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Table 1 OMIM database entries for BOR and BO syndrome

Name OMIM Locus Gene
BORI branchio-oto-renal syndrome 1 113650 8ql3.3 ‘ EYA]
BOR2 branchio-oto-renal syndrome 2 610896 19q13.3 SIXS
BOSI branchio-otic syndrome 1 602588 8q13.3 EYAl
BOS2 branchio-otic syndrome 2 120502 1q31 Unknown
BOS3 branchio-otic syndrome 3 608389 14q23 SIX1

BO, branchio-otic; BOR, branchio-oto-renal.

different causes of hearing loss for each ear, and 12.8% of all
cases involved progressive hearing loss.

Diagnosis of the cause of conductive hearing loss can be made
on computed tomography (CT) or magnetic resonance imaging of
the temporal bone. Various findings for BOR syndrome have been
uncovered on temporal bone CT. Temporal bone anomalies
include cochlear hypoplasia, absent or hypoplastic semicircular
canals and large vestibular aqueduct syndrome.*” Propst et al.
reported that various characteristics of the 42 BOR patients sur-
veyed in their study were significantly different from control
patients; these were hypoplastic apical turn of the cochleae, divi-
sion of the facial nerve toward the medial side of the cochleae,
funnel-shaped internal auditory canals and patulous Eustachian
tubes.®

Other otologic findings

Branchio-oto-renal patients present with various otologic anoma-
lies (Table 2). Preauricular pits were the most frequently

Table 2 Clinical symptoms in Japanese BOR syndrome

Features %o (n = 50)
Hearing loss 92
Preauricular pit 53
Renal anomalies 40 (n = 35)"
Branchial fistulae 50
Pinnae deformities 38
External auditory canal stenosis 12
Preauricular tag 12
Others
Retrognathia 2
Facial nerve paresis 3
Cleft palate 2
Bifid uvula 1
Congenital heart anomaly 1
Imperforate anus 1
Iris atrophy 1
Intracerebral hemorrhage 1

Renal examinations were performed in 35 patients. BOR, branchio-
oto-renal.

Table 3 Hearing loss in Japanese BOR syndrome

Type of hearing loss (%)
Conductive 19.1
Sensorineural 29.8"
Mixed 40.47

Unknown 14.9

Side of hearing loss (%)
Bilateral 70.21
Unilateral 25.5
Unknown 4.3

"Two patients had different causes of hearing loss on either side
(sensorineural and mixed). BOR, branchio-oto-renal.
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observed symptom in both the Chen et al. study,* and the present
study. Branchial fistulae, pinnae deformities, external auditory
canal stenosis and preauricular tags were also frequently
observed.

Renal anomalies

Renal anomalies associated with BOR syndrome include renal
hypoplasia, agenesis and hydronephrosis due to ureteropelvic
junction (UPJ) or vesicoureteral reflux (VUR). Renal anomalies
have been observed in approximately 67% of patients with BOR
syndrome.* Krug et al. reported that in a large cohort of 140 BOR
patients from 124 families, renal hypoplasia was the most fre-
quent symptom with EYA] or SIXI mutations.” In the present
survey, 40% of the 35 Japanese BOR patients who were exam-
ined for renal abnormalities presented with renal anomalies, with
the most frequent symptom also being renal hypoplasia (Table 4).
Some of the present patients had different types of anomalies in
either kidney.

In rare cases, glomerular lesions have been observed in BOR
patients. Gigante et al. reported an adult male patient with a BOR
phenotype resulting from an EYA/ mutation who presented with
focal segmental glomerulosclerosis.”” In the present study, a
patient with BOR syndrome presented with membranous neph-
ropathy resulting from an EYA/ partial deletion. Although these
glomerular findings were not presumably associated with the
EYAI mutation, renal biopsy should be considered for all patients
with proteinuria.

Renal examinations are usually not performed for
BOR patients without any apparent renal symptoms. In the
present study, 30% of BOR patients did not undergo any renal
examination.

Table 4 Renal anomalies in Japanese BOR syndrome

Anomaly

Renal hypoplasia

Hydronephrosis

Renal agenesis

Others
Multicystic dysplastic kidney
Hydroureter
Urethral stenosis
Membranous nephropathy
Renal malrotation
Nephroptosis
Chronic cystitis

—
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BOR, branchio-oto-renal.



Other findings

Although heart disease is rare in BOR patients, mitral valve
prolapse and bradycardia during anesthesia have been
reported.’> Although one patient with an EYA] mutation had
large patent ductus arteriosus, the clinical diagnosis in that case
was craniofacial syndrome.'

Intellectual disability (ID) and psychomotor delay (PD) are
not frequently observed in patients with typical BOR syndrome.
ID or PD may indicate the presence of another disease or con-
tiguous gene syndrome due to microchromosomal deletions
across genes such as EYA] or SALLI.

Clinical diagnosis

Chang et al. developed the diagnostic criteria of BOR syndrome
in 2004.>* These include major criteria such as second branchial
arch anomalies, hearing loss, preauricular pits, auricular deform-
ity and renal anomalies, and minor criteria such as external audi-
tory canal anomalies, middle ear anomalies, inner ear anomalies,
preauricular tags and other symptoms such as facial asymmetry
and palate abnormalities. In patients with a family history, any
single major criterion is sufficient for diagnosis of BOR syn-
drome. Without any family history, three major criteria or two
major and two minor criteria are needed to make a confident
diagnosis.

Genetic analysis

EYAl, SIXI and SIX5 have been shown to be causative genes of
BOR and BO syndrome (Table 1).

EYA1

EYAI (8q13.3) is an ortholog of Drosophila eya (eyes absent) and
acts as a protein phosphatase and transcriptional coactivator.
EYAI is the most frequent causative gene of BOR syndrome
(BOR1, OMIM 113650, BOS1, OMIM 602588) and was first
reported in 1997 by Abdelhak er al."® Eyal homozygous-deficient
mice lack ears and kidneys; in addition, Eyal heterozygous-
. deficient mice present with phenotypes resembling BOR syn-

drome.'®!” Vertebrates encode four EYA proteins (EYA1-EYA4),

and these proteins are involved in organ development, innate
immunity, DNA damage repair, photoperiodism, angiogenesis
and cancer metastasis.'® EYA! has three isoforms and four tran-
script variants resulting from alternative splicing.'** EYA] has 16
coding exons, and the EYA1 protein contains the eyes absent
homologous region (EyaHR). Mutations are more frequently
observed in the EyaHR, which is conserved across the EYA
family.

Krug et al. recently reported that the causative gene could be
identified for 42% of BOR patients, 93% of which were attrib-
utable to an EYA] mutation.’ In an East-Asian cohort, EYAI was
also identified as the major causative gene in BOR patients.? >
The types of mutations in EYAI associated with BOR syndrome
are missense, nonsense, splice abnormalities and micro- or whole
gene deletions. In the present study we were able to identify the
causative gene in 21 Japanese BOR patients from 12 different
families, and EYA] was observed in 11 of these families. EYAI
was also therefore the major causative gene in this cohort.
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SIX1

SIX1 is another causative gene of BOR syndrome (BOS3, OMIM
608389). SIXI (14g23.1) encodes a homeobox protein, which is
similar to the Drosophila gene product, sine oculis. The genes in
the SIX family all have a DNA-binding homeodomain (HD) and
a protein interaction SIX domain (SD).? The HD is essential for
protein-DNA binding, while the SD is involved in protein—
protein interactions.”® The EYA/SIX complex possesses tyrosine
phosphatase activity,”® and SIX1 interacts with EYAl in the
development of various organs.

In 2004, Ruf et al. first reported cases of BOR syndrome
resulting from three types of SIXI mutation.”” Kochhar et al. later
reported five novel SIX/ mutations identified across 247 BOR
families.® The clinical phenotype of BOS3 mutations is similar
to the BOR1 EYAI mutation, but renal anomalies are less fre-
quent for the SIX/ mutations.?* DFNA23 (OMIM 605192),
which is non-syndromic autosomal dominant hearing loss, is also
attributable to SIX] mutations. SIX7 mutations in BOR syndrome
occur less frequently than the EYAI mutation. Krug eral.
reported that SIX] mutations occurred in only 2.8% of their 140
BOR patients, while the EYAI mutation was present in 39.3% of
the patients.” SIX] mutations in East-Asian BOR patients are also
very rare. 2%

SiIxX5

SIXS5, which is located on 19q13.32, has been reported to be the
causative gene in 5% of BOR patients (BOR2, OMIM 610896).%°
SIX5 has a high degree of homology to SIX/ and directly interacts
with EYAI, but there have been no additional reports since on the
SIX5 mutation and one of the patients initially reported by Klug
et al. to have a SIX5 mutation was later confirmed to have an
EYAI mutation instead.” The role of SIX5 in BOR syndrome is
therefore still open to question and further study is essential.

Copy number variation in BOR syndrome

Brophy et al. recently reported that copy number variation
(CNV) analysis from array-based comparative genomic hybridi-
zation (CGH) can identify the responsible lesion in BOR
patients.’ They analyzed 35 BOR patients without any mutations
in EYAI, SIX1 or SIX5 and 17 patients were identified as having
significant CNV (11 chromosomal microdeletions and six
microduplications). These chromosomal abnormalities may be
due to non-allelic homologous recombination (NAHR). More-
over, several new causative genes were suggested in their study:
SHARPIN (8q24.3), FGF3 (11q13) and the HOXA genes.

Other loci

Although Kumar ef al. reported in 2000 that the locus associated
with ontologic and branchial manifestations was 1q31,%* which is
the locus of BOS2 (OMIM 12052), it appears that this locus has
since been withdrawn.’

Genotype-phenotype correlations

Genotype—phenotype correlations have not yet been confirmed
for BOR patients. In the same consanguineous family, different
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family members may present with different symptoms. ID is,
however, infrequent in patients with distinctive BOR syndrome.
Patients presenting with ID may have other syndromes or chro-
mosomal microdeletions in contiguous genes including EYAI or
SALLI.

Genetic analysis strategy for BOR diagnosis

The EYAI mutation is the most common cause of BOR syn-
drome, so EYA/ direct sequencing should be performed first. In
cases of EYA] point mutations, small deletions or insertions are
not present, and multiplex ligation-dependent amplification
(MLPA) analysis should be carried out. We identified 11 families
with BOR syndrome resulting from an EYA] mutation, and in six
cases the deletion of one or more exons in the EYA/ gene was
detected on MLPA analysis. We have reported that the EYAJ
partial deletion was due to replacement of the deleted region by
the retrotransposon, LINE-1,as detected on MLPA analysis.*
Patients without any EYA/ mutations should be considered for
SIX1, SIX5 and array CGH analysis. For the approximately 50%
of patients with BOR syndrome for which the causative gene
cannot be detected, further investigations are needed to study
novel candidate genes such as those proposed by Brophy et al.”'

Genetic counseling

Genetic counseling is the process of empowering patients by
providing them with medical information regarding their particu-
lar genetic abnormality.®

Approximately 90% of BOR patients have their affected
parent in a Western country. BOR syndrome is inherited as an
autosomal dominant disorder and EYA/ penetrance is very high
with an inherited relapse rate of 50%. When the proband is born
to non-affected parents, the risk of the sibling having BOR is
slightly higher than for the general population because of the
possibility of germinal mosaicism. Generational progression in
BOR syndrome has not been reported.

Differential diagnosis

Hearing loss is a symptom of many genetic syndromes so it may
be difficult to reach a conclusive diagnosis based on this
symptom alone, especially in cases of sporadic hearing loss.
Genetic tests are required to distinguish BOR syndrome from
other syndromes. Other syndromes that should be differentially
diagnosed from BOR syndrome are as follows.

Townes—-Brocks syndrome

Townes—Brocks syndrome (TBS, OMIM 107480) is an
autosomal dominant disorder characterized by branchiogenic
anomalies, hearing loss, congenital heart disease, preaxial poly-
dactyly and imperforate anus. Renal anomalies are also seen. The
causative gene of TBS is SALLI (16q12.1), which is a critical
gene in renal generation in fetal development. The mechanism of
SALLJ mutations in TBS is dominant-negative based, therefore a
heterozygous whole gene deletion leads to milder symptoms.
Engels et al. reported a family including an affected father and
two daughters with a SALLI frameshift mutation.*® These
patients presented with hearing loss and pinnae deformities but
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without preaxial polydactyly or an imperforate anus. These
symptoms are compatible with BOR syndrome rather than TBS.
This report indicates that BOR syndrome patients without any
detectable EYA/, SIXI, or SIX5 mutations may benefit from
genetic analysis of SALLI. '

Branchio-oculo-facial syndrome

Branchio-oculo-facial syndrome (BOFS, OMIM 113620) is a
rare autosomal dominant disorder resulting from a TFAP2A
mutation.”®* There are phenotypic overlaps with BOR syn-
drome, but BOFS produces more distinctive facial features.
BOFS is characterized by hearing loss, branchial anomalies and
renal abnormalities. BOFS patients also have craniofacial and
ocular abnormalities. Skin defects in the cervical or infra- or
supra-auricle are observed in >90% of BOFS patients. Further-
more, ID is more common in BOFS than in BOR syndrome.

Oto-facio-cervical syndrome

Oto-facio-cervical syndrome (OFCS1 166780, OFCS2 615560)
is an autosomal disorder characterized by facial dysmorphism,
external ear malformations with hearing loss, branchial cysts or
fistulae and anomalies of the vertebrate and shoulder girdle. In
addition, mild ID is also seen. OFCS was first described by Fara
et al. in an affected family.”” OFCS has a similar phenotype to
BOR; moreover, OFCS|1 is an allelic disorder resulting from an
autosomal dominant EYA] mutation.*® OFCS2 is due to the muta-
tion of PAX/ in an autosomal recessive manner.” The difference
between OFCS and BOR syndrome lies in the presence of ID and
vertebral anomalies in OFCS patients.

CHARGE syndrome

CHARGE syndrome (OMIM 214800; coloboma, heart defects,
choanal atresia, retarded growth and development, genital
anomalies, and ear anomalies) has similar symptoms to BOR
syndrome, including hearing loss, branchiogenic malformations
and renal malformations. In addition, coloboma, mental and
growth retardation, congenital heart anomalies, choanal atresia
and cryptorchidism are often present. Facial asymmetry and
hockey stick signs on the palms are often observed. The causa-
tive gene of CHARGE syndrome is CHD7 (8q12.1-q12.2).%
The less frequent developmental and growth delays observed
for BOR can assist in differentiating this syndrome from
CHARGE syndrome.

HDR syndrome

Hypoparathyroidism, with sensorineural deafness and renal
dysplasia (HDR) syndrome is a rare autosomal dominant
disorder characterized by sensorineural hearing loss, renal
anomalies and hypothyroidism. HDR syndrome is due to
haploinsufficiency of GATA3 (10p14).*' Patients with HDR syn-
drome often present with hypocalcemia. Historical interviews
and genetic tests are helpful in distinguishing this syndrome
from BOR.



Management
Second branchial anomalies and preauricular anomalies

Treatment for branchial anomalies is performed for supportive or
cosmetic reasons. If auricular or branchial fistulae become
infected, antibiotic therapy is applied and, in cases of recurrence,
they are removed.

Hearing loss

Hearing loss requires early medical intervention because of its
effect on language development. There are various causes of
hearing loss in BOR syndrome, so it is important to provide
treatment appropriate to each. In the present surveillance, 80.1%
of BOR patients found the use of a hearing aid effective. Surgical
operations such as tympanoplasty, cochlear implantation and
tympanic ventilation tube therapy were performed in 11 patients
and were effective in seven (63.6%). Cochlear implantation may
be successful for improving the hearing ability of BOR patients.**

Renal anomalies

Renal anomalies are controlled in a standard manner. Patients
with hydronephrosis including UPJ stenosis or VUR may need to
undergo surgical therapy. Renal hypoplasia or dysplasia leads to
end-stage renal failure, requiring renal replacement therapy. In
the present surveillance, of the 14 BOR patients with renal symp-
toms, four had renal transplantation while three patients were
given medical drugs. The prognosis of BOR syndrome mainly
depends on the severity of the renal insufficiency.

Conclusion

Patients with BOR syndrome who receive adequate treatment can
lead normal, productive lives. It is therefore essential to provide
early diagnosis including the relevant genetic tests. Further
studies are needed to clarify the molecular mechanisms and
undiscovered causative genes of BOR syndrome.
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(1) FRUBRESH(CAKUT)

INREMERE  (BXEE EES17
INRiEERe (& 88 Renal anomaly
(% 2]

INE CKD 27— 5 DRAERBSSGRMEBRIEEF (congenital anomalies of the kidney and
urinary tract : CAKUT) DEREZL), CAKUT EBREBRADEBEREEST DD, HOEN S
REZMEE URINER, BARTHRESNDC LD, NS CKD (R 4)SERICIREIZNARE,
2R (EER), RBFRESEDRBEDBRTRESNICEEH DN, SHBHDEODOER
@B E CAKUT DEEEDOTHENZEE CEZ 5N TND,

(GZHT7555)
BigERE (BERRA, REFED) ICXDZHT D,

(BRI FE CD]
CKD 280 RS> 2013 KD, NNRE CKD, $ICIRIEBRIBS DM CIEBTEHREIC
BEZEAIERATHDITELD B D, | »

CKD 28/ BS54 Y 2013 FFEDEED

1. IBERIRABRESD. NREUEREB (CKD) ZMOIZHDERK EDRERZER UIZ,
2. ZOBRKEDOEMEICAMDF—DJ—FzZBEL. 20O+ —7— FZABL) MEDLINE,
EMBASE. Cochrane library 8 EFEREBERT —IN—XEER UL,
3. BRICKDEDD >IZHERRNZE. 1 MIVBRKUWET—RIADT -2V TZF0\. X
ZHD S EDXIMARESIC,
4. DT ONEHRSUIHFIASEZITU. TEEDRICHK > TRILDIED S &R,
5. ERIRERRIC CICHIHINISKRZESZ (I AR EX ORI ET U,
EREU. XMV ATIT 1 v olEa—d, BICEEHETTA VICKDIETYR - U
NIVEREUR, BICRBDWRTT A VORBELTNBIBEICE. REEBNEBDICEHEDED
WoC&zEIVEITREUE,
LRIV | YRTVTrvDolbEa—. XIPFUIR
UL 2 | S5 NMEELEEHER
UL 8 | FES VA AMettEesiiR,  FELLEGHER (BRFORIQE T AGER)
UL 4 | J— HAgE.  EBIXTERIAZE. TEEAAST. LLERERERtAZT. JFELLERERERAST
LNV 5 | GEBIEERE. MERIERS. Z0fh (GodbItARZE)
LRIV 6 | 8BBT—RICEDNHEL, FPIZSEZVEMAREADESR

(SEWE) SECUEIRERN)
a) BABEFS #&.CKD 2B /01 RS54 2013. BREST, FR, 2013
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INRiEgMERE (BXFE ERERRE
INRISMESEE & B Hypoplastic kidney

(B =)
@%EL&T ISDDRAICKDEUD/RNBEREFDDIREFICKD., HBF0ICIIIE
BRIOVEEIDNRIOYOHENMVSIVEREEED. BEERBEGHITDCCELEL. B’
ﬂEBQKZEIEEHéEY c BERBE U C—BLUTERDIRONDCEES)

(28i755%)
EHELIR R/RE DERRFTRIC KDL, BIZREIC TEHT 3,

BOAZS (ERNBERRE F-2SD M, ORESRZ(DMSA) 1C&kSBEEDRI
QR AN DESETHBOREMIEADHENB T ENBEETRD ),
INEDEHEEETITIL CKD B8 RS+ Y 2013 DESEC LIEDYS v,

(BZHIDFSIESFRDOER]

BRARBUSEE UC. MIREZOEOKRIBII—ICKOBERICEBSNDHEZND, —T5R
IBRAME O RIESZ2ZK(CIERSNIENEDH D,

BEREREEL. BEROWFR TNBICHNTRABAREDRREESE 1 i1 (34.1%) CIRS
SNTND Y, ROAFDREFH CKD Y, HANIKEBAREDIAR 2TE. FRRICIEHMR « £
ERBNIBEEREBTHDCENHSN TS,

BB CIIRHICITEBOETDSIERSEREZE LU THD. ZNEMOLCHICZRER
WD, FERROEBERDRRNSRBETHO, BETHE LG CHTEHRE Dh%éﬂ
DHEEEHD,

EEREIREBARICEDTTRENMRENDCEN'EL SHUDAMEDRKESTDC
t@%%h%%&?u S, UDUIMRT —H DBLERDHTHSDIBB AL — RIIRS, 55T
NBEEER I DIHECIE. BBRERERRNDY 1 IVICTRDIUETHD,

RN C<E%%k EDBKDRET, RRICBHEEIETONET I DIHEN DD, IKIC
XJ U CEDD DRRSIERIIMNE TH DD (EREBROERISIEEEBEC U TCEROUETH
D,

EERBDREIL. BEBNICKDERDEIDZIERIDICELCK>TRDSDKET R
T/ (Na) QEREXEZBRICIY FO-ILUTND, ABRRPOBBIISEORSCNIEHEND
S<BDCHMERBKZSIESEC U, REDFED. MEET. REETOBHEETESIEE
CIOREMEN DD,

(&3]
1) Ishikura K, Uemura O, Hamasaki Y, et al. Progression to end-stage kidney disease in
Japanese children with chronic kidney disease: Results of a nationwide prospective
cohort study. Nephrol Dial Transplant 29: 878-884, 2014
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2) BRERITSR, A EDH, BFRELE, i 2006 F~2011 FEF TOEARBIPICHIRAL U 20 /R
BOINSERAFB A2 BB OERNERS. BIREET 26 | 154-164, 2013

SEC UL ITRER
a) Sanna-Cherchi S, Caridi G, Weng PL, et al: Genetic approaches to human renal

agenesis’/hypoplasia and dysplasia. Pediatr Nephrol 22:1675-1684, 2007
b) BABEZESE . CKD 2B F5Y 2013. RREZF, ¥R, 2013
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INBEMERRE (BFE ZERUREAE
hNREeYEREe & B Multicystic dysplastic kidney : MCDK

(#® 2]

EXRBEERBEEEHODIENEE TARTERTOEEB L. BEICITEFZICEDNTZHS
Nnd. ZORFYEIIREESE EZOREZIRD EHIRESHEIROBETHD. SERBERFER
Z(multicystic dysplastic kidney : MCDK)[ZEHEDRBIEE THD. BIEOFEREEZEET.
TEODBDXRIBNREET D, EfEBESHBIEIDRD., BREBEEIFIROIRND, DFH
[CHBEBERDDCENBHD.

FEAEFHFRAIMTEERTHD, EROEHRAEEERE TIDLH. RETROHOSNZNHEIE
LT3,

(828755%]
BIZIREIC THNTT D, BESHICBERSNCEORNERRT SNENDHS.

—#RIC, TI—TIk ORNSESFBY 1 XDERDESIESICHET D, @E>EERE
ISEREAPMIICZN), QERFETOIBIREINAL), DEBRERETI I—-LBBHES
Nz, CETEMTEDNDN MECEEKREBEEZREBITEIE) &0 ﬁn%m‘%ﬁbb\i% ja)
Hd.

CDBERIBEZICKIDFHONERTH D, KEIE CIIEBDDDEDD. AKiE CTIIERNS
NWCENBXBITEDCENSB, BEHIREFRE CERABSIEMLET, HUBEHRED
FZHBIEDEBEERDMEN L TUND 2,

(BZBIDFSISERDER]

KEDDFEBI THBBRENERSH ERDLH. ERICEERRIBRRIUBBIREIC KD
APNETRD BE R, CT. MRISETERMNEESN, REZIIRE CEMEBEER T D,
PR CRDBRIG. MCDK A'BREEERDZERI CETHD.

HAERTFZRTOKBYE. hDEIRMEAET EDERIEMFLEB R TIIZNAN BRI I —DMR,
BERDOIRE. BRI ZHASHEICETEMORBELIR LT D BRI OSRSHERTED
PIRD—DELTROESNDCEEHICH. RIREDZBRFEMETHD 2,

HAR 4,300 AIC 1 ADBETHOSND, ERUEBRBOBRHOTE>EED L, EHERE
DIEEBOIEHE LTS NVEBOUEDTH D,

TEDZWFAM OESICHENBERISZH SN DT EN'E<(80.8%). ZWIBSHADEHIZALE 28
BEEE 21~358) THD. HEBISIEZIEE64.2%), FRERBELAE(7.1%) EZ->MNFEUTE
BESNEII—0, DBERICKDIBITOIILIESE, Z0RIEERE. MR, SMEXETRERS
Nd. EICB< (563.1%). BRICBL\(59.2%),

M@ MCDK TIFEFKi@D, 15RESR. UREF. MERASED Potter SEIRBEIDIFHEE S,
EFETEREN Y,
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(28] (BBICURTRERD

a)
b)

c)

HF R SEMETNE. B EBENT 541 449-453, 2003

Ismaili K, Avni FE, Alexander M, et al: Routine voiding cystourethrography is of no
value in neonates with unilateral multicystic dysplastic kidney. J Pediatr 146: 759, 2005
Hains DS, Bates CM, Ingraham S, Schwaderer AL: Management and etiology of the
unilateral multicystic dysplastic kidney: a review. Pediatr Nephrol 24:233-241, 2009
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INREMEBRE (B4AFE) PAEMRIBESR PREEM BB E
INBIBMESRE (B 58) Obstructive nephropathy Obstructive nephropathy

g =)
BRRIBRRICIDRBBERSBICS > TETIBHEESZAEMEBECW, HEYSEEE
CdLED - FERBOESE ZHEEIRIBREEEET D,

(52Br733%])
BBEBEICK VT D, BERMEADNRTEE TER THIN REBDZHTOREDEE,
RIZEEMIDIFE. SOICBHERSONMDIC IRk EZRER. &% CT &Ea. L/JSA U
JIVFTST 1 WERTHD.
REOEEDREOZHIC(E 99mTc-MAG3 Z0\L 99mTe-DTPA ZAUNEL /Y VYTF TS T 1 &,
BEEDEREDZHMICIE 99mTe-DMSA ZRVWZY Y F IS5« ZZFNZNITD,

(RIFBIRBDE ED]
RIBBBRESORRER 1 ICTH T,

NES. MRSEDRR. AIIREHE. ARSERERICHEULERTERSNDIBEEN'S
WD ERICZ U< BHEENSECIET UCERETRRSNDBE€HD. MEN RIS —HA
o, RAEDOREE. 8 (R, B STECI>TRENELIERD Y,

*&1 BENBEDRRER

TRZEEPAL
_EERRES NHERPRE
SR BLREBTHRZE TERPRES
BXRELE BERPRIEFT

Xt FREREA S RRAEAIE

RERE FRIEDAE
BREGV UREREES | MRS

TR PRARMEE

1. KEE

KBEIRIISBNONDAEETHDIN. BRTIFIBEERTHD. BERBMOMER LIRSS
TEEIND, KBESRBOIBEN « MEENIEOEEICKVSISROIIN, BEUTORBO
EDBRITEEUBD, CORHNIOKBEZZT DEAIERE LUTIE. DFRMEKBIE. @
EAREIE « REBRXREDBEL - REDARMERICH DIk, ORBIIREF - HIERMEMT
EDTERIBHEEIESICLE D IREILR. DEMRETETEICH SBRRENR. OBGOEER
EICKDBH » REBMECHDIKBE. OEREKBERZENDITESND,

2. EXRE
EXRREIIRENLE ULRREEEEZSN. BEEEREOMAEIEREICKDRENLET D

9
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BBEUTRESNZ, BREERIAEE UTIKBKREICZRDN, IREERREECHRED
LIRS ZHOBRBERIBBE U TERSNTND, BRRIEKBERRICSESTTHD. 5D
@RBON'HET D, EXRECH U TIINIDREERDIERBEAEEIETSRNZH. BFTHEIC
REEGE LVDYNRETIE smm M EEBZDIERRERDISVNED, 7~10mm M ETEXREE
ENTNDTEDZB)

® [ERERIEIR

1. SERMKBE

WMFT SIS SR IERAR OIfER & DIERMECHBE UIZEDNDB D o fZHN ﬁﬁ@%ﬁte&@é®m
FICEDBERIKDBHISNDCENS SN, IBIRBICERSNSDKEAEL 1,000 AIC 1 AR
WtﬁﬁéhTMé WRISEKBEDRS. FRKEBDOBOHENDCEN DD, HERNSH
REAICITBERRE TOMSNSNBES, FBERETH O, i352 L TOREESR. MAR. RIS
RBRETHET B, B - FEREOBEREEICLBZRD ) —Z VI REETHD.
FRIZTE. EF - AIESEREDIRSMRZmDdCENB D, BHRNICEIEERDSE
RMKBE CHIFT D EBHD,

2. RAMEKRNKREE

ERREECBRKERIFESACHKRIEKRBEEEDSREND BEBMOMRSFTREEL)
SHBBRYUREDN DDCH. KEEMEICERRERDZ UL, RE. IBIR - L IRBERRE
TOKREBKREFE S UTHERSNDCENS L FRIEKBEXIDRBBL TRR SN DEED
B0

L
YESRDBAL « BEBEDE T ZELTRNX DBEBHREE USEFMRET DEHICT D,

1. BEREE
£ o CEIRRNTHRREBROLEICER THD. RISHICHETI D ETKEBE - EAREDEIL -
WEEER TS D,

2. LTSN

DEWMEEIE T ERR I DEHICEBRBE CTHD. MRL /TS ASMBILTONED,. BE
IRREDSHIAMEXTZ ED TIFRNZ D, %@ﬁﬂéﬁi%@ﬁ%hﬁtﬁé MOEETHE
HEEICIE T ZROLIES OREREDICOBMEERET UCIBEE. FMa3RINETTHD.

3. BIRBISBSIREIER(VCUR)
EARRELEDTRIEDER %FKQﬁﬁﬁﬁ%%%ﬁngFk&%m?Tﬁmﬁ%EMET
DD, BEKBETE. RIEBEEIY FO—IVOFMOTSVICHETDITR MDD DIEH. —
EIFHDINEEEZ SN D,

4. MR 0557« « iZEBIROVB R RESF(VP)

10
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PRIBEIDTESR. LRDIRRE. REN' —TREDERICERATHD,

5. WITHBERREGE
IRAEEIDIRREGRETR) — T2 E DIESR) OIRFE U R DREDIRREERICAL\5ND, NI TS
EEMBANUZETHD FIBEMHDHIBSICEBSNINETHD,

(&3]
1)  Gulmi FA, et al: Pathophysiology of urinary tract obstruction. In: Campbell's Urology, 7th
ed, p342-385, WB Saunders, Philadelphia, 1998
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INRIBMEREE (B4R BEHMREIER (FHREBOMEMRBERRICKIDIBESERL)
INBIBMESEE (FE FB) vesicoureteral reflux : VUR

(8 2]
AREEIS, BB EREFBITEL DA E (RFM) O T ERIB@EEIEER E (LRI D8R L DI
FE(CRIDICKDBERADRARERN UBRICERT SRR THD.

(BZWTT57A])
YEPRBSBER R B1SE R (voiding cystourethrography:VCUR) TZWi L. EEREDHE(] E  REZFETIC
EEDER. [E BRI TERT DINRE « BROMROBMOETI/RV) TE : EEDER
& BRDILREBMOERZHD. VE @ PEHEEDRE « BROLREBMOIHEEZT D,
VE BEDRE - BEDILREREDEH - 1617, BMOILRSBIUAESOEAEERERN
TRREERT (),

GRADES OF REFLUX

VUR DOBERISEMRESHIC L SEFRDEE

(BZBRDFSIEERDER]

VUR BRI EER TH DN BEVEREBRERZEE(C VUR DRERENDCEDEFMICSUN,
INBFRESREZAED 30-50%/C VUR DMEFEETDENIDNTND D, > T, BICRETDIBHZENR
DIFEICIE, VUR ZROMUEN DD, HERIZEIENITKBEDIEEICKD VUR OEZHiEND
BEEH D, NBHICREEBRBRNDDIINS, VUR HEZEENED 2T — Z0AX M
MHMBENSERSSICIE. ERREEZEC U T VUR A'EZHSNDCEEHD.

VUR Z2ZWi T DIZENZERIEED. BERFEMREISESE (voiding  cystourethrography :
VCUR THD, VUR [FZDIREICKD. grade [~V D 5 REICEEEDTEIND (), VCUG
TIIBRSOBEMERE. PRI OREMREDFMSERENTEE T, TEIERISIEEEER D O NEPRES
DNBRENEEOBEEZRAITD, BIRD VUR Tld. BEFREADRE!) VITRREREDSEE
RIERERBIC K DHFEM VUR OOgEMARBEICHRINT. VCUG DRIERICKIDEREE T LBICER
=ID,

0. top-down approach DEFEDEEIC, FTFIE DMSA BY VYF IS AZRANDLDICE>

12
S12




TER, IBDOB, BYYFISATERBREBERDLEEDICHNE VCUG £13DEN D58 TH
D, CTOFIETIE, acute DMSA defect, BRER. EFEMBEDNNIFNZBHDRN) VUR ERIL.
I2EZ VUR D% > TEZH SN FICRBERSNDCEITRDNN ZDL DX VUR OIEEEHI
NBRWET DN RIEBBPEZEEUSDSEBRREERESERERSSNTND 29,

VUR [CXOBEBRERE LIRS, BEREV DK TEBERENRDIITEMENDD. VUR ICK
%Z) SIEE (LR & KIEND. 99mTe-DMSA 125 2 BREEROBEMRTAFTIT DI EICK

 DBMBEENDCENTED, RRZH DRISBREEICERULCERIE. 6 NAMEHEESR
b\’C;ﬂJE@“éc_c‘:D‘EE'C&S% 9, 3 NBLMARTIIBRMEICITET USNRIEEDNBIRT B,
RE BT I D YREEND D,

(ZE32K]

1) Levitt SB, Weiss RA: Vesicoureteral reflux: naturalhistory, classification and reflux
nephropachy.In: Clinical Pediatric Urology(ed by Kelalis PP, et al), p355, Saunders,
Philadelphia, 1985

2) Hansson S, Dhamey M, Sigstrém O, et al: Dimercapto-succinic acid sintigraphy instead of
voiding cystourethrography for infants with urinary tract infection. J Urol172:1071-1074,
2004

3) Predal, Jodal U, Sixt R, et al: Normal dimercaptosuccinic acid sintigraphy makes voiding
cystourethrography unnecessary after urinary tract infection. J Pediatr 161:581-584,
2007

4) Jakobsson B, Berg U, Svensson L: Renal scarring after acute pyelonephritis. Arch Dis
Child 70:111, 1994
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(2) P)UiR— HAEREE

INREER® (BAE IRMERIRIFEN (Alport MEMREFIC L D)
NEEMERE (K B Alport syndrome : AS
(8 =)

AlportfEMREFAS)IE1927F[CAlport[C KD ESNITETHEEEMEBR T, BHRE. RKER
ZRBHET DY, ZORBELGFIE. COL4A3, COL4A4, COL4AAREILF THD. 1990F(ICH])
O TXREKEHTL(X linked Alport syndrome: XLAS)ICHBUNTCOLLAARBIZFEREND, KRI\T
19945 |[C B REIAL T (autosomal recessive Alport syndrome: ARAS)ICHUVTCOL4A3HD
W ECOL4ALBIGFEENBDEINTUNDY, ASEARDPT, XLASHHIS0%. ARASHYHI15%
BB, EDD5%DPICCOLAA3H DU NECOLLAALBITFDEBN S3|ERCINDERBIA
EMRARESNTNBN, EEHRORIN DS, |
ASIC X DARBRAEBRIIAKAEERGBM DR EH > TETT Uy BIED O HEER TEME
RECEDY, MEPERISEBEREMEMR THDC EDBUD, FICXLASOBMHEIC BN TIERAIC
BoTHBEEFNESBRRICED, XLASOL MBS DHARIRKIAE N SR MR DM DE
BINSRHICEBUEBARZICEDEHNFT TR CTHD., XEBADRELRBICLDEHRSINT
PSR

(ZWi73)5]
RARFTR. RIRE, BERBIOELFRAICIDIREHICIZHT D,

BEBEE HEMERBRRRARER) 1B « WRSSROFBDHIEIEBECEI T DMEMIT M
[CROERSNIC AS DZMTEEZR 1 ICTT 2,

(BZHTDFSIEFBDER
AS DBEFHEEIFH 1:5,000 THO . FRIKZS E CRIERMEMREZMCERSNDCENSBU),
ZDIZH. FERMEMEROERICT LT AS Z588 > CIROFEREERINT D ENAETHD
(£ 2)9),
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