patients, | propose that these
phenomena represent a novel psychopathological entity,
which | shall temporarily refer to as, “strengthening of VH
by TH".

Keywords @ Burning mouth syndrome, Central neuropathic
pain, Dementia with Lewy bodies, Ekbom's syndrome,
Parkinson's disease, Tactile hallucinations

INTRODUCTION

Visual hallucinations (VH) are one of the most common
psychological symptoms of dementia with Lewy bodies
(DLB)." In general, the VH experienced by patients with DLB
almost always readily disappear, e.g., when patients close
their eyes, take a deep breath, change the brightness and/
or decor in a room, or attempt to touch imaginary objects.
However, DLB patients sometimes experience other types of
hallucinations, for example, auditory hallucinations or tactile
hallucinations (TH). These other types of hallucinations
sometimes occur in association with VH, whereas on other
occasions they occur alone. In this study, | classify TH
into two groups according to their relationship with VH,
and | propose a new psychopathological entity involving
hallucinations in cases of DLB based on my experiences
at the memory clinic of Kamiiida Daiichi General Hospital.
To the best of my knowledge, this is the first report to
comprehensively describe TH in DLB.

METHODS

| searched the literature for all case reports that described
the occurrence of TH in Parkinson's disease (PD), PD
dementia, or DLB patients. To the best of my knowledge,
only one such case of DLB has been reported, which was
reported by our group.? On the other hand, there have been
four reports regarding TH in PD,>® one of which was a well
written review article published in 2017.% In this report,
| first describe the clinical courses of five representative
cases of DLB in which TH occurred in association with VH,
and then compare the characteristics of the TH experienced
by DLB and PD patients.

CASE PRESENTATION

Informed consent to publish the patients' clinical
information was obtained from the patients and their
families. Minor modifications to the data, which did not
interfere with the study's findings, were made to preserve
the patients' anonymity. The initial course of case 4 and
the detailed course of case 5 have been reported in our
previous studies.?”

Case 1

The patient was a male in his early 70s. His medical
history did not include any relevant conditions, except
for recurrent nocturnal dream-enactment behavior (i.e.,
rapid eye movement sleep behavior disorder ; RBD), which
had first developed in 200X-7. At almost the same time,
the patient started to experience VH, in which he often

Aiseikai Healthcare Corporation

saw a lot of strangers. He visited another hospital, and it
was suggested that his VH were due to fatigue and aging.
Since his VH became more severe, and gait disturbance
appeared, he consulted my clinic with his wife in 200X. On
examination, mild lead-pipe rigidity of the bilateral upper
extremities, a mild parkinsonian gait, and impaired postural
reflexes were observed, although no sensory impairment
was noted. His Mini-Mental State Examination (MMSE) score
was 17. Cranial magnetic resonance imaging (MRI) did not
reveal any abnormalities. Donepezil therapy was started
under a diagnosis of probable DLB. After this treatment, his
VH completely disappeared, and his MMSE score increased
to 26. Furthermore, the patient became able to walk well
without anti-parkinsonian medication. However, in 200X+2
his VH relapsed. As examples of the patient's hallucinations,
he complained that, “There were dog hairs on the floor.
They felt bushy when | touched them. There were also a lot
of fish hooks and threads on the floor. The fish hooks were
hard. When picking them up, | carelessly stabbed my finger
with a fish hook ; it was terribly painful.” His wife said, “He
often gave me something invisible. It seemed that he felt
something when he touched these objects. The other day,
he was shouting, ‘it hurts!”. About two months before he
reported these experiences, his MMSE score was 26, and
he persistently complained about these hallucinations at
each subsequent examination.

Case 2

The patient was a male in his early 70s with a history
of recurrent RBD, which had started in about 200X-
30, and PD, which had started in 200X-5, and was being
treated with anti-parkinsonian medications (levodopa and
dopamine agonists) . After the initiation of this treatment,
he started to see strangers. As his VH became more
severe, he consulted my department in 200X. His Montreal
Cognitive Assessment (MOCA-J) score was 18. Cranial MRI
did not reveal any abnormalities. After donepezil therapy
was started under a diagnosis of DLB or PD dementia, his
VH disappeared, and his MOCA-J score improved to 26.
However, in 200X+3 his VH relapsed. As examples of his
hallucinations, he complained that, “When | tried to write a
letter with a pencil, | could not write it because the pencil
passed further and further into the paper, and it eventually
disappeared completely. So, | realized that it was a
hallucination of a pencil. However, it felt like a pencil; it
was hard", “Water poured out of my body and collected in
the pocket of my suit. Everyone said that there was nothing,
but | could see the water, and it was cold when | touched
it. Even now, it is still in the pocket of my suit. Doctor, can
you not see this ? It also feels like water". His MOCA-J
score at that time was 26, and his orientations were
perfect. These findings indicated that his hallucinations
were not due to delirium.

Case 3

The patient was a female in her early 70s with a medical
history of hyperlipidemia. In 200X-5, recurrent RBD and VH
of strangers began. She was diagnosed with Alzheimer's
disease (AD) at another clinic, and low-dose risperidone
therapy was started. As her VH became more severe, and
apathy and gait disturbance appeared, she consulted my
clinic in 200X. On examination, no sensory impairment
was noted. Her MMSE score was 18. As examples of her
hallucinations, she complained that, “Eight children have
come every day and night. All of the children remained
silent and did nothing but mischief’, “There were boys
who suddenly touched my body from behind. | was very
surprised and turned around, so they ran away". Cranial MRI
did not reveal any abnormalities, but abnormal '>’I-meta-
jodobenzylguanidine (MIBG) uptake was seen on MIBG
myocardial scintigraphy. Under a diagnosis of DLB, the
risperidone was discontinued, and donepezil therapy
was started. Two months after this treatment, the patient
regained the ability to cook and clean again, and her MMSE
score increased to 26. After another four months, her
MMSE score had risen to 27, and her gait disturbance had
improved, although her hallucinations did not completely
disappear despite this treatment.

Case 4
The patient was a male in his late 70s with a history of
diabetes mellitus.” He developed recurrent RBD and VH in
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200X-7, and he often saw cats, but he had not told his wife.
His VH became more severe and started to include visions
of big tigers and strangers. Furthermore, he also frequently
experienced auditory hallucinations (cries and whistles) .
Since the associated anxiety and fear adversely affected
his quality of life, he finally consulted my clinic with his
wife in 200X. On examination, mild lead-pipe rigidity of the
bilateral upper extremities, as well as impairment of the
postural reflexes and a parkinsonian gait were seen. The
patient's MMSE score was 12. Cranial MRI did not reveal
any abnormalities, except for slight ischemic changes in
the cerebral white matter. Donepezil therapy was started
under a diagnosis of DLB. In 200X+1, the patient's MMSE
score had improved to 19, and a marked improvement
was detected in his performance in the cube-copying test.
However, his VH did not completely disappear. In 200X+3,
he complained that, “I felt that water was pouring down
from my waist. It was cold, but not wet, even if | took off
my pants”, “| ordered the cats to shake hands with me, and
they did it. | felt their paws", “The cats seemed comfortable
when | stroked their throats. The cats felt bushy", “A cat
entered the kotatsu and stimulated my genital area. When
| turned over the futon, it had disappeared’, “Do you see
what | am doing ? A few 1000-yen bills and many 10-
yen coins are appearing between my fingers. | am trying
to remove them. Feeling ? Of course, | am feeling them".
His wife said, "He was doing a hand-shaking motion, even
though there were no cats", “After suddenly turning over the
futon of the kotatsu, he got mad at me and said, ‘Do not
do something dirty ! ' Finally, | understood ! ". In several
examinations after that, his cognitive functions had not
worsened, but he persistently complained of hallucinations,
such as those described above. These findings indicated
that his hallucinations were not due to delirium.

Case 5

The patient was a male in his late 60s with a history of
recurrent RBD, which had started several years earlier.?
His VH, which included people coming to his home, water
being spilt on the floor, and his desk going on fire, had
begun in 200X-2. His previous doctor diagnosed him with a
psychogenic reaction, and no medication was prescribed.
Since his VH became more severe, he consulted my clinic
in 200X. Mild parkinsonism was noted, but no sensory
impairment was observed. Cranial MRI did not show
any abnormalities. His MMSE score was 27, and his AD
Assessment Scale-Cognitive Subscale (ADAS J-cog) score
was 15.3. Based on the findings of clinical examinations
and MIBG myocardial scintigraphy, he was diagnosed with
DLB. The administration of donepezil at 5 mg/day resulted
in the complete disappearance of his VH. His MMSE and
ADAS J-cog scores improved markedly to 30 and 5.0,
respectively. Despite this treatment, a marked increase in
his hallucinations was noted in 200X+1. He experienced
various hallucinations, such as, “Big bones and rotten fish
were present in my meals. When | ate them, they tasted
bad", “Salmon roe was in my rice. When | chewed it, it
ruptured, giving off a fruity taste and smell", and “Colorful
worms were falling on my face and body. | felt severe
itchiness". As these symptoms persisted for several weeks,
the dose of donepezil was increased to 10 mg, which
resulted in the patient's symptoms disappearing again.
During this period, his orientations were always perfect,
and no abnormal behaviors were recognized. These findings
indicated that his multiple sensory hallucinations were not
due to delirium.

DISCUSSION

TH involve the false perception of a tactile sensory input,
which creates a hallucinatory sensation of physical contact
with an imaginary object. The most well-known types of
TH are delusional parasitosis (Ekbom's syndrome) and
oral cenesthopathy (including burning mouth syndrome) .,
which are not usually associated with VH. Although both
syndromes are often observed in the elderly, PD patients,
dialysis patients, and alcoholics and can be induced by
trihexyphenidyl, | have sometimes encountered them in
DLB patients. However, TH associated with vivid VH, such
as those described in this manuscript, are more interesting.
Their characteristics are very similar to those of the TH
seen in PD patients in previous studies, for example, 1)
the TH often occur in association with VH, 2) patients

visualize animals or insects and feel them on their skin,
and 3) patients can feel that water or oil is running on
their skin. However, for me the DLB cases involving vivid
TH described in this report exhibited even more interesting
characteristics ; i.e., (1) Even if the patients attempted to
touch the imaginary objects, they did not disappear; (2)
the imaginary objects demonstrated characteristic hardness
and temperature ; and (3) the imaginary objects were
influenced by the patients' behavior, and these changes
resulted in the patients experiencing further hallucinations.
Based on these characteristics, and especially the fact that
the TH made the patients' VH more realistic, | propose a
novel psychopathological entity, which | suggest should be
temporarily called, “strengthening of VH by TH in DLB". |
expect that the mechanism responsible for this condition
will be clarified in future.

It is well known that central neuropathic pain often
occurs in PD patients, which is caused by central nervous
system degeneration.®? Recently, it was also reported that
central neuropathic pain (and maybe central neuropathic
itching as well) occurs in patients with DLB.”"'0 It was
also reported that low-dose pregabalin was very effective
against central neuropathic pain and itching in DLB
patients.”'% These cases prompted me to ask the following
question : “Are some cases of Ekbom's syndrome and/or
burning mouth syndrome caused by neuronal degeneration
associated with Lewy pathology?” | consider that it is
currently difficult to distinguish central neuropathic
dysesthesia, e.g., central neuropathic pain and itching,
from TH, especially in patients with neurodegenerative
disorders, such as DLB. In the future, more detailed
information about the mechanisms responsible for central
neuropathic dysesthesia and various types of hallucinations
will be obtained. As a result, medications for both central
neuropathic dysesthesia and hallucinations in DLB could be
developed, and then more clear definitions of each type of
hallucination could be established.
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Abstract

Transient epileptic amnesia (TEA) is a special type of temporal
lobe epilepsy. and patients with the condition almost always
exhibit two other types of memory symptoms : accelerated long-
term forgetting (ALF) and autobiographical amnesia. Dementia
with Lewy bodies (DLB) is the second most common form of
neurodegenerative dementia, and its prodromal symptoms are
clinically important. We present a clinical case in which the patient
displayed symptoms of ALF and autobiographical amnesia in
addition to the prodromal symptoms of DLB. To the best of our
knowledge, this is only the second case report about the co-
occurrence of these symptoms in the literature, and we suggest
that this condition might be related to Lewy pathology. which
affects the neurons in the amygdala in the very early phase of DLB.

Keywords : accelerated long-term forgetting, autobiographical
amnesia, dementia with Lewy bodies, epilepsy. transient epileptic
amnesia, levetiracetam

TEXT

Dementia with Lewy bodies (DLB) is the second most common
form of neurodegenerative dementia after Alzheimer's disease.
Recently, the importance of the early diagnosis of DLB has been
recognized. It is necessary for clinicians to pay attention to the
prodromal symptoms of the condition, such as autonomic failure,
olfactory dysfunction, and rapid eye movement sleep behavior
disorders (RBD) .

Transient epileptic amnesia (TEA) is a special type of temporal
lobe epilepsy, whose main symptom is amnesia. Zeman et
al. developed the following diagnostic criteria for TEA: (1)
recurrent, witnessed episodes of amnesia; (2) other cognitive
functions remain intact during attacks ; and (3) evidence of
epilepsy. Such evidence can be provided by (a) wake or sleep
electroencephalography (EEG), (b) the co-occurrence of other
seizure types, or (c) a clear response to anticonvulsant therapy.’
Manes et al. reported that patients with TEA almost always
demonstrated two other types of memory symptoms : accelerated
long-term forgetting (ALF) and autobiographical amnesia.? In our
previous report, we described that abnormal neuronal discharges
can cause not only transient amnesia attacks, but also ALF, which
might be associated with a failure of memory consolidation (maybe
taking several weeks or months), and autobiographical amnesia,
which could be due to the disruption of consolidated remote
memories (maybe taking several years) .3

Four hundred and forty-four new patients visited our outpatient
clinic at Kamiiida Daiichi General Hospital during the 7-year period
from January 2010 to December 2016. Of these, only 2 patients
(0.45%) displayed symptoms of ALF and/or autobiographical
amnesia. Both of these patients were also suffering from prodromal
DLB. To the best of our knowledge, only the second case report
about a patient that exhibited TEA syndrome in addition to the
prodromal symptoms of DLB is described in this manuscript's
Supporting Information (refer to Supporting Information) , and the
first case was also reported by our group.* The clinical data for our
two cases are summarized in Table 1.

Should this combination of symptoms be considered to be
incidental ? Of course, there is a possibility that our 2 patients
with ALF and/or autobiographical amnesia were incidentally
suffering from prodromal DLB. However, we now hypothesize that
Lewy pathology ; i.e., the accumulation of alpha-synuclein, which
is thought to occur in the neurons in the amygdala during the very
early stages of DLB, might cause abnormal neuronal discharges,
resulting in the appearance of ALF and autobiographical amnesia.
In the present case, the relapse of ALF in spite of the continuous
administration of anti-epileptic therapy might have been due to
the aggravation of Lewy pathology within the temporal lobes.

In a recent study involving the use of intracranial foramen ovale
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electrodes, Lam et al. reported that clinically silent temporal lobe
seizures and spikes can occur early in the course of Alzheimer's
disease in patients without a history or EEG evidence of seizures,
and they suggested that these abnormalities were likely to
interfere with memory consolidation.> Further investigations are
necessary to clarify the relationship between proteinopathy, e.g.,
tauopathy and alpha-synucleinopathy, and abnormal neuronal
discharges including subclinical seizures.

We have only experienced 2 cases of TEA. In the future,
more similar cases should be accumulated, and the relationship
between TEA and prodromal DLB should be investigated in order
to test whether our hypothesis is correct.
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Supporting Information Legend

A male case of TEA syndrome in which the patient displayed
symptoms of accelerated long-term forgetting (ALF) and
autobiographical amnesia in addition to the prodromal
symptoms of DLB was presented. He had never demonstrated
any neurocognitive impairments, except memory loss, which
was associated with ALF and autobiographical amnesia. He also
complained of a reduced sense of smell and recurrent nocturnal
dream-enactment behaviors. His MIBG myocardial scintigraphy
showed abnormal MIBG uptake.
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Table 1 Clinical profiles and characteristics of the two patients
In this report In the previous report (4)

Age, sex early 60s, male late 60s, female

Chief complaint forgetfulness, irritability forgetfulness, irritability
hypertension, hyperlipidemia | hypertension, hyperlipidemia

29 (orientation : 9/10) 29 (attention : 4/5)

Clinical history
MMGSE (at the first visit)

EEG |

Cranial MRI findings unremarkable } unremarkable
abnormal } abnormal

MIBG early H/M 1.66 (normal range : >2.20) | 1.25 (normal range : >1.80)
MIBG delayed H/M 1.40 (normal range : >2.20) ¢ 1.04 (normal range : >2.00)
Olfactory dysfunction severe } severe
RBD severe I unknown (sleeps alone)
ALF severe severe
Autob|_ograph|cal 3 severe { unknown (no data)
amnesia ; :
Response to : :

) clear response clear response
levetiracetam

State at present relapse of ALF unknown (transferred)

MMSE, Mini-Mental State Examination; MRI, magnetic resonance
imaging ; MIBG, metaiodobenzylguanidine ; H/M, heart to mediastinum
ratio; EEG, electroencephalography: RBD, rapid eye movement sleep
behavior disorder ; ALF, accelerated long-term forgetting
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TEXT
Epilepsy has previously been defined as when at least two

unprovoked seizures occur >24 h apart. The recently developed

practical definition of the condition indicates that epilepsy can
also be present in cases in which one seizure occurs in individuals
who exhibit other factors associated with a high risk of recurrence.

Furthermore, it also suggests that epilepsy can be present if

evidence exists for an epilepsy syndrome in which no obvious

seizures occur, as can be the case with continuous spike and
waves during sleep (CSWS) and Landau-Kleffner syndrome.!
Transient epileptic amnesia (TEA) is a special type of temporal
lobe epilepsy. The other two types of memory disorders that
develop at high frequencies in TEA patients ; i.e., accelerated
long-term forgetting (ALF) and autobiographical amnesia (AbA),
are well characterized.? TEA patients are often complicated with
complex partial seizures, but there have been some cases in which
ALF and/or AbA were clinically observed for many years despite
complex partial seizures and TEA attacks being absent.>* It is
inaccurate to refer to these cases as TEA based on the current
terminology, but since no other appropriate term is available we
have proposed that they should be named ‘broad TEA' or ‘TEA
syndrome'.> The patient described in this report was finally
confirmed as having TEA attack (refer to Supporting Information) .2
The patient's characteristics were as follows :

(1) The patient exhibited ALF and AbA without TEA attacks
for many years. The ALF disappeared after the start of
levetiracetam therapy.

(2) The patient had never demonstrated any neurocognitive
impairments, except memory loss, which was associated with
ALF and AbA.

(3) Continual sharp waves were detected by electroencephalography.
which probably originated in the bilateral temporal lobes.

(4) The patient was first considered to be suffering from broad
TEA, but he did not exhibit any clinical symptoms of epileptic
seizures, including amnesia attacks, until the first and only
amnesia attack was observed.

(5) An TEA attack developed about four years after the start of
levetiracetam therapy with recurrence of the ALF. Increasing
the dose of levetiracetam resolved these symptoms.

How can ALF and AbA be present without clinical seizures ?
We hypothesize that persistent abnormal discharges by the
neurons in the temporal lobes that are not sufficient to give rise
to clinical seizures can cause clinical symptoms, such as ALF and
AbA. In other words, continual epileptiform discharges might
cause several clinical symptoms without inducing seizures. In our
previous reports we stated that abnormal neuronal discharges
can cause not only transient amnesia attacks, but also ALF, which
might be associated with a failure of memory consolidation (maybe
taking several weeks or months), and AbA, which might be due
to the disruption of consolidated remote memories (maybe taking
several years) , in TEA syndrome.®

Ito et al. reported 4 cases of epileptic cognitive impairment
resembling Alzheimer's disease (ECI-A) .> The patients described
in the latter report exhibited memory impairment, with recent
memories being most affected, whereas remote memories were
almost intact. They also displayed behavioral and psychological
symptoms, such as apathy, euphoria, and aggression, and a
reduced ability to perform activities of daily living (ADL). None
of them suffered any type of clinical seizure at any point. Their
electroencephalograms revealed continual spikes in the temporal
regions. Their memory function and ADL performance improved
rapidly after treatment with carbamazepine, and the improvement

was maintained in all cases. Based on these findings, Ito et al.

speculated that epileptiform discharges that were not sufficient

to give rise to clinical seizures might have caused temporal lobe
dysfunction, leading to persistent cognitive impairment.®

The present case shared some features with ECI-A (Table 1), as
outlined below :

(1) No clinical seizures had been observed despite the occurrence
of memory disorders for many years.

(2) The patient's electroencephalogram exhibited continual spikes
and/or sharp waves, which probably originated in the temporal
lobes.

(3) Antiepileptic drug therapy was markedly effective.

In both TEA syndrome and ECI-A, it may be hypothesized that
persistent abnormal discharges from the neurons in the temporal
lobes that induce these electrographic abnormalities might cause
memory disorders and/or the decline of cognitive functions.

If this hypothesis is correct, we consider that both syndromes
should be regarded as independent types of epilepsy syndrome.
As a result, according to the recently developed practical
definition, both TEA syndrome and ECI-A should be classified as
epilepsy despite the fact that no clinical seizures are observed in
such cases.” We consider that this approach would be very useful
for preventing these conditions from being overlooked in clinical
examinations.

To clarify the mechanisms responsible for TEA syndrome and
to evaluate our proposed hypothesis, the accumulation of greater
numbers of cases is necessary, and more precise examinations,
such as overnight long-term video-EEG monitoring, temporal
activity recording using intracranial electrodes, magnetic resonance
diffusion tensor imaging, and functional neuroimaging, should be
conducted.

Supporting Information Legend

A case of broad TEA/TEA syndrome was reported, in which the
patient exhibited accelerated long-term forgetting (ALF) and
autobiographical amnesia (AbA) without TEA attacks. The patient
had never demonstrated any neurocognitive impairments, except
memory loss, which was associated with ALF and AbA. The ALF
disappeared after levetiracetam therapy. About three years later
the AFL recurred, and finally an TEA attack developed. Increasing
the dose of levetiracetam resolved these symptoms.
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Table 1 Comparison of clinical symptoms between TEA syndrome and

ECI-A
TEA syndrome :
(broad TEA) i ECHA
Age at onset Middle age or older : Middle age or older

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, D

Long-term memory disorders | Short-term memory disorders

R Spkes and sharp waves i the | Spikes and sharp waves n the
temporal lobe temporal lobe
Dementia to be L . 3
diferentiated DLB (if complicated with CPS) 3 AD

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, oo eeeee_.

Frequently complicated with . ) ..
CPS, but occasionally without Occaswonausye;zzwutrheiut epileptic

epileptic seizures

Effects of antiepileptic
drugs

Complication of epileptic
Seizures

Remarkable Remarkable

AD, Alzheimer's disease; CPS, complex partial seizures; DLB, dementia



with Lewy bodies; ECI-A, epileptic cognitive impairment resembling
Alzheimer's disease: EEG, electroencephalography; TEA, transient
epileptic amnesia.
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(1) FEFLNAMKETA DA ER (non-convulsive status epilepticus :

NCSE)
RERE (ﬁﬂlEIL/U:U)L_é:E) !J’DR PR Ij‘b\ﬂfu\’-’iﬁﬁﬂﬁ’ L/BLVS'/(

%, EBUNITFICH &Ka'ég_é:b\aﬁ%)@? %{’E’&fibﬂﬁll?&iﬂf@

BEEBRRBEIND. HIVERIECEH LICREDFREIND T &H

u;uataaéo CECER IS, |M5OF). RPMESR - ERER
BZEREEULTELZDT, FRPVNETH D,

(2) ADFEEIT L A SR BERE = (epileptic cognitive impairment
resembling Alzheimer's disease : ECI-A)
THADAEERRDSNBUVN., AFETEREES PEBEEEE) (ADL)
DETZEE T BIBHNTADICHEL U ICRARS DFEOIRFRSEN
BXRWTULS (Ito, Echizenya, Nemoto, & Kase, 2009 : B - Jl#,
2015 ; Ukai, Ito, & Watanabe, 2019b). Ito5DIRESICENIE, fix
RIRE TIIAIBEE LR EEREBEN RO 5NB A BR EDFIE
RABNT. AEDCRAMAEERENSHICHEB LI tb‘ 5. FIER
RADBREBROEREHEICE D BAES TH D UM T EHEA
LTW3, SRR TOELDENZHERBRLTH Y. RAESPHY
RKEZLITEBEEDSIBI%SVVELDDAREEN DS,

(3) =@M TADAMES (transient epileptic amnesia : TEA)

TEAR, —BHDORSHEEZTERE T2 RBEETANADFHILT
B3, TEAICIF. B THRHIZZ DDIEMHH R ECIEEE DRI R
[CEERICEHT D (Zeman, Boniface, & Hodges, 1998 ; Manes et
al., 2005), ZM—"DlFAccelerated long-term forgetting (ALF : A
RS THY. BS3—DlFAutobiographical amnesia (AbA :
BIHER) THhd. D, TEARKIE (BSHIE) L DDEES
(ALFEADA) ZTEABERICS D, 2FZE—DDIEREE G2MHM) & U
T/S Z&B8% (Butler et al., 2007 ; Mosbah et al., 2014),

WK TR TEADMRPHREF S < HFS5NZDICH L. BAETIEFS
HOMRHRS (R - T+, 2008) ZRE. FFARODETHRLASN
TWBEFEVEVDHEIRDE S THD. ZI T, s ClIEERAES
ZRRUDD. TEADERRIFFHOCRIBERR EZH U 2.

3. TEADEERES]
fER - 60RATHE. S (Ukai, & Watanabe, 2017b)
[F152855F] s, B2 I1F< B
[4EFE] |RHETH>eH. SORRBFEICREREZR > THIEL. ]/E
TERDP, FHRERN—AWVDH, BIEL TR, EEDZABS L.
[BERE] BmE. FEEREE (& bITaED)
[IRARE]

2OOX 45, ENEEOYSNPHRUZEERBERKUD LDz, F

. BB TH. FADBICEIDBRVWVEEPHERT. AEED NS TILH

55%?’%3:5!2@3&.: BEEDICARNERERER Y Y —EZEZ UK
. (283U EVWSEHTHh oz,

200X-3fF. L TVLENZDE L. BRANEEEEREEZY 9 —Z25%
ZURN. PEVIEELBU] EVWDEITH Tz,

200XEE, PIFUENYSENZDOE L. X NTHBEZKRTEL T, HH
IRtz oY e
[BR4E)

A L—RBHITTAE U, BEPILERMFEN TV, BEFADY
SNEEEEEELTV . AIZE BhRRICEERERTZ LT &
HBERICEEEGERFOIVY— NIl & ER, £2<ERL
TWBH oIz, Fie. U (B "ERUAERIL Y DEDEEDX
BUTWB I ENHBALR. BRI 6FEFINZEEOI—0Y/RIT. 85
HIDT AUAMRIT. 1TFFIORDIEBEXDZ &, 2LERIPBVLEDT
ETH oI, 1@%9’] WRFPNBEBERDONBN I,

[B&EMR]

MRPHNRE S BEBVRIFE CTlE. FICEBZROBN >fze MMSEF
29 (RE&-1) T IABEELREHEET X MIERTH oo, MR
BT, EEMIUCABEZRRE I 3RAMHKZROIC.

(B2l & B =E)

FASHBESHEELILY — RIFESRTERLD, BBERALF P ADAHER
HOENBTEPRBEDOEN S, TEARLERETH 2 IREMN B E2HT
UTze AEDEEE (URF S 9 L1500mg /H) T, $TCRALF IS BEacE
bTLc bb‘ f‘?ﬁ’ibﬂt E\'é"(a*ﬁﬁlibfdb‘vhc %%@\?E}Eﬁ(ibfu

IJA?UJG&L\%%&“L/K&!; HEEEFLREL. Hﬁk%?%l”ﬁ:ﬂ??ﬁ?
fzo UN'L. #I3F%. RUBENMESINTLRICBHMID ST, BUY
ALFIC KB RESNEBHOND KIS ICIE DIz 5T 200X+H45FE HRAID (h
D, W—0D) BEREMENRD SNz, RHDF. BERFEEREICT >
FRETIHFBRICCADEEDREAERV., KEOFEADSHTCIATRE
ZEUALR BER. BEREC. [SHOFRID. B> TaZ L TWzARE S
[F?] &RV, BOLEEN TEZTRLD? | EEERLED. BHEEF
BIPDEENE<BEBNEDNDT ETHole. BELIRIE. RAERSET
& BTREZRUVARIERE, IRTZERUTVENL Sz, EITK
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N BERADOFRIPOSHICRHADERHEERLSNT. RAPKED
FANSD. 2ENEERHINGBN >/2EVND, RSV/SRIL 2g =8
MUle&T3. TORIBETHIEOBHEFEL. ALFOBUBI <G>
foo TOIRREIF. ZDE2FL LU, TEDIEBRTH o1,

4. TEADERRSSUIEAE & Z Dt DERRAEIR

Zeman. Boniface. and Hodges (1998) DERARZMIELETIE. (1) ##
DRUBEINERSEREIEY—R. (2) %ﬂflﬁ@wﬂl% EICECIELIS
DEENDZV. (3) TANADIRIL, D3EHEZITNTHEZTBDESNI,
THAHADIRILE (. OEFTR. OfthD S 1 FDTADAFIEDIFIE.
GAEDDBHEZREMME. NN—DUEHDTETHD. MDA TDTH
W AFIEl DL [FERFEETH S,

TEADRTHRIEDS < [F1RHRLUADRHT T, BRENICIFERLE - 75
PCRED T ENS L RERDOBRHAICENDRBIRDNTVD I &
[CRfT<. BENICIE. REROBEDTEFEET. BRESDRRL.
BSFMEDBRERD FOMEAMBRREN S, TEAFRIEETANADE
HETHDEHESND,

TEADFEIEBRAFIC(E. Bk LT KD ICHBNGZDDEEES. I
DBEALFEADANBRICEHT D, ALFE(F. TNEWERERZE, ZODHE
MO BERICIFENTUE SRR TH S, HIAIF. BEDEFTIESE
EINTLRVICHEDST Wiﬁ?‘iauhﬁAtﬁﬁﬁ%bn;t’&%ﬂﬂ%ﬁb
TLRRW, ADAL IR, ERLUBIDENHEVE TOHREZRVHE L
RRETHD. PRI, BEFSTHEAMDOROBERZLIEI TV,
ALF EADADEIERFEFRETH DN, ZORERZRICDOVTIFERT 2,
Bm$H. TEAICIF. EERDfBIC. Topographical amnesia (thsE8IR) &
FENZERDEHT DT EHHDN. AETRIDERCDOVTFEE
RSN

TEAF(E. ALF. ADAZEILT DREEICIE. GHEDOFSINS. HEV
[CRISHDBVEREMENTENN D, E£ESFHASNDHRER TOR:EE
no, —FBUDOLEOERPSZEIRADIENMEHLEER, INS=E[—
BETADAMERTESERE (REDTEA) ] EFEICEZREBLTVS
(Ukai, & Watanabe, 2017b ; #883 - 7% - &L, in press) o

5.[TEAESEIREE] DBER

BEEGITIE. WMEEN B4FELE FERBIRNS8EL L) . BSFEIEIE
V—RHOERINBD > e (ZOBSHEMEDIBDH) . TNTIE. Zeman
SOERKREZHEEZRZ LTLRBL L. %E%ETEA&MB\;%&E%D
HEAENZW. UN U, UENZERETDBEDZEICHVTIE.
TEEMD ED 5B [TANABERRE] ZRES BV EHNEETH U\ 21<
JRREDTFEZRA T DHEHIFF L.

COXRIBERICH LT, £ESEFLFIOFHN T (Ukai, & Watanabe,
2017b). UTFDREET >, Ih5. BEREEHNHERTEHUVVES]
TH->TH. PEBRALFPADANERDH SN, BEPTEVAEDDEMERE
o, ZORENTADAMEREICE D T ENBESHBIBEICE. [LED
TEA] CTEAESERE) | 2L T, TEAOHEICSH THILT 2. Z
DHICETEENERINNE. B D[ (FKD) TEA EERERE) |
ERRBD. BIRHIC. 2010F1BH 520165128 F TO7/EBIC. HRlE
W2 UIc4d42DBEDS S, IRRUC LEEDEEZZHT2% (0.45%)
% [TEA @S ERE] & 20 L T UL 3 (Ukai, Fujishiro, Watanabe,
Kosaka, & Ozaki, 2017a : Ukai, & Watanabe, 2019a) .

BB, ALF/AbAD'. TEAFIEDRISKAEIRE U TE U D OEZRE U
feREBEFET D (Hornberger et al, 2010). IBRUCERIG. E£ES
DHE DR, ALF/ADAHTEAFIEICHIER U 12261 B DIEFIRS TH Do
ALF/ADAN' TEARAEICRIBRT DIEFIN, EDREDEIETIFIET DD,
AIRREZRH U LT BRDEHZEERT 5 ENHRFEINS.

6. IBNERIE. TAHhAEUTEEH - BBEITREN?

—MEICIE. TADADERICIE. 2<EB1EM EDTANARIE
HERBHOENDENREEIND, UHh U, BITORBNZEEETI(E.
BES MR TADARIENRD SNBVBETH. TADAEREREBEDIEN
HNL TAHA) EZHITDESNTWS (Fisher et al, 2014), TAD
AFERBES (F. HEORERRPR - REMR - RBFERZENS. HMIIL
TECTADAMEEREERE UTROSNICEBBED I ETH D,

SESFLFIDHXICHWNT (Ukai, Ito, & Watanabe, 2019b). BAS
WBESREEPMD I A TOTANAFRIENTER TERL [TEABSIER
B DEFTH>TH, TORENTANAMKREICELD ZENBESH R
BEICIE. [TEABSIERE 7 [CANAERE] D—DERMULT. [T
DA EERTRETH DT EZRE UL, IBRUIERIE. ZDREE
FIREAEDDEMUEN S, HPH S [TAHA] EEZRULTEIVTH S S,
Zeman S DERREZMELEDMEBICHHERAINTVSE K SIC. AEDIF
TEAR/EWALFICIFEH TERTH D (2L, —EXbNiciiEEaE
UL . [TEARBIERE] OBERMEIF. RBRAEFID K S (CHEM TR
WEBIDBETI R ZILF D eHICERTH 2 3,

7. ALF & AbADFEH FIRER

ALF & ADADFIERFE(E. BHERFTH D, ALFEADADRAEREEE U
T. ALFIF (RIFBIRE DM G REBRBEOREHFERICKY) EROEE
{EDPAB S NB L H DRIEMHER. AbAIF (FEEBRIADMGI R RER
BN EHEG > CHECKY) BRUBIOBEELS N TLERNBIE - i)
RENBCHDEAMRTEBET D EERUPIT L,

—73. ALFPADAZ [TADARIENE U BROBR] S##RT 5 TA
MABFIEDE L. BNCZDHEEHHIEETHS D, AtLickSIC,

—RNREREHARIBRIEICIE. FIEPDORIEESFIRE LT, HiFk
B35 SREICLDEEHRT PHRFRDOEAMRTOE U D LFHEN
TH?d. LD L. BRIEAID K 573 TANARIENTRD SNBEVAESITIE.
EDLSBEFZEINFVVDTHZ3H0?  [H#ICHBBSNTLEL
REDNERBRICIFECTVNB] EZX2DTHSBIN?  Flc. AbAIFEIE
DEPMUFIEZEZSNBEE - BLETHELTVSZN, N [Z08
RCBICRIEL TV EBIRTZDTHBS5N? TDXRSIBFELHN
IRERIREK ) B, ALF EADAIR. FIERIRAAD#GH R0 RBNE
(continual interictal epileptiform discharges) DfEHERICK>TEL
B2EEBRAN. JFUBEBNTRERBVLESSIMN? ALFIFAEDDERST
RODCHET BT ENBVH. TOBRD [CANARENRERE>
IehS] EERTBKU D, [FEEBRADIBENRREREIIHIS N
M5l EEBZHPVVDTEBENS S,

ALF/AbADFEEHF(CBIT 2BE S DIREFNIE UIINIE. FIERIREID

BB LEXA—EDTANARENMELCTORLTD, 1841 - &
FRHRERIRIERZS ISR UEBD. WD T &ICRBRD, THIT, ALFICH
UTAEDHERRBHINLZVDT. TANARENE2ROSNBVIEET
. AEDDFERADEMEND, SEOMEFISEICK Y ERGREDRERN
SN 3.

8.FLYH
1) BSRELFER TET RV, BHBRBALF/ADANRH SN, TAN AL
BEINRERE UTEX SNBEGNNFET D,

2) TORIMEGISBAEDEFINREZZT DT ENEVERDOND
B, REEZHEVZH, BRSNBZBRIAEN, COBREEFHLD
SIC. [TEAESIERE] EVSBIRZRIEL TV S,

3) [TEAESIERE] [CIFAEDDEM T 5T ENSZVDT. RAESFIE
[FTDREETHCRBLUTHLIENEETH B,

4) FERBREA DM G SR MIRDRBREF. 185N TR R
RES =R U2 RN D D,

COO#EHE. BAEBRZHPROKIEICK Y. $E300BAIEHR 2
= (HHTHFAB. R%B)@//f/@h‘cngfﬁﬁbhmét BASRAES
2 O#EI5E [Dementia Japan] (JE?‘ (HHTE118) RIGP DR

CEEICUT, BAUE - TADASZERZEEFIE LTV RLRBEREZ TR
WREULT, iEﬁWJ?L*t‘)G)ZaBéD
[3Zi#]
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EBREHORAEOHRERBRGHEERDRNCMERZHS M
[CT3ledhlc, INFTELLDRARS PHNEF CERRZEHINTSE
o IRAVEDITE - DIBERDBRESHRBORMERGEOMWIL] [CDW
THIEBEL, TOICHE - BRICBTF B BEHBAERS DLEDEEICD
WTHBEUCBRZRRL. REICBEHIBIEBRZOIEEGHEE LT
BETH D ROFERRN &l - BIIC DV TDEEDER ZiMil I . (197
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FC®IC

[BEiE AU EEET ] [CIFSPBROEEN DD K IEN, &
BTlF [85mL L] ZiBEE#E LT, INETICHE K DFERSPHX
ETERINTEL [RAEOHRERE SFEHEER] ODRERZH5E
U, TH(CHRPARHCHIT DRAVERRDREZ R [CHE UIERE
BRL. REICSODBETEDODTIECTHD [BEEi] OSBEDHRE
BRESHEHEERICOVT., FEOQEX ZHDICGEHET Do

FENREYHE L TV BIHE LRES Rk, BEEMIXICH 26
IR - RERE236PRD R MEERED RIS ER TH . FBHEHRIR
73 < FHHREFEE-ATHD. SRR (MENFHDNR] E759)
DHRERE. FEAEDRABETH D, BRIOMICREBRARITHIR
FESPIRZERR LU CTVDH, BRIEER. BANEZNRET D ARZ
BFIT > TLIRL

FRICIERT 2SEDRAERLRE. BBEODENM NN - MEREEEFD
FEEZITIDEERBV. X EHDBRICBIET 2K IB=RK
SRERRICERNDNEBERBBE(COVTIE, FENRNCBSS
BBV, CDXIBRFAZHZH, BICRIAEBRED K< BET DK
BICOVTRHAED BB EVSI—HHH DD B LNEBEL. WITNITEK.
BN —REVE - SIFBHFECRICTED LS ICBALIL.

1. INFTO [FAEDHER L SHSHEER] OMERIITREI NI
m?

[RAVEDHEHRHR] (CF BHFERBEHFELTVNDT—IXELTLR
WTr—2ZD'%2. HFELTVLRLT—X & TEIDERER (BPSD) (TR
2BEEBEHENBIASNDBETHZH. FAD—ERIICIE. BIEZED
EEREARDZIFTANEZRMIDDEERR TH o, BER
5. MERBEDE CRVEREZE UHORNRR T —BIC2RI 20D
NS THD. UL L. ZO%H. ARBRZMAEE UBVBEDHRS
KPIERSDIBINPY. RAESHBSOMBICRDFENRABHRBBELE
{ELTeT &£ ED 5. ERAMEREE (L LT AERNRR GRAVE S ERR)
EEFT DBHRIRRDIER . AFETEFZDR S BRHEFFHS NN
B, Tk, BHEREBEMHFUTBPSDARILUIC - BARHIRIELIT —
ATk, £5THB5D? TDHEE. BRGNS, FFHRHEBPSD -
BARBEESHFRBEDOJMHEBEOWIUNERIND I EICBED, D
MILOJREEC Z Y [BRAEDHBER E SUSHIERER] DREERLGR CTH
. INFTICHE L DHERPESHBINTEBECTH DY,

TR27F (2015%) [CEEFBENPDER > THHE - MR UISRAE
TESRHEER OIS ia LY I TSY) ICBVT, BPSD - BARBRES
B 2EREREDOMIIOfEHICIF, [—HRAMERREEC 372 BPSDX K
NDEE] & FEBENRREC S 2 SRGHENDNISHDE _E| BHRICES
BEBHODNTVZY, BEERBER [—MHRETICHIF 5 BPSDEHAM L]
DRFZR DD, 201 2FEDOZERMSUE T, —RwRkE (B
TVYF—L]CRDEENEEHRHR U, TSIC. 2016FEDHET.
—RARE(C AR UTESRAMERE (CFHE UTc T — L0 7105 GRAMES 7 hE
1) BFRL2?, ZDDF—LNER. SRS ERREDO—MIRERICA
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Ft 9 2 SBAMERE DS HREERDABRIGEEIER L. RITERDOEFIRIC
WUTHEDEDNEBEFINL S, LH L. INSOMERT [RBAEDHK=
EEREGARGHERR] OB I NTHATETZINES S LRERYH
<LV FEEYMBEAPEREDSHIAR - AfFHREREACIRERETERL
BPSDZEY 27 —X (EREREARDZEI NS LUAL) HARIBLL,
5TH2%", TORSIBRT—RICHET BIehICIF, BEEFBEBRL
TWB &S EERRIRICEF 2 UESHENDHITIDB L] HAET
Hd. U L. TOERNDHDOEDE BICERRER) FR+0ES
DIBEBRBVY, Ffe. [EREHREZR T 2HRaRk] "R IREIE
BHTEETHDN. CTICEREBEN DD, BEBRS. TOKIBHER
Bt (I [RAERBEEEY I —| [IBESNIHRERIEDEEN G S
Nn3) DBHIFRETDICTIFEATVRWN (Tc& R F FR30F12BFKER
. BEEM BHEESHMH) SEMRTIE. TNTN3HEAEINF. G5
12D PR DFEN RAERBER LY I —[TIBESN TSN, ZDS5H
ERRIFSNEICH Y. BRERRZE I 2 G RREEHNER KFRGR
DHTHY, BAEBE CHE LI BORIRRZE B T M ERkEICE>T
FETHD. BURGHELRICETZASINETEFUORIEEREEE
VI —IF BHIRAIICIF—DHFELRN) 229, FILRIC. HHIHRER
BEAYE L ULBPSDIC b I sE e fF R ZA L CL e LTH. 2D
BHENRRD T U B SR BB EHIEDEERI TN AERAEEIC1R > T
WBEFRSBW,. T5IC, BHRRECRARKIC. SEERICINAT. K
EREREBLBHRIEEZET 3(CHIAST. ZERINDESPZOE
BEHEORED. SR EORERELLZOTNELD,

BIE. BPSD&ESGHEHEZBROEILOAEMDEBRICOVTIRNTE
feh [RAVEOHSERESFOHEERER] OBER. TNOHICEFS
B feER X BEAEHDRIE. ABRPDORAEAE - ADLBLDRIE.
SH3HH - EYIERICKDHICBREFEHEY RTDEE. RRE&DOES
DHBOBE. BRAERUNEUT—2 3 VORE. &RHA (NEDRKE
BE) [CBIFTBERICET DRBRENETOND ), INSE. [BEEE]

RIVEDHRERESAGIHERRICBERBERIEDN Y. STSICRE
BOBEINRBRLBBETHDD. ZOI5DVKDINCOVTIE. REICH
S—EMNS.

2. HRSRICH I 2B mRAEETEEDEE

FEDTEBEICEHDLDIC. BRPBEDOEFHABICEINIE. 855U
L EEHEDRIEEREF40 ~ 80% TH D, BEIAES (MCl) DL
N)zEghd s, RAEESHREFEOWULICHEDIDIFEETH D, F
BEMESHENEFHROBENE T, aHDHRL (X 70m) 7l
ANE TR ] TlRR<IEofeh'. 85U ETE<BABEEZLT
W\ EHEIIH TH 2,

FRHIEIRNS1TEDINBREIC. HRINFR (BERBER - W=nEE
sk #Z2 UiBEF, EN3678 (158OFBESD) T. DS
585l LBk E (3894 (24%) TH -1z (BSmULEHET. ZD3hH
BOREHECEHOZZZ UBEZBEEVED oz, BH. AEH
EE3NA/IC LIzD(E. BROBZEEDOFENBEZ2EME. F£3 ~
AOEEEDERN G > 1Eh 5 THD. B, TORZOTHRLTEFF
LLEM TRV, REBHFHL - BHERTF v I PEFBEREDEH
RS ITNE. COBLHVDBETDZENLEFULLEFB>TWS
. EROBEBEHNSD. POEBRVREDERTH D).

85wl L H#ESIRE., RAEEDEETHIET dE. RAMEIF60
2 (68%). MCIF294 (32%). IER0% (0%) Tholce TDFRAIE6O
LOBKRZHI TDRBNETIE. [7ILWY/\A X —iK (AD) &K USELIE
B8 (DERBREREZ(LERAIE (LNTD) W EREENDRE (AGD) 220
EHERIEND) | (LI, ADEEERET) (3514 (85%) . MEMERAAEIFS
2 (8%). L E—/I\FBISRAIE (DLB) F44 (7%) TH oz Fizo MCI
LARILD29RDIRENFETIE. ADE27% (93%). MEHDMCIH2%
(7%) TH o1z,

DEHTORMEEMCIOEBEADFERETHS D, 85mUEDE
BB TIE. DENIEZ T-MCIDHD DIEHATH > T, BRGETEH.
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Abstract

Purpose : To report a case that showed centripetal movements of
the capillaries in the central macular region after vitrectomy with
internal limiting membrane peeling.

Methods : A 57-year-old pseudophakic woman underwent
successful vitrectomy with internal limiting membrane peeling and
air tamponade for a vitreomacular traction. Optical coherence
tomography angiographic images of the 3 mm X3 mm inner retinal
vascular plexus were examined preoperatively and at 3 months
postoperatively. The changes in 93 corresponding bifurcations of
the capillaries were assessed.

Results : The majority of the bifurcations were displaced towards
the fovea at 3 months after the vitrectomy with internal limiting
membrane peeling.

Conclusion : Optical coherence tomography angiography was
used to help visualize the centripetal movement of the inner
retina around the fovea after the vitrectomy with internal limiting
membrane peeling.
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disclose.

Reprint requests : Kazuyuki Kumagai, MD, Kami-iida Daiichi
General Hospital, 2-70 Kamiiida Kita-machi, Aichi 462-0802,
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The results of earlier studies have shown that the retina moves
after vitrectomy with internal limiting membrane (ILM) peeling.'”
These studies demonstrated retinal movements based on the
movements of the retinal blood vessels or the position of the
fovea. Optical coherence tomography angiography (OCTA) was
recently developed as a noninvasive method that can provide
en face images of different layers of the retinal and the choroidal
vessels.® The purpose of this report is to present a case that
indicated a centripetal movement of the retina after vitrectomy
with ILM peeling based on the changes in the capillary positions in
the central macular region in the OCTA en face images.

Aiseikai Healthcare Corporation

Case Report

A 57-year-old pseudophakic woman presented with a mild
reduction in her vision (20/25) of 4 weeks duration in her left
eye. She was found to have a vitreomacular traction (VMT) in
the left eye. The patient underwent pars plana vitrectomy with
the creation of a posterior vitreous detachment, brilliant blue
G-assisted ILM peeling within the vascular arcade, air tamponade,
and face-down positioning for 3 days. The vitreomacular traction
was resolved, and the visual acuity improved to 20/20 at 3 months
postoperatively. The preoperative papillofoveal distance from
the fundus photography was 3,355 mm and the postoperative
distance was 3,305 mm (Figure 1).

The scanning parameter for the angioretina mode of the Optovue
RTVue XR (Avanti Optovue, Inc, Fremont, CA) was 3 mmXx3
mm for en face images and the superficial vascular plexus was
recorded. The foveal avascular zone (FAZ) area was delineated
automatically, and the values of FAZ area were obtained with
the embedded software. The superficial vascular plexus of the
preoperative OCTA en face images of the affected and normal
fellow eye was examined. The areas of the FAZ were 0.32 mm?for
both eyes preoperatively (Figure 2).

Microsoft PowerPoint program (Microsoft Corporation, Redmond,
WA) was used to analyze 93 corresponding bifurcation points of
the capillaries between the preoperative and the postoperative
OCTA images marked by the red (preoperative) and the blue
(postoperative) dots, respectively, as shown in (Figure 3). Two
images were moved horizontally and the composite images were
made by overlapping preoperative and F4 postoperative positions
of the bifurcation points (Figure 4).

Most of the bifurcation points were displaced toward the
fovea postoperatively, and the retina appeared to have moved
counterclockwise. The FAZ area decreased from 0.32 mm? to 0.26
mm? postoperatively.

Discussion

These findings showed that most of the bifurcation points in the
central macular region moved centripetally after vitrectomy with
ILM peeling. To the best of their knowledge, the relationship
between ILM peeling and centripetal movement of the inner retinal
layer has not been reported.

There are three possible mechanisms for the centripetal
movement. First, the movement may have occurred during the
repair of the vitreomacular traction. In Stage 2, 3, and 4 macular
holes (MHs) , the edges of MHs are elevated centrifugally. Yanagita
et al' reported that the correlation between MH size and fixation
point shifts suggesting that the retina around a full-thickness MH
moves centripetally in the process of MH closure. Thus, the closure
of MH can lead to the centripetal movement of the inner retinal
layer. However, in this case, the elevation of the inner retina was
not prominent when the OCTA images were taken. In addition,
the FAZ area of the affected eye was the same size as that of the
normal fellow eye as shown in Figure 2. It is unlikely that the repair
of the vitreomacular traction caused this movement.

Second, the effects of surgical procedures on the fovea, for
example, the creation of a posterior vitreous detachment and
ILM peeling with air tamponade, may have caused the inner
retinal layer movement. It is difficult to distinguish the effects of
these procedures because ILM peeling is usually combined with
vitrectomy with the posterior vitreous detachment creation and
the air or gas tamponade. The authors believe that the procedures
are at least in part responsible to the centripetal movement of the
inner retinal layer. The release of vitreous traction on the fovea
would cause a recovery of the normal foveal structure, including
the remission of the parafoveal cystoid spaces that are called
clefts and elevations of the MH roof.

Finally, the removal of ILM during the surgery may have provided
the flexibility of the retinal surface facilitating a centripetal
movement toward the foveal center. In fact, several studies have
demonstrated a displacement of the fovea towards the optic disc
after ILM peeling.> 47 The present case also showed a reduction
of the papillofoveal distance which suggests that the centripetal
movement and displacement toward the optic disk occurred
simultaneously. The authors hypothesize that the ILM peeling itself
is the most probable cause of this movement.

The foveal capillaries run in the inner retinal layers and the
capillary network at the margin of the fovea forms the border
of the FAZ.8 The authors found that FAZ area decreased from
0.32 mm? to 0.26 mm? postoperatively in this case. Decrease in
FAZ area may be due to the increased retinal elasticity and the
inner retinal movement toward the foveal center. However, the
removal of vitreomacular traction itself may have involved in the
postoperative decrease in FAZ area. Further study is needed to
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determine the underlying mechanisms of these retinal movements.
The study has several limitations. First, the findings were made
in only one eye. The OCTA image of the central macular region
(3 mmX3 mm) is too small to evaluate the movement of the
entire macular region. Thus, the examinations of a larger area in
a larger number of patients are needed. Second, the technical
artifacts may be involved with the detected retinal motion. Third,
the OCTA images were not compared with the autofluorescence
images. Although the autofluorescence images were not collected
during these studies, these might also help visualize the capillary
movements. It is possible that this case only illustrated that the
vitrectomy with ILM peeling resulted in the retinal movement that
could be measured.

In conclusion, this case illustrated the centripetal movement of the
inner retina around the fovea after vitrectomy with ILM peeling.
This finding demonstrates the ability of OCTA in visualizing the
movement of the inner retina after vitrectomy with ILM peeling.

Key words : internal limiting membrane, macular hole, optical
coherence tomography angiography.
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Abstract

PURPOSE : To determine the long-term outcomes of intravitreal
bevacizumab (IVB). or intravitreal tissue plasminogen activator
(tPA) , or vitrectomy for macular edema associated with a branch
retinal vein occlusion (BRVO) .

METHODS : This was a retrospective, interventional case series.
Forty-one patients received a single 1.25 mg of IVB injection and
followed by pro re nata protocol, 71 patients received a single
intravitreal tPA, and 116 patients underwent phacovitrectomy with
intraocular lens implantation.

RESULTS : The baseline characteristics and follow-up periods
were not significantly different among the three groups. The mean
follow-up period was 55.5 months with a range of 12 to 160
months. Sixteen patients (39.0%) in the IVB group, 24 patients
(33.8%) in the tPA group, and 2 patients (1.7%) in the vitrectomy
group underwent additional surgeries during the follow-up period.
The BCVA significantly improved in all groups at 1 year after
the initial treatment (all, P<0.0001) and at the final visit (all,
P<0.0001) . The differences in the BCVA between the 3 groups
were not significant at all times after the initial treatment.
CONCLUSIONS : The 3 groups led to similar long-term good visual
outcomes. However, additional surgeries were performed in more
than 30% of patients in the IVB and tPA groups.

INTRODUCTION

Macular edema is a common cause of visual reduction in eyes with
a branch retina vein occlusion (BRVO) . The main methods to treat
BRVO include macular grid laser photocoagulation, intravitreal
or posterior sub-tenon injection of triamcinolone acetonide,
intravitreal injection of tissue plasminogen activator (tPA), and
vitrectomy.'

Recently, intravitreal injections of anti-vascular endothelial growth
factor (anti-VEGF) agents have become the standard treatment
for this condition. However, there are several problems, e.g.,
recurrence of macular edema which then requires repeat injections
that can then increase the risk of complications. Additionally, anti-
VEGF agents are expensive, and repeated injections can become
a financial burden on the patients." 2410

Several authors have reported on the effectiveness of intravitreal
bevacizumab (IVB; Avastin) ''*?", intravitreal tissue plasminogen
activator (tPA) 2226, and vitrectomy?”#° for the treatment of the
macular edema associated with a BRVO. We have reported that
these 3 different types of treatments had similar visual outcomes,
however one-third of eyes in the IVB and tPA groups required
additional surgeries.>” A longer follow-up period was required to
determine the final outcomes of these three treatments because
vitrectomy was performed several years after the initial treatment
in some eyes. We have extended the follow-up periods of the
three groups especially for the IVB group. As a result, the mean
follow-up period exceeded 50 months in all groups.

The purpose of this study was to determine the long-term
outcomes of IVB, or intravitreal tPA, or vitrectomy on the macular
edema associated with a BRVO.

METHODS

Patients

We reviewed the medical records from January 2004 and
March 2009 of the Kami-iida First General Hospital or the Shinjo
Ophthalmologic Institute, or the Nishigaki Ophthalmologic
Institute. All patients who were diagnosed with a macular edema
secondary to BRVO and had undergone either treatment, IVB
(Avastin ; Genentech Inc, San Francisco, CA), tPA (Monteplase,
Eisai, Tokyo, Japan) or vitrectomy were included.

The inclusion criteria were onset of <6 months, a progressive
decrease in the visual acuity, and macular edema with symptoms
and foveal hemorrhages. The exclusion criteria included eyes
with vitreous hemorrhage, severe cataract, vitreomacular traction,
presence of an epiretinal membrane, prior vitreoretinal surgery,
prior macular grid laser photocoagulation, uncontrolled glaucoma,
and other ocular diseases that could cause a reduction in vision.

All patients had signed an informed consent for the surgery, data
collection, and the use of the data for research studies. The Ethics
Committee of the hospitals approved the procedures used in
this study, and the procedures conformed to the tenets of the
Declaration of Helsinki.

All of the patients had a complete ophthalmic examination



including measurements of the best-corrected visual acuity
(BCVA), slit-lamp biomicroscopy, indirect ophthalmoscopy,
fundus photography, fluorescein angiography, and foveal thickness
accessed by optical coherence tomography (OCT 3 ; Carl Zeiss
Meditec, Dublin, CA) .

Patients were examined preoperatively (baseline) and at 1 day. 1
week, 1, 2, 3, and 6 months after the treatment. The patients were
examined every 3 to 6 months thereafter.

Surgical procedures

All surgeries were performed by one experienced surgeon
(NO) . Phacovitrectomy with intraocular lens implantation was
performed on all phakic patients to avoid post-treatment cataract
progression. Standard three-port pars plana vitrectomy was
performed. A separation of the posterior hyaloid from the optic
disk and posterior retina was performed when a posterior vitreous
detachment was not present. All eyes had triamcinolone assisted
internal limiting membrane peeling. No eyes had intraocular or
periocular triamcinolone injections.

Intravitreal injections of bevacizumab and tPA

The intravitreal injection was given through the pars plana with a
30-gauge needle under sterile conditions in the operating room.
For the IVB group, each patient received a single intravitreal
injection of 1.25 mg/0.05 mL bevacizumab and were followed
with a pro re nata (PRN) regimen. Additional injections were
received when a persistent or recurrent macular edema was
documented by OCT. A recurrent macular edema was defined
as foveal thickness increased by >30% after an initial decrease
or a worsening of the BCVA by >0.2 logMAR units after an initial
improvement.

In the IVB group, all patients were classified in to three types.
In the ‘good response type', the macular edema was resolved
within 3 IVB injections and the CFT was maintained during follow-
up periods. The second type was named the ‘vitrectomized type'
because a recurrence or persistence of the macular edema was
treated with vitrectomy. In the ‘persistent type', the recurrence or
persistence of macular edema remained during the entire follow-
up period.

In the tPA group, each patient was given an intravitreal injection of
40,000 International Units of tPA diluted with 0.25 mL of balanced
salt solution and were instructed to maintain a supine position for
1 to 3 hours after the injection.

Statistical Analyses

The decimal visual acuities were converted to the logarithm
of minimum angle resolution (logMAR) units for the statistical
analyses. The t tests were used to determine the significance
of the differences in the BCVAs and foveal thicknesses, and chi-
square tests were used to determine the significance of the
differences in the ratios of the BCVA and patients' characteristics.
The differences in the measured values among the groups were
compared by analysis of variance with posthoc comparisons tested
by the Scheffe procedure. An improvement or worsening of the
visual acuity was defined as changes that were greater or lesser
than 0.2 logMAR units. A P <0.05 was accepted as statistically
significant. Statistical analyses of data were carried out with the
Statview 5.0 software (SAS Institute Inc., Cary, North Carolina) .

RESULTS

Two hundred thirty-eight eyes of 238 patients met our inclusion
criteria. Ten patients were excluded from the statistical analyses
because they had been followed for <12 months. Therefore, the
analyses were performed on 228 eyes of 228 patients. Three
groups were identified ; 41 eyes had received IVB, 71 eyes had
received intravitreal tPA, and 116 eyes had undergone vitrectomy.

The follow-up period was extended in 130 (57.0%) of the 228
patients. The mean extended follow-up period was 41 months
with a range of 1 to 119 months. The mean follow-up period was
>50 months for all groups. The follow-up period was at least
3 years in 155 eyes (68.0%) and at least five years in 70 eyes
(30.7%) .

The mean number of IVB during the follow-up period was 2.9 with
arange of 1 to 7. For all eyes, 9 eyes (22.0%) received 1, 8 eyes
(19.5%) received 2, 8 eyes (19.5%) received 3, 13 eyes (31.7%)
received 4, 2 eyes (4.9%) received 5, and 1 eye (2.4%) received 7
IVB injections.
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In the IVB group, 15 eyes were place in the good response type,
12 eyes in the vitrectomized type, and 14 eyes in the persistent
type. The mean numbers of injections were 1.7, 3.9 and 3.2 for
good response, vitrectomy and persisted type respectively.

The demographics and baseline characteristics of the patients are
shown in Table 1. There were no significant differences among
the groups except for the BCVA=20/40. The BCVA=20/40 was
significantly higher in tPA group than in IVB and vitrectomy group
hence there was no significance in the mean BCVA in logMAR. The
patients with poorer visual acuity were found more frequently in
the vitrectomy group.

A summary of the BCVAs and the foveal thicknesses at 12 months
and at the final examination is presented in Table 2. There were
no significant differences among the three groups except in the
foveal thickness at 12 months and at the final visit. The mean
thickness of the fovea was significantly thicker in the IVB and
vitrectomy groups than in the tPA group at 12 months (P = 0.0022
and P = 0.017, respectively) . The mean foveal thickness in the tPA
group was significantly thinner than that in the IVB group at the
final visit (P = 0.0047) . There were no retinal tears, detachments,
or infections resulting from the intravitreal injections.

The postoperative adverse events and the need for additional
surgeries are shown Tables 3 and 4. Sixteen patients (39.0%)
in the IVB group. 24 patients (33.8%) in the tPA group, and 2
patients (1.7%) in the vitrectomy group underwent additional
surgeries during the follow-up period. During the extended follow-
up periods, 2 patients in the IVB group underwent vitrectomy for
persistent macular edema, and 1 patient underwent vitrectomy
for vitreous hemorrhage. In the tPA group, 2 patients underwent
vitrectomy for an epiretinal membrane, and 1 patient underwent
vitrectomy for vitreous hemorrhage. Cataract surgery was
performed when lens opacity progressed even slightly, and the
rate of cataract surgery for phakic eyes at the final visit was 15/39
(38.5%) in the IVB group and 24/63 (38.1%) in the tPA group.
At 2 weeks after the cataract surgery none of these eyes had an
improvement of the BCVA.

The time course for the difference in the BCVA and the degree
of visual improvement for all groups is shown in Figure 1 and 2
respectively. The BCVA improved in all groups, and the changes
in the BCVA from the baseline were significant at all time points
(P <0.0001 to 0.0017). A continuation of the visual improvement
was observed in the tPA and vitrectomy groups. Early visual
improvement was observed in the IVB group. The difference in the
BCVA between 12 months and the final was statistically significant
only in the vitrectomy group (P = 0.0075) . Moreover, the degree
of visual improvement between 12 months and the final was
significant in the vitrectomy group (P = 0.0075) . Although the
response to the IVB was rapid, the changes in the BCVA between
the three groups were not significant at all time points.

Figure 3 shows the time course of the difference in the foveal
thickness for all groups. In all groups, the foveal thickness
decreased postoperatively, and the changes in the foveal
thickness from the baseline was significant at all time points
(all, P <0.0001). A continuation of the decrease of the foveal
thickness was observed in the tPA and vitrectomy groups during
the extended follow-up period. An early decrease in the foveal
thickness was observed in IVB group. The difference in the foveal
thickness between 12 months and the final visit was statistically
significant only in the vitrectomy group (P <0.0001). The mean
foveal thickness in the IVB group was significantly thinner than
in the tPA and vitrectomy groups during the early postoperative
period at one month (P =0.015 and P = 0.0018, respectively) and
at 2 months (P =0.039 and P = 0.007, respectively) .

Table 5 presents the characteristics of the patients who underwent
vitrectomy for persistent macular edema. Eleven patients were the
IVB group and 2 patients were the tPA group. Of the 11 patients
in the IVB group, nine patients refused to have additional IVB
injections and two patients did not have any visual and anatomical
improvement after the injection. The mean interval from the initial
treatment to the vitrectomy was 15.8 months with a range of 13
to 30 months. The mean BCVA at the baseline was 0.50£0.36
logMAR units, at pre-vitrectomy was 0.45+0.37 logMAR units, and
at the final visit was 0.17+0.18 logMAR units. The differences in
the BCVAs between the final BCVA and baseline or pre-vitrectomy
were significant (P = 0.0099, P = 0.0062, respectively) .
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The mean foveal thickness at the baseline was 541+ 103 um, at
pre-vitrectomy was 536 + 172 um, and the final visit was 277 =+
82 um. The differences between the thicknesses at the final visit
and the baseline or pre-vitrectomy were significant (P = 0.0001, P
= 0.0002, respectively) .

The demographics and characteristics of the patients who
underwent vitrectomy for postoperative complications are shown
in Table 6. The mean interval from the initial treatment to the
vitrectomy for a vitreous hemorrhage was 45.4 months with a
range of 19 to 80 months. The mean interval from the initial
treatment to vitrectomy for an epiretinal membrane was 61.0
months with a range of 20 to 133 months. The vitrectomy was
successful in all of the eyes.

Figures 4 and 5 demonstrate the time course of the difference in
the BCVA and the foveal thickness for the three types of the IVB
group. There were no significant differences among the types in
the baseline BCVA and foveal thickness. There were no significant
differences in the BCVA and the foveal thickness at all time points
between the good response type and the vitrectomized type.

Table 1 Demographics and Baseline Characteristics

Bevacizumab tPA Vitrectomy
(n=41) (n=71) (n=116)

66.0112.2 664104 660105 097

P value

Age, yrs, mean (SD)

Female, n(%) 19(46.3)  32(45.1)  62(55.2) 0.34
Lens status, n (%)
Phakic 39(95.1)  63(88.7) 111(95.7)
Pseudophakic 2(4.9) 8(11.3) 5(4.3) 0.16
Duration of symptoms, months
mean (SD) 26£14  24%11  26%51 0.44
BCVA in logMAR
Mean (SD) 0.52+0.34 0.49+0.38 061+037  0.08
BCVA (Snellen equivalent)
<20/200. n(%) 9(220) 11155 28(24.1) 0.37
220/40, n (%) 16(39.0)  32(45.1)  32(27.6) 0.04
First branch, n (%) 19(46.3)  38(535) 57(49.1)
Second branch, n(%) 22(536) 33(46.5) 59(509) 0.74
No PVD, n(%) 24(585) 51(71.8) 67(57.8) 0.13
Scatter photocoagulation, n(%)  6(14.6) 4(5.6)  13(11.2) 0.27
Foveal thickness
mean (SD) 554£201 538+176 556+206  0.83
IOL at last visit, n (%) 16(39.00  31(437) 116(100)
Follow-up duration, mo
Mean (SD) 57.0+35.7 538+369 56.0£369  0.89

Range 12-119 12-143 12-160

logMAR: logarithm of minimum angle resolution
PVD: posterior vitreous detachment

BCVA: best corrected visual acuity

IOL: intraocular lens

Table 2 Summary of the BCVA and the Foveal Thickness

Bevacizumab ~ tPA  Vitrectomy

(=41) =71 (=t1g) | VAL
At 12 months
BCVA (logMAR)
Mean (SD) 0.20£0.34 0.18+0.31 0.21+£0.34 0.8
BCVA (Snellen equivalent)
VAZ20/40, no.(%) 29(70.7)  53(746) 89(76.7) 0.75
VAZ20/20. no. (%) 13(31.7)  29(40.8)  41(35.3) 0.59
Degree of visual improvement  0.31£0.33 0.30£0.36 0.39£033  0.18
Improved, no.(%) 29(70.7)  46(64.8) 81(69.8)
Unchanged,no. (%) 10024.4)  21(296)  29(25.0)
Worsened, no. (%) 2(4.9) 4(5.6) 6(5.2) 0.93
Foveal thickness (. m)
Mean (SD) 3504218 227+£127 304+169  0.001
At the final visit
BCVA (logMAR)
Mean (SD) 0.19+0.32 0.15+£032 0.16£036  0.83
BCVA (Snellen equivalent)
VA220/40, no. (%) 32(78.0) 56(78.9) 96(82.8) 0.75
VAZ20/20. no. (%) 17(415)  34(47.9) 55(47.4) 0.59
Degree of visual improvement  0.33£0.32 0.34£0.36 044£034  0.061
Improved, no.(%) 27(65.9) 48(67.6) 87(75.0)
Unchanged,no. (%) 13(31.7) 20(282) 27(23.3)
Worsened, no. (%) 1(2.4) 3(4.2) 2(1.7) 0.93
Foveal thickness (um)
Mean (SD) 298+189 214£101 251+120  0.0045
BCVA: best corrected visual acuity
logMAR, logarithm of minimum angle resolution
Table 3 Postoperative Adverse Events
Bevacizumab tPA Vitrectomy
(n=41) (n=71) (n=116)
Epiretinal membrane 3 8 0
Vitreous hemorrhage 2 3 0
Glaucoma 1 1 3
RRD 0 0 1
Foveal hard exudate 1 0 1
Subretinal fibrosis 0 1 1
Choroidal neovascularization 0 0 1
Descemet membrane folding 0 1 0
Fibrin membrane 0 1 0
Subretinal hemorrhage 0 1 0
Subcapsular cataract 0 1 0
Cerebral infarction 0 1 3

Data are expressed as number
RRD: Rhegmatogenous retinal detachment
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Table 4 Additional Surgeries &
Bevacizumab tPA Vitrectomy £
(n=41) n=71) (n=116) %’:‘
1oL 5 18 0 e
PPV 3 2 2 ]
IOL+PPV 10 6 0 7
Glaucoma surgery 1 0 0
Indication for vitrectomy
Persistent macular edema 11 2 0 }J\ %
Vitreous hemorrhage 2 3 0 5 H
Epiretinal membrane 0 3 0 T
Subretinal hard exudate 0 0 1 =|
RRD 0 0 1 5
Data are expressed as number {ﬁ
IOL: intraocular lens Fre
PPV: pars plana vitrectomy
RRD: rhegmatogenous retinal detachment "
Table 5 Summaries of Patients Underwent Vitrectomy for Persistent Macular Edema %—(
Case Age  Duration  Lens trelgiﬁrr?etnt Surgery N}?QFTS VA in decimal Foveal thickness (um) Follow-up a
year  months treigit!r?e{nt Baseline  Pre-vit Final Baseline  Pre-vit Final month 7;
1 75 1 phakia VB2 Triple 13 0.80 0.90 0.80 575 285 294 41
2 65 4 phakia VB2 Triple 13 0.10 0.20 0.90 341 335 136 84
3 50 14 phakia  IVB 2 Triple 13 0.50 0.20 0.50 576 596 390 36 N
4 71 1 phakia VB3  Triple 17 0.70 0.40 0.50 583 275 185 31 B
5 66 1 phakia VB3  Triple 16 0.15 0.70 0.70 615 323 370 33 ﬁ
6 61 1 phakia VB4  Triple 15 0.80 0.60 1.20 326 637 379 112 i
7 63 1 phakia VB4  Triple 15 0.30 0.40 0.40 556 726 333 36 2B
8 59 1 phakia VB4  Triple 13 0.70 0.90 1.20 644 533 215 110
9 72 4 phakia VB 4 PPV* 17 0.50 0.50 1.00 496 607 237 36
10 78 2 phakia IVB4 PPV** 13 0.10 0.30 0.60 533 708 301 24
11 81 2 0L IVB 5 PPV 18 0.10 0.60 0.80 575 539 304 49 =
12 70 3 phakia tPA Triple 30 0.50 0.04 0.40 533 706 176 40 %
13 62 1 phakia tPA Triple 13 0.20 0.20 0.40 677 699 283 29 E
IVB: intravitreal bevacizumab E]
IOL: intraocular lens A
Triple: vitrectomy with cataract surgery =
PPV: pars plana vitrectomy vit: vitrectomy (2
PPV*: IOL surgery at 6 months after first treatment
PPV**: IOL surgery at 4 months after first treatment
Table 6 Summaries of Patients Underwent Vitrectomy for Complications =
Case Age Initial Lens Complication  Surgery N}%‘rﬁ?s VA in decimal Follow-up ;%
year treatment treig{timaént Baseline Pre-vit Final month
1 52 IVB 1 time phakic VH Triple 30 0.50 1.50 1.50 92
2 59 IVB 3 times  phakic VH Triple 53 0.30 0.80 0.60 54
3 72 tPA phakic VH Triple 80 0.70 0.30 1.00 90
4 49 tPA phakic VH Triple 45 0.20 0.30 0.50 132 .
5 82 tPA phakic VH Triple 19 0.30 0.80 1.00 44 33"%
6 61 tPA phakic ERM PPV* 20 0.40 0.70 0.90 30 };}
7 76 tPA phakic ERM PPV** 30 0.03 0.30 0.40 47 54
8 65 tPA phakic ERM Triple 133 0.70 0.60 0.70 143
9 59 Vit phakic RRD PPV 2 0.10 0.15 0.20 68
10 55 Vit phakic  Subretinal HE PPV 17 0.50 0.30 1.20 97

VH: vitreous hemorrhage

IVB: intravitreal bevacizumab

ERM: epiretinal membrane RRD: rhegmatogenous retinal detachment HE: hard exudate
Triple: vitrectomy with cataract surgery

PPV: pars plana vitrectomy vit: vitrectomy

PPV*: cataract surgery at 16 months after first treatment

PPV**: cataract surgery at 13 months after first treatment

VA: visual acuity
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Discussion

The results showed that the BCVA was significantly improved
at the end of the first year after the initial treatment in the three
groups, and the BCVA was maintained for about 40 months
thereafter. The differences in the BCVA between the three groups

were not significant at all time points. However, 39.0% of patients
in the IVB group, 33.8% in the tPA group, and 1.7% of patients in
the vitrectomy group had to undergo additional surgeries during
the follow-up period. Our findings indicate that the vitrectomy
group had less chance of needing additional surgery but had
comparable long-term visual results as the other two groups.

The time course of the changes in the BCVA and foveal thickness
showed continued improvements in the tPA and vitrectomy
groups and rapid and sustained improvements in the IVB group.
The mean foveal thickness was significantly thinner in the IVB
group than in the tPA and vitrectomy groups during the early
postoperative period. The mean BCVA in the good response type
of the IVB group was significantly better than in the vitrectomy
group at 2 months (p=0.040) . A retrospective analysis in the
BRAVO and CRUISE trials showed that more than 50% of the
patients treated with monthly intravitreal ranibizumab (IVR)
injections achieved clinically significant improvements in their
vision during the initial 6 months after the IVR.#! The rapid and
sustained improvements are advantages for the IVB injections and
are also present with the other anti-VEGF agents. These findings
indicate that IVB injections lead to rapid anatomical and functional
improvements compared with the other groups.

Another advantage of IVB is its lower cost. The 2015 Medicare
reimbursement for anti-VEGF therapy for macular edema due
to BRVO is approximately $1967 for ranibizumab, $1961 for
aflibercept, and $17 for bevacizumab.' Additionally, off-label
repackaged bevacizumab and other anti-VEGF drugs such as
aflibercept and ranibizumab are reported to be similarly effective in
the treatment of patients with RVO'7-8 4244 and diabetic macular
edema 7%,

Additional surgeries in the IVB and tPA groups included cataract
surgery and vitrectomy for persistent macular edema, epiretinal
membrane, and vitreous hemorrhage. The remaining phakic
patients have the possibility of cataract surgery in the future. Not
only the treatment but also aging is one of the causes for the
cataract. Vitrectomy for epiretinal membrane was performed in 3
eyes of the tPA group at 20, 30, and 133 months after the initial
treatment. Vitrectomy for vitreous hemorrhage was performed
in 2 eyes in the IVB group at 30 and 53 months and in 3 eyes
in the tPA group at 19, 45, and 80 months after the initial tPA
injection. Epiretinal membranes and vitreous hemorrhages are
possibly associated with the abnormal vitreoretinal interface after
IVB or intravitreal tPA injections. These findings indicated that
further surgeries will possibly be needed a long time after the IVB
or intravitreal tPA injection perhaps even after other intravitreal
injections.

Eleven eyes underwent vitrectomy for a recurrence or persistent
macular edema in the IVB group, and they all had similar final
BCVA with good responses. It is possible that other treatments
such as an initial three IVB, another anti-VEGF agent, or a
combination of other treatments might obtain more favorable
outcomes. However, our findings indicated that vitrectomy is a
good optional treatment for persistent macular edema. Some
authors have also reported that vitrectomy was effective for
recurrent or persistent macular edema.3> 3% 40

The results showed that the vitrectomy group achieved visual
outcomes comparable to IVB and tPA groups with fewer additional
surgeries. Vitrectomy was reported to be a useful method in terms
of the relative costs and benefits for diabetic macular edema*
and proliferative diabetic retinopathy.'® Additionally, vitrectomy is
an invasive procedure but has become a safer treatment option
with the development of new technology, such as small-gauge
instruments, wide-angle viewing systems, and safer dyes used for
making the vitreous and membranes more visible. We believe that
vitrectomy might be one of effective treatments for macular edema
due to BRVO.

There are limitations in this study. First, this study was not a
randomized study with a control group. Second, the effects of
other anti-VEGF agent were not determined. Third, IVB might be
under-treated. Forth, the baseline VA was not equally distributed.
The positive aspects of this study include a relatively large sample
size, longer follow-up period, and the use of BCVA. In addition, all
eyes except the clear phakic eyes were pseudophakic at the last
visit so a worsening of nuclear sclerotic cataracts did not influence
the final BCVA.



In conclusion, the BCVA and foveal thickness improve and are
maintained for a long postoperative period after a single I1VB
injection and followed by PRN protocol, a single intravitreal tPA,
and vitrectomy for macular edema due to BRVO. Although the
final BCVA is comparable among three treatments, about one-third
of the patients need additional surgeries after IVB or intravitreal
tPA. Without the balanced baseline characteristics, one cannot
conclude that VT was a more cost-effective way in treating
patients with BRVO. However, vitrectomy might be considered
as one of treatment options to treat persistent or treatment-
naive patients that could decrease the burden for patients and
physicians.
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Figure legends

Figure 1. Time course of the changes in the best-corrected visual
acuity (BCVA) for all groups. Continued visual improvement
was observed in the tPA and vitrectomy groups. Rapid visual
improvement was observed in the bevacizumab group.

Figure 2. Time course of the changes in the degree of visual
improvement in lLogMAR for all groups.

Figure 3. Time course of the changes in the foveal thickness for
all groups. A continued decrease in the foveal thickness was
observed in the tPA and vitrectomy groups. A rapid decrease in
the foveal thickness is present in the bevacizumab group.

Figure 4. Time course of the changes in the BCVA for the three
types of bevacizumab group.

Figure 5. Time course of the changes in the foveal thickness for
the three types of bevacizumab group.
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Abstract

Purpose : To determine the long-term outcomes after vitrectomy
for macular edema associated with a retinal vein occlusion (RVO) .
Methods : This study was a retrospective, consecutive,
interventional case series. The intraoperative procedures included
internal limiting membrane peeling, arteriovenous sheathotomy,
radial optic neurotomy, and intravitreal triamcinolone acetonide
injection at the end of the surgery. Main outcome measured was
the best-corrected visual acuity (BCVA).

Results : Eight hundred and fifty-four eyes of 854 patients were
studied. The eyes consisted of 602 with branch RVO (BRVO),
74 with hemi-central RVO (hemi CRVO), 87 with nonischemic
CRVO, and 91 with ischemic CRVO. The mean follow-up period
was 68.6 months with a range of 12 to 262 months. The mean
BCVA was significantly improved at the final visit (P<0.0001 to
0.0016) . The final BCVA improved in 74.4% of the BRVO eyes, in
58.1% of the hemi CRVO eyes, in 57.4% of the nonischemic CRVO
eyes, and in 51.6% of the ischemic CRVO eyes. Multiple regression
analysis showed there was no significant relationship between the
intraoperative combined procedures and the final BCVA.
Conclusions : Although the type of RVO determines the final
BCVA, vitrectomy is a treatment option to improve and maintain
BCVA in the long term.

INTRODUCTION

A retinal vein occlusion (RVO) is the second most common vision-
threatening retinal vascular disorder after diabetic retinopathy.
Approximately 16 million people may have RVO from population
studies in the United States, Europe, Asia, and Australia." Patients
with RVO are at risk of vision reduction from complications such
as vitreous hemorrhage, epiretinal membrane formation, and
tractional retinal detachment. Signs indicating a development of
these complications are indications for vitrectomy.

Macular edema is another common cause of visual reduction
in eyes with a RVO, and vitrectomy has been performed for the
macular edema since 1994.2% The results of many studies on
the effectiveness of vitrectomy with and without intraoperative
combined procedures have been published.?3? In combined
vitrectomy, the vitrectomy is combined with internal limiting
membrane (ILM) peeling, arteriovenous sheathotomy, radial optic
neurotomy, intravitreous triamcinolone acetonide (IVTA) at the
completion of surgery, and endovascular cannulation. However,
the role of vitrectomy for macular edema is uncertain,*® and there
is limited evidence from well-conducted randomized studies
indicating that a specific type of surgical intervention for RVO is
superior to the others.*!42

In recent years, the treatment of macular edema secondary
to RVO has shifted to the intravitreal injection of anti-vascular
endothelial growth factor (VEGF) agents.*>*> However, a
recurrence of the macular edema is often observed, and patients
require close monitoring and repeated injections that increase
the risk of endophthalmitis, adverse systemic events,*® and the
financial burdens.*’ In addition, the long-term outcomes of anti-
VEGF treatment and the rate of reoperations* after the anti-VEGF
treatments have not been definitively determined.

Thus, the purpose of this study was to determine the long-term
outcomes of vitrectomy performed by a single surgeon on the
macular edema associated with a RVO.

METHODS

Patients

We reviewed the medical records of all patients who had
undergone vitrectomy for macular edema due to a RVO by a
single surgeon (NO) between September 1994 and November
2011. The inclusion criteria were a presence of RVO and macular
edema with decrease in visual acuity and foveal hemorrhages
that were detected by fluorescein angiography. The exclusion
criteria included eyes with vitreous hemorrhage, severe cataract,
vitreomacular traction, presence of an epiretinal membrane,
previous vitreoretinal surgery, previous macular grid laser
photocoagulation, uncontrolled glaucoma, and other ocular
diseases that could cause a reduction in vision.

All patients had signed an informed consent for the surgery. The
Ethics Committee of the hospital approved the procedures used



in this study, and the procedures conformed to the tenets of the
Declaration of Helsinki.

All of the patients had a complete ophthalmic examination
including measurements of the best-corrected visual acuity
(BCVA) with a visual acuity chart, slit-lamp biomicroscopy with a
contact lens, indirect ophthalmoscopy, fundus photography, and
fluorescein angiography.

An ischemic central RVO was determined to be present when
a retinal nonperfusion area >10 disk diameters that involved
the periphery and/or the macula was present. When iris
neovascularization developed or the nonperfused area enlarged
postoperatively, panretinal photocoagulation was immediately
performed. Patients were examined preoperatively and at 1 day,
1 week, 1, 2, 3, and 6 months post-treatment. The patients were
examined every 3 to 6 months thereafter.

Surgical procedures

All surgeries were performed by one experienced surgeon (NO) .
Phacovitrectomy with intraocular lens implantation was performed
in all phakic patients who were >40-years-of-age to avoid cataract
progression. Standard three-port pars plana vitrectomy was
performed. A separation of the posterior hyaloid from the optic
disk and posterior retina was performed when a posterior vitreous
detachment was not present.

The intraoperative combined procedures included ILM peeling,
cystotomy,*? arteriovenous adventitial sheathotomy, radial
optic neurotomy, drainage of subretinal fluid, and a 10 mg IVTA
injection at the end of surgery.

Statistical analyses

The decimal visual acuities were converted to the logarithm of
minimum angle resolution (logMAR) units. The t tests were used
to determine the significance of the differences in the BCVA,
and chi-square tests were used to determine the significance of
the differences in the ratios of the BCVA. The differences in the
measured values among the groups were compared by analysis
of variance with posthoc comparisons tested by the Scheffe
procedure. An improvement or worsening of the visual acuity was
defined as changes that were greater or lesser than 0.2 logMAR
units. A P <0.05 was accepted as statistically significant. Statistical
analyses of data were carried out with the Statview 5.0 software
(SAS Institute Inc., Cary, North Carolina) .

RESULTS

Eight hundred eighty-two eyes of 882 patients met our selection
criteria. Twenty-eight patients were excluded from the statistical
analysis because they had not been followed for at least 12
months. Therefore, the analyses were performed on 854 eyes of
854 patients.

Four hundred seventy-seven patients (55.9%) were women, 377
(44.1%) were men. The mean age of the patients was 65.9 years
with a range of 31 to 95 years. The mean age of the women was
67.4 + 9.7 years and that of the men was 64.0 + 11.3 years (P
<0.0001) .

The duration of the symptoms was 1 to 60 months with a mean
of 4.3 months and a median of 3.0 months. One hundred seventy
eyes (19.9%) had a duration of <1 months, 550 eyes (64.4%)
had a duration of =3 fewer months, and 109 eyes (12.8%) had a
duration of >6 months.

The follow-up period ranged from 12 to 262 months with a mean
of 68.6 and a median of 53.0 months. The follow-up period of 708
eyes (82.9%) was at least two years, 633 eyes (74.1%) was at
least three years, and 371 eyes (42.1%) was =5 years, and 140
eyes (16.4%) was =10 years of follow-up

For all eyes, 602 had a branch RVO (BRVO), 74 had a hemi-
central RVO (hemi CRVO), 87 had nonischemic CRVO, and 91
had ischemic CRVO. The patients were further subdivided into ;
51 with macular RVO, 305 with first branch RVO, and 246 with
second branch RVO.

The demographics and baseline characteristics of the patients
are shown in Table 1. There were significant differences in the
sex distribution, the BCVA, incidence of glaucoma, prior scatter
or panretinal photocoagulation, incidence of posterior vitreous
detachment, presence of foveal cysts, hemorrhage in the foveal
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cyst, subfoveal hemorrhage, and subfoveal detachment but not for
the age, lens status, duration of symptoms, and follow-up duration
among the four types of BRVO.

The combined vitrectomy procedures are shown in Table 2. ILM
peeling was performed in 564 eyes (66.0%) which included
indocyanine green-assistance in 220 eyes (39.0%) , triamcinolone-
assistance in 216 eyes (38.3%), and no assistance in 128 eyes
(22.7%) . Cystotomy was performed in 77 eyes (9.0%), and
drainage of subretinal fluid was performed in 50 eyes (5.9%) of all
eyes. IVTA was performed at the end of the surgery in 172 eyes
(20.1%) of all eyes. Arteriovenous sheathotomy was performed
in 121 eyes (20.1%) with BRVO, and radial optic neurotomy was
performed on 16 eyes (18.4%) with nonischemic CRVO and 16
eyes (17.6%) with ischemic CRVO.

The time course of the changes in the BCVA for the four types of
BRVO is shown in Figure 1. The visual prognosis was better in the
eyes with BRVO followed by eyes with hemi CRVO, nonischemic
CRVO, and ischemic CRVO.

The time course of the changes in the BCVA for the subtypes of
BRVO is shown in Figure 2. The visual prognosis was better in the
eyes with a macular RVO followed by eyes with a second branch
RVO and with a first branch RVO.

The results of the comparisons of the BCVA at each time point are
shown in Table 3. There was a significant difference between the
preoperative BCVA and that at all postoperative examination times
for all types of RVO. In BRVO, there was a significant difference
in the BCVA at 1 year and that at the final visit (P <0.0001), and
there was a significant difference between the BCVA at 1 year and
that at 2 years (P <0.0001) but not between 2 years and 3 years
(P=0.072).

A summary of the BCVA at 12 months and at the final visit is
presented in Table 4. In eyes with a BRVO with an initial BCVA of
220/40, a final BCVA of 220/20 was found in 119 of the 175 eyes
(68.0%) and a final BCVA of =220/40 was found in 168 of the 175
eyes (96.0%) .

The postoperative complications and rate of reoperations are
shown Tables 5 and 6.

The effects of IVTA on the rate of re-occlusion and development
of neovascular glaucoma are shown in Table 7. Re-occlusion
and neovascular glaucoma were frequently observed in the
eyes treated by IVTA. In eyes with a BRVO without a history of
glaucoma, an IVTA injection increased the incidence of these
complications significantly. In ischemic CRVO without a history
of glaucoma, IVTA increased the rate of neovascular glaucoma
significantly.

The outcomes of multiple regression analyses on the associations
between the occurrence of re-occlusion and several clinical factors
are shown in Table 8, and the outcomes on the associations
between the occurrence of neovascular glaucoma and several
clinical factors are shown in Table 9. The results showed that the
use of IVTA was significantly associated with re-occlusion (r = 0.13,
P =0.0004) and neovascular glaucoma (r=0.14, P = 0.0002) .

The results of multiple regression analyses for the final BCVA in
the different BRVO groups are shown in Table 10. An improvement
of the final BCVA was associated with a younger age, obstruction
located peripherally, better preoperative BCVA, and absence of
hemorrhage in the cysts. IVTA was not a significant factor for the
final BCVA, however, it was significant at 1 month (r =-0.11, P
= 0.0005), 2 months (r =-0.088, P =0.011), and 3 months (r =
-0.075, P =0.035) , but not at 6 months (r =-0.049, P =0.17).

The outcomes of multiple regression analyses for the final BCVA
for the CRVO group are shown in Table 11. A better final BCVA
was significantly associated with a younger age, peripheral
obstruction site, and better preoperative BCVA. IVTA was not a
significant factor associated with the final BCVA, however, it was
significant at 1 month (r =-0.14, P = 0.0068) , 2 months (r =-0.13,
P =0.016). and 3 months (r =-0.11, P = 0.040). but not at 6
months (r =-0.046, P =0.47).

The time course of the changes in the BCVA for the subgroups
of RVO by the duration of symptoms are shown in Figure 3. The
subgroup with a duration=1 month, 2 ~ 3 months, and 3 ~ 6
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months had a similar time course. The subgroup with a duration
>6 months had the worst time course. There was a significant
difference between the preoperative BCVA and the post-treatment
BCVA at all visits in all subgroup of duration (all P <0.0001) .

Table 1 Preoperative Characteristics of the Patient (n=854)
BRVO  Hemi  nonischemic  ischemic
CRVO CRVO CRVO
(=602) (h=74) (=87) (n=91) P value
Age, yrs, mean(SD)  656£100 6724115 659£105 669128 051

Female 670193 6921113 665194 703112 0.089
Male 6361108 6551115 6541116 655115 0.60
Female, n (%) 34(588)C  34(459)  42(483)  47(516) 0.042
Lens status, n(%)
Phakia 570(947) 67(905)  81(93.1)  83(91.2) 0.35

Duration of symptoms
Mean, months (SD) 46174 34£32 33132 43452 0.18
2

=1 month, n(%) 105(174)  18(243) 1(24.7)  26(286)
2 ~ 3months, n (%) 270 (449) 35 (473)  44(506)  31(34.1)
3~e6months, n(%)  149(248) 13(17.6)  13(149)  20(22.0)
>6 months, n (%) 78(130) 8(108  9(103)  14(154) 0.08
BCVA (LogMAR)
Mean (SD) 060£038 0771043 070£048 132046  <0.0001
BCVA (Snellen equivalent)
=20/200, n(%) 142(236)  31(419)  29(333)  77(846)  <0.0001
=20/40, n(%) 175(9.1)  15(203)  22(25.3) 1(1.1) <0.0001
Open-angle glaucoma, n(%) ~ 18(30)  7(95) 8(9.2) 9099) 0.001
Scatter or panretinal PC, n(%) ~ 233(387)  29(39.2)  45(517)  63(69.2) ~ <0.0001
PVD, n(%) 207(344)  41(554)  31(356)  29(31.9)  0.0038
Foveal cyst, n(%) 306(64.0)0 39(527)  53(609) 80(87.9)  <0.0001
Hemorrhage inthe cyst.n(%)  122(394)  11(282) 10185  15(188)  0.0003
Subfoveal hemorrhage, n(%)  194(322)  21(284)  14(161)  16(17.6)  0.0012
Serous foveal detachment, n(%)  222(369)  35(47.3)  20(230)  59(648)  <0.0001

Follow-up duration, mos.
Mean (SD) 6862514 6271492 6924560 734%603 064

RVO = retinal vein occlusion ; BCVA=best-corrected visual acuity
LogMAR = logarithm of the minimal angle of resolution
PC=photocoagulation ; PVD =posterior vitreous detachment

BRVO consisted of 51 eyes with macular vein occlusion, 246 eyes with
second branch, and 305 eyes with first branch.

a<0.0001, b=0.0068, C, Female, n (%) :MVO 24 (47.1), 2nd 152 (61.8),
1st 178 (58.4)

Table 2 Combined Procedures (n=854)

BRVO Hemi  Nonischemic  Ischemic
CRVO (RVO CRVO
(n=602) (n=74) (n=87) (n=91)

4(4.6) 17(18.7
2023) 8

ILM peeling 405 (67.3) 52(703)  47(54.0)  60(65.9)
|CG-assisted 53(37.8)  20(384) 16(340) 31(51.7)
TA-assisted 48(36.5)  23(442)  26(553)  19(31.7)
No-assisted 04(257)  9(17.3)  5(106)  10(16.7)

Cystotomy (8. (187)

( (
(

5 8.8) 3(4.1)
Drainage of subretinal fluid ~ 37(6.1) 3(4.0)
Arteriovenous sheathotomy  121(20.1

Radial optic neurotomy 16(18.4)  16(17.6)
IVTA at the end of surgery ~ 113(18.8)  15(203)  21(24.1)  23(25.3)

IVTA during follow-up 63(105  8(10.8)  15(17.2)  11(12.1)

Data are expressed as number (%)
ILM = internal limiting membrane ; ICG = indocyanine green
TA=triamcinolone acetonide ; IVTA=intravitreal TA injection

Table 3 Procedures by Study Period

Early period Late period
(9/1994 0 6/2003)  (7/2003 t011/2011)
(n=446) (n=408)
20 gauge (N=765) 446(58.3) 319(41.7)

23 or 25 gauge (n=89) 0 89(100.0)

ILM peeling (n=564) 290(51.4) 274(48.6)
Cystotomy (n=77) 71(92.2) 6(7.8)
Drainage of subretinal fluid (n=50) 49(98.0) 1(2.0)

Arteriovenous sheathotomy (n=123) 97(78.9) 26(21.1)

Radial optic neurotomy (n=32) 17(53.1) 15(46.9)

IVTA at the end of surgery (n=172) 39(22.7) 133(77.3)

IVTA during follow-up (n=97) 42(43.3) 55(56.7)

ILM=internal limiting membrane
IVTA=intravitreous triamcinolone acetonide injection
Data are expressed as number (%)

Table 4 Statistical Comparison of Visual Acuity Between Each Time points

Prevs.  Prevs.  Prevs.  Prevs. Tyearvs. 1yearvs. 2yearsvs.
Types Tmonth 6months 1Tyear  final  2years  final zyears

BRVO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.072
Hemi CRVO ~ 0.0006 <0.0001 <0.0001 <0.0001  0.69 0.93 0.17
Nonischemic CRVO 0.0035  0.0017  0.0011 0.0016 0024  0.74 0.85
Ischemic CRVO <0.0001 0.0004 <0.0001 0.0003  0.86 0.22 0.52

P values are shown. Paired t-test was used.

Table 5 Visual Outcomes at 12 months Postoperatively and the Final Visit

BRVO Hemi Nonischemic  Ischemic
CRVO CRVO CRVO
(n=602) (n=74) (n=87) (n=91)

At 12 months postoperatively
BCVA in logMAR
Snellen equivalent BCVA

0.24+0.34 0481049 051£054 1.10£054

£20/200, no. (%) 38(6.3)  18(243)  22(253)  62(68.1)
220740, no. (%) 442(734)  37(50.0)  41(47.1)  10(11.0)
220/20. no. (%) 187(31.1)  16(21.6)  19(21.8) 4(4.4)
Postoperative visual improvement  0.36+0.34  0.30+0.35 0.19+052 0.22+046
Improved, no. (%) 421(69.9) 44(595)  46(529)  48(527)
Unchanged, no. (%) 158(26.2)  26(35.1)  24(276)  29(319)
Worsened, no. (%) 23(38) 4(5.4)  17(195)  14(15.4)

At the final visit
BCVA in logMAR
Snellen equivalent BCVA

0.19£0.37 0.48%0.55 0.50£0.57 1.15£0.61

£20/200, no. (%) 498.1) 202700 28(322)  70(76.9)
220/40, no. (%) 475(789)  37(50.0)  45(51.7)  13(14.3)
220/20. no. (%) 265(44.0)  23(31.1)  21(24.) 4(4.4)
Postoperative visual improvement  0.41+0.38 0.30£0.41 0.20£057 0.18£0.55
Improved, no. (%) 448(74.4)  43(58.1)  50(57.4)  47(51.6)
Unchanged, no. (%) 129(214)  25(338)  21(24.1)  23(25.3)
Worsened, no. (%) 25(4.2) 6(8.1)  16(184)  21(23.1)

logMAR=logarithm of minimum angle resolution

Table 6 Postoperative Adverse Events (n=854)

BRVO Hemi Nonischemic  Ischemic
CRVO (RVO CRVO
(n=602) (n=74) (n=87) (n=91)

Neovascular glaucoma 5(0.8) 3(4.1) 4(4.6) 12(13.2)
Open-angle glaucoma 9(1.5) 207 2(23) 3(33)
Rhegmatogenaus retinal 1002) 0 101.1) 0
Epiretinal membrane 3(05) 0 0 0
Vitreous hemorrhage 0 1(1.4) 0 0
Deposited of foveal hard exudate ~ 3(0.5) 1(1.4) 0 (1.1
Serous retinal detachment 1(0.2) 1(1.4) 0 0
Re-occlusion 42(7.0) 4(5.4) 5(5.5)
Progression to ischemic CRVO 13(14.9)
A o e 203) 0 1(1.1) 0
Atrophic creep 2(0.3) 0 0 0
Choroidal neovascularization 6(1.0) 0 0 0
Endophthalmitis 1(0.2) 0 0 0
Cerebral infarction 2(03) 0 0 0
Central artery occlusion 0 0 0 1(1.1)

Data are expressed as number (%)



Table 7 Postoperative Adverse Events in Acute or Chronic Eyes (n=854)

Acute Chronic
(n=550) (n=304)
Neovascular glaucoma 20(3.6) 4(1.3)
Open-angle glaucoma 10(1.8) 6(2.0)
Rhegmatogenous retinal
detachment 2(0.4)
Epiretinal membrane 3(0.5)
Vitreous hemorrhage 1(0.2)
Deposited of foveal hard exudate 4(0.7) 1(0.3)
Serous retinal detachment 2(0.4)
)

_ =
o000 Ho9o0coo
w

Re-occlusion 35 .
Progression to ischemic CRVO 10(1.8) 3(1.0)
Age-related macular degeneration 2(0.4) 1(0.3)

Atrophic creep 2(0.4)

Choroidal neovascularization 2(0.4) 4(1.3)

Endophthalmitis 1(0.3)

Cerebral infarction 2(0.4)

oQooooocxOOO0OO
@ N

Central artery occlusion

Data are expressed as number (%)

Table 8 Additional Postoperative Surgeries (n=854)

BRVO Hemi Nonischemic ~ Ischemic
CRVO (RVO CRVO
(n=602) (n=74) (n=87) (n=91)

Aiseikai Healthcare Corporation

Table 10 The Effects of IVTA on Re-occlusion and Neovascular Glaucoma

Ahistory of Re-occlusion  Neovascular
Type IVTA glaucoma  Total n(%) glaucoma, n (%)
BRVO present present 4 0 1(25.0)
present absent 109 17(15.6)®  3(2.8)°
absent present 14 1(7.1) 0
absent absent 475  24(5.1)° 1(0.2)°
Hemi present present 1 0 0
CRVO present absent 14 2(14.3) 1(7.1)
absent present 6 0 1(16.7)
absent  absent 53 2(3.8) 1(1.9)
Nonischemic present present 2 2(100.0) 2(100.0)
CRVO present absent 19 4(21.1) 1(5.3)
absent  present 6 0 0
absent  absent 60 7(11.7) 1(1.7)
Ischemic ~ present present 3 0 1(33.3)
CRVO present absent 20 3(15.0) 6(30.0) ¢
absent present 6 0 0
absent  absent 62 2(3.2) 5(8.1)¢

IVTA=intravitreous triamcinolone acetonide injection at the end of

surgery
RVO=retinal vein occlusion
a=0.0001, b=0.0037, c=0.012

Table 11 Multiple Regression Analyses for Re-occlusion

Glaucoma surgery
Neovascular glaucoma 10.4) 1011 6(6.6)
Open-angle glaucoma 3(05)  3(41)  2(23) 222

Vitrectomy

Rhegmatogenous retinal detachment 1 (0.2) 1(1.1)

Epiretinal membrane 3(0.5)
Vitreous hemorrhage 1(1.4)
Deposit of foveal hard exudate 1
Endophthalmitis 1
Choroidal neovascularization 1
large cyst 1 101.1)
Serous retinal detachment 1
7

0.
0.
0.
0.
0.
Persistent macular edema 1.

prrrrr

217y 223 1011
) 7(95) 7(8.0) 9(9.9

N

Total 19(3.
Data are expressed as number (%)

Table 9 Additional Postoperative Procedures in Acute or Chronic Eyes (n=854)

Acute Chronic
(n=550) (n=304)
Glaucoma surgery
Neovascular glaucoma 8(1.5) 0
Open-angle glaucoma 8(1.5) 2(0.7)
Vitrectomy
Rhegmgg&gg&rggagetmal 2(0.4) 0
Epiretinal membrane 3(0.5) 0
Vitreous hemorrhage 1(0.2) 0
Deposit of foveal hard exudate 1(0.2) 0
Endophthalmitis 1(0.2) 0
Choroidal neovascularization 1(0.2) 0
large cyst 1(0.2) 1(0.3)
Serous retinal detachment 0 1(0.3)
Persistent macular edema 9(1.6) 2(0.7)
IVTA during follow-up 70(12.7) 27(8.9)

IVTA=intravitreous triamcinolone acetonide injection
Data are expressed as number (%)

Independent variable B value P value
Female 0.048 0.17
Age -0.008 0.83
Branch 0.086 0.026
Duration of symptoms -0.024 0.51
Previous photocoagulation -0.018 0.65
Posterior vitreous detachment -0.016 0.67
Preoperative visual acuity -0.12 0.0021
Cyst 0.097 0.014
Hemorrhage in the cyst -0.071 0.061
Subretinal fluid 0.086 0.030
Subretinal hemorrhage -0.045 0.24
Internal limiting membrane peeling -0.087 0.016
Intravitreous triamcinolone 0.13 0.0004
Cystotomy -0.029 0.43
Drainage of subretinal fluid -0.030 0.42

Adjusted R?=0.068 for re-occlusion in multiple regression (P < 0.0001)

Table 12 Multiple Regression Analyses for Neovascular Glaucoma

Independent variable B value P value
Female -0.043 0.20
Age -0.043 0.20
Branch 0.095 0.013
Duration of symptoms -0.043 0.22
Previous photocoagulation -0.032 0.39
Posterior vitreous detachment -0.040 0.29
Preoperative visual acuity 0.13 0.0011
A history of glaucoma 0.1 0.0015
Cyst -0.002 0.95
Hemorrhage in the cyst 0.039 0.30
Subretinal fluid 0.076 0.049
Subretinal hemorrhage -0.077 0.039
Internal limiting membrane peeling -0.008 0.81
Intravitreous triamcinolone 0.14 0.0002
Cystotomy -0.004 0.92
Drainage of subretinal fluid 0.004 0.92
Re-occlusion 0.13 0.0002

Adjusted R?=0.12 for neovascular glaucoma in multiple regression (P <

0.0001)
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Table 13 Multiple Regression Analyses for the Final BCVA for the BRVO (n=602)

Independent variable B value P value
Female 0.048 0.17
Age 0.25 <0.0001 &
Branch 0.10 0.0058 S
Duration of symptoms 0.058 0.12 5 -0 st branch
Previous photocoagulation -0.021 0.59 = --®-- Second branch
Posterior vitreous detachment -0.059 0.14 g A~ Macular vein
Preoperative visual acuity 0.43 <0.0001 2
Cyst 0.059 0.15 Z
Hemorrhage in the cyst -0.084 0.038
Subretinal fluid -0.035 0.40 I ° s ” e
Subretinal hemorrhage -0.024 0.56 Figure 3 Time (months)
Internal limiting membrane peeling 0.009 0.81
IVTA at the end of surgery -0.015 0.68
Arteriovenous sheathotomy -0.037 0.31
Cystotomy -0.019 0.62
Drainage of subretinal fluid 0.072 0.069 g
IVTA during follow-up 0.046 0.21 g
Adjusted R?=0.34 for final BCVA in LogMAR in multiple regression (P < ; 3
0.0001) 3 -
IVTA=intravitreous triamcinolone acetonide injection g o =3
§ 02
Table 14 Multiple Regression Analyses for the Final BCVA for the CRVO (n=178) 0.1
Independent variable B value P value O T i = =
Female 0.063 0.29 ‘
Age 0.38 <0.0001 Figure 4 Time (months)
Ischemic 0.20 0.0061
Duration of symptoms 0.025 0.66
Previous photocoagulation -0.029 0.63
Posterior vitreous detachment -0.017 0.79
Preoperative visual acuity 0.48 <0.0001 &
Cyst 0.035 0.56 £ o -
Hemorrhage in the cyst 0.077 0.19 2 .2=31
Subretinal fluid -0.018 0.77 = A%
Subretinal hemorrhage -0.004 0.95 E a6
Internal limiting membrane peeling -0.065 0.29 e
IVTA at the end of surgery 0.043 0.53 >
Radial optic neurotomy -0.082 0.20 0 |
Cystotomy -0.044 0.45 e 1 203 ¢ ° *2 Fine
Drainage of subretinal fluid 0.056 0.34 Figure 5 Time (months)
IVTA during follow-up -0.006 0.92
Adjusted R?=0.55 for final BCVA in LogMAR in multiple regression (P < 075
0.0001)
IVTA=intravitreous triamcinolone acetonide injection
g
=
k
; —O— early period
§ lat d
© ---i--- late perio
g ’
= >
g —e—BRVO
fraa |
c ------ Hemi
S
£ B i—A— Ischemic
2 o Nonischemic pe 1 2 3 6 9 12 Final
© .
2 \ Figure 6 Time (months)
&
0 25
pre 1 2 3 6 9 12 Final
Figure 1 Time (months) 20 ° . °
x .
<
= 15
800 8 et
o )
700 > 10 [ J ]
5 % .: o0 o0 .. [ ] L]
5 600 B % o5 o .
o 500 —e—BRVO é
2 00 R:=0.041
§ o a0 o |- A b P=0.0030
i 00 ~Q—a—Ischemic 0.5
g ______ 0 100 200 300 400 500 600 700 800
LE 200 ---0--- Nonischemic
75 Figure 7 Foveal thickness (um)
8 | DISCUSSION
pe 123 6 o 12 Final The results showed that the BCVA was improved at the end of
Figure 2 Time (months) the first postoperative year, and the BCVA was maintained for a

long period thereafter in all types of RVO. Recently, intravitreal
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injection of anti VEGF agents are very common treatment for ME
secondary to RVO. However, our present findings indicate that
there are several good points in vitrectomy.

RVO occurred more frequently in men than women except for
the major BRVOs. Men tended to develop RVO at a younger age
than women. CRVOs were significantly associated with glaucoma.
These findings are consistent with the reports by Hayreh et
al** %% and indicate the patients in our cohort have the general
characteristics of RVO.

Hemorrhage in the foveal cysts and subfoveal hemorrhages
were frequently observed in eyes with BRVO. Foveal cysts and
serous foveal detachments were frequently observed in eyes with
ischemic CRVO. Because there was no significant difference in
the age and duration of the symptoms, the biomicroscopically-
observed pathological foveal changes appear to be characteristic
of the RVO types. These changes did not significantly affect the
final BCVA, however, further study are needed to determine the
associations between optically-observed foveal changes and
functional outcomes.

The time course of the changes in the BCVA for the 4 types of RVO
showed that the improvements of the BCVA were greater during
the early postoperative period and lesser and slower thereafter.
This is consistent with our previous findings that the visual gain
curves after vitrectomy for different macular diseases can be well
fit by a hyperbolic function.® The continued visual improvement
after vitrectomy is in contrast to the early improvement after anti-
VEGF therapy.®

The time course of the changes in the BCVA indicates that the
type of RVO determines the long term BCVA. Hemi CRVO and
nonischemic CRVO had similar changes which is not unexpected
because the pathogenesis of hemi CRVO is quite similar to that of
CRVO.>? The statistical comparisons showed the BCVA improved
during the first postoperative year, and the BCVA was maintained
for a long time in all types of RVO. In BRVO, the improvement
continued postoperatively even after one year. There was a
significant improvement from 1 year to 2 years postoperatively.
These findings suggest that the outcomes on the BCVA after
vitrectomy for BRVO requires longer follow-up times of at least 2
years.

The BRVOs consisted of three subtypes, and the degree of
improvement of the BCVA was in the following order ; macular
RVO, second branch RVO, and first branch RVO. A final BCVA of
=20/40 was obtained in 70 to 94% of the patients, and a final
BCVA of =20/20 was obtained in 37 to 63%. These findings
suggest that the evaluation of the BCVA after vitrectomy for a
BRVO needs to be classified by the subtypes. In addition, these
findings indicate that the major and macular RVOs are two distinct
clinical entities.> >4

Rogers et al reported that the visual acuity improved in eyes with
BRVO without intervention although significant improvements
>20/40 was not common.>> In our cohort, a final BCVA of 220/40
was obtained in 78.9%. Quinlan et al>® studied the natural course
of 107 nonischemic CRVO eyes and 61 ischemic CRVO eyes with
a mean follow-up duration of 22 months (6 months to 6 years) .
In the nonischemic CRVO eyes, the final BCVA improved in 15%
and worsened in 31%, and a final BCVA was <20/200 in 50%
of the patients. In ischemic CRVO, an improvement of the final
BCVA was found in 28% and a worsening in 38%. The final BCVA
was =20/200 in 93%, counting fingers or worse in 54%, and hand
motions or worse in 36%. In our cohort of nonischemic CRVO, the
final BCVA improved in 57% and worsened in 18%, and the final
BCVA was <20/200 in 32%. In ischemic CRVO, the final BCVA
improved in 52% and worsened in 23% of the eyes, and the final
VA was <20/200 in 77%, counting fingers or worse in 10%, and
hand motions or worse in 9%. Our present findings indicate that
vitrectomy is not inferior to natural course of RVO.

Our results showed that a faster visual recovery was present in
patients treated with an IVTA injection. However, IVTA was not
a significant factor for the final BCVA. This is consistent with one
report that there was no significant difference in the improvement
of BCVA between vitrectomy alone group and vitrectomy with
IVTA group at 12 months postoperatively.?® Moreover, we found
that IVTA can increase the risk of glaucoma and re-occlusion.
However we could not explain the mechanism, further examination
is needed.

Aiseikai Healthcare Corporation

The duration of the symptoms was a factor that significantly
affected the BCVA. A longer duration before treatment was
associated with poorer BCVA but the differences were not
significant. The BCVA improvements in patients with duration of
=1 month, 2 to 3 months, and 3 to 6 months have similar BCVA
and better BCVA than eyes with a longer duration than 6 months.
These results suggest that the vitrectomy improved the visual
outcomes even in the eyes with long duration macular edema, but
similar outcomes were obtained if the duration was <6 months.
Thus, early treatment for macular edema is recommended to
achieve better BCVAs. However, macular edema occasionally
resolves during the natural course, and the duration of symptoms
and signs are uncertainly. Further studies are needed to determine
whether anti-VEGF treatment should be performed at or soon
after the first visit.

It is clear that a depression of the VEGF levels leads to excellent
short-term outcomes in patients with RVO.>” However, there have
been only a few reports on the long term outcomes of anti-VEGF
therapy.>*? In patients with BRVO, a pre-treatment of eyes with
a BCVA of =20/40 in the VIBRANT®?, HORIZON?®®, and this study
was 25.2%, 70.2%. and 29.1% at the baseline and 84.6%, 61.6%.
and 73.4% at 12 months, respectively. The incidence of a BCVA of
<20/200 in the HORIZON?®® and this study was 2.9%, and 23.6% at
baseline and 2.7%, and 6.3% at 12 months, respectively. In eyes
with a CRVO including ischemic CRVO, the incidence of eyes with
a BCVA of 220740 in the HORIZON®® and this study was 51.0%
and 12.9% at the baseline and 41.2% and 28.7% at 12 months,
respectively. The incidence of eyes with a BCVA of <20/200 in the
HORIZON?®® and this study was 8.2%, and 59.6% at baseline and
5.9% and 47.2% at 12 months, respectively. Our present findings
indicate that BCVA at 12 months after vitrectomy is not inferior to
anti-VEGF therapy.

The RETAIN study®” reported on the outcomes of intravitreal
ranibizumab injections for RVO, and the results showed that one-
half of the patients had a resolution of edema, and the other
half still needed repeated injections even in the fourth year. The
mean number of injections for macular edema due to CRVO was
10.9 in the aflibercept group and 14.4 in the ranibizumab group
with a follow-up period of 18 months.®® In addition, serial anti-
VEGF therapy did not prevent the developments of neovascular
abnormalities,®? and an increase in the size of the nonperfused
area.®®> These findings suggest that serial anti-VEGF therapy still
requires repeat injections and treatments for neovascular events
during long-term follow-ups. Smiddy®* concluded that the relative
cost and benefits of anti-VEGF therapy should also be considered
when considering the treatment strategies. Vitrectomy was
reported to be a useful method in terms of the relative costs and
benefits for diabetic macular edema® and proliferative diabetic
retinopathy.®> We believe that vitrectomy is a useful therapy for
macular edema due to RVO in terms of the relative costs and
benefits.

The exact mechanism for the effectiveness of vitrectomy was not
determined. It is known that the release of traction, removal of
angiogenic agents and improving oxygenation to the retina®-t®
may play important roles. In this study the final BCVA was not
associated with PVD. Thus we believe that the main reason may
be improving oxygenation to the retina. Further analysis is needed
to explain the effectiveness of vitrectomy.

There are limitations in this study. The absence of a control
group that underwent observations only or had undergone anti-
VEGF treatments. The positive aspects of this study include a
large sample size, phacovitrectomy by the same surgeon, longer
follow-up period, and the use of BCVA. In addition, all eyes except
the clear phakic eyes were pseudophakic at the last visit so a
worsening of nuclear sclerotic cataracts did not influence the final
BCVA.

In conclusion, the BCVA improves and is maintained for a long
postoperative period after vitrectomy for macular edema due to
RVO. The type of RVO determines the degree of improvement. The
effects of several attempts to release the obstruction site seem
invalid. We recommend that vitrectomy might be considered to
treat persistent or treatment-naive patients which could decrease
the financial and time burden for patients and physician.
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Figure legends

Figure 1. Time course of the changes in the best-corrected visual
acuity (BCVA) for the four types of retinal vein occlusions (RVO) .
The improvement of the BCVA was best in the eyes with branch
RVO followed by those with hemi central RVO (CRVO), and
nonischemic CRVO, and ischemic CRVO.

Figure 2. Time course of the changes in the BCVA for the subtypes
in BRVO. The improvement is best in the eye with macular RVO
followed by second branch RVO, and then by first branch RVO.

Figure 3. The duration on the time course of the improvement of
the RVO was not significantly different in the eyes with durations
of RVO of <1 month, 2 to 3 months, and 3 to 6 months. The
eyes with a duration >6 months have the slowest time course of
recovery.
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Abstract

Purpose : Recently, the use of three-dimensional real inversion
recovery (3D-real IR) imaging has been proposed for the
evaluation of endolymphatic hydrops (EH). This method shows
similar contrast between the endolymphatic and perilymphatic
spaces and surrounding bone compared to the HYbriD Of
Reversed image of Positive endolymph signal and native image
of perilymph Signal Multiplied with heavily T2-weighted MR
cisternography (HYDROPS-Mi2) image. We measured the volume
of the endolymphatic space using 3D-real IR and HYDROPS-Mi2
images, and compared the measurements obtained with both
techniques.

Methods : HYDROPS-Mi2 and 3D-real IR images were obtained
for 30 ears from 15 patients with clinical suspicion of EH : imaging
was performed 4 hours after intravenous administration of a
single dose of gadolinium-based contrast agent. We measured the
volume of the endolymphatic space in the cochlea and vestibule
by manually drawing the regions of interest. The correlation
between endolymphatic volume determined from HYDROPS-Mi2
images and 3D-real IR images was calculated.

Results : There was a strong positive linear correlation between
the cochlear and vestibular endolymphatic volume determined
from HYDROPS-Mi2 and 3D-real IR images. The Spearman’s rank
correlation coefficient ( o) between the measurements obtained
with both images was 0.805 (P < 0.001) for the cochlea and 0.826
(P < 0.001) for the vestibule.

Conclusion : The endolymphatic volume measured using 3D-real
IR images strongly correlated with that measured using HYDROPS-
Mi2 images. Thus, 3D-real IR imaging might be a suitable method
for the measurement of endolymphatic volume.
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Magnetic resonance (MR) imaging is used for the evaluation of
endolymphatic hydrops (EH). a pathological finding associated
with Meniere's disease. The 3-dimensional fluid-attenuated
inversion recovery (3D-FLAIR) imaging has high sensitivity to low
concentrations of gadolinium-based contrast agents (GBCASs) in
fluid compared to conventional T1-weighted imaging.* In particular,
the heavily T2 weighted 3D-FLAIR (hT2w-3D-FLAIR) imaging with
a long effective echo time is very sensitive to subtle T1 shortening
and can detect low concentration of GBCAs in the perilymphatic
space after intravenous administration of a single dose of GBCA
(IV-SD-GBCA) . &7 Furthermore, the subtraction image from two
types of hT2w-3D-FLAIR imaging with different inversion times after
IV-SD-GBCA : HYbriD of Reversed image Of Positive endolymph
signal and native image of perilymph Signal (HYDROPS) technique,
and the multiplication image of HYDROPS and MR cisternography
(MRC) : HYDROPS-Multiplied with heavily T2-weighted MR
cisternography (HYDROPS-Mi2) technique have been proposed
to increase the contrast-to-noise ratio (CNR) between the
endolymph, perilymph and bone.® ° Separate visualization of the
endolymph, perilymph, and bone by these techniques has reduced
the difficulty in evaluating EH. Because of this, EH imaging after I\V-
SD-GBCA has become widely used clinically for the visualization of
EH.2

The HYDROPS and HYDROPS-Mi2 techniques have the potential
risk of misregistration artifacts caused by a patient's movement due
to post-image processing for the subtraction or multiplication that
is required to generate these images.® ° We routinely perform EH
imaging 4 hours after IV-SD-GBCA using a hT2w-3D-FLAIR imaging
and quantitatively evaluate the volume of the endolymphatic
space using HYDROPS-Mi2 images in accordance with previously
reported studies.> '° During our repeated evaluation of EH using
HYDROPS-Mi2 technique, we have occasionally encountered cases
with misregistration artifacts. 3D-real inversion recovery (3D-real
IR) imaging, which based on phase-sensitive reconstruction,
does not require post processing using multiple imaging to
delineate the endolymph and perilymph and can reduce the risk
of misregistration artifacts."” The conventional 3D-real IR imaging
after IV-SD-GBCA has an insufficient CNR to enable separate
visualization of the endolymph, perilymph, and surrounding bony
structures when evaluating EH. To circumvent these issues, an
improved 3D-real IR imaging, which increases the CNR between
these structures, was recently proposed.'? To validate the use of
this imaging sequence for the evaluation of EH volume, volume
measurements of the endolymphatic space obtained by 3D-real IR
imaging should be compared with those obtained by HYDROPS-
Mi2 technique.

In the present study, we measured the volume of the
endolymphatic space using 3D-real IR and HYDROPS-Mi2 images,
and compared the measurements obtained by these methods.

Materials and methods

Patients and materials

To assess cases with clinically suspected Meniere's disease, we
measured the endolymphatic volume of 30 ears from 15 patients
(9 men, 6 women ; ages: 21 to 70 years, median : 56 years)
who underwent MR examination from November, 2017 through
September, 2018 and who did not show imaging artifacts caused
by the patient's movement. The estimated glomerular filtration rate
(eGFR) of all patients exceeded 60 ml/min/1.73m?2 The medical
ethics committee of our hospital approved this retrospective study
and waived informed consent. All MR scans used in the present
study were performed on a 3-tesla MR scanner (MAGNETOM
Skyra ; Siemens Healthcare, Erlangen, Germany) with a 32-channel
phased-array head coil, and images were obtained 4 hours after
IV-SD-GBCA. The GBCA administered to patients in the present
study was a macrocyclic GBCA (Gd-HP-DO3A : ProHance, Eisai,
Tokyo, Japan) . A single dose of GBCA was defined as 0.1 mmol/
kg body weight. A DICOM viewer (OsiriX version 5.8 32 bit ;
Pixmeo SARL, http : //www.osirix-viewer.com/) was used for
image processing and analysis. Statistical analyses were performed
with R software (version 3.4.3, The R Foundation, https : //www.
R-project.org/) .

MR imaging

All imaging sequences were based on a hT2w 3D-turbo spin echo
(TSE) imaging with a variable refocusing flip angle. We obtained
four types of images : MRC, positive perilymph image (PPI),
positive endolymph image (PEl), and 3D-real IR image. The details
of the sequence parameters are listed in Table 1. For MRC imaging,
an hT2w-3D-TSE imaging (TR=4400 ms, TE=544 ms) without
an IR pulse was applied. For imaging of PPl or PEl, an hT2w-
3D-TSE imaging with TR (9000 ms) and a nonselective IR pulse
(PPI': 2250 ms, PEI': 2050 ms) to suppress the endolymphatic or

perilymphatic space signals was applied. For 3D-real IR imaging,
an hT2w-3D-TSE imaging, which had been reconstructed phase-
sensitively, with an extended TR (15130 ms) and a nonselective
IR pulse (2700 ms) to suppress the endolymphatic space signal
was applied. The oblique degree of the slab for all sequences was
parallel to the anterior commissure (AC) -posterior commissure
(PC) line and bilateral internal auditory canal in the axial plane.
The slab thickness for MRC, PPI, and PEI was 104 mm, and the slab
center was set at the level of the internal auditory canal. The slab
thickness for 3D-real IR imaging was 256 mm, and the slab center
was set at the level of the mammillary body. The voxel size of all
sequences was 0.5 X 0.5 X 1.0 mm. The HYDROPS-Mi2 images
were generated according to the following methods which were
described in a previous study.’

HYDROPS = PPI - PEI

HYDROPS-Mi2 = HYDROPS X MRC

We confirmed that there were no misregistration artifacts
greater than 1 mm in any patient for the HYDROPS-Mi2 images.
Image analysis
We corrected the slight position gap between the MRC, HYDROPS-
Mi2, and 3D-real IR images using the position correction program
of OsiriX by manually designating pixels. Two radiographers with
15 years (T.0.) and 7 years (A.T.) of experience in MR imaging
manually drew the regions of interest (ROIs) along the boundary
of the cochlea and the vestibule on all MRC slices according to
previously reported methods.'® The ROIs from the MRC images
were copied and pasted onto the HYDROPS-Mi2 and the 3D-real
IR images. An example of the ROI segmentation is shown in Fig.
1. In the present study, we regarded all voxels within the ROIs
as representing the total lymphatic space, and the voxels within
the ROIs indicating negative signal intensity were defined as the
endolymphatic space. The number of voxels representing the
total lymphatic and the endolymphatic spaces were counted for
all image slices from the HYDROPS-Mi2 and the 3D-real IR. The
percentage of the volume of the endolymphatic space in the total
lymphatic space (%ELwume) was defined as follows : 1°

%ELvwoume = (sum of the number of negative voxels representing
the endolymph in the ROIs from all slices divided by the total
number of voxels in the ROIs of all slices) x 100.

The cochlear and the vestibular %ELvoume from the HYDROPS-Mi2
and 3D-real IR images were calculated.

The intra-class correlation coefficients (ICCs) between the
measurements obtained by the two observers were calculated.
The correlation between the %ELvowme from the HYDROPS-Mi2
images and the 3D-real IR images was evaluated by a Spearman's
rank correlation coefficient using the mean value of the two
observers' measurements. The significant difference between the
%ELvoume from the HYDROPS-Mi2 images and the 3D-real IR images
was evaluated by the Wilcoxon signed-rank test using the mean
value of the two observers' measurements. We considered a
probability value less than 0.05 as statistically significant.

Results

Representative images obtained in the present study are shown in
Fig. 2. The ICCs between the measurements of the two observers
were 0.982 for the cochlear %ELwowme and 0.989 for the vestibular
%ELwowme. There was a strong positive linear correlation between
the cochlear and vestibular %ELwwme of the HYDROPS-Mi2
images and the 3D-real IR images (Fig. 3). The Spearman's rank
correlation coefficient (o) between the %ELwowume of the HYDROPS-
Mi2 images and the 3D-real IR images was 0.805 (P < 0.001) for
the cochlea and 0.826 (P < 0.001) for the vestibule. The cochlear
and vestibular median %ELvwowme of the 3D-real IR images was
significantly lower value than that of the HYDROPS-Mi2 images (P
<0.001).

Discussion

In the present study, there was a strong positive linear correlation
between the HYDROPS-Mi2 and the 3D-real IR images for both the
cochlear and vestibular endolymphatic volume measurements, and
the cochlear and vestibular endolymphatic volume of the 3D-real
IR images was significantly lower value than that of the HYDROPS-
Mi2 images. Judging from the slope of the graphs (Fig. 3a, b), the
endolymphatic volume obtained using 3D-real IR images tends
to show a lower value compared to the HYDROPS-Mi2 images
especially in the cochlear measurement.

Although the utricle and the saccule, which contain the
vestibular endolymph, are oblong-shaped organs of reasonable
size, the cochlear duct containing the cochlear endolymph is a
ductal organ of smaller size. Due to the morphological differences
in these structures, the cochlear endolymph tends to appear as a
smaller structure than the vestibular endolymph in axial sections



from MR imaging. The number of pixels representing the cochlear
endolymph on a single MR image was typically 5-9 pixels even in
cases diagnosed as having “significant endolymphatic hydrops"
using the Nakashima grade. The ratio of the pixels located on a
boundary between the endolymph and perilymph to the pixels of
the endolymphatic space is larger in the cochlea compared to the
vestibule.

The HYDROPS-Mi2 technique provides a sufficient CNR to
accurately divide the cochlear endolymphatic and perilymphatic
spaces, as the individual signals of the endolymph, perilymph
and the total lymphatic space are obtained separately and these
images are arithmetically processed to generate the HYDROPS-Mi2
image. ° With the 3D-real IR imaging the endolymph and perilymph
signals are obtained in a single acquisition ; it also has a longer
echo train length that causes more blurring artifacts compared
to PPl and PEI. Therefore, the evaluation of the endolymphatic
space in the cochlea is more sensitive to the partial volume
effect compared with that in the vestibule, especially on 3D-real
IR images. This characteristic of 3D-real IR images should be
considered when applying 3D-real IR imaging to the quantification
of EH volume ratio in the cochlea.

The acquisition time for 3D-real IR images is shorter (11
minutes) than for HYDROPS-Mi2 images (18 minutes) : moreover,
the 3D-real IR imaging does not require post-imaging processing.
The results of the present study suggest that the 3D-real IR
imaging is a potential alternative method to the HYDROPS-Mi2
technique for quantification of the endolymphatic space. Further
study is warranted to improve the CNR of the 3D-real IR images
between the endolymph and perilymph for clear quantification of
the endolymphatic space.

Subjective evaluation methods such as the saccule to utricle
ratio inversion (SURI) ' and the presence of the vestibular
endolymphatic space contacting the oval window (VESCO) '* have
been utilized in conjunction with 3D-FLAIR images. However, the
presence of EH was only evaluated using 3D-FLAIR images after IV-
GBCA in these studies.”> '* Using only 3D-FLAIR images, it is not
possible to differentiate between bone, air and the endolymphatic
space. Even for these subjective evaluation methods, it might be
easier to employ 3D-real IR imaging than to use 3D-FLAIR imaging.
Furthermore, the study evaluating the VESCO' utilized a double-
dose of IV-GBCA. With our method utilizing the 3D-real IR imaging
we can evaluate the SURI and the VESCO, as well as the volume
of the endolymphatic space in cochlea and vestibule, respectively,
after only a single dose of IV-GBCA.

Limitations

The present study has a few limitations. We evaluated only a small
number of patients. The placement of the ROI was performed
manually, although measurements from two observers indicated
good agreement. The order of the image acquisition was not
randomized, although the time lag between each scan did not
affect the size of the EH in regards to the time course of the
perilymph enhancement.'® The true value of the endolymphatic
volume was unknown, although the EH volume ratio by the
HYDROPS-Mi2 and the 3D-real IR images showed strong
correlation.

Conclusion

The endolymphatic volume ratio measured using 3D-real IR
images strongly correlated to that measured using HYDROPS-Mi2
images. Thus, 3D-real IR imaging might be suitable as a substitute
sequence for HYDROPS-Mi2 imaging.

Disclosure Statement
None of the authors have any conflicts of interest regarding the
present study.
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Figure legends

Fig. 1. An example of a region of interest (ROI) for the
measurement of endolymphatic volume. The ROIs were manually
drawn along the boundary of the cochlea and vestibule using
magnetic resonance cisternography (MRC) (a). The ROIls were
copied and pasted onto the HYbriD of Reversed image Of Positive
endolymph signal and the native perilymph image using the Signal-
Multiplied with heavily T2-weighted MR cisternography (HYDROPS-
Mi2) image (b) and the 3D-real inversion recovery (3D-real IR)
image (c) .

Fig. 2. Representative images. A 55-year-old woman with significant
endolymphatic hydrops (EH) ; magnetic resonance cisternography
(MRC) (a) : HYbriD of Reversed image Of Positive endolymph
signal and native image of the perilymph Signal-Multiplied with
heavily T2-weighted MR cisternography (HYDROPS-Mi2) image
(b) ; 3D-real inversion recovery (3D-real IR) image (c). The EH is
clearly visible in the HYDROPS-Mi2 and 3D-real IR images (arrows).
Fig. 3. Scatterplots of the percentage of the volume of the
endolymphatic space in the total lymphatic space (%ELvoume)
showing the correlation between the HYbriD of Reversed image Of
Positive endolymph signal and native image of perilymph Signal-
Multiplied with heavily T2-weighted MR cisternography (HYDROPS-
Mi2) images and the 3D-real inversion recovery (3D-real IR)
images. There is a strong positive linear correlation between the
%ELwowme Of the cochlea and vestibule from the HYDROPS-Mi2
images and the 3D-real IR images. The Spearman's rank correlation
coefficient (o) between the %ELvowme of the HYDROPS-Mi2 images
and the 3D-real IR images is 0.805 (P < 0.001) for the cochlea and
0.826 (P <0.001) for the vestibule.
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Abstract

Purpose : The aim of this study was to evaluate the impact
of cervical lymph node dissection on acid reflux and
duodenogastroesophageal reflux (DGER) in patients undergoing
transthoracic esophagectomy with gastric tube reconstruction and
intrathoracic esophagogastrostomy.

Methods : Thirty-one patients receiving transthoracic
esophagectomy with gastric tube reconstruction by intrathoracic
esophagogastrostomy were divided into the following two
groups: a two-field lymph node dissection group (2F group) and
a threefield lymph node dissection group (3F group). All patients
underwent 24-h pH and bilirubin monitoring and gastrointestinal
endoscopy at 1 year after surgery. The 24-h pH and bilirubin
monitoring results, endoscopic findings, and reflux symptoms were
compared between the 2 groups.

Results : No acid reflux was observed in the 2F group, whereas it
was observed in 6 (40%) patients in the 3F group (p = 0.007).
DGER was found in 2 patients (13%) in the 2F group and in 8 (53%)
in the 3F group (p = 0.023). Four patients (25%) in the 2F group
and 9 (60%) in the 3F group (p = 0.048) had reflux esophagitis.
Conclusion : Cervical lymph node dissection increases acid
reflux and DGER and can lead to an increase in the incidence
of reflux esophagitis in patients undergoing intrathoracic
esophagogastrostomy.

Keywords: Cervical lymph node dissection - Duodenogastroesophageal
reflux - Intrathoracic esophagogastrostomy

Introduction

Thoracic esophageal cancer can metastasize to regional lymph
nodes from the neck to the abdomen. Therefore, three-field lymph
node dissection with cervical lymph node dissection, including
bilateral cervical para-recurrent laryngeal nerve lymph node
dissection and bilateral supraclavicular lymph node dissection, is
often performed.

However, despite an improved prognosis with three-field lymph
node dissection, complication and mortality rates are high [1-4].
Furthermore, three-field lymph node dissection has been reported
to decrease the quality of life of patients compared with two-field
lymph node dissection (without cervical lymph node dissection).
For example, Nakamura et al. reported that three-field lymph node
dissection is associated with greater postoperative gastrointestinal
dysfunction than is two-field lymph node dissection, particularly
with regard to decreased physical activity and reflux symptoms
[5]. However, no reports have compared the postoperative
endoscopic findings between two- and three-field dissections.
In addition, no detailed study has been conducted using 24-h
pH and bilirubin monitoring to compare the extent of acid reflux
and duodenogastroesophageal reflux (DGER) between these two
groups.

The aim of this study was to evaluate the impact of cervical
lymph node dissection on acid reflux and DGER in patients
undergoing transthoracic esophagectomy with gastric tube
reconstruction and intrathoracic esophagogastrostomy.

Patients and methods

Patients

Of 135 patients who underwent right transthoracic subtotal
esophagectomy for esophageal cancer in our department between
January 1997 and December 2011, 62 underwent gastric tube
reconstruction and intrathoracic esophagogastrostomy. A total of 19
patients who refused simultaneous pH and bilirubin monitoring were
excluded from this study. We previously reported that the location
of esophagogastrostomy is closely associated with acid reflux and
DGER [6]; therefore, to preclude the impact of the esophagogastric
location, 12 patients who underwent esophagogastrostomy below
the center of the aortic arch were excluded.

The remaining 31 patients were subjected to an analysis,
including 26 males and 5 females with a median age of 67.5 years
old (range 52-74 years old). We evaluated simultaneous pH and
bilirubin monitoring data, endoscopic findings, and reflux symptoms.
The 31 patients were divided into a 2-field lymph node dissection
group (2F group, n = 16) and a 3-field lymph node dissection group
(3F group, n = 15), and the results of the above examinations
were compared between the 2 groups. The tumor location and
clinical stage were estimated according to the UICC, 7th edition.
Postoperative complications were assessed based on the Clavien-
Dindo classification [7]. The ethics committee of Nagoya University
Hospital approved our study (No2016-0442).

Surgical procedure

The abdomen was explored through an upper midline incision. After
perigastric and celiac lymph node dissection, a gastric tube was
constructed using a linear cutting stapler (Proximate Linear Cutter
75; Ethicon Endo-Surgery, Cincinnati, OH, USA). The stapler was fired
as many times as necessary to divide the stomach from the lesser
curvature at the anastomosis between the right and left gastric arteries
along the axis of the greater curvature, creating an approximately
4-cm-wide tube. Digital dilatation of the pyloric ring was performed
in all patients. Esophagectomy with mediastinal lymphadenectomy,
including bilateral recurrent laryngeal nerve lymph node dissection,
was performed through a right transthoracic approach. A gastric
tube was placed in the posterior mediastinum, and intrathoracic
esophagogastrostomy was performed on the anterior wall of the
gastric tube using a circular stapler (CEEA 25; Medtronic, Minneapolis,
MN, USA). Between 1997 and 2005, cervical lymph node dissection
was performed in patients with a tumor deeper than T2 in the upper
thoracic esophagus; except for those with a T1 lower thoracic and
abdominal tumor without upper mediastinal lymph node metastasis, all
patients underwent cervical lymph node dissection between 2006 and
2011. Cervical lymph node dissection was performed simultaneously
with the abdominal operation. The supraclavicular, deep cervical,
and cervical paraesophageal lymph nodes were dissected through a
cervical collar incision. Cervical paraesophageal lymph node dissection
was performed by separating the left and right anterior cervical
muscles; the sternocleidomastoid, sternohyoid, sternothyroid, and
omohyoid muscles were preserved.

Simultaneous 24-h pH and bilirubin monitoring

Simultaneous monitoring of the esophageal pH and bilirubin levels
was performed for 24 h in all subjects. After an antimony catheter
with pH sensors (Medtronic, Skovlunde, Denmark) was inserted
pernasally, the proximal sensor was positioned 2 cm above the
site of esophagogastrostomy. The distal pH sensor was positioned
10 cm below the proximal sensor in the gastric tube. The pH
information was recorded by a portable digital data recorder
(Digitrapper Mark [ll; Medtronic). Esophageal bilirubin levels were
monitored with a fiberoptic sensor (Bilitec 2000; Medtronic)
placed at the same position as the proximal pH sensor. Data were
recorded by a portable opticoelectric recorder.

The pH and bilirubin monitoring data were subsequently
transferred to a personal computer for an analysis with the
EsopHogram Reflux Analysis software program (Medtronic). An
esophageal pH less than 4.0 indicated acid reflux, whereas an
alkaline shift was defined as an esophageal pH above 7.0. The
presence of acid reflux was defined as an esophageal pH below
4.0 for more than 4.4% of the total monitoring time [8]. A bilirubin
absorbance that exceeded 0.14 indicated bile reflux. The presence
of DGER was defined as a bilirubin absorbance exceeding 0.14 for
more than 1.8% of the total monitoring time [9, 10]. Patients were
instructed to consume a low-residue liquid diet (500 mL of Ensure
Liquid; Dinabot, Tokyo, Japan) three times daily at their usual
mealtimes during the monitoring period. Only water was allowed
in addition to the diet. Some patients complained of nasal or
pharyngeal discomfort, but all patients tolerated this monitoring.
Although ten patients took antacids for gastroesophageal reflux
disease after esophagectomy, all drugs that could potentially affect



gastrointestinal motility and secretion were discontinued at least 1
week prior to the pH and bilirubin monitoring.

Endoscopy

Preoperative endoscopy was used to confirm that the squamous
epithelium in the cervical esophagus was normal and that Barrett’ s
epithelium was absent in all patients. Postoperative endoscopy
was performed to observe mucosal changes in all patients within
1 month before or after the pH and bilirubin monitoring. Of the 10
patients who used antacids before this study, 5 each underwent
endoscopy before antacid discontinuation and after restarting
antacid use. Reflux esophagitis was graded according to the Los
Angeles Classification System.

Symptoms

Reflux symptoms, such as pharyngeal regurgitation, cervical
heartburn or pain, and thoracic discomfort associated with sleep
disturbance or a nocturnal cough were categorized as follows:
absent and mild (can or cannot be ignored but does not affect
lifestyle, respectively) and severe (affects lifestyle, including the
inability to lie flat and contributing to sleep deprivation, even after
the use of antacids).

Identification of the esophagogastrostomy location

The esophagogastrostomy location was identified by tracing the
remnants of the circular staples on a computed tomography (CT)
image. In addition, the length of the remnant esophagus was
measured between the cricoid cartilage and esophagogastrostomy
on the CT image.

Statistical analyses

The results are expressed as medians (range). The Chisquared
test, Fisher’ s exact test, and Mann-Whitney U test were used
where appropriate to assess differences between the two groups.
All statistical analyses were performed using the SPSS software
program, version 21.0 J (SPSS Inc., Chicago, IL, USA). Two-sided p
values were calculated, and the results are presented. A p value of
< 0.05 was considered to indicate statistical significance.

Table 1 Patients’ characteristics
2F group  3F group

Variables n=16) (n=15) p

Age, years 69.5 64
(range) (52-73)  (55-74y 0830
Gender, male/female 12/4 14/1 0.333
Body mass index, kg/m? 17.9 19.9
(range) (146-240) (160-253 9110
Tumor location, n

Ut/Mt/Lt 1/9/6 0/9/6 0.616

Clinical stage (UICC 7th)
I/117101 6/6/4 3/6/6 0.504
Histological type, n

Squamous cell carcinoma/
adenocarcinoma 15/1 15/0 1.000

Use of antacids, n (%) 3(18%) 7 (47%) 0.135

Table 2 Short-term surgical outcomes
2F group 3F group

Variables n=16) (n=15) p

Operative time, min (range) (33éi1245) (42?9260) 0.006
Blood loss, ml (range) (]75_51(2)10) (22149%230) 0.022
Number of mediastinal lymph 19 22 0.118
nodes dissected, n (11-28) (10-27) .
Length of the remnant 46 48 0.796
esophagus, mm (range) (35-70)  (25-75) :
Postoperative complications, n (%)

Vocal cord palsy 6 (38) 6 (40) 0.886
Postoperative pneumonia (CD grade=2) 6 (38) 5 (33) 0.809
Re-intubation 1(6) 0 1.000
Anastomotic leakage, n (%) 3) 1) 1.000

1

25) 4.(27) 1.000
Postoperative hospital stay, days (range) 28 (18-68) 30 (16-55)  0.387
CD Clavien-Dindo classification

2 (
Any complication (CD grade = 3a),n (%) 4 (
1
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Table 3 Relationship between cervical lymph node dissection and acid
and duodenogastroesophageal reflux

2F group  3F group
(n=16) (h=15) p

Acid reflux 0 6 (40%) 0.007
8 (53%) 0.023

Variables

Duodenogastroesophageal 2 (13%)
reflux

Table 4 A comparison of endoscopic findings and reflux symptoms
between the two groups

2F group  3F group

Variables n=16) (n=15) P

Reflux esophagitis

Present 4 (25%) 9 (60%) 0.048

Mild (A or B) 3 (19%) 7 (47%)

Severe (C or D) 1 (6%) 2 (13%)
Barrett’ s esophagus 1 (6%) 1(7%) 1.000
Stenosis 4 (25%) 4. (27%) 1.000
Reflux symptoms

Present 8 (50%) 9 (60%) 0.576

Mild 8 (50%) 8 (53%)

Severe 0 1(7%)
Results

The patient characteristics are summarized in Table 1. No significant
difference in the age, gender, tumor location, body mass index at
the time of this study, clinical stage, histological type, or use of
antacids before the study was observed between the two groups.
Short-term surgical outcomes are shown in Table 2. The operative
time was significantly longer in the 3F group than in the 2F group
(600 min vs. 445 min, p = 0.006), and blood loss was also greater
in the 3F group than in the 2F group (550 ml vs. 1062 ml, p =
0.022). However, there was no significant difference in the following
parameters between the two groups: number of mediastinal lymph
nodes dissected; length of the remnant esophagus; incidence of
vocal cord palsy; rate of postoperative pneumonia of grade = 2 as
determined by the Clavien-Dindo classification; rate of re-intubation;
rate of anastomotic leakage; rate of any complication of grade = 3a
as determined by the Clavien-Dindo classification; and duration of
postoperative hospital stay. All patients but one in the 3F group had
recovered from postoperative vocal cord palsy by the time of pH
and bilirubin monitoring. The proportion of patients with acid reflux
was significantly higher in the 3F group than in the 2F group (40%
vs. 0%, p = 0.007) (Table 3), and the proportion of patients with
DGER was also significantly higher in the 3F group than in the 2F
group (53% vs. 13%, p = 0.023). Four patients (25%) in the 2F group
and 9 (60%) in the 3F group (p = 0.048) had reflux esophagitis
(Table 4). In contrast, no between-group differences were observed
in the incidence of severe reflux esophagitis, Barrett’ s esophagus,
or stenosis, and the proportion of patients with reflux symptoms
was similar in the 2F and 3F groups (50% vs. 60%, p = 0.576). Only
one patient in the 3F group had severe symptoms.

The percentage times of acid and bile reflux to the remnant
esophagus are shown in Fig. 1. The percentage time of acid reflux
was significantly greater in the 3F group than in the 2F group
(median 0.8% vs. 0%, p = 0.008), as was that of bile reflux (median
2.6% vs. 0%, p = 0.027).

o Acid reflux %) Bile reflux
A o
400 p=0.008 800 p=0.027
\

Percentage time pH<4.0
Percentage time absorption>0.14

}.
I
C— -

Fig. 1
Agcomparison of the percentage times of acid and bile reflux to the
remnant esophagus between the 2F and 3F groups
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Discussion

In patients who undergo intrathoracic esophagogastrostomy
after esophagectomy, the location of the esophagogastrostomy
is closely associated with the occurrence of acid reflux and
DGER. In addition, the incidence of DGER and percent time of
bile reflux to the remnant esophagus increases as the location
of the esophagogastrostomy becomes lower, as we previously
reported [6]. A unique point of this study is that the impact of
the esophagogastrostomy location was removed to accurately
investigate the impact of cervical lymph node dissection.
Therefore, patients whose esophagogastrostomy location was
below the center of the aortic arch were excluded from this study.
As a result, there was no significant difference in the length of the
remnant esophagus between the two groups.

Some reports have compared 2F and 3F groups of patients with
cervical anastomosis [5, 11]. However, when performing cervical
anastomosis, cervical incision, partial splitting or transection
of the anterior cervical muscles, and dissection of the remnant
esophagus further to the oral side are necessary, which can impair
the swallowing function. Therefore, such studies are strongly
affected by the cervical maneuver used for the anastomosis and
examine only the impact of supraclavicular lymph node dissection.
Our study targeted patients who underwent intrathoracic
esophagogastrostomy, which is commonly performed in Western
countries. Since this cervical maneuver was not performed in the
2F group, this study specifically compares the impact of cervical
lymph node dissection, including cervical paraesophageal lymph
node dissection and supraclavicular lymph node dissection,
between the groups.

Our findings demonstrated that cervical lymph node dissection
increases acid reflux and DGER to the remnant esophagus as
well as the incidence of postoperative reflux esophagitis. The
possible reasons are as follows: denervation and scarring of
the remnant esophagus secondary to cervical paraesophageal
lymph node dissection may reduce the remnant esophageal
peristaltic movement. In addition, separating the left and right
anterior cervical muscles for cervical paraesophageal lymph
node dissection may cause scarring and rigidity of these
muscles, which prevents larynx elevation, impairs the swallowing
function, and reduces swallowing pressure. Adhesions among
the skin flap, anterior cervical muscles, and larynx can also
prevent larynx elevation. Supraclavicular lymph node dissection
requires the creation of a wide skin flap and dissection of the
sternocleidomastoid muscle, which may cause scarring in a broad
area of the anterior cervical region and impair larynx elevation
and the swallowing function. In fact, Yasuda et al. reported that
cervical lymph node dissection did indeed prevent larynx elevation
and impair the swallowing function [11]. The reflux is attributed to
the balance of pressures, including swallowing pressure, peristaltic
pressure of the remnant esophagus, negative pressure of the
thoracic cavity, and positive pressure of the abdominal cavity.
Overall, a decrease in swallowing pressure and peristaltic pressure
of the remnant esophagus due to cervical lymph node dissection
may reduce clearance of the remnant esophagus and increase
acid reflux and DGER to the remnant esophagus.

Although cervical lymph node dissection has been reported to
be beneficial for improving the prognosis of thoracic esophageal
cancer [1-4], this approach is not necessary in all patients with
this cancer. For example, Udagawa et al. reported that cervical
lymph node dissection has a high efficiency index in patients with
upper and middle thoracic esophageal cancer but a low efficiency
index in those with lower thoracic esophageal cancer [12].
Taniyama et al. reported that the status of the recurrent laryngeal
nerve lymph node can be used as an indicator of supraclavicular
lymph node dissection in upper esophageal cancer and advanced
cases of middle and lower esophageal cancer [13]. Since cervical
lymph node dissection can lead to a prolonged operative time and
increased blood loss and also impair the patient’ s quality of life, it
is important to properly select patients who can benefit from this
strategy.

Several limitations associated with the present study warrant
mention. First, this was a retrospective study that included only a
small number of patients. Second, the study period was very long,
from 1997 to 2011, during which the indication of cervical lymph
node dissection had changed. Third, antacids were discontinued
at least 1 week before the pH and bilirubin monitoring, and they,
therefore, did not influence the monitoring results. However,
all 10 patients who used antacids before this study underwent
endoscopy while using antacids, which may have influenced the
incidence of reflux esophagitis; accordingly, the true incidence of
reflux esophagitis without antacids might have been higher. Fourth,
although the decrease in swallowing pressure in the pharynx and

peristaltic pressure in the remnant esophagus was presumed to
reduce the clearance of the remnant esophagus and increase
acid reflux and DGER to the remnant esophagus in patients
with cervical lymph node dissection, a proper evaluation of this
hypothesis will require comparing changes in these pressures
between the 2F and 3F groups using high-resolution manometry.

In conclusion, cervical lymph node dissection increases acid
reflux and DGER and can lead to an increase in the incidence
of reflux esophagitis in patients who undergo intrathoracic
esophagogastrostomy. It is necessary to properly select
esophageal cancer patients who can benefit from cervical lymph
node dissection.
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Cerebral infarction related to traumatic vertebral artery (VA)
injuries is not common. However, if VA injuries cause ischemic
and/or hemorrhage stroke, these subsequent problems can result
in severe residual impairment and mortality. Herein, we present
five patients with cervical vertebra fractures due to blunt cervical
trauma who underwent preoperative endovascular therapy.
Between June 2010 and April 2018 in our hospital, five patients
with traumatic occlusion of a unilateral VA underwent coil
embolization to prevent post-surgical stroke due to reperfusion
in the VA. Because of cervical instability or subluxation, all of the
patients received endovascular therapy before surgery for their
cervical fracture. None of the patients presented with stroke after
presurgical embolization and direct surgery. When stagnated
blood, including thrombi, in the occluded VA is released during
cervical surgery, brain embolism may occur. Therefore, early
cerebrovascular vessel assessment and presurgical endovascular
treatment must be considered to prevent stroke after direct
surgery.

Keywords: vertebral artery injury, endovascular therapy

Introduction

Cerebral infarction related to traumatic vertebral artery (VA)
injuries is uncommon. In the literature, the incidence rate of
VA injuries due to blunt trauma upon admission ranges from
0.4% to 0.71%."? However, if VA injuries cause ischemic and/
or hemorrhage stroke, such as cerebellar, brain stem, or cerebral
infarction on the posterior cerebral artery region, severe
residual impairment and mortality can occur. Some authors
have reported the incidence of VA-related problems, such as
VA injury, VA-related stroke, and mortality; diagnosis, such as
by computed tomography (CT), magnetic resonance imaging,
and digital subtraction angiography (DSA); and treatment, such
as by administration of anticoagulant and antiplatelet agents
for VA injury. The management of asymptomatic VA injury and
the efficacy of endovascular therapy before cervical fixation for
a cervical fracture have not been evaluated. Herein, we present
five patients with cervical vertebra fracture due to blunt cervical
trauma who underwent preoperative endovascular therapy. To the
best of our knowledge, this is the first report on the evaluation of
the efficacy of presurgical endovascular embolization for unilateral
VA injury.

Case Report

We conducted a retrospective analysis of patients between
June 2010 and April 2018 in our hospital. A total of five patients
with traumatic occlusion of a unilateral VA had undergone coil
embolization to prevent intra- and post-surgical stroke due to the
reperfusion in the VA. We assessed the five patients aged 26-64
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years, of which three were men and two were women. Table 1
lists all of the patients who presented with cervical bone injuries
and fracture types. The causes of injuries were traffic accident
for two patients, falling down the stairs for one patient, and work
accident for two patients (one fell from a height of 9 m, and the
other was hit by a steel wire rope).

The American Spinal Injury Association (ASIA) grade was used
to assess the severities of the spinal cord injuries.>® A 58-year-
old woman (case no. 3) had complete impairment (ASIA grade
A: no motor or sensory function in the lowest sacral segment).
She was presented with complete paralysis below the C4 region.
Three patients (case nos. 1, 2, and 4) had incomplete impairment
(ASIA grade C: less than onehalf of the key muscles below the
neurological spinal level have grade 3 or better strength; and
ASIA grade D: at least one-half of the key muscles below the
neurological spinal level). A 64-year-old woman (case no. 5) did
not present with sensory and motor dysfunction (ASIA grade A).

Because of cervical instability or subluxation, all of the patients
received endovascular therapy before surgery for cervical fracture.
Both endovascular and direct operative indications were discussed
by our experts. Informed consent to present their cases was
obtained from the patients and/or their next of kin.

Representative Case

We chose case no. 5 as a representative case. This 64-yearold
woman had a C2 hangman'’ s fracture due to falling down on a
10-step stair (Fig. 1). Magnetic resonance angiography and CT
angiography showed left VA injury at a part of the fracture (Fig. 2).
She was admitted to the orthopedic department of our hospital.
Fitting with a cervical collar was the only medical management
performed before endovascular therapy. Antiplatelet drug and
heparin were not provided. On post-injury day 1, the orthopedic
surgeon planned to perform C2 screw fixation. The injured left VA
was already nearly occluded at the distal portion, but she had no
ischemic symptoms. Therefore, after discussion, we decided that
coil embolization of the left proximal VA with recanalization after
cervical reduction should be performed under local anesthesia to
prevent thromboembolic ischemic stroke.

Digital subtraction angiography showed an occlusion at the left
VA at the lower edge level of the C2 vertebral body (Fig. 3). Under
local anesthesia, a 6-Fr long sheath was inserted into the right
femoral artery. A 6-Fr guiding catheter was advanced into the left
VA. A Headway 17 microcatheter (Terumo, Tokyo, Japan) was
navigated by using a Chikai 14 micro-guidewire (Asahi Intecc Co.,
Ltd, Seto, Aichi, Japan) at the dead end of the left VA. Complete
occlusion was achieved by using 11 detachable platinum coils.
The blood supply to the left cerebellum was maintained via the
right VA. No endovascular therapy-related complication was
observed. On the day after the coil embolization, we performed
direct cervical fixation. She did not present with any postoperative
neurological deficits and was then discharged.

Table 1 Five cases of cervical vertebra fracture
by blunt cervical trauma

Age/ I, Clinical neurological ~ Artery  ASIA
Sex Bone injury type findings injury  grade
Motor and sensory :
1 26/M Eé ;ﬁéhcrguépnmsgx disturbances in the R\'/gAht C
bilateral C7 region
Motor and sensory ’
2 31UM tCh?E)E()thxhe T disturbances in R\'/gAht D
g the right C5 and 6 regions
. Complete paralysis Right
3 58/M (C3/4 subluxation below the C4 va A
4 15F C5 Fx through the FT ~ Sensory disturbance Right D
C5/6 subluxation in the C5 region VA
5 64/F C2hangman’s Fx None li/e;t E

ASIA grade: American Spinal Injury Association grade,” Fx: fracture, FT:
foramen transverse, VA: vertebral artery.
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Fig. 1

(A) Sagittal computed tomography (CT) image.

(B) Threedimensional CT image.

These CT images show C2 hangman-type fractures.

Fig. 2

(A) Magnetic resonance angiography (MRA) image.

(B) CT angiography (CTA) image.

These images show that the flow of the left vertebral artery is poor.

Fig. 3

(A) Digital subtraction angiography (DSA) lateral view of the left
vertebral artery (VA) is shown. The left VA flow is occluded at the C3
level.

(B) After completion of coil embolization. The coil can be seen in the left
VA from the C2-C4 level.

(C) A DSA anterior-posterior view of the right VA is shown. Blood flow
from the right VA is the end at left VA at upper end of atlas. DSA shows
occlusion of the left VA at the bottom edge of the C2 level.

Discussion

In the literature, the incidence rate of VA injuries due to blunt
trauma ranges from 0.4% to 0.71%."? Moreover, the rate of stroke-
related VA injury reportedly has ranged from 0% to 14%."% Miller
et al.” reported that approximately 2.6% of patients with VA
injury who received heparin and antiplatelet therapy presented
with stroke, whereas approximately 54% of untreated patients
developed stroke. In addition, the incidence of mortality-related
stroke with VA injury reportedly has ranged from 4% to 13%.">©

Vertebral artery injury is associated with some conditions
involving the vessels: pseudoaneurysm, endothelial injury, and
dissection. These injuries can cause an intra-arterial hematoma,
subsequent hemodynamic ischemic stroke, and artery-to-
artery distal embolization. Some patients with VA injury are
asymptomatic upon admission. Therefore, screening for vascular
injury is necessary in the early phase. Then, the inner-lining
dissection or possible endoluminal injury must be identified, and
anticoagulant and/or antiplatelet drug therapy is recommended.’”
These anticoagulant treatments might decrease subsequent
catastrophic stroke events.

Some authors have shown that VA injury has a significantly

higher incidence than that of other types of cervical fractures in
patients with fracture of the foramen transverse (case nos. 1, 2,
and 4), subluxation (case nos. 3 and 4), or upper cervical fracture
(case no. 5).27® Furthermore, the rate of VA injury is significantly
higher in patients with complete motor paralysis (ASIA grades
A and B) than in patients with intact neurological status (ASIA
E).? In our case series, one patient presented with ASIA grade
A. Therefore, screening tests are mandatory for patients with a
cerebrovascular injury who present with a fracture of the foramen
transverse, subluxation or upper cervical fracture, and complete
motor paralysis.

Endovascular therapy before direct cervical surgery is indicated
in cases of traumatic VA injury with instability or subluxation
because recanalization can cause distal embolization when the
surgeon performs a reduction of the cervical alignment. Chang
reported infarction after cervical fusion with traumatic cervical
instability. When the stagnated blood, including thrombi,
in the occluded VA is released during cervical direct surgery,
brain embolism may suddenly occur. We cannot prevent
embolism during direct surgery. The occurrence of unilateral VA
endovascular occlusion has been widely accepted in patients with
VA dissecting aneurysms. We believe that unilateral traumatic
VA occlusion leads to permanent occlusion not only in patients
with ischemia of the posterior circulation but also in patients who
do not show severe neurological deficits due to ischemia of the
posterior circulation. It is necessary to perform coil embolization
of an additional parental artery occlusion with subsequent
recanalization to prevent thromboembolic ischemic stroke due
to recanalization after cervical reduction. In fact, Nakao et al.'”
reported a case of a brain infarction due to recanalization of the
occluded left VA following the open reduction of cervical spinal
dislocation.

In addition, since the common sites of VA injury are in the upper
cervical region, posterior inferior cerebellar arteries (PICAs) are not
likely to be involved in dissecting aneurysms, but when PICAs are
involved, endovascular internal trapping is challenging. Moreover,
because the target lesions have already occluded, a balloon-
attached guiding catheter for temporary flow control is never
required. The dual-catheter technique used in making an anchor
coil also is not required. Therefore, the endovascular procedure
is quite simple, as in our cases. We did not use intraprocedural
systemic heparin. The endovascular surgical time lasted between
30 and 60 min.

To the best of our knowledge, this is the first case series to
evaluate the efficacy of presurgical endovascular embolization
for unilateral VA injury. However, some limitations should
be considered. First, the number of cases was small, so our
conclusions might not apply to all cases, and we did not assess
long-term efficacy. Second, the endovascular surgeries can be
performed within 1 h, and the direct cervical reduction must be
performed as quickly as possible to save the injured spinal nerve.
The costs of this complicated treatment and the requirement of
highly organized medical staffs should also be considered.

Conclusion

We presented five cases of patients with VA injuries who
received presurgical endovascular therapy. When the stagnated
blood, including thrombi, in the occluded VA is released during
cervical surgery, brain embolism may occur. Therefore, early
cerebrovascular vessel assessment and presurgical endovascular
treatment must be considered to prevent intra- and post-surgical
stroke.
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BHERADZENSEV. TNEFEULEURMTEDADLEZDIIF (TR
% BARTCORBICHIDRBEEHHE IOy I DHRERT L.
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Pain control after DIEP flap ~ compared The continuation
rectus abdominis sheath block and Epidual anesthesia by
Positive randomize examination
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The postoperative complication, especially pneumonia, in
abdominal surgery for patients with dementia.
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Distribution of Intravenously Administered Gadolinium-
based Contrast Agent into the Cerebrospinal Fluid :
Comparison of the Cistern and the Ventricle
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To examine the pathway through which the intravenously
administered GBCA leaks into CSF, we measured signal
intensity of CSF in the ventricle and cistern. After
intravenously administration of GBCA, the elevation of
signal intensity of CSF in the cistern was higher than that in
the ventricle.
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To examine the distribution of IV-Gd leakage to the CSF,
we measured signal increase of the CSF before, 5min, and
4h after IV-Gd. We confirmed a positive linear correlation
between the signal increase of the CSF and patients’ age.
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nailing with extended neviaser portal approach

1) BEERZEZEMNERE ZEAR
2) #hE LEREHE Rk BRESE
3) mitimERl BRAR

PE BREY, R HEY. KF EFY. RE ER?.
A #E7. 5 FY

(B8]

THERMRESITICH T DIETHESENITEE SBIR~NDBEE/H S,
785 Textended neviaser portal approach (L FENPA) ZHWT
BENETIBAZ(T o lcMED' D2 N BN TOHRSIFHEL.

[B#]
FRBEAIHBIT4BIIC3 LENPAZ AW T BNETEIE 21T > I 2 i
BEERST 5.

(3% & 7E]

FHEHB5R (83 ~ 86) . BH26. Z2%l. AODEET1A2H 3%,
B11'16l. neviaser portalZ#ik UIBIEH. R EMHZEFRICsplitL
T EEBEARE, Synthestt&Multi-Loc nail CREEZ1TL). i
#MRIZI®RR LT,

[ER]

FH/uBE 4D A (3~ 7). JOARXRD7(E74.3(58 ~90). UCLA
AA7(F29(21 ~ 34) . HICEMEZRDBIN oo T4 O—HOE
BABREEL 1608RE. 3GAMREEMAD. MRITER EHED
BIEERDLBH >,

(E=]

ENPAGR ELBHNZRHEI 2R, MEBROBEZORTE. KA
EHB URBREEENRE L P T VTREENSG .



REESMMIATIE DR
e LERESE— e

FLERSRY
ZEW8T. HaHT

(B8

RERIFSt.Gallen 2005F TlFU RTEFE U THBIBEEAEIRICES LT
Wzo ZOHTRERSMMETOIE MIVESHE) F2E8BZT0IR
W END2BBHIBEZZ S5NDN. TLIKITY )/ ETERB B AR
ZRBRITBDEDH D, MIVEEBZERRRIERANICTRET Uz,

[#ESI]

2010 &KW 2017FF CORFEMIELA26|P2BEES MM TDOHLE75
BlENR E Ulfc, MEMAISRRIEALER7 16, BEENER36. ERE
16ITH>Tz.

[#ER]

FkplF25D 5835k (FHI55.17%) . UL I(FR258%1. BRER17HIT
Holz. B9 A FlFluminal ALLA):456I. luminal B(LB):3fI. luminal
HER2(LH):4fll. HER2(H):114l. Triple Negative(TN): 1281 C&H >l &
BITELREITO T UV NEEGERIEZ6fIC5R). BEZETVERBE
HENAB. 2B 28I TH >fce ZTNESDY TY A FIELABE. LH: 16,
TN:2BI T . SEITHE{bZEEZ800 (141(ELATONncotypeDx 21
TIRIVEVEEDH) U, it 1 F£9 7 A S8ETRAIBEREEF CH .
[F&8]

NCCNAA RS > (2018ver.3) TlF0.5cml TFDESICIHLTU /Y
HEBEORVIEEIF. HREEM. HER2BZME. BiEEDEFBBENEE/IN
BHWATIFEL, HRE2ME, HER2EBMTIE, MBEAZLEBS TS
o UYNEEBGIEAITE. BEOREEEEROBREZEHEL TS,
e, HUINBRETE U Y NHEEOEROBRRIMNE T, MaHakz
WTDCISESNTHEYFRILY /N EERIFHAEBDONI,

810 BABRKZER
R01(2019).11.14 ~11.16 &

BENEZERULR2ESONY Ed

1) #8 & _LEREHE—R FLIRSAR
2) RPARIUZw T

EBETY. RPOR?Y. #HESHFD. DHEAY

FEDIIREFINRICEBNED U THRBENEAEAEELTY
SERICH U TREZEEICLWEBZBODHENEDHSINTUVD, UL
VRN BIRETHON TV REZEESKREADHEET. BEDDLEN
AEEFEEINTVERL, BEDIBTCEAD EPHEEETRE
WENS TV Zw INBEDBEER S EF. EREFRZERES
BOoOTVWTHEBEEBRGRBTONIEKDITARICBZ EVWSABELH 2.
—HCHREMEICLZ IV v INBRITHEY,. JUZvITHAR
BE (B ULKLIFBEAHORE) NTEDLDICBH>TETHY. K2
BETOLRI U Z v IDRENBEFIND, BEDLECEZELIEH
I CORZEZEDN P ZERET B,

[7iE]
WE—RICTONTVZ TH 2 DRLEHEDARNIFPEBEZRITE T
TU, BBEAHERED EIUZ I TELKRILEVEHOREGED
AON3. COBRDBEAHDORERREDIEBENTVL. ZOBIC
EMEEEOERERNENND D, RLEHEDHEZL TDHREN
BOZIFANSNBEVEEHNL V), URTEIFMBOKRBLERDELE
JUZyITHBEL, BEAHEZEIUVUZVITRETDIEICKY.,
IJUZwIEMEBEDEHEBREBENLVERULPILKBDII LR
DRI TWVW2., BULCOFIERRF. JUZ v I TEMINBNAINEE
BILOHFBIGSN, KRR TEEISNIZBE(CIFERDELL,

[#&R]

FREI0FETANSIB KT TICHREITHENINIZ299A AP, [HRE] &2
W ENARE CFMEITRE 286N (FMFESAZZO) . MfikDs
BREZT U Z v I TITR > I220 A TR e aEERD I U Z v
T TITIR>TW D,

[F&6]

YRTFT LD ETORZEEFRENDEEDEDC KB RIEEMDE
W, BEFEHEOERRE. JUZvIEDREDBEED D
LtTHEETH D, UDNUKIBMNICT U ZvIICBN T DI LIRS
DEEUVTRERRZIFANEVE DD D, TOEDICEFEITIUZ Y IDE
EEENMNAICEHERRERIZINEEBUGVEEDRIKTDR?
BHFEH D ABVWERDND,

FE270BFAEBFER
2019.7.11 ~7.13 &HR

Aiseikai Healthcare Corporation

i DIEEFEHRE IS T SIEREELT DY 3

Efforts of occupational therapists for elderly living alone in
the area
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Consideration of factors related to self-supported degree in
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