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An use ful re nal bi opsy should be rep re sen ta tive,

that is should con tain a suf fi cient num ber of glomeruli.

How ever, a non-rep re sen ta tive bi opsy could pos si bly

pro vide some in for ma tion. The aim of the study was to

eval u ate the re la tion ship be tween in ter sti tial ex pan sion,

glo mer u lar scle ro sis and re nal func tion in such ma te rial. 

The ma te rial con sisted of 28 re nal bi op sies con tain ing

less than 5 non-sclerosed glomeruli. For each case the

per cent age of com pletely sclerosed glomeruli was re -

corded. The rel a tive in ter sti tial vol ume was eval u ated by 

point count ing method. Clin i cal data as sex, age, se rum

crea tinine and urea lev els were in cluded into anal y sis.

The mean per cent age of com pletely sclerosed glomeruli

was 39.6%; mean rel a tive in ter sti tial vol ume was 29.6%. 

Creatinine level was strongly cor re lated to rel a tive in -

ter sti tial vol ume (R=0.70), but the cor re la tion of crea -

tinine level to per cent age of sclerosed glomeruli was

much weaker (R=0.38). The re la tion ship be tween in ter -

sti tial ex pan sion and re nal func tion is seen also in de fi -

cient bi opsy ma te rial. The cor re la tion of re nal func tion

with in ter sti tial ex pan sion is stron ger the cor re la tion of

re nal func tion with glo mer u lar scle ro sis. These find ings

can in di cate that the better rep re sen ta tion is re spon si ble

for stron ger prog nos tic im pact of in ter sti tial lesions

In tro duc tion

Glomerulonephritis is an im por tant cause of chronic re -

nal fail ure re quir ing re nal re place ment ther apy. Histological 

as sess ment of a core bi opsy is a stan dard di ag nos tic method. 

Al though clas si fi ca tion of glomerulopathy is based on glo -

mer u lar le sions, prog nos ti ca tion based only on them is not

re li able. Changes in extraglomerular com part ments, es pe -

cially in the interstitium, are thought to play a ma jor role.

A re nal bi opsy con sists of a small sam ple, which should

bear in for ma tion about whole kid ney. Thus it is very im por -

tant whether the bi opsy is rep re sen ta tive. The bi op sies that

are not rep re sen ta tive only rarely al low a def i nite di ag no sis

to be given and are usu ally not re garded use ful. How ever

such ma te rial can be in ter est ing, as con trast of rep re sen ta -

tion of interstitium and glomeruli is em pha sized. 

The aim of this study was to in ves ti gate whether the re -

la tion ship of rel a tive in ter sti tial vol ume to kid ney func tion

is main tained in such ma te rial.

Ma te rial and Meth ods

For the study, cases meet ing fol low ing cri te ria were cho -

sen: 1) clin i cal di ag no sis of pri mary glomerulonephritis, 2) re -

nal cor tex pres ent in bi opsy but 3) less than 5 non-sclerosed

glomeruli avail able for light mi cros copy. The con trol group

con sisted of 10 rep re sen ta tive bi op sies with min i mal change

dis ease.

The quan ti ta tive mea sure ment of the rel a tive in ter sti tial

vol ume was per formed us ing the Anal y SIS im age anal y sis

sys tem. Sil ver methenamine stained, trichrome con trasted

pre p a ra tions were used. This stain al lows vi su al iz ing both re -

nal interstitium and base ment mem branes (Fig. 1). Im age ac -

qui si tion was done with Zeiss Axioscop mi cro scope (Zeiss

GmbH, Ger many) and CCD ZVS-47DE cam era (Optronics

Inc., USA), con nected to GraBIT PCI frame grab ber (Soft Im -

ag ing Sys tem GmbH, Ger many) in stalled on a stan dard PC.

The soft ware for im age ac qui si tion, pro cess ing and mea sure -

ments op er ated un der the con trol of Win dows NT 4.0 op er at -

ing sys tem (Microsoft Inc., USA) and con sisted of the

Anal y SIS 3.0 pro im age anal y sis sys tem (Soft Im ag ing Sys -

tem GmbH, Ger many) and cus tom made ap pli ca tions de vel -

oped by one of the au thors (K.O.). The mea sure ments of the
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rel a tive in ter sti tial vol ume (RIV) were per formed us ing the

point count ing method, em ploy ing a 72-point grid. The im -

ages were taken with a 20x PlanNEOFLUAR lens (Zeiss

GmbH, Ger many), dis played on the screen of im age anal y sis

sys tem, and the grid was su per im posed on it. The points hit -

ting re nal interstitium were counted by point ing with mouse

cur sor. Glomeruli, larger extraglomerular ves sels and un rec -

og niz able el e ments were dis re garded. The re sults were saved

in a text file, and pro cessed on Ex cel (Microsoft Inc., USA)

spread sheet, to be im ported into sta tis ti cal anal y sis pro gram.

To es ti mate RIV vari abil ity, stan dard de vi a tion of lo cal RIV

be tween fields of vi sion was cal cu lated (RIVSD). The mea -

sure ments were done in a blinded man ner that is with out

knowl edge on clin i cal data and di ag no sis.

The se rum creatinine and urea lev els were taken from

pa tients’ re cords.

The sta tis ti cal anal y sis was per formed with Statistica

5.5 PL soft ware (StatSoft Inc., USA). Mann-Whit ney U

test, Spearman R cor re la tion co ef fi cients were used when

ap pro pri ate. The sig nif i cance level was set to p=0.05.

Re sults

The ma te rial con sisted of 28 cases. Eight (29%) were

fe male, 20 (71%) were male. Mean age of the pa tients was

44 years, range 20–72, stan dard er ror (SE) 2.41. The con trol 

group con sisted of 10 cases, 4 (40%) were fe male, 6 (60%)

males.

Mean num ber of glomeruli was 3, range 0 to 10 (Fig. 1). 

Mean num ber of non-sclerosed glomeruli was 1.68, range 0

to 4. Mean per cent age of com pletely sclerosed glomeruli

(PSG) was 39.6%, range 0–100%, SE 8.5. PSG was not cor -

re lated to pa tients’ age. In the con trol group the mean num -

ber of glomeruli was 15.7, range 7 to 41. In this group no

glob ally sclerosed glomeruli were seen. Elec tron mi cros -

copy (EM) was avail able in 20 cases. In re main ing cases

EM ma te rial did not con tain glomeruli (6 cases) or con -

tained only com pletely sclerosed glomeruli (2 cases). In all

cases immunofluorescence ex am i na tion was per formed us -

ing par af fin em bed ded, pronase treated sec tions. The histo -

logical di ag no ses are given in Ta ble 1. Mean creatinine level 

was 207.7 µmol/l, range 45 to 593, SE 25.8. Mean urea level 

was 15.4 mmol/l, range 3.8 to 100.0, SE 3.5. In con trols

mean creatinine level was 71.5 µmol/l, range 57 to 98, SE

4.6. Mean urea level was 5.5 mmol/l, range 3.3–9.4, SE 0.8.

Mean RIV was 29.6%, range 5.1 to 68.9, SE 2.6. Mean

RIVSD was 12.7, range 3.1 to 29.9, SE 0.9. Mean num ber of 

avail able fields of vi sion (VFV) was 8.2, range 2 to 18, SE
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Fig. 1. A typ i cal non-rep re sen ta tive re nal bi opsy. Only one largely in tact glomerulus re mains. Note sharp con trast of tu bules, al low ing easy dis crim i na tion

of the interstitium. Sil ver methenamine-trichrome stain. Lens magn. 4×.

TABLE 1
Histological di ag no ses

Di ag no sis No. cases (%)

None 4 (14.3)

Un clas si fied nephropathy 4 (14.3)

Un clas si fied glomerulopathy 14 (50.0)

End stage kid ney 1 (3.6)

Membranoproliferative glomerulonephritis 2 (7.1)

IgA nephropathy 1 (3.6)

Mem bra nous glomerulopathy 1 (3.6)

Postinfectious glomerulonephritis 1 (3.6)



0.8. VFV showed a mar ginal cor re la tion with RIV (R=0.15,

p=0.45). RIV was not cor re lated with age of the pa tients, but 

RIV val ues were higher in males (32.5% ver sus 22.5%,

p<0.025). PSG was strongly cor re lated with RIV (R=0.46,

p<0.02) and RIVSD (R=0.51, p<0.01). Mean RIV in con -

trols was 8.6%, range 4.8 to 13.8, SE 0.9.

Kid ney func tion pa ram e ters were sig nif i cantly cor re lated

with RIV (creatinine: R=0.70, p<0.0001; urea: R=0.53,

p<0.004) and RIVSD (creatinine: R=0.67, p<0.0002; urea

R=0.39, p<0.05). Kid ney func tion pa ram e ters were also cor -

re lated with PSG (creatinine: R=0.38, p<0.06; urea R=0.50,

p<0.02). The re la tion ship be tween RIV, PSG and creatinine

level is shown on Fig ure 2.

Dis cus sion

Glomerulonephrites (GN) are rel a tively rare. In deed,

di a be tes pan dem ics and in crease in vas cu lar nephropathies

be come the main chal lenge for nephrologist. GN re main in -

ter est ing, be cause of a high pro gres sion rate, and dif fi culty

in prog nos ti ca tion [2, 13].

For a kid ney bi opsy in ter pre ta tion to be clin i cally use -

ful, it has to be rep re sen ta tive. Rep re sen ta tive ness is ex -

pressed usu ally as a num ber of glomeruli avail able for

ex am i na tion. Ac cord ing to most au thors 5 to 10 glomeruli

are suf fi cient, though de tec tion of a fo cal pro cess may

need twice as much [18, 25]. In some cases the mor pho -

log i cal pic ture of a sin gle glomerulus al lows to make di ag -

no sis, es pe cially in the cases when elec tron mi cros copy

pic ture is very char ac ter is tic. For quan ti ta tive pa thol ogy,

Oberholzer et al. cal cu late the min i mum needed to 6–10

glomeruli [18]. The limit of avail able glomeruli in our

study was set just to the lower limit given by Oberholzer.

Amann, an a lyz ing the use ful ness of re nal mor pho metry

em pha sized the ne ces sity of a rep re sen ta tive ma te rial [1].

How ever, our own find ings show that this re qui re ment is

not nec es sar ily strong, and some re sults can be ob tained

from seem ingly de fi cient ma te rial.

The clas si fi ca tion of glomerulonephritis is based on

op ti cal mi cros copy, and seems to be suf fi ciently re li able

[16]; how ever for op ti mal per for mance immuno fluo res -

cence and elec tron mi cros copy are used. Thus, the ob -

tained ma te rial has to be di vided into three parts ac cord ing 

to pro cess ing needed. That rou tine in a very small bi opsy

may need to be mod i fied. Immunohistochemistry or im -

muno fluorescence us ing par af fin em bed ded tis sue can in -

crease the amount of tis sue avail able for op ti cal mi cro-

 scopy. In a case of small spec i mens we use the later me -

thod, though par af fin em bed ding de creases both sen si tiv -

ity and spec i fic ity of the stain ing [6, 7]. As shown by Date

et al. lack of immuno fluorescence has lim ited in flu ence on 

di ag no sis, at least in a sub set of cases [4]. Anal o gously

some au thors be lieve that elec tron mi cro scopic ex a m i na -

tion does not need to be per formed in all cases. How ever,

its use re mains a gold stan dard [6].

The prog no sis in glomerulonephritis based only on glo -

mer u lar le sions is of ten un re li able. The main fac tor which

seems to ex ert in flu ence on the rate of pro gres sion to chronic

re nal fail ure is in ter sti tial ex pan sion and fi bro sis [3, 14, 22,
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Fig. 2. The re la tion ship be tween

creatinine level, rel a tive in ter sti tial vol -

ume (RIV) and per cent age of com -

pletely sclerosed glomeruli (PSG).

Ex treme (0 and 100%) PSG val ues pre -

dom i nate, whereas most of RIV val ues

are near to re gres sion line.



24]. Since ’90 the strong link of tubulo interstitial le sions and

kid ney func tion has be come a par a digm. Re cently, use ful ness

of its eval u a tion for pa tient man age ment has been chal lenged,

and use of mo lec u lar meth ods is pro posed [5]. The mech a -

nisms re s pon si ble for in ter sti tial and tu bu lar changes in GN

are rel a tively well known. The ini tial stim u lus ap pears to be

proteinuria. The pro teins in tu bu lar lu men in duce changes in

tu bu lar ep i the lial cells. These changes con sist of: ex pres sion

of new sur face an ti gens (e.g. MHC-II), ex po si tion of ad he sive 

mol e cules (e.g. integrins) and pro duc tion of me di a tors (e.g.

TGF-β). That leads to the re cruit ment and ac ti va tion of

macro phages and lym pho cytes. Sig nals from both tu bu lar ep i -

the lial and in flam ma tory cells reach myofibroblasts. These

cells in crease their num ber and pro duce extracellular ma trix

com po nents, seen as in creased vol ume and fi bro sis of re nal

interstitium on mi cro scopic level [19–21]. Why tubulo in -

terstitial le sions are so strongly re lated to kid ney func tion and

prog no sis is not com pletely clear. Ac cord ing to some au thors,

the main fac tor is tu bu lar dam age and at ro phy. In fact, some

re ports show that tu bu lar le sions are the chief ones for re nal

func tion [8]. An other opin ion is that re nal fail ure in GN re sults 

from re duced num ber of peritubular cap il lar ies. This phe nom -

e non is in deed ob served [14]. Tubulointerstitium is the main

mass of the kid ney pa ren chyma and is con tin u ous an a tom i -

cally. Thus the patho log i cal pro cess can be trans mit ted all

over the kid ney [17]. The rep re sen ta tion of the glomeruli in

the bi opsy has been es ti mated to 0.001% of to tal, whereas the

to tal vol ume of an av er age bi opsy would con sti tute

0.01–0.02% of to tal re nal vol ume [18]. Thus it can be as -

sumed that av er age rep re sen ta tion of the glomeruli is 10% of

the other el e ments, namely interstitium. The mech a nisms re -

spon si ble for reg u la tion of kid ney func tion in dif fer ent met a -

bolic and hemodynamic con di tions are autoregulation and

tu bulo-glo mer u lar feed back [12]. The autoregulation can be

com pro mised in ex per i men tal mod els as well in hu man ne -

phro pathy [9]. One of the fac tors lead ing to a large dis cor -

dance be tween vis i ble glo mer u lar le sions and re nal func tion

can be ap pear ance of atubular glomeruli, com pletely in ef fec -

tive as sources of ultrafiltrate. That has been shown to be pres -

ent in an i mal model as well as hu man nephropathy, but is

dif fi cult to de tect by rou tine me th ods [15].

The dif fer ent sig nif i cance of glo mer u lar and extra glo -

merular le sions might par tially de pend on the use of qual i ta -

tive meth ods for as sess ing the for mer and quan ti ta tive

me th ods for the later. Katafuchi et al. [11] showed highly ef -

fec tive prog nos ti ca tion in IgA nephropathy us ing glo mer u -

lar fac tors only. These re sults were ob tained with very

multifactorial and con trolled as sess ment of glo mer u lar le -

sions. Thus, a more ef fec tive use of in for ma tion de rived

from glo mer u lar le sions could pos si bly lead to an effective

prognostic prediction.

An ad di tional con founder can be the re la tion of re nal

scle ro sis to age. In fact, in nor mal pop u la tion the num ber of

sclerosed glomeruli in creases, reach ing 30% in the 6th de -

cade. RIV also in creases pro por tion ally to age [10]. In this

study cor re la tions of RIV and PSG to the age were not pres -

ent in GN population.

Ting et al. found that in mem bra nous glomerulopathy

fil tra tion re duc tion de pends on a fall in fil tra tion co ef fi cient. 

The in creased fil tra tion pres sure is not suf fi cient to keep fil -

tra tion rate [23]. Such phe nom ena are not easy to be de -

tected on op ti cal mi cros copy level, es pe cially not as an

in creased PSG. As a well known re la tion ship ex ists be tween 

RIV and re nal func tion and prog no sis in mem bra nous

glomerulopathy [e.g. 24], a doubt on the existence of patho -

genic link arises.

The pre sented re sults show that the re la tion ship of in -

ter sti tial ex pan sion with re nal func tion is seen also in de fi -

cient bi opsy ma te rial. The link of re nal func tion with

in ter sti tial le sions is stron ger than that with global glo mer u -

lar scle ro sis. These find ings could sup port the opin ion that

better rep re sen ta tion is re spon si ble for stron ger prog nos tic

impact of interstitial lesions.
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