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Relationship between renal function and morphometric assessment in chronic glomerulonephritis

Miyuki NAKAUCHI, Michiyasu HATANO, Ken TSUCHIY A, Sachiko WAKAI, and Hiroshi NIHEI

Department of Medicine IV, Tokyo Women’s Medical University, Tokyo, Japan

In an attempt to reveal a correlation between the degree of glomerular hypertrophy, interstitial
damage, and hemodynamic parameters in chronic nephritis, the glomerular area (GA) and proportion of
interstitial area (IA %) were determined quantitatively with an image analyzer, and the effective renal
plasma flow (ERPF) and filtration fraction (FF) were determined simultaneously. The subjects were 12
patients with focal glomerulosclerosis (FGS) and 12 patients with IgA nephropathy (IgAN), all of whom
had a similar glomerular filtration rate (GFR). The GFR was 58.6+11.4 m//min/1.48 m? in the FGS
group and 53.9+13.1 m//min/1.48 m? in the I[gAN group, and the difference between the two groups was
not significant. On the other hand, ERPF was significantly lower and FF was significantly higher in the
FGS group than in the IgAN group. GA was significantly higher in the FGS group than in the control
group (10 kidney donors), and GA in the IgAN group was equivalent to that in the control group. IA %
was almost equal in the FGS and IgAN groups, and significantly higher in both groups than in the control
group. Although GA was not correlated with GFR in the two groups, it tended to be positively correlated
with FF in the FGS group, and the correlation between GA and FF reached statistical significance when
the IgAN group was combined with the FGS group. The above findings suggest that the pattern of
progression of the glomeruli and interstitial lesions and of the intrarenal hemodynamics involved in them
may differ in the FGS and IgAN groups. However, since ERPF significantly decreased in the FGS group,
even though TA % was the same in both groups, the possibility that ERPF was functionally decreased in
the FGS group cannot be ruled out.
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FE? ZERD T, SRERAEIEA & B ANIMATENE & O RFE I
DL CERIYRH 217 5 7o #k& 13D 72 0,
ZOlzobhbilld, REREBEEORHIOLE L 25 25D
B e LT, FGS & IgA BYE(IgAN) 238, Zh oD
T RERIAERE (GFR) 23 70 v U SR T L 72
FEFNCBI L, B %) E M55 & (ERPF), Sk BRI 58 =2
(FF), $BRAHER (GA) B & ORI E R (1A %) % 5l
LA O 21T, %72, ThEFNOEBEFICB T 51
HE & BERE DBEEIC D W T B RRET L 72,

XNZEHE I

1.6 &

TR H AL FERIRFIRBEICABE L, ERRIIAT RS &
UREBER TRI S i FGSBE 124, IgAN #£ 12
BIOF 24 BIThH 2, B BEERETX BHEICZO
BEOMTELZHALAREER TEmML 72, 2 OXEEES
WITFEIRIR DR E, SEOMEHE T 2 EMITEEN T
Wi, IZIFFERE O BHEEEOES % KT 2 -1,
SRERFID GFR 1% 30 m//min/1.48 m? L %> 80 m//min/
1.48 m2 K3 & U 7z, 4EH5 13 FGS T 36.8+10.4 7% (1Y
o - ERE(R ), IgANBET 36.8+10.3 %, B4tk FGS
HTI10:2, IGANJETR:4ThHoTe E-AKREMIZ
FGS # T 1.804+0.20 m?, IgAN# T 1.74+021 m> T %
D, ARZERE,r ol FIRE, BEEEZARL TO7E
BL, BEERERMRERGTT O 2 BT L D WiREHIEL 72,

EREET ORI LT, MR, EAKRSB L OEILE %
PO I3 dp o T BEE R AEFE 10§l & [AE 2 15 TERIL 72
BAHA 2 F Wz SHEBEO Flln 13 34.8+8.1 5% T, BLLL
X5:5Thot,

2. FREZMIHE

BRI B B9 14G 0 Tru-Cut $F TEIR L, 10%0D
R o) VBEEWTHEEL, Ty a—n, RrE¥
ST, iR T 7 4 ALz, 78 b—A
WX, 2um QYR 2 EHL L, periodic acid-Schiff
(PAS) #uft1 % 10 ¥JF, periodic acid-silver methenamine
(PAM) Zeta % SYIFICHi L, JEEBEMEE TR L 1z,

SREREIE R OFEEE & LT D GA OFHIIZ, PAS JuofE
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DA T L T WRERAKEH O+ T2 R e L
7z, Danilewicz &' L [G£RIC HEEL D A A %E{E (COLOR
CHILED 3CCD CAMERA C5810-01, K k=7 2
) L EGRfENTY 7 b (Mac ASPECT version 2.33, =757

a : The inner limit of Bowman’s capsule was traced.
b : The encircled area was defined as glomerular area.
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Fig. 2.
a : The outline of glomeruli, blood vessels and tubules were

traced.

b : Interstitial area was calculated by subtracting the total
area of glomeruli, vessels and tubules from the area of
the cortex.
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B2 Vml L LegE, TioRC L VEHE L,
C(ml/min/1.48m?) = (U X V/S) X 1.48/SA
[SA (m?) =W H>5x(0.007184 W : {KE (kg)
H: 5E(cm)]
XERIRPEER (FF) 12, GFR % ERPF TRRLK® 72,
BB S L7z BR, I3 O polyfructosan 3 B |3 Anthrone
%, PAH R X Brun & OZ5EIC X D EIE L 7z, F 721

Laevosan-

L 4 £ 739

Table 1.
with focal glomerulosclerosis and 12 patients with

Clinical and laboratory data in 12 patients

IgA nephropathy

FGS IgAN
(n=12) (n=12)
Age (years old) 36.8+10.4 36.8+10.3
Duration from onset [05.4111.1 37.9+37.7
to renal biopsy (months)
MAP (mmHg) 93.6+£9.9 93.4+14.7
GFR(m//min/1.48 m?) 58.6x11.4 53.9% 13.1
ERPF (m//min/1.48 m?) 32871 417£90
L
FF 0.180£0.022 0.129£0.018
L opw
Serum creatinine (mg/d/) 1.08+0.23 .17+0.27
Serum total protein(g/d/) 6.17+1.08 6.01 £0.60
Serum albumin (g/d!/) 3.51£0.69 3.39+0.47
Urinary protein(g/day) 2.72+2.04 2.25+1.89

* p<0.05 ** p<0.0l, meanxSD

Table 2.
patients with focal glomerulosclerosis and 12 patients

Morphometric data in 10 control cases and 12

with IgA nephropathy

FGS IgAN control
(n=12) (h=12) (n=10)

2.82+0.69 2.17+0.49 2.10+0.67

Glomerular area(GA)

(X 10* um?) \i*—‘ J
* %
Interstitial area (IA) 25x7 267 12+6
(%) | |
* %
Glomerular obsolescence 1617 27x21 0

rate (%)
** p<0.0l, mean=SD

B V7 F = I Jaffe 1, I3 2 £ 3 % 1 Biuret
w mETVT S CREIEBCGHE, IRPEHEE X
pyrogallol red-molybdate complex {12 & D EH L7z,

FHREG) OFEIME (MAP) X, 27 ) 7 F > A JEATHTICEA
finiz CTHIZE L

MAP (I E — JRARIAIE) /3 + 4RI

EO&EE L,

4. WhEH0IE

WEE R I R CPEE SRR TR Lz, 2RO
¥ rA B2 1 Mann-Whitney O URREWC X D, 2%
HDFHBAIL Spearman DOFHBAMREIC L W RE L, HEKUE
1% 0.05 & L7z,
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Fig. 3.

ulosclerosis (a) and in IgA nephropathy (b ). Relationship between glomerular area and

Relationship between glomerular area and glomerular filtration rate in focal glomer-

effective renal plasma flow in focal glomerulosclerosis ( ¢ ) and in IgA nephropathy (d).
Relationship between glomerular area and filtration fraction in focal glomerulosclerosis
(e) and in IgA nephropathy (f).

o = I &, FGSBET# N 21 0.98+0.21 g/kg/day & 7.7+1.7 g/
=]

day, IgAN #£T 1.02+0.17 g/kg/day & 7.1+ 1.1 g/day TH
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Relationship between glomerular area and glomerular obsolescence rate in focal glomerulosclerosis

(a) and in IgA nephropathy (b). Relationship between glomerular area and interstitial area in focal
glomerulosclerosis (¢ ) and in IgA nephropathy (d).

IgAN BEO M, M, SFIE & B RRER AT R %
Table 1 IZ/R L7z, WMEHCERBICEREZ I 2L, FHME
Tlix FGS FETRWHERANC b 2 BRIHE bt E B =
X4 U % oz, GFR X FGS # € 58.6+11.4 m//min/
1.48 m?, IgAN #£C 53.9+13.1 m//min/1.48 m> TH H,
HECEEEZIRD Mo 7z, L L ERPF X FGS#T
328+71 m//min/1.48 m?, IgAN £ 417+90 m//min/1.48
m* Tk, FGSHTHERICEKME.RR LI, ZD7/® FF
1% IgAN £ 0 0.12940.018 12 f L, FGS# T i3 0.180+
0.022 %55, FGS#E®D FF ¥ IgAN BEIZ NG E 0 &l
Ligolz, MEZ V7 F=#E, MIEREAERE, [E7
VTS VEEB LU HIREASEICIIMERICEREZE T X
molz,

Table 2 & FGS #, TgAN BRI BRE 2 N 2 72 R I#T
DIERTH 5, MBEED GA 11 2.101£0.67X10* yum> TH
D, Thizx L FGSEE L IGANTED GAZ 2 h £ h
2.8240.69X 10 gm?, 2.174+0.49 X 10* ym?> T b > 7z, FGS
O GA IR LIVERCEMETHY, FGSHIZB Y

2 ARBRIARIE R DIEAI DR S 1z, IgAN #ED GA 13 HIEHEE
LE%ETHY, FGSEHD GA Z IgANFEICH L T H AR
WKEfEZ R LTz —7, TA%IINBEET 1246 %TH Y,
FGSFE T3 25+7%, IgAN#E TI326+7%C bHo> 72,
IA %2l T3 FGS B L IgAN FEIZIZIZZEL L, £B 5
LR L LNERICREE R L, /2, TRk
BRAKZ (T FGS EET 16+17%, IgANEET 27421 % ThH -
720 FGSFRICHIANTgGAN FETR R L WA % 7 L 7225,
FEEERD SN o7, MEHTIEL2THE LU
RERARIBE S a5 Tz,

KIz FGS, 1gAN BHICBWT GA L BHERE, 2T
ERERIAR, 1A % & OBEIZ O W TBRET L 7z, Fig. 3a~f
X ZFNnZFhd GA & GFR, ERPF, FF £ DR TH %,
MifE L b GA & GFR I IIMHBIZFE ® & L7z »» o 7z (Fig.
3a, b), IgAN # T 1% GA & ERPF(Fig. 3d), GA k FF
(Fig. 30) OEAfRic b BH S B MBIZ R w2 ® o 7z,
FGSHEIC B TRMAFMICAER CTE v, GA &
ERPF (Fig. 3c), GA & FF(Fig. 3e) DB{%Ic IgANFEL D
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Relationship between the percentage of interstitial area and glomerular filtration rate in focal glomer-

ulosclerosis (a) and in IgA nephropathy (b ). Relationship between the percentage of interstitial area and
effective renal plasma flow in focal glomerulosclerosis (¢ ) and in IgA nephropathy (d).

S B E IEOHBIR R TEHANS D > oo GA E5ESE
RS Fb 4Bk A3 (Fig. 4a, b), GA & 1A % (Fig. 4c, d) & O
W IZAHBRIEERD S b o T2,

1A % & BHERE & OB 3 Fig. Sa~d 2R L7z, 1A %D
Bz w»w GFR IZMET I 2 MmN H D, FGSETE D
FHICEBELHBEICEES ko7 h, IgANFETIEZEE
I ERHEE % 7% L 7z (Fig. 5a, b), 1A %% ERPF 2% & 5 2
EOEMHBENRE S N-0s, WEEE bREHEr e B Rk
WIXE S % - Tz (Fig. 5¢, d),

GA O 4 ZDR% 2 FGS B L 1gAN FEOTE % ¢,
MRS 2 5 C FF L OMBAZF#Hili 9% &, Fig. 6 1ZR
TEOWCGA L FF Lt 3 AEZMBEBEMRZRL 72 (p<
0.01),

z £ I

YICEE LB 2R T, BER 7 0k
BRI R 5 2 W IR ERIARMEAFED 5 h,  HALHIIC
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= y=0.088+0.027x
i ] r=0.59 p<0.01
n=24
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Fig. 6. Relationship between glomerular area

and filtration fraction in focal glomerulos-
clerosis and IgA nephropathy.

BRERE G E S NS 2720, ZhosREREES %
ERIEIHRFLEEZONIY, LErLZO—HT, %
BRARIER 2R BB E O EREDOFERTH Y, ZhicwfL T
DARBRAETRE R RS ME DRI G 3 070w & 3 58



TNAYE 44 743

HH 20 RN B W T S, BEGRIENTIC & D ZEI
WCHRERIAIE R 248 2, TR OEL2FEE L d
2100 - RERRA S L, fESRIE 2 O E AR
BEME 7 V7 F =V ER VT F 70T TR
(Cer) & OMHBIDIRFLIC & & F > TWwizdhs, BRI IC X
ZEREMTbIL, REREBLIERS X 9> 9 AHFEORE
EOBENKRE SN D L DT h o300, —F, 1BHE
K OBERERY 2 BT 2> & OWFSE 1L, angiotensin ZZ#afE R FH
FHHI(ACED 12 & 2 JRE AMIHIRIRICBE L7 b O53% 0,
Z O T Remuzzi 52V 13 ACEL I & Y REH DA L7z
IgAN SEF T, 9FEDHE 7% % uncharged dextran @ 27 Y
77 v ARHEIEL, ACELC X 2 EEK D size-selectivity
DWEERLTWS, LaL, Remuzzi 53 &H72% <D
92T ACEI #:5.12 X 5 GFR % FF R T3 ® s h
EERBINC 38 1> C b SRBRAR S ML 2 3 I L 2 20w
BELZEEEORT EFZ 5D, HREITHRERERTRE
it ESRERARIER OB 2 E AT 5 2 L IERARETH B
78, @R RERNIC GFR, ERPFE, FF O EHHI & Ei{§REHT 12
£ 2RO ERFHE & FRFIC TV, 245 OBEIC D W
TERLIHEHEEIZ LW, £/, FGS E GAND X 5«2
BEROERWFHH L U COREME OB LRZ D R0 R
RAUE, SRERERIEA LB & B N IMATEIRE & O BRI —1k
THEWZ e TFELS %, LiesThbhbii, GFR
¢ ERPF ZEHHIL 72 FGS & IgAN IC B W T, EGENT I
IDERLIGA L IA%E 2L, FHAOMHEIZ DWW
THMET L 72,
BIMREOHECH SN L7 7 2 7 BIRED 1 [\ D
BIGER T O (Epan) (FHEFE A TIEFH 0% TH D2,
Dz Copld, H T —7 VAL D EHEL - BINF
BED I0%EEE Y F72 Epuld BIRBOETIZ L DK
TL, KEIBARLTIIERNIC L > TIX30%RE £ THED
A, FERILBIMFERE ORICEZZ24E U 205, FRE
(972 RIS REE 23 72 O L, Coan ZHEREST 22 70 v %
RS AMFERORVEE L ShTWw3Y, SEObhb
NOMETIE, FGSEE IgAN B L b BHEAEHIREE 2 1
UHFEBET LER 2R E L, 2 OB IELES
GFR 23Rk 7-o UL»L Tablel 12772 % 912, GFR %
FIZFZE b b o 3 FGS BE Tl [gAN B2 H
ERPF 3 EREICEKM@EAE/7RL, FFIZERECEMEE 2D,
HOBNIMITEREDRICH & R ERERD I, ThET
W Conn Z7HH T 2BEOMES L LT, ME7 VT S ViR
FEWBIE L 72 Eppun DAL BT 5T % 2, L,
SEIOMETTIE FGS # & 1gAN BEORIC X ME 7 v 7 2

MECHEZEII L, ZORETFEZIC vw, bhibhd
MR LUZBRY T3, BHERICET % FF OZEZREEL 72
T Z L <, b3 H I Reubi 3B 309 41 o B BE
REORR E LT, REREBRIEG DO 75 %13 FF 3 EHE
FHIXDETL T3S, focal glomerulonephritis & lipoid
nephrosis IZ D & FF 23 IEH I %2 R HEF 23 H - 72 L ki~
T3>,

GA DHEIC BV T, FGSHEGIDHT S 5 75 R BRI
KBRS NTzo FGS FEG D HRERM % BRI IS & 0 U
ZACFHERI & & L €, ZOEKZER U IcERs
X2 a0~ Tg ANRE I D SR BRI D A KB L T,
Danilewicz & 234Migic & 2 B HHER % £ O X HEEE & H
U7 R, TgAN OSRERIRHTE 1% 24,707.6 £ 3,862.3 ym?,
SHHERE L 22,196.2£3,1809 um> TH D, HEEIF B WL E
LTw3Y, bivbNd Danilewicz & & [F#E 4 EHlE %
ToTBY, #s LIZEREFLHBEREIMFONI, ikt
L, Toth & 3/NEEID IgAN 2 B LR ORI &
DFES UL, REMR OS2 & »—IToitE A8 ic
KO RERIES A XOFRERERERD T0D, Zhick
5L, EEHEERRCESTRITEBEENECES o7
FELDRERIRIIRE S, BERFOIE 7 v7 5= D
EWEAC B B, % 72 Daimon & @ IgAN % F{k & L 72
A ZHEREEE SSER] O S BRAK ORI ZEAL 2 F
7o TliE, glomerular tuft volume & Z #LIZKE3 2 X 4
VYU LEEEBOMSPER ST IEH &, AT YT LE
TEIIIEKR T 2 D EAMINE XA L, glomerular  tuft
volume & U CIFHA T 2MEFINFEET 2 Z L@ o
TWw3"™, LIzhi> THRIEFRWID o —HRISKRERIEIER D7
5D FGS LidEa D, IgAN TIREROETER I
& DA R O ARIRAEIER OFREERAEKR U 72 SR BRIE D 2RI 5
DLEENRELLZEVFEZOND,

FRERRIEROSRIRABI L OBEE R ER E 2D 5 5 2 L id
Y EE TR I N, BREITIE Toth &' 53 1gAN 2B
L, Matsumae ') ¥ Lee 59 2 FGSIZBF L, SLEREKS
A X EEEAREREER L OHEZ R L Tw b, EAEH
i, TgAN TIRERIAY 1 X LT bR Bk R 1 B % 78
Wiz, FGS TRMFDOREEIX R mo/ze LT w5, L
L bObNbNOSEIOKE T, GA ke TbABRkIE
e DOMHBEIZ FGSEIC b [gANFEIC b B oz v o
7zo Hizk D Daimon & DGR TIX, {HLZ DREBID 1 K 5
BT 2RI A X LGRS DO ERE ORI 13 fi
TRV, F I glomerular tuft volume A4k 4
ZEELPAT BEED &5 5128 W T B LRERIER OB
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DBRDENTED™, RIKEDY A X L RIERAEBELE DR
RBI—FE TN D35 W% %, renal ablation % F4K
& L7- BRI 8 1 % B functioning nephron (D5
REFERY, BUEBRRCIREOREBLELTOAY Y
7 L DIEHE S SRIREIER P Ic w2 MZ T, 2D
0, TR TIREKEDO A 2R E LIcbhbh ORETE
THRREEL DA TH 205, BRENCB W TR
BRARY A X &SRB CHBERED s s LIRS
BwEBbhd, 7 Lee 513, RERIKAR, KBkiE
B3R, BEOMERFEERD 3FVPEWICHEEZRL Z
L6, FGSIZBIT 2 RBRIARMEA ISR ERIAREAL 12 2 2 Hi
BORZTIEa <, UKL 22 700k
DFERE L THEUARER ZRRTWE, LrLbivbh
DFERTIX, TA%E GFR Zh 2 BEOHEZRL Tw5
2, GA L IARZHBERFED S NT, ZO/m»5 A7
O > DA D PHFHRE £ L COSRERIEIER OFFAE I35
ZAT L v, BB RIC BT 2 REREIEA & RBRARI OB
HIZDWTIE, SRAFEG] D REREFIRZ O FHE D 275 &
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