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A young case of kidney failure with thrombotic microangiopathy lesions in renal biopsy caused
by accelerated hypertension
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FEGIE 19 55, B, BT RENCBEBL L 2 OBORGERE OMEASH D, 16 R TR I (200,100 mmHg) % f§
B, MBS, BUIRMAECHMEE 2RO T, REESNIUE L ZE SR, ZoRiBlRe BOHTL T
Vs, 19 BECENME (210,140 mmHg) & % 7 L 79 = > 2.3 mg/dL, BUN 31 mg/dL OEERKT £ EHI .,
DA, IE AR IBAE (Keith-Wagener H1EE) 2288, MEALTE MIT (accelerated hypertension) & Wi & 17z, EH
BC IR O ME OBHE LS U, IR R - PO L IEEA R, MBIRIEIRIC 7 1« 7Y /A FEH,
PR AT % £ > 72 % B I IR G % B 7o, BTFEMEBHC CRIRKIC REM BRI (L & e, 2
FENE 8 (1% mesangial interposition % 528 72, WL LD KL & Mk i) 18 153 (thrombotic microangiopathy)
LB . UMY, BERR IR AEAER 3R ¢, 1) VIRET R REECH o 2, BITIBRE & Sl
I 5 CEHA S A R L . ORI E W TR O BERES MU X 5 MENEEED S SHROME)
BRiz Mtz £, SElsET LA EL N

A 19-year-old male was admitted to our hospital for the treatment of severe hypertension with renal
dysfunction. Two years before admission, his hypertension had been diagnosed as essential hypertension based
on a series of examinations when his renal function was not impaired. Visits to his primary physician ended
when he developed severe hypertension of 210/140 mmHg, at which time renal dysfunction and serum creati-
nine of 2.25 mg/dL were discovered. Renin and antidiuretic hormone were slightly elevated, but renal artery
stenosis or other abnormalities were not detected by magnetic resonance imaging and computer tomography.
After the hypertension was controlled by medication, a renal biopsy was performed to assess renal impairment.
Histology demonstrated lesions compatible with thrombotic microangiopathy (TMA) and ischemic lesions,
including fibrinoid necrosis, intimal thickening, occlusion in the small arteries, wrinkling and duplication of the
elomerular basement membrane with microthrombi, and focal interstitial fibrosis. Renal function ameliorated
after the hypertension was controlled. This case suggests that severe and accelerated hypertension can cause
TMA with renal impairment even in young people.

Tpn J Nephrol 2009 ; 51 : 878-883.
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% I
fieck, BEAEEMEEEE, 5 otk oF2, H20iH
FEPAHBIETL PRETROERATHI LI NTL
70 MR, HBIRD 7 4 7 7 A4 FEBER/NG)
W N EZANETE & NIB ORI X RS, Z24uck 3
PRSP PRZE 2 & L, L IZ L I3 onion-skin lesion &
XN BIREZBR T 5, SHbivbiug, w4
BENEOFLHEIE T 2 AR IIm E 2ok b Do,
BB T 4 70 7 4 FESHBIR - SRERFEHIE
B 2 MmN R R A 2 L 7 IR E e o
TEFRIEM 2R 20T JIe#is ¥ 5,

I E B
82 O om, Bt
E BF:oEIE E BB TORERE
BEGERE : EREBICHEERERICRAL, 3mE °H

KEBZHEOONMMATADPAELZEEIN T, 6 /R
THMREEZ AL Tol, WRPLERELZHEL, imi-
pramine 25 mg B S LT 7208, 16 KH & 3BBE % i
LT/,

FIERE © XA ST

EERE ¢ WURE 10 A /day 3 HERE, BUMEEZRL, BITL
¥ —5H 0, BEmE

BRI ¢ 16 AR ICHTE C & I (170~200/100 mmHg)
ZEBINEEEZZ U, L= Vi 99 mg/mL/hr &
AZBD 7255, antidiuretic hormone (ADH), 2V F YV —il,
ATa7IVROBRKEEDT, L/ VI LTHLRENN
RO Lo, YBFME S L7 F = (Cr)0.7 mg/dL,
blood urea nitrogen (BUN) 12.0 mg/dL & EHERE 13 (E B HiFH
NTH o7, Ca BVIEL L2 EEVBGB I, 20%
iz HOHWM L 2, Z0oBIIEEBELZ2 L TE6 T,
19 IERICRERERZ Fo» NOEEARZ2 L, ®IE
(210/140 mmHg) & B HEBE{E T (Cr 225 mg/dL, BUN 23
mg/dL) % 54§ X 41, amlodipine 10 mg O PIARDBHLR S 41/,
TRIRAE (XS L sodium valproate b & N7z, 2D, BH
DIZDHNAINABLE o7,

HEEFICB LT, AHEE OO TES BRSO E
mBH o/ MOV TRREFFZ T 2RETH -7,
e EmmAMH Y, RECHEZELIER Y, ARO#H
B & O M & R Z D T 7,

ABRBEIRIE . K 164.50m, {FE 80kg, BMI 298, Ifi

Table. Laboratory data

WBC Na 139 mEq/L.(135~147)
11,400/1L(3,300~9,000) K 2.8 mEq/L.(3.5~5.1)

Neu 750% Cl 99 mEq/L(98~108)
Eos 35% Ca 9.3 mg/dL(8.4~10.3)
Bas 03% P 3.0 mg/dL(2.5~4.5)
Lym 153% TP 7.0g/dL(6.5~8.2)
Mon 59%  Ab 4.29/dL(3.7~5.2)

Hb 13.8g/dL{11.4~155) BUN 31.1 mg/dL(8.0~20.0)
Pit  299x10%/uL(140~360) Cr 2.3 mg/dL(0.5~0.8)
UA 8.0mg/dL(<7.0)

PT 10.5sec(11.0~14.0) GOT 14 1U/L{10~40)
APTT  34.5sec(30.0~45.0) GPT 16 1U/L(5~45)
FBG 406 mg/dL(200~400) LDH 310 1U/L(115~245)
D-dimer  3.9ug/mL(<1.0) ALP 211 1U/L(110~350)
T.Bil  0.72 mg/dL(0.2~1.2}
CRP 0.82 mg/dL(<0.1) CK 57 IU/L(33~150)
haptoglobin T. Chol 68 mg/dL(130~219)
165 mg/dL{50~300) HDL-C 40 mg/dL(40~98)
¥} CL- B,GPI TG 238 mg/dL.(35~149)
1.2U/mL(<3.5) HbA,, 3.5 %(4.3~5.8)

lupus anticoagulant sOsm
1.12(<1.3) 286 mOsm/L (284~294)

Endocrine data Urinalysis

TSH 1.73uU/mL(0.35~3.73) | LLE 1.019
T3 2.49 pg/mL(2.2~4.1) | pH 6.0
T4 1.21ng/dL(0.88~1.81) | OB (=)
BNP 9.8 pg/mL(<18.4) | Pro (2+), 0.7 g/day(<0.13)
PRA 9.9 mg/mL/hr(0.2~3.9) | Glu (+), 0.6 g/day(<0.1)
aldosterone Uro (£)
220 pg/mL(3~21) | Bil (=)
adrenalin  0.01 ng/mL(<0.10) | Ket (=)
noradrenalin RBC <1/5F
0.88 ng/mL(<0.50) | WBC 1~4/F
dopamine 0.04 ng/mL(<0.30) | NAG 15.5 IU/L(<7.0)
ACTH 17.7 pg/mL(7.0~56.0) | B,MG 13,814 ug/L(<230)
cortisol 5.9ug/mL(4.0~23.3) | Osm 500 mOsm/L

ADH 8.4 pg/mL(0.3~3.5)

JE 196/141 mmHg, i 36.2°C, Bk 102/57%, #ifn - &
RS L, LEFRIRE L IVERIEE, MEaL., s
13k, MEERA TIEEHCERS D,

BREMR (Table) : FREETIX 0.7 g/day DERRZRD
7o K2.8mEq/L &{&T %3 ®, BUN3L.Img/dL, Cr23
mg/dL, UA 8.0mg/dL, Creatinine clearance (CCr)43.0 mL/
min L EEBETZEO, - HEREZOEN RO
72l 7z, WBC 11.400/uL, CRP 0.82 mg/dL & S84 KGO
REEMEZ O, FIREMEE TEREALECORER
Wlpoledl, AT AZIVETARATO Y PRELRL
TED, Lavifd 9.9 mg/mL/he & EF L Tz, hap-
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Fig. 1.

a ! A light micrograph of a renal arteriole. Note
fibrinoid necrosis and thrombus formation.
Left ; Periodic acid-methenamine-silver
stain (PAM, % 200)
Right ; Periodic acid Schiff, X400

- b A light micrograph of a renal arteriole.
Endothelial cell swelling and luminal
obstruction are prominent. Periodic acid-
methenamine-silver stain (PAM, X 400)

¢ ' A light micrograph of glomeruli, showing
double track appearance of GBM (arrow
head), and narrowing of the fumen

(arrow). (Periodic acid Schiff, X 400)

toglobin, #T CL-f, GPI, lupus anticoagulant l$t>37 41 5 72 BAFE magnetic resonance imaging (MRD) T T IHE{FIC

HEBDRhol, HTRZRD ko,

iR X FRE B THONELE 53 %, 83 - 4 SERHL T €A V7 LIMUEE & IREE, 8,3 70 /a7 )y ORERE
BEH, DEFOHREZADLNI S MPHIKIZED 2o DI, NGRS BEEY v REROWEL &
too LERITH 1, 1, aVL, aVF, V4-6 T ST DTz biciiE» ) v LEESE LRIIEESE L, L LEA
P EENWKOFRERD 2, L a—TRIFRMAEEN ﬁi iﬂfléﬁ”’@‘ SRR T PEME B L TBHEREREE
£ 43 mm, SEMIAERFE S Imm EHGRLTED, & % tz X AEFREEBMEOWRELEZ LN, RE2TT-
ROEDIER(DEPEE 15mm, HBEE 15mm) 280 :{Eﬁl‘g‘ifﬁ%ﬁﬁﬁbf:o

BRINER 74 % & UUHERR I3 R7- TV 7o s, M&Fﬁﬁ‘%ié@:am&) BT RGZ, BHETREEECHEEORMELSS D,

7= o IRERE T3 Keith-Wagener (K-W) TI1EE o & 1 8 I ANEIIRIC U - IO INEREYE S o (Fig. 1a), MEIR
JEZ RO BT a—TIZA 101 X 58X 64 mm, F5 94 X 40X SEi I MM O NEE % - 72 BREE A B o /- (Fig. 16), kIR
52mm & AEAEHEERRD, LLIREORMAEL N EM iz 4 @&, 1 @oREEaELEEO L, 2RI
FiRZRDI, L /775 TIEHEEERTDO RS — Yo FRERF 2B HNME R O Z BLC A0 8L (Fig.
ZRL, ABEEEED 23 BETH- L, MEHEDIE 10)ZRD-, —H, BHIERIED wiinkling BEETH
LY DETIRED o7, IEER computer tomography BAREAEL S D, KRR L o UHAP TR ed o7,
(CT) CRAMICEEERERE O Lok, IBE Y v o0 E PRI ED R dr o, BETIHEEBEOMT, mesangial
OREEES R0, BEY v it L& 2 6417z, magnetic interposition & FEMEOH 4, WEMBOEL & (Fig. 2a) 1L
resonance (MR ) angiography TIXBEIRICHEAIIZED b B & B R IRIE RN RO B2 % 589 72 (Fig. 2b) . electron
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b : Thrombus in a glomerular capillary ( X 10,300)
arrow * mesangial interpositioning, E : endothelial cell, M : mesangial cell, P : platelets, R : red blood cel}

dense deposit 138O Lh o7, HEHPED /2 & OFFLFHEE
Whh&E{, 2IEFNT0E5RRE, BRI
IgG, IgA, IgM, C3, C4, Clgq, fibrinogen DB
Dot

BBARES : FEROBELHoOMELD, FWHET RS
MRV X 5 s 1 0 8 B2 55 (thrombotic microangiopa-
thy : TMA) & BT L 7, L8, WO HIR, ERZAECER
& Ca #5513 D amlodipine, ACE FHZ 2 (ACEI) @ temoca-
pril, 7T AT v o REEEETIE (ARB) @ valsartan, i
TN F AT 1 v ED spironolactone % & T IRAHE CILE
1 130~140/80 mmHg IZ{&F L7, ABERTE b AL Ty
72 sodium valproate X ABit% 1T L 72, 72 8, ACEIL ARB,
TV RRAT Oy EE—EHOHNTMRER T HICEEL
7o, LT AR AT CBICE D, fofihiih K o ERZR
W77 & wichlormethiazide ~EHE L 72, AL HHRE
(50¢), SR HIBR (7 g), JEB), T2 g LBkt s ko7,
BEER—-RARZHOTH L Tk D, 2oL F&IMEH
182/132mmHg £ B LR L /4%, BHEEOEL 2K TIZH

Fig. 2.
. Electron microscopic findings. GBM was wrinkled and

a newly formed basement membrane with mesangial
interpositioning (arrow) can be observed. Narrowing of
the lumen due to endothelial cell swelling (E) can be
seen.(X6,180)

Ohpote, TOBBEENRERIES 2 2 & TIUEIR
130/70 mmHg FREZHFL TEH D, BHEAED Cr 1.5~1.7
mg/dL ERKEL T 5,

zE =

AAEGITIIBE &SRO 2 BiZh 7z b @il o3
Thitln, “RESNEOH RERDY, HERFEOXK
BUESIELFZ S5k, SHO AR, #7273 V%
ADH 2 EMER L T —RED LD TlEA VL EER
57z,

FE4: & 1M E (malignant hypertension) {3 B 72 @& ILE 1<
Lo TIMEREE & RBHBRO RIS 20887 2RET
H 1D EEED crisis 7 &7 QMAIGICH 2V, (JB)E
FHOBMEETIE AT 1) RO IRRBINAES 130
mmHg ML b, 2) @i EERE K-w IVE O FLEFEE, 3)
RBIGET LEA ST 2 EHREE, 4) FEND, WE
W, DAL EE2E RELRLBEROBEN, BE D A
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882 WUIMIVE & 3240 72 AL I EAE (]

FERT O AR BT A% 120~ 130 mmHge, 2) K-W IEOIRE
APk, 3) BARICES ROERERSE, »dToh, 20
3%, ABET3 &ML, BEHTR DEDOVWTRLZ
T b o2 BEEIIE EEO TS, 77, BRI
K-W IVE 2373 b o2 BESIE L ER L, BikEm
FE L Ao BB MaEEL2 S L, REFRTK-W IE
# 2% 3 4 0 & NEAEIMIE (accelerated hypertension) & L
TRAMLTE R, MEBREPAEELESBIIBL T K-
w i, WVETHEEEDSFRICIE L EVDRTY
2, ASEGTIESB IR DA R IFERD Al o 7o b,
B E (2107140 mmHg) & 58 8008 1< 8 1 A 44 H BE (K-W
MED), BHEREIR T M7 2 30, MERERIME & 321 L 72,

HAEEMED A A = AL ZMENEREICLSLERD
NTHBY Y FE ERIC K S shear stress DI K H A
S I PR HINE RSB A3 U % 23510, A U I © b 3
HEMETRD2 LI RMERELZRES BRI LLD
D ERSIcL 2y s PO T vy RDIER
{2 gary 7y Lyt h5as 9 o
alFaAg }514.5)‘ %;}E%Eﬁm)‘ ‘;ﬁ%}ﬁm, ADH(‘“g)tﬁ &
DE5LEZ LN TWD, NEEESHERO 7« 7Y/
4 FEFEOERBINRO N4 & IERE 2 &7 L
FEEE I, AR Z DEX 8, TMA ORELT &R
FoELH2Y, L Lads, 4FTII) eoklilEN
SIS & RS S, TR Uk B
BET A 27 LEROBERoBRHEEH cREI L TY
BT EWBHG,

L LASEGICWE, MEAEIR 4 & ORRIREIR 2 38 37
AT RS MR, IR mER D HBS haptoglobin
EETZZo kit hrbsd, HHEETRE
TMA FiE 23S 7, BRIz, M- ABiRED 7 ¢ 7
VA4 R S ARSI o T - B X 2 NEER
g2 SRERRCIRBMIE O N RO AL & ik,
mesangial interposition & FEFIER L £ TH 5, FHFIC
Yo TR RS—E TR W i, ERO/D - HIEIROHH
EEOBWIC X - TEITIC X 3R EERESRRET L
RO EEIONS, £I0I 800, RERERE
FEIFEFEARBEBCLA2LDOTRERWV EZEZL SN,
FIRG 12 AR RIE OMIELLMEIT L T D, Akt
BIEOREL TR EZD .,

B E LI TMA # 27 2R L L ¢, R
FEREAE (% 7 (hemolytic uremic syndrome : HUS), ek
R 3 A 4 48 BE S (thrombotic  thrombocytopenic  purpura
TTP), cyclosporin 7¢ & I P9 W % 2 2 3 Se Il 3

% VEGF MEREO A, kR, DIC, HELLP AE{#
B, SLE % £ ORBMIE LM ST Y, RREHNIE
EHIOHERAE L o7, AFBORBE TR VIEEN
thx aoaCHEEERETHD, HORERBEITENT
Hote, NERBIZEBSEY v SEEZRI L Twidy, HE
THIZG 3RO T, HHEICRRL 220, AREIOHE
LB BSEIC X 5 HUS 2 &Lz 3B, BE
Rl 22 IIUE DA A P R B e 2 RS & T ERNERE O 72
Dot BIEPIENEEECES L ) %2 DloEHA

&L TR MENE Z T,

SEEE, TTP 0BTl ADAMTSI3 iGN L T
H, ADAMTSI3 iEHEAMEN 0 B#H T M TImABELY
22 LG ST B, AREH o ARG I
ADAMTSI3 DHIER —BI TR ot DMETE R
Dot BHRD X IR LHMERRLD, EESIILC
k2SN EEESEYICRE S, BRI TMA 25T L
B R4 B -7 L # 2, ACEL* ARB % & ® 7 lEEGHE
ARSI 52 ETRIAL 2. 2OBOFERICEVT
R EEE R L T,

B

| 5o
EAE TS & 6 1B ERHRAER P AT R 2580 a b -
Fob 0o, BB T N IS < X 5 TMA P

WTRBMTER X 2EBEDA A AL EL T TMA OF
EREZoit, R IOEMOREBELY, REAHOE
FERR(E T B I AT 2 IR ) RIS B B2 1T e, R
BT RETH D EEL SN,

nB, ORLOBEEIRE 4 B ARBMEEL AN RS (2004
R TS L.
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Angio-Embolization of Renal Artery Psendoaneurysm after Renal Biopsy:

A Case Report

Akira Mima

Department of Nephrology, Institute of Health Biosciences, The University of Tokushima Graduate School, Tokushima 770-8503,
Japan; Department of Nephrology, Kyoto University Graduate School of Medicine, Kyoto 606-8507, Japan

Masanao Toma

Department of Cardiovascular Medicine, Kyoto University Graduate School of Medicine, Kyoto 606-8507, Japan

Takeshi Matsabara, Fumihiko Shiota, and Noriyuki lehara
Department of Nephrology, Kyoto University Graduate School of Medicine, Kyoto 606-8507, Japan

Hideharu Abe, Kojiro Nagai, Toshikazu Takahashi, Motokazu Matsuura, Taichi Murakami, Seiji Kishi,
Toshikazn Araoka, Fumi Kishi, Naoki Kondo, Reiko Shigeta, and Kazohiro Yoshikawa
Department of Nephrology, Institute of Health Biosciences, The University of Tokushima Graduaie School,

Tokushima 770-8503, Japan

Takeshi Kimursa and Tora Kita

Department of Cardiovascular Medicine, Kyoto University Graduate School of Medicine, Kyoto 606-8507, Japan

Toshio Dot

Department of Nephrology, Institute of Health Biosciences, The University of Tokushima Graduate School,

Tokushima 770-8503, Japan

Atsushi Fukatsu

Depariment of Nephrology, Kyoto University Graduate School of Medicine, Kyoto 606-8507, Japan

Renal artery pseudoaneurysm is a rare clinical entity that
has been reported after renal biopsy, percutaneous renal surgery,
penetrating trauma, and rarely blunt renal trauma. We present the
case of a 37-year-old man with ruptured renal artery pseudoaneu-
rysm accompanied by massive gross hematuria, urinary clot
retention, and bladder tamponade, which were the presenting
signs seven hours after renal biopsy. Abdominal CT scan showed
a large perinephric, intracapsular hematoma of left kidney. His
angiogram revealed a left renal segmental artery pseudoaneu-
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rysm that measured 1 cm x 1 cm. He was successfully treated by
selective embolization of the arterial branch supplying the
pseudoaneurysim.

Keywords pseudoaneurysm, renal artery, renal biopsy,
tamponade, coiling
INTRODUCTION

Renal artery pseudoaneurysm is a rare clinical
entity; however, it has great clinical significance when
encountered because of its propensity for rupture.f It is
a rare complication of renal biopsy percutaneous renal
procedures, penetrating tranma and, rarely, blunt renal
frauma.
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The clinical manifestations of renal artery pseudoan-
eurysms may vary from incidental to causing hyperten-
sion, flank pain, hematuria, and rupture. The risk of
rupture is estimated low, but it is associated with a mor-
tality rate as high as 80%.5" Aneurysms larger than 2 cm
in diameter are considered to have a high risk of rupture,
although ruptures have also been reported in smaller
aneurysm.

Angiographic embolization is now considered a safe
and effective treatment in patients with renal artery
pseudoaneurysm. This treatment should be the procedure
of choice due to its advantage of being minimally invasive
and its selective treatment with maximal preservation of
renal parenchyma.

CASE REPORT

A 37-year-old was admitted to our rheumatology
department of our hospital because of dyspnea and arthralgia.
Systemic sclerosis was diagnosed on proximal sclero-
derma, Raynaud’s phenomenon, and the lung abnormality
of computed tomography as well as positive antinuclear
antibody. Because of proteinuria and microscopic hema-
turia, he was moved to our department and had renal
biopsy performed. After seven hours of biopsy, flank pain,
severe gross hematuria, urinary clot retention, and bladder
tamponade were recognized, and abdominal CT showed a
large perinephric, intracapsular hematoma of the left kid-
ney (see Figures 1a and 1b). Gross hematuria persisted the
next day, so we decided to perform angiography. His
angiogram revealed a left renal segmental artery pseudoa-
neurysm that measured 1 cm X [ cm and its rupture, and
then the subsequent coiling of this spontaneously ruptured
left renal segmental artery pseudoaneurysm (see Figure 2).

DISCUSSION

Renal artery pseudoaneurysin is a rare complication of
renal biopsy percutaneous renal procedures,® but when
encountered, it is of great clinical significance because of pro-
pensity for rupture."! A pseudoaneurysm is the presence of
arterial blood entering into adjoining tissue with continuous
blood flow within this space. Symptoms may include abdom-
inal tenderness, abdominal mass, hematuria, hypertension,
and shock®; however, incidence for ruptured renal pseudoa-
neurysm and the mortality rate of pseudoaneurysm are diffi-
cult to establish due to the lack of reported cases in the
literature.!! When there is rupture, there are four spaces the
blood can be redistributed (viz., retroperitoneal, intraperito-
neal, intrarenal, and intrapelvic). Most intraparenchymal
renal artery pseudoaneurysm ruptures are self-contained,

A. Mima et al,

Figure 1. CT scan shows a large peringphric, intracapsular
hematoma of left kidney.

Figure 2. Selective angiogram shows a complete exclusion of
the pseudoaneurysm in left renal artery.
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leading to increased probability of tamponade and improved
mortality.l”! The same principle may apply to extraparenchy-
mal aneurysms that are contained in the retroperitoneum with
concomitant tamponade. !

Early detection and embolization are important in treat-
ing this life-threatening injury with reported high success
rates.” Treatment of renal pseudoaneurysm consists of
nephrectomy, open vascular surgery, or angiographic embo-
lization, depending on the patient’s clinical condition. Angio-
graphic embolization should be the procedure of choice due
to its advantage of being minimally invasive and its selective
treatment with maximal preservation of renal parenchyma.
Surgical indications for repair include overt ruptures, aneu-
rysm greater than 2 cm, renovascular hypestension, expan-
sion of the aneurysim, and evidence of renal damage. 13]

We herein showed a case in which massive microhe-
maturia, vrinary clot retention, and bladder tamponade seven
hours after renal biopsy were the presenting signs of renal
pseudoaneurysm rupture, and demonstrated that it can be
managed successfully with angiographic embeolization.
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| Case Report

Improvement of Renal Function after Opening Occluded

Atherosclerotic Renal Arteries

*Hiroshi Kanamori, MD, PhD, $Masanao Toma, MD, *Atsushi Fukatsu, MD, PhD

ABSTRACT: Percutancous transluminal renal angioplasty (PTRA)
with stenting has been effective in the control of hypertension, renal
function and pulmonary edema caused by atherosclerotic renal artery
stenosis (ARAS). However, concerning the viability of renal function,
this procedure has not been fully established, especially in the presence
of renal atrophy or severe renal parenchymal disease. We report a dra-
matically improved case of acute renal failure caused by acute worsening
ARAS treated by stenting, A 72-year-old female was admitted for accel-
erated renal dysfunction (serum ceatinine; 1.2-2.3 mg/dl) and hyper-
tension (190/100 mmHg). At 10 days after admission, the patient’s
serum ceatinine increased to 6.7 mg/dl, her pulmonary edema was ex-
aggerated and hemodialysis was required. Ultrasonography showed bi-
lateral high-echoic kidneys, but no apparent finding of renal artery
stenosis (RAS). At day 15, computed tomographic angiography indicated
bilateral ostial RAS. Renal angiography demonstrated total occlusion of
the right and severe (90%) disease in the left. ARAS was diagnosed by
intravascular ultrasonography. The guidewire was inserted in both renal
arteries, PTRA with stenting was performed in the right and a stent was
directly implanted in the left. Immediately, each kidney enlarged to almost
normal size, leading to satisfactory urination. She was released from he-
modialysis the next day since her serum creatinine was normal and the
pulmonary edema was improved. Although there is still no reliable prog-
nostic factor including resistive index or kidney size, it is important that
PTRA with stenting in ARAS should be considered in a case of accelerated
renal dysfunction because of the possible improvement.

JINVASIVE CARDIOL 2009;21:E171-E174

It is well known that renal artery stenosis causes refractory
hypertension. Among the diseases that cause renal artery steno-
sis, including atherosclerotic renal artery stenosis (ARAS), fi-
bromuscular dysplasia (FMD), aortic dissection, aortitis, and
so on, ARAS is the most common underlying cause (approxi-
mately 90%).! Recently, noninvasive diagnostic techniques have
been established for the examination of renal arteries including
magnetic resonance angiography (MRA), computed tomo-
graphic angiography (CTA), and duplex ultrasonography, and
ARAS has begun to draw attention as the cause of end-stage
renal disease (ESRD).2 It is reported that eatly identification and
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management of ARAS, especially percutaneous renal angioplasty
(PTRA) followed by primary stenting, have a beneficial effect
on the control of hypertension and renal function.? However,
concerning the viability of renal function, this procedure has not
been established, especially in the presence of renal atrophy or
severe renal parenchymal disease.#5 Here we repott a dramatically
improved case of acute renal failure caused by possible acute
worsening ARAS (total occlusion in the right renal artery and
90% stenosis in left) and treated by intravascular stent placement
with or without PTRA. This case offers some clues to the ap-
propriate indication for PTRA and stenting to treat ARAS.

Case Description. We present a case of acute renal failure with
bilateral severe ARAS treated by PTRA followed by intravascular
stent placement, leading to the discontinnation of hemodialysis
(HD). A 72-year-old female presented with dizziness associated
with bypertension (190/100 mmHg), and candesartan (8 mg) was
administered. Laboratory findings showed renal dysfunction (sCy,
1.2 mgld]). Twenty days later, the patient’s serum creatinine had
increased to 2.3 mgld] and ber hypertension had not improved. She
was therefore admitted to our hospital for further examination.
Since her renal functional decline appeared to be due to angiotensin
recepror-blockers (ARB), which implied the existence of bilateral
ARAS, nifedipine (40 mg) was administered as a substitute for
candesartan on admission (day-0). Urine analysis showed no ap-
parent abnormal finding. A bruit was heard beside the umbilicus.
At day-10, the patient’s urinary volume declined and her serum
creatinine had increased to 6.7 mgldl. Although furosemide was
administered, her pulmonary edema was exaggerated (Figure 14)
and HD was required. The patient’s plasma rennin activity (PRA)
and serum aldosterone® level were vevealed to be high (PRA 17.3
ng/mithour; Ald 402 pg/ml) (Table 1). Renal artery stenosis was
suspected, however, no clear finding was confirmed with duplex ul-
trasonography (Table 1). Renal echography showed atrophic kid-
neys. These facts implied that both kidneys might not viable.
However, we decided to perform an interventional study because
the patient’s clinical course was acute and there was a possibility
of recovering renal function. At day-15, CT angiography showed
bilateral ostial renal artery stenosis and arrophic kidneys (long-axis:
right 74 mm; lefi 85 mm) (Figure 2). Renal angiography demon-
strated total occlusion of the right renal artery and severe (90%)
disease in the lefi renal artery (Figures 34 and 3E, respectively).
ARAS was diagnosed for its plaque formation by intravascular ul-
trasonography (IVUS). The totally occluded lesion of right renal
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Figure 1. Chest X-ray findings. (A) At day-10 (before the start of he-
modialysis), pulmonary edema was apparent. (B) After percutaneous
transluminal renal angioplasty with stenting, the patient’s pulmonary
edema had improved.

Table 1. Laboratory findings at admission.

balloon catheters (Figures 3B and 3C). Final angiography showed
0% residual stenosis with normal flow (Figure 3D). A Genesis 5.0
x 18 mm stent was directly implanted in the left renal artery without
predilatation (Figures 3 E and F). Immediately after the revascu-
larization of the renal arteries, both kidneys were enlarged to almost
normal size. Suffficient urination was noticed during the interven-
tion. The patient was released from HD. Her serum creatinine and
PRA normalized to 0.8 mg/dl and 0.7 ng/mlfhy, respectively. Her
pulmonary edema was completely ameliorated (Figure 1B). The pa-
tients hypertension also improved to 140/90 mmHyg.

Discussion. ARAS is the most common underlying cause of
renal artery stenosis.! Advanced age, hyperlipidemia, diabetes
mellitus, smoking, heart disease and vascular disease are cited as
risk factors.6 Our case did not have any apparent risk factors ex-

cept a slightly high level of serum total cholesterol and

advanced age. However, severe atherosclerotic lesions

in bilateral renal arteries were diagnosed by IVUS. The

most crucial clinical findings associated with ARAS are

Hemogram and Coagulation Immunological Examinations
WBC 6,900/ L (2,800-9,300) 1eG 1,598 mg/dL (826-1840)
RBC 373 x 104/ 1L (319-482) IgA 163.4 mg/dL (93-426)
Hb 11.7 g/dL (10.2-14.6) IgM 147.5 mg/dL (54-333)
Ht 35.0% (29.8-43.4) C3 114.6 mg/dL (70.5-125.6)
Ple 21.2x104/L(12.3-343) (4 28.4 mg/dL (10.6-33.0)
PT(INR)  0.86(0.98-1.24) CHS50 54.8U/mL (28-51)
APTT 24.9 sec (26.2-39.3) ASO < 30 IU/mlL
Blood Chemistry

ANA <x40
TP 74 ¢/dL (6.3-8.1) RF 30.7 IU/mL (0-11.7)
Alb 3.8 g/dL (3.9-5.1) MPO-ANCA < 10EU
T-Bil 0.5 g/dL (0.3-1.3) PR3-ANCA < 10EU
ChE 198 IU/mL (201-436) Metabolism
GOT 49 TU/L (13-33) Rennin 17. 3 ng/mL}hr (0.2-2.7)
GPT 46 IUJL (6-27) Aldosteron 402 pg/ml. (30-159)
ALP 357 IUJL (115-359) Urinalysis
LDH 225 TUJL (129-241) Gravity 1.003
CPK 72 TU/L (35-141) pH 6.0
BUN 44 mg/dL (8-22) Protein - (0.1 g/day)
Cre 2.3 mg/dL (04-0.8) Glucose -
UA 9.5 mg/dL (2.6-6.2) Occultblood
T-Cho 232 mgfdL (140-220) Sediments
TG 145 mgfdL (34-173) RBC 1 >fHPF
AMY 240 IU/L(36-129) Casts p
Na 139 mmol/L (136-144) Urine chemistry
K 4.1 mmol/L (3.6-4.8) u-NAG 49 U/L (0.5-9.1)
Cl 100 mmol/L (99-109) Creatinine

clearance (Cer) 7 mlfinin
Ca 8.0 mg/dL (8.5-9.9)
P 3.9 mg/dL(2.6-4.5) Ultrasonographic examination
BS 87 mg/dL(78-110) Peak systolic velocity (PSV)
CRP 0.2 mg/dL (0-0.2) Right 140 cm/sec, left 150 ecm/sec
HbAlc 5.4% (4.3-5.8) Resistive index (RI)
Infection Right 0.48, left 042
HBs-Ag -
HCV-Ab  +

hypertension and renal dysfunction. Hypertension is
due to the activation of the rennin-angiotensin path-
way,” which usually worsens rapidly refractory to an-
tihypertensive agents. Renal dysfunction is caused by
ischemic nephropathy, with renal parenchymal is-
chemia caused by a decrement of renal perfusion, often
developing into end-stage renal disease (ESRD) and
requiring dialysis therapy.?

Although angiography is historically the gold stan-
dard for diagnosing renal artery stenosis, it may cause
atheroembolism and contrast nephropathy. Recently,
various noninvasive methods such as MRA, CTA and
duplex ultrasonography have been devised and devel-
oped. Although MRA and CTA are equal to angiog-
raphy in terms of sensitivity and specificity (MRA:
approximately 90-95%, CTA: approximately 95%),
CTA poses a risk of contrast nephropathy, and MRA
poses a risk of gadolinium-induced nephrogenic sys-
temic fibrosis.? Taking those facts into consideration,
duplex ultrasonography is the safest and most con-
venient on a cost/perforinance basis. Although the use-
fulness of duplex ultrasonography depends on the
technical skill of the operator, it was recently reported
that its sensitivity and specificity are 90-95%.1!! Du-
plex ultrasonography can provide information about
the viability of kidneys with ARAS. According to
Strandness et al, both a peak systolic velocity (PSV) of
a renal artery > 180 cm/sec and a renal-to-aorta ratio
(RAR) > 3.5 indicate renal artery stenosis > 60%.12 It is
also reported that a PSV > 200 cm/sec by ultrasonogra-
phy is almost equal to a translesional pressure gradient
> 20 mmHg by angiography.? In cases of a resistive
index (RI) > 0.8, renal parenchymal dysfunction is esti-

artery was successfully crossed and was dilated using a 2.0 balloon
catheter and a Genesis 4.0 x 18 mm stent was implanted with
IVUS guidance, followed by dilatation using 3.5 and 4.0 mm
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mated to be severe. Our patient’s plasma renin activity (PRA) and
serum aldosterone level were high, but duplex ultrasonography of
the renal arteries did not reveal renal artery stenosis (Table 1).
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Given this information and the atrophic finding in both kidneys,
we hesitated to perform further studies. However, accelerated renal
dysfunction, congestion (flush pulmonary edema) and hyper-
tension that required HD led us to perform CTA (Figure 2).

In terms of treatment for renal artery stenosis, it is re-
ported that angiotensin-converting enzyme inhibitors (ACE
I) or angiotensin II receptor-blockers (ARBs) are effective in
treating hypertension for 86-92% of patients.!* Caution
should be practiced because ACEIs or ARBs can cause the
progression of renal dysfunction,'s which was the case in our
patient. Those agents are also contraindicated in cases of bi-
lateral stenosis or functional unilateral stenosis. The indica-
tion for PTRA for ARAS is stated in the ACC/AHA 2005
guidelines.* These guidelines cite the following: “...percuta-
neous revascularization is reasonable for patients with hemo-
dynamically significant RAS and accelerated hypertension,
resistant hypertension, malignant hypertension, hypertension
with an unexplained unilateral small kidney, and hyperten-
sion with intolerance to medication (Class ITa, LOB B), per-
cutaneous revascularization is indicated for patients with
hemodynamically significant RAS and recurrent, unex-
plained congestive heart failure or sudden, unexplained pul-
monary edema (Class I, LOB B).”

Van et al reported that in the treatment of ostial ARAS, the
primary success rate employing PTRA with or without stenting
was 88% and 57%, respectively, and that the restenosis rate after
a successful primary procedure in patients who underwent
PTRA with or without stenting was in 14% and 48%, respec-
tively. The author concluded that PTRA with stenting is a better
approach in the treatment of ostial ARAS.!6 However, concern-
ing the recovery of renal function, it is still controversial.s

The resistive index (RI) has been said to predict the out-
come in patients with renal artery stenosis who are undergo
intervention. It is reported that among patients with renal ar-
tery stenosis > 50% of the luminal diameter and who under-
went PTRA or surgery, a RI of at least 0.8 reliably identifies
those who will not experience improved renal function.'? On
the contrary, it is also reported that among patients with ARAS
> 70% of the luminal diameter, even if the Rl is > 0.8, PTRA
with stenting offers favorable acute and long-term clinical re-
sults for the preservation of renal function.!® RI is currently
controversial, with no reliable data on outcomes in patients
with renal artery stenosis treated with PTRA,

There is no evidence (such as randomized, controlled studies)
that dilating a totally occluded renal artery is beneficial. However,
recanalization of chronic total occlusions (CTOs) has been shown
to be feasible in the coronary circulation.” It is also reported that
renal function was improved after opening a totally occluded
renal artery with PTRA followed by stenting.202! In our case, se-
vere and even occluded ostial ARAS was treated by stent place-
ment, leading to recovery of the kidneys™ size, immediate
satisfactory urination, and a normalized creatinine level and dis-
continuation of HD. At day-23 (8 days post intervention), a
renogram showed that the right kidney functioned at nearly half
the capacity as the left kidney (Figures 4A and B), which would

Vol. 21, No. 9, September 2009

Renal Function Improvement after Opening Occluded Renal Arteries

£ = - _b % = : "“5‘
Figure 2. Computed tomographic angiography finding. Bilateral severe os-
tial venal artery stenosis (arrowheads) and bilateral atrophic kidneys were

seen. The kidney size (major axis) was 74 mm in the right and 85 mm in

the left.

£

Figure 3. Renal revascularization. Right venal artery (A-D) and left vendl
artery (E-F). (A) Angiography of the right venal artery showed total oc-
clusion (arrowheads). (B) The lesion was successfully crossed with a
guidewive, dilated using a Trytop 2.0 mm balloon catheter, and a Genesis
4.0 x 18 mm stent was positioned (arvowheads) . (C) The lesion was dilated
with a Trytop 3.5 mm balloon catheter followed by a 4.0 mm stent balloon
(arrowheads) . (D) Final angiography showed no stenosis. (E) Angiography
of the left venal artery showed 90% stenosis (arrowheads) . At the lesion, a
Genesis 5.0 x 18 mm stent was directly implanted without predilatation.
(F) Final angiography showed 0% residual stenosis, with normal flow.
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A

Left

Right

Left

Right

Figure 4. Renogram (99 mTe-MAG3). (A) The uptake of 99 mTe-MAG3 was less in the right kidney than in the left kidney. (B) The effective
venal plasma flow of the right and left kidneys was 63.8 mLfmin and 142.1 mL/min, respectively.

imply that opening the right occluded renal artery contributed
to the improvement of renal function to some extent.

Our case provides new information regarding PTRA for
ARAS and renal function prognosis due to this interventional
approach. In our patient, the conditions implying negative indi-
cations and poor prognosis included: 1) small kidneys that looked
atrophied and highly-echoic by ultrasound; 2) duplex ultrasonog-
raphy did not show positive stenotic findings; 3) risk of contrast
nephropathy; 4) total occlusion of the right renal artery. Condi-
tions implying a favorable prognosis for our patient included: 1)
acute process of renal functional decline; 2) HD was initiated,
which meant no further progression of azotemia and congestion;
3) the guidewire was able to reach the totally occluded renal artery
which was probably suspected of recent occlusion; 4) immediate
recovery of our patient’s kidney size and urine output.

Our case thus provided several insights: 1) an atrophic high-
echoic appearance of the kidney does not always mean irre-
versible function; 2) duplex ultrasonography and the RI do not
always provide the right information; 3) an acute process of renal
dysfunction with ARAS should be treated as quickly as possible;
4) even a totally occluded artery can be treated with PTRA when
the guidewire can cross the occlusion.
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A case of living-related renal transplant from
the donor with membranous nephropathy

Akioka K, Okamoto M, Ushigome H, Nobori S, Suzuki T, Sakai K,
Sakamoto S, Urasaki K, Yanagisawa A, Fukatsu A, Yoshimura N. A case
of living-related renal transplant from the donor with membranous
nephropathy.
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Abstract: Introduction: When a patient who had renal replacement
therapy becomes older, an elder donor candidate may be considered as a
potential donor for living-related transplantation. Elder donor candidate
might have pre-existing disease including mild renal dysfunction, such as
proteinuria. Marginally appropriate donors might be considered for renal
graft because of the shortage of donors. A successful outcome after kidney
transplantation from a living-related donor diagnosed as membranous
nephropathy is reported.

Case report: A 38-yr-old male had been on continuous ambulatory
peritoneal dialysis (CAPD) since the age of 37. His 63-yr-old father had
mild proteinuria, and had been diagnosed with membranous nephropathy
by needle biopsy at the age of 60. However, renal function of the father was
found to be stable for three yr in a preoperative examination for donor; the
father had normal renal function except for mild proteinuria. After
adequate informed consent, we transplanted a kidney from the father,
diagnosed with membranous nephropathy, to his son with a cyclosporine A-
based immunosuppression regimen. In both the recipient and the donor,
postoperative course was stable without complication such as rejection or
infection. At 57 months after transplantation, the serum creatine level was
1.7 mg/dL in the recipient and 1.2 mg/dL in the donor. At 39 months after
transplantation, allograft needle biopsy showed mild spike formation with
partial thickening of the glomerular basement membrane (GBM). Decreases
in electron-dense deposits and electron-lucent washout lesions with thick-
ening of the GBM were observed using electron microscopy. This was
diagnosed as Stage IV membranous nephropathy, showing clearance of the
immune complexes and histological repair of the GBM.

Conclusion: Donation of the kidney did not affect the residual renal func-
tion of the father with membranous nephropathy. Pre-existing membranous
nephropathy itself might show remission after transplantation in the
recipient. However, long-term careful observation for both the donor and
recipient is required.
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Introduction

When the patient who had renal replacement
therapy becomes older, elder donor candidate
might be considered as a potential donor for
living-related kidney transplantation. Elder donor

62

candidate might have pre-existing disease including
mild renal dysfunction, such as proteinuria.
Because of the shortage of donors for renal
transplantation, marginally appropriate kidney
donors are also considered in an attempt to widen
the donor criteria.
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Renal transplant from the donor with membranous nephropathy

Some papers have reported successful outcomes
after kidney transplantation from donors with pre-
existing nephropathy. Here, we report a successful
outcome after kidney transplantation from a
living-related donor diagnosed with membranous
nephropathy, citing appropriate references from
the literature.

Case report

A 38-yr-old male who had proteinuria since the age
of 22 yr has been on CAPD since the age of 37
because of end-stage renal failure caused by
glomerulonephritis. His 63-yr-old father had mild
proteinuria and had been diagnosed with membra-
nous nephropathy by needle biopsy at the age of .
60. Renal function of the father was stable for last
three yr. The father wished to be a donor for living-
related kidney transplantation to his son. In a
preoperative examination for donor, the father was
observed to have normal renal function excepting
mild proteinuria. Serum creatinine and 24 h creat-
inine clearance were 0.96 mg/dL and 106 mL/min
(167 cm/77 kg). Blood pressure was normalized by
angiotensin receptor blocker. Urinary protein was
— or 1+ and ranged about 400 mg/d, and did not
increase during the clinical course.

Second needle biopsy of the kidney also had
been performed as a final examination; there was
no progressive change in histologic findings of
membranous nephropathy. As the patient and the
donor expressed willingness to have living-related
kidney transplantation, after they were given
adequate verbal instructions and written informed
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consent for the transplantation was obtained, we
performed transplantation of kidney from the
father with membranous nephropathy to his son.

Immunosuppressive treatment was started and
maintained using cyclosporine A (CsA), FTY720,
Fingolimod (FTY) and prednisolone (PSL).
Shortly, the initial dose of CsA (7 mg/kg/d) was
administered orally for two d before transplanta-
tion, and then CsA (3 mg/kg/d) was administered
intravenously on the day of transplantation, fol-
lowed thereafter by oral administration at 6-8 mg/
kg/d. The dosage of CsA was adjusted by reference
to the area under the blood concentration—time
curve (AUC)g_9 1, level. A bolus dose of 500 mg of
methyl prednisolone (MP) was administered on the
day of transplantation, followed by 50 mg/d PSL
on days 0-3. PSL was then reduced every week,
from 40 to 30, 25, 20, 15 and finally 10 mg/d. On
day 1, FTY (5 mg/d) was added. The postoperative
course was good and stable; protocol allograft
biopsy on postoperative day (POD) 23 showed no
evidence of acute rejection and nephrotoxicity
except pre-existing membranous nephropathy
(Fig. 1).

The serum creatinine level had reached 1.6 mg/
dL at the time of hospital discharge on POD33. At
57 months after transplantation, the serum creat-
inine level was 1.7 mg/dL in the recipient and
1.2 mg/dL in the donor. Their renal functions were
stable and no proteinuria was evident in the
recipient. Postoperation course is summarized in
Fig. 2. Clinical trial use of FTY was over for initial
two yr, FTY was converted to 1250 mg of myco-
phenolate mofetil (MMF). For three yr after the

Kidne
Transplantation
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Graft Biopsy on
1184
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Post Operation Days
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Fig. 1. Postoperative course, showing PSL
induction and maintenance of immu- 0
nosuppression with time after kidney mg
transplantation, and the levels of serum 5 -
creatinine. Postoperative course, show- FTY
ing induction and maintenance of o
immunosuppression with time after m
kidney transplantation, and the levels 1250
of serum creatinine. Allograft biopsy MMEF
was performed on POD 23 and 1184. 0 -
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transplantation, the graft function was stable and
there was no evidence of adverse event such as
rejection and infection. At 38 months after trans-
plantation, protocol allograft needle biopsy for the
recipient was performed and the specimen showed
mild spike formation with partial thickening of the
glomerular basement membrane (GBM) after
staining with periodic acid-silver methenamine
(PAM). Mild membranous glomerulonephritis
was therefore diagnosed. There was no evidence
of acute rejection, and focal segmental sclerotic
change and tubulointerstitial injury, characteristic
of chronic allograft change, were observed (Fig. 3).

Immunofluorescence staining study showed
moderate deposition of 1gG, C3d and weak depo-
sition of IgA, IgM and C3c¢, which were observed
on POD 23 in glomerulus, disappeared and only

Fig. 2. Microscopic section of needle
biopsy specimen obtained on postop-
erative day 23. (A) hematoxylin and
eosin (HE) x 20, (B) Periodic acid-
silver methenamine (PAM) x 400,
(C) PAM x 1000. Spike formation,
bubbling formation and partial thick-
ening of the glomerular basement
membrane (GBM) ware seen in PAM
staining. Membranous glomerulone-
phritis was diagnosed. There was no
evidence of acute rejection and
tubulointerstitial injury.

weak deposition of C3d was observed on POD
1184. Deposition of immune complexes disap-
peared from GBM during post-transplantation
course (Fig. 4). Electron microscopy showed
decreases in electron-dense deposits and electron-
lucent washout lesions with thickening of the
GBM. The finding was diagnosed as Stage IV
membranous nephropathy, resulting from clear-
ance of the immune complexes and histologic
repair of the GBM (Fig. 5).

Discussion

Marginally appropriate kidney donors also are
considered for renal transplantation in an attempt
to extend the donor criteria. Two papers have
described successful outcomes after cadaveric

Fig. 3. Microscopic section of needle
biopsy specimen obtained on postop-
erative day 1184. (A) Periodic acid-sil-
ver methenamine (PAM) x 20, (B)
HE x 100, (C) PAM x 400, (D)

PAM x 1000. Mild spike formation
with partial thickening of the glomeru-
lar basement membrane (GBM) was
seen in PAM staining. Mild membra-
nous glomerulonephritis was therefore
diagnosed. There was no evidence of
acute rejection, and focal segmental
sclerotic change and tubulointestinal
injury, characteristic of chronic allo-
graft change, were observed.
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Fig. 4. Immunofluorescence staining
section of needle biopsy specimen
obtained on postoperative day 23 and
1184. (A) POD 23, (B) POD1184.
Moderate deposition of IgG and weak
deposition of C3c were observed on
POD 23. Deposition of immune com-
plexes disappeared from glomerular
basement membrane (GBM) during
post-transplantation course on POD
1184.

Fig. 5. Electron microscopic section of
needle biopsy specimen obtained on
postoperative day 1184. Electron
microscopy showed decreases in elec-
tron-dense deposits and electron-lucent
washout lesions with thickening of the
glomerular basement membrane
(GBM). This was diagnosed as Stage IV
membranous nephropathy, resulting
from clearance of the immune com-
plexes and histologic repair of the
GBM.

kidney transplantation from donors with pre-
existing membranous nephropathy (1, 2). In these
cases, from the finding of graft biopsies of the
donor kidney performed at the time of transplan-
tation, the donors were diagnosed to have pre-
existing membranous nephropathy. These reports
showed stable graft function after kidney trans-
plantation for a couple of years, and histologic
repair of the GBM was also observed. The report
mentioned that membranous nephropathy itself, as
well as IgA nephritis and diabetic nephropathy,
resolves after kidney transplantation and deposi-
tion of IgG markedly decreases within a few

Ig G

C3c

months after transplantation, but that complete
histologic restoration of the basement membrane
needs at least a few years (2). Our histologic
findings at 39 months after transplantation showed
resolution and remission of membranous nephrop-
athy. The natural history of the membranous
nephropathy is variable; however, spontaneous
remissions of proteinuria with stable renal function
eventually occur in 40-50% of patients and the
remainder slowly progress to end-stage renal dis-
ease or die of complications or of unrelated disease
after 5-15 yr, whereas approximately one third of
them progress towards renal insufficiency (3, 4). It
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is difficult for us to find discriminately which case
can enter remission of membranous nephropathy.
It is said that outcome in non-nephrotic patients
with membranous nephropathy invariably is good
and 10-yr renal survival rate is reported approxi-
mating 100% (5). Other paper mentioned that the
presence of focal segmental glomerulosclerosis
(FSGS)-type glomerular lesions on membranous
nephropathy is the prognostic factor, which por-
tends a significantly worse outcome in terms of
nephrotic syndrome and renal insufficiency (6). In
our case, renal function of the father was stable for
three yr, proteinuria was <400 mg/d and there was
no progressive change in histologic findings such as
focal glomerulosclerosis (FGS)-type glomerular
lesion from second needle biopsy. Then, we
expected the favorable prognosis and stable resid-
ual kidney function after donation of the kidney.
After obtaining adequate verbal and written
informed consent, we decided kidney transplanta-
tion from the father with membranous nephropa-
thy to his son. At that time of the transplantation,
we did not have Amsterdam forum guidelines (7),
which mention that proteinuria more than 300 mg/d
is contraindication to donation. Karpinski et al.
proposed slight relaxation of current rigid criteria.
They defined that potentially acceptable protein-
uria as 150-300 mg/dL (8). So we dared to qualify
the father as marginally appropriate donor. There-
fore, kidney transplantation from living donor
with membranous nephropathy has never been
reported in the literature; this might be the first
case.

Here, we reported a favorable outcome of
kidney transplantation from a donor with mem-
branous nephropathy. For the present donor,
donation of the graft did not affect his residual
renal function. Pre-existing membranous nephrop-
athy itself might show remission after transplanta-
tion and immunosuppression in the recipient. An
attempt to extend the donor criteria for the family
in this case would be an alternative choice for
living-related transplantation. It was effective
enough to achieve successful result; however, a

66

report said prognosis for life and renal survival was
worse in the older onset patients (> 60 yr) (9). It is
also known that kidney donation results in small
increases in urinary protein, but initial decrement
in glomerular filtration rate (GFR) is not followed
by accelerated losses over a subsequent span of
15 yr (10). Long-term careful observation for both
the donor and recipient is required. Marginally
appropriate donors could be considered to extend
the donor criteria.
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Revised Equations for Estimated GFR From Serum Creatinine in Japan

Seiichi Matsuo, MD, PhD, Enyu Imai, MD, PhD, Masaru Horio, MD, PhD,
Yoshinari Yasuda, MD, PhD, Kimio Tomnita, MD, PhD, Kosaku Nitta, MD, PhD,

Kunihiro Yamagata, MD, PhD, Yasuhiko Tomino, MD, PhD, Hitoshi Yokoyama, MD, PhD, and
Akira Hishida, MD, PhD, on behalf of the collaborators developing the Japanese equation for

estimated GFR

Background: Estimation of glomerular filtration rate (GFR) is limited by differences in creatinine
generation among ethnicities. Our previously reported GFR-estimating equations for Japanese had
limitations because all participants had a GFR less than 90 mL/min/1.73 m? and serum creatinine was
assayed in different laboratories.

Study Design: Diagnostic test study using a prospective cross-sectional design. New equations were
developed in 413 participants and validated in 350 participants. All samples were assayed in a central laboratory.

Setting & Participants: Hospitalized Japanese patients in 80 medical centers. Patients had not
participated in the previous study.

Reference Test: Measured GFR (mGFR) computed from inulin clearance.

Index Test: Estimated GFR (eGFR) by using the modified isotope dilution mass spectrometry
(IDMS)-traceable 4-variable Modification of Diet in Renal Disease (MDRD) Study equation using the
previous Japanese Society of Nephrology Chronic Kidney Disease Initiative (JSN-CKDI) coefficient of
0.741 (equation 1), the previous JSN-CKDI equation (equation 2), and new equations derived in the
development data set: modified MDRD Study using a new Japanese coefficient {equation 3), and a
3-variable Japanese equation (equation 4).

Measurements: Performance of equations was assessed by means of bias (eGFR — mGFR), accuracy
(percentage of estimates within 15% or 30% of mGFR), root mean squared error, and correlation coefficient.

Results: In the development data set, the new Japanese coefficient was 0.808 (95% confidence
interval, 0.728 to 0.829) for the IDMS~MDRD Study equation (equation 3), and the 3-variable Japanese
equation (equation 4) was eGFR (mL/min/1.73 m®) = 194 X Serum creatinine~1°%* x Age %2%7 x
0.739 (if female). In the validation data set, bias was —1.3 = 19.4 versus —5.9 = 19.0 m/min/1.73 m?
(P = 0.002), and accuracy within 30% of mGFR was 73% versus 72% (P = 0.6) for equation 3 versus
equation 1 and —2.1 = 19.0 versus —7.9 = 18.7 mL/min/1.73 m? (P < 0.001) and 75% versus 73% (P =
0.06) for equation 4 versus equation 2 (P = 0.06), respectively.

Limitation: Most study participants had chronic kidney disease, and some may have had changing GFRs.

Conclusion: The new Japanese coefficient for the modified IDMS-MDRD Study equation and the new
Japanese equation are more accurate for the Japanese population than the previously reported equations.

Am J Kidney Dis 53:982-992. © 2009 by the National Kidney Foundation, Inc.

INDEX WORDS: Glomerular filtration rate; Japanese; inulin clearance; serum creatinine.

Editorial, p. 932

lomerular filiration rate (GFR) is the most

accurate index for assessing overall kid-
ney function and an important tool for making
diagnostic decisions in clinical practice."” GFR
may be measured by using the clearance of an
exogenous marker; inulin is the gold standard,
but the method is not applicable to daily practice
because it is time consuming, labor intensive,

and expensive. Kidney function usually is as-
sessed from serum creatinine (SCr) concentra-
tion alone, but SCr is affected by creatinine
generation, including muscle mass and dietary
intake, in addition to GFR.> GFR can be esti-
mated from SCr level by using equations that
include age, sex, race, and serum urea nitrogen
(SUN) and albumin levels, as surrogates for
creatinine generation, and are more accurate than
estimates based on SCr level alone.’™*

A list of author affiliations appears at the end of this
article.
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Japanese Equation for Estimated GFR

The Modification of Diet in Renal Disease
(MDRD) Study equation® and Cockcroft-Gault
(CG) equation® are most commonly used for
GEFR estimation worldwide. Recently, the 4-vari-
able MDRD Study equation was reexpressed by
Levey et al’ for use with isotope dilution mass
spectrometry (IDMS)-standardized SCr values
(the IDMS-MDRD Study equation). Several
studies have validated the MDRD Study equa-
tion in whites and blacks.®'* In studies of more
than 5,500 participants, Stevens et al'>'® re-
ported that GFR estimates using the IDMS-
MDRD Study equation were unbiased and accu-
rate for interpretations of GFR less than 60
mL/min/1.73 m?, but warned that estimates just
less than 60 mL/min/1.73 m”* must be interpreted
with caution to prevent misclassification of
chronic kidney disease. The equation is less
accurate for Asians, with greater bias at esti-
mated GFR (eGFR) less than 60 mlL/min/1.73
m>.'"'® Accordingly, both Ma et al'” and our
investigators'®'® modified the MDRD Study
equation by using separate “correction coeffi-
cients” for Chinese and Japanese. In both stud-
ies, the new equations were more accurate than
the MDRD Study equation, but the correction
coefficients were considerably different, with a
Chinese coefficient of 1.233'7 and Japanese coef-
ficient of 0.741.'°

The difference in correction coefficients be-
tween Japanese and Chinese has not been ex-
plained. In our previous study, there may have
been nonuniformity of creatinine assays because
study samples for SCr were assayed in multiple
laboratories and during different periods. Further-
more, data from participants with GFR greater
than 90 mL/min/1.73 m* were not used for deriv-
ing the equation in the study. To verify results of
our previous study, a new project was launched
by the Japanese Society of Nephrology (JSN)
with cooperation of nephrologists nationwide.
The new study was conducted in 763 individuals
to measure GFR and SCr by using inulin clear-
ance (Cin) and standardized assays. A new Japa-
nese correction coefficient was derived, as were
new 3- and 5-variable Japanese equations.

METHODS

Inclusion and Exclusion Criteria

Inclusion criteria were: (1) age 18 years and older; (2)
relatively stable kidney function, assessed by using SCr

983

level; and (3) patient’s agreement to have urinary Cin
measured using a continuous infusion.

Exclusion criteria were: (1) acute kidney injury, (2) appar-
ent malignancy, (3) problems in micturition, (4) pregnancy,
(5) inulin allergy, (6) amputation, and (7) individuals for
whom the investigator judged that measuring Cin was inap-
propriate. Although some study participants were hospital-
ized for diagnosis of rapidly progressive or acute glomerulo-
nephritis, renal biopsies and Cin measurements were
performed after their conditions became relatively stable.
We did not record data for day-to-day SCr level changes.

Study Population of the Data Set

The study recruited participants from 80 medical cen-
ters throughout Japan between December 2006 and July
2007. Participants included mostly nephrology inpatients,
Hospitalization of 5 to 14 days for kidney biopsy or
education about lifestyle change was commonly practiced
in Japan. Data for Cin and SCr were collected from 878
participants, mostly those with chronic kidney disease
and a small number of healthy kidney donors. A total of
115 participants were excluded for the following reasons:
36 lacked data for urine volume, 11 were 17 years and
younger, 2 had high serum inulin concentrations, 4 had
lack of data for inulin blank, 51 had high values for inulin
blank, 9 had a low volume of voided urine (<10 mL), and
2 had extraordinarily high GFRs. The final study popula-
tion included 763 participants. Data collected from Decem-
ber 1, 2006, to April 20, 2007 (n = 413), were used as the
development data set, and those obtained from April 21,
2007, to July 31, 2007 {(n = 350), were used as the
validation data set. The institutional review board at all
the study institutions approved anonymous use of data for
the present study. All patients signed written informed
consent.

Cin and Creatinine Renal Clearance

Cin and creatinine clearance (Ccr) were measured
simultaneously in 757 participants. In 6 participants, only
Cin was measured. The method for measuring renal Cin
was described elsewhere.!® Briefly, Cin and Ccr were
calculated from serum and urine concentrations and urine
flow rate. Inulin (1%) was administered by means of a
continuous intravenous infusion for 2 hours under over-
night fasting, but hydrated, conditions. During the inulin
infusion, serum samples were collected 4 times at 0
(blank), 45, 75, and 105 minutes for creatinine and inulin,
and urine samples were collected between 30 and 60, 60
and 90, and 90 and 120 minutes for inulin and creatinine
after completely emptying the bladder at 30 minutes from
the start of the inulin infusion. Inulin samples were
assayed by means of an enzymatic method using a kit
(Diacolor Inulin; Toyobo Co, Osaka, Japan). The mean
value of 3 measurements was used for the Cin and Cecr
study.

SCr Measurement

Serum samples were assayed for creatinine in a central
laboratory (Central Laboratory; SRL Co, Hachioji, Japan)
by means of the enzymatic creatinine assay method using an
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