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In thefirst part of thisreport mechanismsthat lead to
the development of tubulo-inter stitial changesin glomer u-
lonephritis (GLN) were presented. Thisissueis of a great
practical importance, since explaining renal function in
GLN solely by glomerular parametersyieldsto unreliable
and inconsistent results. When the prognosisisbased on the
glomerular lesions only, the risk of progression to chronic

The phenomena triggered by interstitial processes and
resulting in renal failure most likely consist in decreased
blood flow in consequence of mechanical pressure, an in-
creased vascular resistance, inhibited autoregulation and
tubulo-glomerular balance. Interstitial changes lead also to
an abnormal interstitial osmolarity and impaired water and

renal failure is often underestimated. In routine biopsy
material occurs that no glomerular sclerosis is seen, al-
though theclinical signsof renal failurearepresent. On the
other hand, one can see advanced glomerular lesions, which

sodium reabsorption. The emergence of atubular glomeruli
also may be of some importance in the development of renal
failure [12, 13, 45, 55]. Howie stated that a decisive role in
the development of chronic renal failure in glomerulone-

arenot necessarily associated with deteriorated renal func-
tion when no interstitial fibrosisis noted. Although in the
light of the published reportsthesefactsarenot surprising,
they are often neglected in everyday nephropathological
practice.

phritis was played not by interstitial changes themselves, but
rather by concomitant tubular damage, especially involving
the proximal tubules. According to this author, the damage
to the tubular epithelial cells, which is manifested by a
decreased tubular cross-section surface area, was statistically
associated with the interstitial volume [24].

In progressive glomerular disease such phenomena as
damage and loss of peritubular capillary vessels are ob-

Among extraglomerular parameters, the key positioserved, what is supposed to lead to impaired glomerular
is occupied by the relative interstitial volume. In numerblood flow. The loss of peritubular capillaries in glomerulo-
ous reports this variable has shown the strongest assogéathies was observed by Mackensen-Haen et al. [35]. Also
ation with both renal function at the time of biopsy andSeron et al. detected a significant drop in the number of
with the risk of chronic renal failure. As early as 1968 peritubular capillaries in the course of various glomerulopa-
Risdon, Sloper and Wardener studied the association tkies. This decrease was significantly correlated with im-
tween morphological and functional parameters in theaired renal function, the degree of interstitial fibrosis,
course of long lasting glomerulonephritis. To their surtubular loss and intensity of inflammatory infiltration [53].
prise, they saw much stronger association between the An increased interstitial volume, as well as tubular loss
renal function and tubular atrophy and interstitial fibrosisonstitutes a uniformly observed phenomenon in the evol-
than between renal function and glomerular lesions [49ition of glomerular diseases. These factors are significantly
Starting in mid-seventies, Bohle et al. demonstrated thebrrelated with biochemical symptoms of renal function loss
correlation between interstitial fibrosis and renal functiorand with the risk of progression to chronic renal failure. The
in the majority of primary glomerulonephritis cases [e.ghighly significant association between interstitial changes
10 - 13, 38]. Yet the concept of the decisive value oénd creatinine levels was confirmed in IgA nephropathy,
extraglomerular changes for the prognosis in kidnepost-streptococcal glomerulonephritis, mesangial prolif-
diseases took a long time to become geneaaltgpted. erative glomerulonephritis, membranoproliferative glome-
Other lesions, accompanying interstitial fibrosis and byulonephritis, focal segmental glomerulosclerosis,
some authors believed to be of prognostic value, includ@embranous nephropathy and other diseases [9 - 17, 22, 24,
inflammatory infiltration of the interstitium and tubular 26, 35, 36, 38, 51, 52, 55, 56]. The processes occurring within
atrophy. the interstitium are so important that some authors regard

Interstitium and increased interstitial volume
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glomerulonephritis as "a bizzare interstitial process " [45plomerulopathy may seem amazing. The reason for such a
In numerous reports, the increase of interstitial volume in thghenomenon is believed to lie in the high selectivity of
renal cortex is the most important or even the sole morphproteinuria. And indeed, also in other glomerulopathies a
logical parameter of any prognostic value. Despite the fabigh selectivity of proteinuria in the course of nephrotic
thatin glomerular diseases the process primarily involves tisgndrome is generally associated with good nephrologic
glomeruli, in many reports interstitial changes show no firnprognosis. The degree of proteinuria selectivity may be even
and significant association with the degree of glomerulanelpful in classifying patients to groups characterized by a
changes. For example Bohle et al. [11] failed to find such agpood or poor response to steroid therapy. Another factor
association in focal segmental glomerulosclerosis. Accordesulting in good prognosis in minimal change disease may
ing to Mackensen-Haen et al., renal interstitial lesions ibe the fact that steroid therapy usually results in disappear-
membranoproliferative glomerulonephritis showed no ass@nce of proteinuria, what as a rule diminishes the possibility
ciation with the progression of glomerular changes. In thef tubular and interstitial damage. In contrast, in other,
material collected by that author even the most advancg@dogressive glomerulopathies, proteinuria is usually non-se-
glomerular changes were not associated with impaired rerlattive and may persist for a long time despite therapy [4, 6,
function if they were not accompanied by an increased6, 47, 48, 55]. However, an argument against explaining
interstitial volume and interstitial fibrosis [38]. Danilewicz the good prognosis in minimal change disease by a good
et al. found only a weak and non-significant correlationtherapeutic response can be found in papers demonstrating
between the progression of glomerular changes and interstiterstitial lesions in glomerulonephritis to be present soon
tial volume in membranous glomerulopathy [15]. Wek  after the symptoms onset [25]. Hruby et al. studied cases of
et al. did not observe any significant associations betwegtomerulonephritis in their early clinical stages, i.e. in pa-
early glomerular hyalinization and interstitial changes [58ltients in whom biopsies were performed less than 2 months
According to Roberts, in membranous glomerulopathyafter the onset of symptoms. The investigators demonstrated
neither the percentage of sclerosed glomeruli nor the prat their material a significant association between the in-
gression of glomerular lesions showed association with renaieased interstitial volume and tubular loss on the one hand,
function and with the prognosis. On the other hand, thend subsequent renal function on the other, the latter being
interstitial volume and the number of myofibroblasts in thessessed 6 and 24 months after the diagnosis [25].
interstitium were demonstrated to be significantly associated In chronic kidney diseases, the key component of the
with renal function [50]. Nevertheless, in patients with variougnterstitium, necessary for the connective tissue matrix pro-
types of nephropathy, extra- and interglomerular changes mduyiction, is the myofibroblast. In IgA nephropathy Ando et
be of different and complementary importance for the progreal. demonstrated that the presence of myofibroblastic cells
sion to renal failure. Katafuchi et al. suggested that in prolifin the interstitium exerted a negative effect on the prognosis;
erative glomerulopathies both the increased interstitial volurrgeroid therapy combined with heparin administration de-
and the degree of glomerulosclerosis can be of prognosti;eased both the number of myofibroblasts and the rate of
significance. In mesangial proliferative glomerulonephritis theenal function loss [3]. In membranous glomerulopathy
authors found the presence of significant associations betweRaberts et al. found that an increase in the number of
interstitial and glomerular changes [32]. Widstam-Attorps et amyofibroblasts is significantly associated with the degree of
observed an association between the development of remdkrstitial fibrosis and decline of renal function. Both these
failure and both glomerulosclerosis and interstitial lesions. Afactors manifested a significant prognostic value [50]. Da-
increase in the interstitial volume was, however, associated witilewicz et al. also investigated membranous glomerulo-
the presence of interstitial inflammatory infiltration. The interpathy and observed a significant increase of smooth muscle
stitial lesions belonged to the components of the histologicattin expression in the renal interstitial cells. The author also
picture that had the greatest impact on the prognosis. Theted the significant positive correlation between the
authors observed that mesangial and interstitial changes weresence of myofibroblasts and lymphohistiocytic infiltra-
independent of each other [57]. tion and fibrosis in the interstitium [19].

Chronic renal failure is supposed not to occur in cases
where glomerular lesions are not accompanied by secondary L. . . .
interstitial and tubular phenomena. A typical example o Ssociations with proteinuria
such a condition is minimal change disease [13]. A severe As it has been mentioned, a major cause of tubulointer-
proteinuriais typical, yet it does not progress to chronic renatitial lesions in glomerulonephritis is the effect of high
failure and the long-term prognosis is excellent. In view oprotein levels in renal tubule contents, what results in the
the available information on the role of proteinuria in theactivation of the tubular epithelial cells, which produce
development of renal failure, a good prognosis and thearious mediators, and finally in the production of extracel-
absence of extraglomerular changes in minimal chandelar substance components by interstitial myofibroblasts.
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As has been suggested in numerous papers, the levelSifice Magil excluded from his set of data cases with pro-
proteinuria may directly affect the prognosis. Accordingiounced vascular changes and fibrosis involving more than
to many authors, this is one of the most important labola0% of the glomeruli, this might also be an argument con-
tory indicators of unfavorable clinical evolution of glome-firming the opinion that interstitial changes constitute an
rular disease. The composition of urinary proteins may bepiphenomenon, while vascular changes play a decisive role
also of prognostic significance. It is long known that inin preserving renal function. On the other hand, numerous
progressive kidney diseases, including glomerulonesublications stressed that the association between the
phritis, low-protein diet results in improved renal func-interstitial volume and creatinine level was seen only
tion. Most likely it also slows down the progression of thevhen the relative interstitial volume was higher than 20%.
disease. An explanation of the good effect of low-proteitn the Magil's material, when the analysis was repeated
diet in glomerulonephritis may be found in the decreaseid the entire set of cases, the expected correlation between
production of TGH3. the relative interstitial volume and renal function reap-
Bazzi et al. demonstrated that electrophoretic determpeared [39].
nation of the composition of urinary proteins may be used In the context of the importance of proteinuria for the
for establishing the prognosis in glomerulonephritis. Irpathogenesis of interstitial fibrosis, the above quoted am-
the material analyzed by the above authors, the preseriguous results may appear surprising. Yet, when we explore
of low molecular weight proteins (below 10kD) in thethe problem thoroughly, we may specify possible reasons
urine was associated with an almost 50% risk of chroniesponsible for the failure in demonstrating an association
renal failure as compared to 12% in the remaining casdsetween an increase in the relative interstitial volume and
This association remained statistically significant whemroteinuria level. Firstly, the relation between proteinuria
the investigated group was limited to patients with lowand interstitial fibrosis is complex and other factors contrib-
creatinine level. According to Bazzi's report, the compoute to the development of interstitial lesions, such as substan-
sition of urinary proteins was only slightly associated wittces produced by inflammatory cells within the very
degree of interstitial fibrosis [7]. On the other hand, thglomerulus or an immune reaction occurring in the intersti-
same team later reported significant association betweéom. The composition of proteins excreted to the urine may
the degree of proteinuria, selectivity and the progressidee of significance in inducing changes in the tubular epithe-
of interstitial scarring [6]. Berg et al. believed an increasetium and thus in the interstitium. Secondly, the time span
urinary 1gG level to be a particularly sensitive index of thevhen chronic tubulo-interstitial changes develop may be
risk of renal failure progression [9]. In turn Remuzzi ancprolonged and determinations of proteinuria levels at a given
Bertani found that the ratio of proteinuria to the creatinindime point, i. e. at the time of the biopsy may not necessarily
level was an excellent indicator defining the risk ofreflect the significant proteinuria level influencing tubuloin-
chronic renal failure. When this ratio was below 1, the riskerstitium. This explanation is not in full agreement with the
of an unfavorable course of the disease could be regardedults of Danilewicz et al. [15]. These authors observed a
as negligible [48]. distinct and significant increase in the interstitial volume in
The question arises whether there is an associatipatients who were biopsied in the early stage of membranous
between the level of proteinuria and the progression @LN, i.e. approximately six months on the average follow-
interstitial changes. No such association was observed g the onset of symptoms. Similar conclusions may be
Jepsen and Mortensen [26]. In membranous glomerulondrawn from the report by Hruby et al., who detected an
phritis Roberts found a significant association between ttiacrease of the relative interstitial volume already in the very
presence of myofibroblasts in the interstitium and the levearly phase of glomerulonepbhritis [25].
of proteinuria. On the other hand, the latter was not associ- The associations between the interstitial volume and
ated with increased interstitial volume [50]. Magil studiedrenal function are not specific for glomerulonephritis. Akin
patients with membranous glomerulonephritis and demomssociations between increased interstitial volume and im-
strated a significant correlation between the level of prgpaired renal function were demonstrated in renal amyloi-
teinuria and the progression of tubulo-interstitial changeslosis [37]. In this case, contrary to GLN, a highly significant
The univariate analysis also revealed an association betwesssociation between renal function and degree of glomerular
interstitial changes and plasma protein levels, which, neveesions (i. e. amyloid deposition) was found. Also in kidneys
theless, was not seen in the multivariate regression modeallograft recipients, interstitial fibrosis and the increased
We might assume that the effect was fully explained by thaterstitial volume are associated with renal function and
level of proteinuria. In addition, this author did not observeonstitute an important cause of graft function loss. These
any association between creatinine level and the intensity leions may be due to chronic rejection, but also can be
interstitial lesions. He explained this findings by the selectioavoked by adverse effects of drugs, especially calcineurine
bias effect, as less advanced cases were chosen for his stirdyibitors.
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Interstitial changes - but why? some authors question whether the cause-effect relation
indeed occurs here.

The explanation of why an increase in the relative . . . . .
interstitial volume is the most effective prognostic factor in Katafuchi etal. studied patients with Berger disease and

. . . . the prognostic val f miquantitativ -
glomerular diseases is neither easy nor self-evident. Tﬁce)mpared € prognostic value of a semiquantiialive assess

ment of glomerular changes with the complete index of

extent and the anatomical continuity of the interStitiun]'\istolo ical changes, including both interstitial and vascular
within the kidney may facilitate the spread of the pathologi- > > 29 ges, 9

cal process over the entire organ, including regions that werg2"9es- The authors achieved the most reliable prognosis

. ; .. esti i limited only to chan
spared by primary processes [44]. In routine renal b|0p$|ee§3t'mate when their assessment was ed onlyto changes

the increase of interstitial volume is often not uniform.” lthin the glomeruli. On the other hand, in their previous

. . . ) . report, the same team stated than when a multivariate ana-
Various levels of scarring seen in various regions of th

interstitium reflect the variable activity and proportion ofﬁls's was employed, the increase of the interstitial volume

changes within the nephrons situated in neighbouring regio%r?d interstitial fibrosis of the kidney constituted significant

Thus, data on interstitial lesions may provide information ofl! dicators of the risk of organ failure [30, 31]. Soma et al.

. . found that contrary to Berger disease, in membranoprolif-
an area of the kidney larger than nephrons, and especially . . . . .

. . . . . . .__erative glomerulonephritis tubulo-interstitial changes did
glomeruli physically present in the investigated histological . . .
. . . not contribute to the progression of the disease. The authors
material. Impaired renal function may to a greater degree

depend on the generalized impaired function of the pres ervgampared changes in the relative interstitial volume in these

nephrons than on a simple decrease of their number. A high diseases. They observed that in IgA nephropathy in

usefulness of interstitial changes in establishing the pro atients V.V'th an unfa\{c_JrabIe clinical course a significant
: . ncrease in the interstitial volume occurred. On the other
nosis may also result from the fact that their measuremen

IS . : i
to a much lesser degree subject to sample bias as co mpj\}gad, in membranoproliferative glomerulonephritis no such

to glomerular changes. The percentage of fully hyalinizeassflat;ﬁn was Tﬁteril [5.4 I d against the theory that intersti-
glomeruli assessed by a biopsy is highly susceptible to the notherargumentraised agains y wers
random factors. In fact, the number of nephrons in ea Cth';ll lesions would be a significant factor of renal failure
normal kidney i's 800 odo -1.200.000 while the number dfogression is that the interstitial volume increases sponta-

glomeruli in a biopsy specimen rarely exceeds 20 - 30, noeously with age, both in the population of people free of

histological examinations is performed on 1/27,000 - 60,0 dney disease symptoms and in patients with documented

of all glomeruli at the most [32, 35]. Sclerosis inVolvingnephropathy. The mechanism of "physiological” interstitial

some glomeruli in individuals who do not manifest an);'brOS's Is said to be associated with the activity of BF-

symptoms of kidney diseases and the age-dependent in arr1_d thus analogous to that underlying "pathological" fibrosis

stitial volume increase are well documented both in humal so’ 21]. Parallel to the interstitial expansion, a decline in

. . . ioni . Danilewicz et al. v
and in experimental animals. In healthy men beIow40yeaF%na| function is observed. Thus Danilewicz et al. observed

. . ificantly higher values of the relative interstitial volume
f life th rcentage of sclerosed glomeruli may equal 5°/$!gn' " .
otiiie the perc g 9 y€d i IgA nephritis patients older than 45 years as compared

to reach as high as 30% in subject above 70 years of life ﬂg, o .
28, 29]. Thusstghe mere presentj:e of single hyZnIinized glor£1 fth younger [18]. Similar results were published by Mac-

ruli - even in a representative biopsy specimen - does no%nsen-Haen et al. [36]. One might then argue that the

oL . . ner f interstitial volume is a phenomenon that accom-
necessarily indicate a kidney disease, and to an even greété:rease 0 P

ishi ; i [ ilur t rsn
degree does not allow for establishing a prognosis. TrPean'eS the development of chronic renal failure, but bears no

age-dependent emergence of sclerosed glomeruliin the klgiation to the disease. To contradict this reproach, it is

. . . i i ' i nalysis. An
ney of otherwise healthy persons is explained by vasculgp oosary © mcIudg the patients’ age in the analysis

. . ?ternatlve explanation of the above results may be that
changes that spontaneously progress with age. This expla- . .

. . . gderly patients may have gone through a longer period of
nation was confirmed by Kasiske, who stated that the degrée asvmptomatic disease. Particularly in the case of Berger
of angiosclerosis was associated with the number O} ymp ; y I e Case ¢ g

- . . . isease such an explanation seems plausible, in view of the
hyalinized glomeruli [27]. Nevertheless, his observatlonwasrolon od and often relatively asvmptomatic clinical course
not confirmed by McLachlan et al. [41]. P gec . yasymp . )

The discrepancies in published results concerning prog-
nostic significance of interstitial changes may be explained
in several ways. According to Ong and Fine [47], one of the
reasons is that some of the observed morphological changes

Despite a number of evidence confirming that extraare reversible. Mackensen-Haen et al. [36] noted that the
glomerular changes, and especially an increased relatiggsociation between the interstitial volume and creatinine
interstitial volume, are significant for renal function and thdevel was stronger when patients with acute renal failure

prognosis, this concept is at times questioned. In particulagere excluded from the analyzed group. In addition, as stated

Counter-arguments
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by Nath, at least in some cases of serially repeated biopsiepinion of Naiker et al., in the course of membranoproliferative
degree of histologically determined interstitial lesions andlomerulonephritis the number of cells within the interstitium
biochemical symptoms of renal failure were not fully parallesignificantly affects renal function [42]. Of the investigated
[43]. It may even happen that in some cases an increasetygfes of inflammatory cells, T lymphocytes were the most
the interstitial volume is accompanied by an outright drop ilmportant for renal function, while B lymphocytes and macro-
creatinine levels. Bennett et al. found that in IgA nephrophages demonstrated weaker, but still significant associations
pathy in repeated biopsies there was no direct relationshigth it. The authors stated that the number of cells, mostly of T
between renal failure and increased interstitial volume [8lymphocytes, within the renal interstitium in membranoprolif-
As it has been already mentioned, in some cases this discremtive glomerulonephritis was significantly higher than in
ancy may be the result of acute renal failure. And indeed, thither glomerular diseases. In addition, the investigators found
is known to occur in Berger disease. a significant correlation between creatinine level and the num-
ber ofinflammatory cells. Nevertheless, such results mighthave
been a consequence of the fact that in this highly aggressive
disease the inflammatory infiltration is usually pronounced.

As was said before, we know from the pathogenetithus the conclusion describing a significant association be-
studies that the appearance of inflammatory cell infiltratiotween the number of inflammatory cells and creatinine level
within the interstitium is important for development of extra-might be only a consequence of natural differences between
glomerular lesions. Such foci of more or less intensivearious diseases. Also in the case of ANCA-associated glome-
inflammatory infiltration are seen in the interstitium in sev+ulonephritis, the extent of interstitial infiltration is a prognostic
eral cases of glomerulopathies. An exception is again mirfactor. Other prognosticators include necrosis of the tubular
mal change disease. Interstitial cells include predominantgpithelium and tubular loss. The histological parameter that
lymphocytes and macrophages, as well as granulocytes asfebws the strongest association with the prognosis is the per-
mast cells. Lymphocytes that are present in inflammatorgentage of intact glomeruli [5].
infiltration mostly belong to the T population; the CD4/CD8
cells ratio is increased [2, 14].

Intensive cellular infiltration is most often seen in
glomerular diseases of high activity and considerable clinical  The tubular epithelial cells play a very important role in the
aggressiveness, such as active proliferative forms of luppathogenesis of extraglomerular lesions. Impaired tubular
nephritis or membranoproliferative glomerulonephritis. Infunction is assumed to be co-responsible for the development
the light of such observations, as well as in view of thef chronic renal failure in patients with prolonged glomerular
pathogenesis of interstitial fibrosis, it is interesting whethediseases; according to some authors this is an outright decisive
the presence of cellular infiltration within the interstitiumfactor. Changes in the tubular epithelium might potentially be
may exert a negative effect on the prognosis. According # prognostic factor. In routine biopsy material tubular loss is
the majority of reports, this question is answered positivelyisually seen in conjunction with interstitial scarring or the
Remains to be clarified to what degree this effect is apresence of inflammatory infiltration. The structure and size of
independent prognostic factor [14]. tubular epithelial cells are in a great measure dependent on the

Lee et al. found that in Berger disease the number afiethod of fixation and the processing of the material. This is
inflammatory cells in the interstitium was positively corre-easily observed in animal studies when we compare the struc-
lated with creatinine level. The number of CD3, CD4 andure of a perfusion-fixed kidney with an organ that has been
CD8-positive cells was also associated with the mean blodiged by immersion in a fixing solution. Therefore, tubular
pressure. However, the authors did not observe similar cormeeasurements may be difficult to perform.
lations in membranous glomerulopathy [34]. Roberts et al.  Khan and Sinniah analyzed various forms of glomeru-
also did not observe a significant association between redahephritis and - apart from the association between crea-
function and the prognosis in membranous glomerulopattinine clearance and interstitial volume - demonstrated the
and the increased intensity of inflammatory infiltration in theexistence of an association of renal function and the degree
interstitium [50]. The significant prognostic value of inter-of tubular damage, involving both the proximal and distal
stitial inflammatory infiltrates in IgA nephropathy was dem-tubules. The authors reported that the measurement of the
onstrated by Freese et al., where it was the most importambss-section surface area of the distal tubule was a particu-
prognostic factor in addition to tubular loss and interstitialarly effective indicator. The fact that changes in the distal
fibrosis [22]. Similarly as glomerular and extraglomerulatubule appear readily and in the early stage of the disease is
fibrosis, also the number of cells in interstitial inflammatorysupposed to result from its physiological properties. And
infiltration is said to better correlate with renal function lossndeed, in the above quoted paper changes involving the
than does the number of cells within a glomerulus [2]. In thdistal tubules were more intense than those noted in the

Cellular infiltration in the renal interstitium

Renal tubules
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proximal ones. A strong association with renal function is,5. Bajema IM, Hagen EC, Hermans J, Noél L-H, Waldherr R, Fer-

. P . - T rario F, van der Woude FJ, Brjuin JKidney biopsy as a predictor
In turn, justlfled by the role of distal tubules in maintaining for renal outcome in ANCA-fassociated ﬁecr%tiiig glgmerulone-

the tubulo-glomerular balance [33]. On the other hand, phritis. Kidney Int 1999, 56, 1751-1758.
Hruby et al. observed that in the early stage of glomerulos. Bazzi C, Petrini C, Rizza V, Arrigo G, D'’Amico &: modern

pathy the changes preferentially involve the proximal part of approach to selectivity of proteinuria and tubulointerstitial damage
the nephron [25] in nephrotic syndrome. Kidney Int 2000, 58, 1732-1741.

. ... 7. Bazzi C, Petrini C, Rizza V, Arrigo G, Beltrame A, D’Amico G:
In the report of Mackensen-Haen et al. the interstitial Characterization of proteinuria in primary glomerulonephritides.

volume in various glomerulopathies showed a strong associ- SDS-PAGE patterns: clinical significance and prognostic value of
ation with creatinine level, while the surface area of the cross- 0w molecular weight (“tubular”) proteins. Am J Kidney Dis 1997,

section of the proximal tubular epithelium and Henle’s loop 29, 21-35. o _ o _
h iated with uri lari d 8. Bennett WM, Walker RG, Kincaid-SmithARenal cortical intersti-
were rather associated with urine osmolarity [35]. Based on tial volume in mesangial IgA nephropathy. Lab Invest 1982, 47,

material including solely patients with Berger disease, Macken- 330-335.
sen-Haen et al. showed also an association between creatin@eBerg UB, Bohman SO, Widstam-Attorps Renal histological
level and both the interstitial volume and the surface area of the phanges in relation to renal function and urinary protein excretion

i f imal tubul The latt lati in IgA nephropathy. Arch Dis Child 1991, 66, 593-597.
Cross-section of proximal tubuies. € latier correlation wi . Bohle A, Bader R, Grund KE, Mackensen S, Neunheffaerdim

seen only when patients with acute renal failure were excluded creatinine concentration and renal interstitial volume. Analysis of
from the investigated group [36]. In their report Freese et al. correlations in endocapillary (acute) glomerulonephritis and in

; moderately severe mesangioproliferative glomerulonephritis. Vir-
found that tubular loss was correlated with IgA nephropathy chows Arch A Path Anat Histol 1077, 375, 87-06.

progressmn. The authors |nvest|gated p(:,ltlen’FS with Bergﬂ_ Bohle A, Glomb D, Grund K E, MackenserCsrrelation between
disease who developed end-stage renal failure in the follow-up rejative interstitial volume of the renal cortex and serum creatinine
period and required renal replacement therapy. They observed concentration in minimal changes with nephrotic syndrome and in
thatinterstitial fibrosis, infiltration in the interstitium and tubular ¢! sclerosing glomerulonephritis. Virchows Arch A Path Anat

N . . . Histol 1977, 376, 221-232.
loss were significantly more common in such material than 'Y Bohle A, Mackensen-Haen S, von Gis&lgnificance of tubuloin-

other cases [22]. terstitial changes in the renal cortex for the excretory function and
concentration ability of the, kidney: a morphometric contribution.
Am J Nephrol 1987, 7, 421-433.

Summary 13. Bohle A, Mackensen-Haen S, von Gise H, Grund KE, Wehr-
mann M, Batz C, Bogenschiitz O, Schmitt H, Nagy J, Mdller C,

As it follows from the above reported data, tubulo-  Mmiiller G: The consequences of tubulo-interstitial changes for renal
glomerular changes in GLN are of an extreme prognostic functio_n in glomerulopathies. A morphometric and cytological
importance. The relations between individual components 2"2sis- Pathol Res Pract 1990, 186, 135-144.

. . D’Amico G, Ferrario F, Rastaldi MPTubulointerstitial damage
of the kidney are complex and not fully understood. Yet the in glomerular diseases: its role in the progression of renal damage.

majority of investigators agree that the relative interstitial Am J Kidney Dis 1995, 26, 124-132.
volume is the most important prognostic factor. Thus thes. Danilewicz M, Wgrowska-Danilewicz Midiopathic membranous
assessment of this parameter is of a paramount practical glomerulonephritis. A quantitative study of glomerular and inter-

importance and should be incorporated in routine ren stitiallesions. Pol J Pathol 1995, 46, 173-177.
P P i‘!i Danilewicz M, Wgrowska-Danilewicz MQuantitative analysis of

biopsy evaluations. primary proliferative mesangial glomerulonephritis (PMGN) and
diffuse form of idiopathic IgA nephropathy (IgAN). Variants of the
same morphological process? Pol J Pathol 1996, 47, 73-78.
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