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I. Introduction 
It is now generally accepted that many, if not all, human cases of glomerulo

nephritis develop on the basis of immunologic mechanisms. Several key 
developments in experimental studies have contributed to our current under
standing of the pathogenesis of glomerulonephritis. 
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The first historical step in the field of experimental glomerulonephritis 
was taken by MASUGI about 40 years ago. Employing heterologous antikidney 
sera (nephrotoxic sera), he produced and thoroughly described a variety of 
glomerular diseases in animals compatible with acute, subacute, and chronic 
glomerulonephritis in humans (MASUGI, 1933; MASUGI, 1934). This experi
mental model (Masugi nephritis or nephrotoxic nephritis) is distinct from 
others because of its high reproducibility. Advances in methodology made it 
possible to analyze the underlying mechanisms responsible for the induction 
of Masugi nephritis (KAY, 1940; HAMMER and DIXON, 1963; FUJIMOTO et at., 
1964). It has been clarified that Masugi nephritis is basically a biphasic disease 
consisting of the first phase (initial or heterologous phase) and the second 
phase (secondary or autologous phase). In the first phase, nephrotoxic anti
bodies (NTAbs) are immediately localized along the glomerular basement 
membrance (GBM), with or without the immediate onset of glomerular lesions 
owing to the nature and amount of the NT Abs administered; the second 
phase occurs several days later following the formation of specific host anti
bodies that react with the antigen (NTAbs) fixed in the glomerulus resulting 
in either exacerbation or initiation of glomerular lesions (reviewed by: UNANUE 
and DIXON, 1967b; MCCLUSKEY and VASSALLI, 1969). 

The next outstanding progress in this field was made through studies on 
experimental acute serum sickness produced by a single i.v. injection of a 
large amount of foreign serum (RICH and GREGORY, 1943; RICH, 1947) or 
purified foreign serum antigen (HAWN and JANEWAY, 1947). Studying this 
" one-shot" serum sickness, special attention was directed to the host immune 
response in relation to the induction of serum sickness inflammations. The 
results obtained indicated that various tissue injuries, including proliferative 
glomerulonephritis, developed at the time of antigen-antibody interaction in 
the circulation (GERMUTH, 1953). Further investigation disclosed that the 
formation of antigen-antibody complexes (usually antigen excess, soluble 
complexes) and their tissue depositions were the major pathogenesis of acute 
serum sickness diseases (DIXON et at., 1958). The pathogenetic role of antigen
antibody complexes was again confirmed in experimental chronic serum 
sickness (DIXON et at., 1961). Probably considerable numbers of experimental 
or naturally occurring nephritis in animals may develop on the same im
munologic basis as revealed in experimental serum sickness. It was also 
proposed that autoimmune disorders including lupus-like nephritis developed 
under the condition of prolonged antigenic stimulation, correlating with 
characteristic immune system alterations (OKABAYASHI, 1964). 

Another important item of information comes from the observation that 
renal glomeruli can be damaged by autologous antikidney antibodies prodiIced 
by repeated immunization with heterologous or homologous kidney antigens. 
At present, two well established models are available as examples (HEYMANN 
et at., 1959; STEBLAY, 1962). 

In this review, we will describe pathologic processes in these glomerular 
diseases with some emphasis on their ultrastructural features. 
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II. Immunologic Basis of Glomerular Injury 
In immunologically induced glomerulonephritis, there can be at least 

three possible patterns of immunologic processes taking place in renal 
glomeruli, particularly around the GBM as shown in Fig. 1. 

In the first type the GBM per se acts as an antigen that is capable of 
reacting with either heterologous or autologous anti-GBM antibodies in the 
circulation. A typical example is the first phase of rat Masugi nephritis in 
which rabbit NTAbs combine with rat GBM in a characteristic continuous, 
linear fashion as revealed by the fluorescent antibody method (ORTEGA and 
MELLORS, 1956; ANDRES et al., 1962; SEEGAL et al., 1962). The antigen (rat 
GBM)-antibody interaction and the concurrent participation of complement 
(C3) usually result in the immediate onset of glomerulonephritis (UNANUE 
and DIXON, 1964). A similar mechanism may also be operative in other 
glomerular diseases produced after injection of heterologous antitissue sera 
that contain cross-reacting antibodies against the GBM (SEEGAL et al., 1963; 
CHASE et al., 1972). Another example is sheep nephritis caused by repeated 
injections of heterologous GBM antigen incorporated in Freund's complete 
adjuvant (STEBLAY, 1962). By the immunization, autologous anti-GBM anti
bodies are formed in the sheep and are then deposited in the glomerulus with 
a resultant induction of severe glomerulonephritis. 

The second type is mediated by the interaction between an antigen 
previously localized on the GBM and a specific host antibody in the circula
tion, as seen in the second phase of Masugi nephritis. In this situation the 
NT Abs behave as an antigen. Therefore, a significant difference exists between 
the first and the second phase with regard to the sequence of immunologic 
events, although the importance of the NT Abs is critical for both occasions. 
Since the NTAbs have been localized diffusely along the GBM, the host 
antibody also distributes in a similar continuous linear fashion in immuno
fluorescence (ORTEGA and MELLORS, 1956). It is tempting to assume that some 
other antigens, which have no specific affinities to the glomerular constituents, 
are first deposited on the GBM and then interact with circulating antibodies. 
However, in no instances has this possibility been clearly proved. 

The third type results from glomerular depositions of antigen-antibody 
complexes initially formed in the circulation. A well known model of this 
glomerulonephritis is seen in experimental acute serum sickness induced in 
rabbits by i.v. administration of a large amount of antigen, e.g. bovine serum 
albumin (BSA). Glomerular localizations of antigen-antibody complexes and 
complement (C3) are demonstrated by immunofluorescence (DIXON et al., 
1958; FISH et al., 1966). The distribution pattern of the complexes is distinctly 
different from that seen in Masugi nephritis and is characterized by granular 
fluorescence scattered discontinuously on the capillary wall. The incidence of 
acute serum sickness nephritis is less frequent than Masugi nephritis since 
neither antigen nor antibody possesses any affinities to the glomerular 
consti tuen ts. 
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Fig. 1. Three possible immunologic processes occurring around the glomerular basement 
mem brane (G BM) . (1) Interaction between endogenous G BM antigens (ag) and circulating 
heterologous or autologous anti-GBM antibodies. (2) Interaction between antigens 
previously fixed on the GBM (ag) and circulating antibodies (ab). (3) Deposition of 
circulating antigen- antibody complexes (ag· ab) which have no specific affinities to the 

glomerular constituent 

a b 

Fig. 2. (a) A fluorescent micrograph of a rat glomerulus in the first phase of Masugi 
nephritis. Characteristic linear localization of nephrotoxic rabbit IgG. X 500. (Courtesy 
of Dr. H. TOMIOKA.) (b) A fluorescent micrograph of a rabbit glomerulus in acute serum 
sickness nephritis. Discrete, finely granular fluorescence demonstrating deposition of 
rabbit IgG along the capillary walls and in the mesangium. X 540. (Courtesy of Dr. 

M. SANO) 

Such a mechanism as shown in serum sickness nephritis would account 
for the pathogenesis of a number of acute as well as chronic experimental 
glomerulonephritis cases and various substances, e.g. foreign proteins, infec-
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tious agents, or endogenous cell and tissue components might serve as antigenic 
constituents of the nephritogenic immune complexes. 

III. Morphologic Aspects of Immunologically 
Induced Glomerulonephritis 

Although there have been many excellent publications dealing with 
pathologic features of immunologically induced glomerulonephritis, the refer
ences cited here will be limited to those concerned with the ultrastructural 
pathology and possible pathogenesis. 

1. Masugi Nephritis 

NT Abs are prepared in an animal by immunization with the kidney from 
a different species of animal. Masugi nephritis is elicited by a passive ad
ministration of the NT Abs into the donor animal of the kidney antigen and 
is divided into two phases. In general, definite glomerular changes are seen 
both in the first and the second phase when mammalian NT Abs are employed, 
whereas fowl NT Abs are not nephritogenic during the first phase. It has 
been demonstrated that the major nephritogenic antigen is included in the 
GBM (KRAKOWER and GREENSPON, 1951; CRUICKSHANK and HILL, 1953). 

a) The First Phase of Masugi Nephritis 

Pathologic processes during the first phase have been extensively analyzed 
in rat Masugi nephritis produced by injection with rabbit NTAbs (PIEL et at., 
1955; MILLER and BOHLE, 1957; CHURG et at., 1960; FELDMAN et at., 1963; 
FUJIMOTO et at., 1964; COCHRANE et al., 1965). The rabbit NTAbs are fixed 
to the GBM immediately after injection and persist for at least several months 
(ORTEGA and MELLORS, 1956; SEEGAL et at., 1962). Localization is visualized 
by immunofluorescence in a uniform, linear pattern. Fixation of rat or guinea 
pig complement is also seen in a similar fashion (BURKHOLDER, 1961; VOGT 
and KOCHEM, 1961; UNANUE and DIXON, 1964). Glomerular changes shortly 
after injection of the NTAbs are recognizable only by electron microscopy, 
consisting of a slight loosening of the mesangium and circumscribed sub
endothelial accumulation of electron lucent material accompanying the de
tachment of the endothelial lining. More definitive changes are observed after 
several hours. There is a variable thickening of the GBM and local depositions 
of wispy, poorly delineated substances within or at the luminal side of the 
GBM (FELDMAN, 1963). Attenuated portions of the endothelium are often 
desquamated from the GBM so that the GBM is exposed directly to the 
capillary lumen. Simultaneously, accumulations of polymorphonuclear leuko
cytes (PMNs) are seen in the capillary tufts. An intraluminal aggregation of 
platelets and fibrin can also be seen in varying degrees depending upon the 
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Fig. 3. Glomerular lesions of rat Masugi nephritis 2 hrs after injection with nephrotoxic 
rabbit IgG. The capillary lumens are occluded by leukocytes (PMN), fibrin (F), platelets 
(PL), and a monocyte (MO). PMNs show direct contact with basement membranes. 

X 5600. [R. SHIGEMATSU, Virchows Arch. Abt. B 5, 187 (1970)J 

severity of the glomerular injury. Migrant PMNs exhibit direct contact with 
the denuded GBM or appear to be replacing the endothelium (COCHRANE et al., 
1965; SHIGEMATSU, 1970). Increased GBM permeability is suggested by the 
foot process fusion of podocytes. At 24 hours and thereafter PMNs disappear 
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from the capillary tufts but the lumen is again crowded with monocytes. 
Some monocytes are found to be closely attached to the GBM (SHIGEMATSU, 
1970). These monocytes exhibit prominent phagocytic activities for fibrin or 
cell fragments and change into large macrophages or epithelioid cells. The 
monocytic accumulation is transient and the patency of the lumen is well 
restored within 72 hours. The denuded GBM is again covered by the endo
thelium. In this reparatory process, the participation of endothelial cells is 
reflected by increased numbers of cytoplasmic ribosomes and occasional 
mitotic figures. It has been confirmed in rats tolerant to rabbit IgG (FELDMAN 
et at., 1963) that the first phase is transient and that the original glomerular 
architecture is restored within a few weeks. 

On the other hand, marked thrombotic changes can be induced by the 
administration of a large dose of rabbit NTAbs (UNANUE et at., 1968). Under 
this condition, the migrant cell accumulation is not prominent and the 
glomerular capillary lumens are diffusely occluded by fibrin or fibrinoid 
material. Such exaggerated thrombotic lesions terminate in diffuse necrosis 
of the renal parenchyma and rapid uremic death of the diseased animals. 

It has been suggested that the first phase of rat Masugi nephritis depends 
largely upon the participation of serum complement (HAMMER and DIXON, 
1963; BAXTER and SMALL, 1963) and of PMNs mediated by the complement 
fixation (COCHRANE et at., 1965). In fact, glomerular changes are significantly 
modified in an experimental system in which there is little or no participation 
of complement. In rat Masugi nephritis produced by nephrotoxic guinea pig 
IgG1 which did not fix complement in vitro at all but did so a little in vivo, 
endothelial exfoliation and fibrin deposition were detectable, but accumulation 
of PMNs was minimal (KOBAYASHI et at., 1973 a). F(ab')2 fragments obtained 
from the nephrotoxic IgG1 only caused endothelial exfoliation (KOBAYASHI 
et at., 1973 b). Moreover, it was reported that in congenitally complement 
deficient mice, NTAbs caused only a very mild glomerular disease in which 
leukocytic infiltration and proliferative change did not take place (UNANUE 
et at., 1967b). 

b) The Second Phase of Masugi Nephritis 

The second phase develops several days after injection of NTAbs and is 
consistent with the appearance of autologous antibody (KAY, 1940). The 
autologous antibody specifically reacts with antigen (NTAb) fixed previously 
on the GBM so that its distribution is basically identical to that of antigen 
(ORTEGA and MELLORS, 1956; SEEGAL et at., 1963). Thus, in this phase, the 
host antibody is visualized by immunofluorescence as a continuous linear 
pattern. Simultaneously, complement is also fixed in the glomeruli in a similar 
fashion (UNANUE and DIXON, 1964). The pathologic changes in the second 
phase might be greatly modified by a number of factors such as animal species, 
the nature and amounts of NTAbs injected, and the intensity of host immune 
responses. In rat Masugi nephritis the kidney damage in the second phase is 
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usually progressive, undergoing a chronic glomerular disease probably due to 
the continuing production of host antibody and its fixation to antigen (rabbit 
NTAb). This is in sharp contrast to the transient glomerular injury in the 
first phase as was proved in rats that were tolerant to rabbit IgG (HAMMER 

and DIXON, 1963; FELDMAN et at., 1963). 

Ultrastructurally, the predominant change in the second phase is the 
appearance of dense granular subendothelial deposits intimately applied to 
the GBM (FELDMAN, 1963; FELDMAN et at., 1963). Endothelial cells are swollen 
and mesangial cells increase }n numbers (SUZUKI et at., 1963). In a more 
chronic stage the mesangium is conspicuously widened due to an increase of 
the cellular elements as well as the basement membrane-like material or 
ground substance containing collagen fibers (SUZUKI et at., 1963). The GBM 
is progressively thickened, apparently by incorporation of the subendothelial 
deposits (FELDMAN, 1963). The basement membrane-like material then appears 
in the lumen, irregularly separating the intracapillary cells. These processes 
may terminate in the virtual obliteration of the capillary tufts with destruction 
of the glomerular architecture. 

An attempt has been made to clarify glomerular events limited to the 
second phase by using a weak rabbit NTAb that is not capable of inducing 
the first phase (SHIGEMATSU and KOBAYASHI, 1971). The results obtained so 
far again confirm that the major change in the secondary phase is the GBM 
thickening with dense deposits. There were mild proliferative changes caused 
by intraluminal or subendothelial accumulation of migrant monocytes. The 
deposits were mostly <:>bserved at the subendothelial aspect of the GBM but 
some were also present at the outer aspect. With fluorescent microscopy, the 
subepithelial deposits were discernible as a granule located at the outer surface 
of linear fluorescence. 

As compared to rat Masugi nephritis, a more severe, proliferative glomerular 
injury is seen in rabbit Masugi nephritis. It seems that this rabbit glomerulo
nephritis can serve as an excellent model for analyzing the nature of prolif
erative glomerular changes. Therefore, its pathologic features·will be described 
below in some detail. 

The second phase can be induced in rabbits without the preceding first 
phase by injection with an appropriate amount of duck NTAbs. The glomerulo
nephritis becomes manifest after a latent period of several days, and, within 
a month, a resolution occurs if the glomeruli have not been severely damaged. 
The GBM shows swelling and thickening, and appears somewhat porous 
because of its decreased density (SAKAGUCHI et at., 1957). Electron dense or 
opaque deposits are present at the subendothelial side of the GBM. The 
mesangial matrix is edematous and becomes inhomogeneous. These changes 
are often associated with the detachment of the endothelium from the GBM 
(SAKAGUCHI et at., 1957; KONDO and SHIGEMATSU, 1972). 

The second step of the process is characterized by marked glomerular 
hypercellularity. Obviously both endothelial cells and mesangial cells contrib-
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ute in varying degrees to the proliferative glomerular change (SAKAGUCHI et at., 
1957; FUJIMOTO et at., 1964). These fixed cells are swollen, proliferated, and 
their organelles are either enlarged or increased in number. However, with 
regard to the origin of increased mononuclear ce,ls in the affected glomeruli, 
the progressive accumulation of migrant monocytE s is more important (KONDO 
and SHIGEMATSU, 1972). Of particular note is tr.at these monocytes show a 
remarkable tendency to contact intimately with the GBM. Their phagocytic 
activities are also prominent. Furthermore, a series of transformations of 
monocytes into macrophages, epithelioid cells, a.nd occasional multinucleated 
giant cells is seen. Infiltration of PMNs is variable. Platelets, fibrin, or other 
thrombotic materials are seen occasionally in the lumen. As mentioned above, 
the proliferation of the fixed glomerular cells is important, yet it is not a 
major factor contributing to the hypercellularity. Therefore, the disappearance 
of migrant monocytes is principally followed by a resolution of the glomerular 
changes without severe structural alterations (KONDO and SHIGEMATSU, 1972). 
However, a thickening of the mesangium may persist for several months. 

In contrast, rapidly progressive glomerulonephritis with a marked struc
tural distortion is seen in rabbits receiving a larger amount of duck NT Abs 
(KONDO et at., 1972). It seems that such a disorganizing glomerulonephritis 
is initiated by a conspicuous loosening of the mesangial matrix and the GBM. 
The mesangium is widened due to extensive edematous swelling or lysis of 
the matrix and hypertrophy as well as a proliferation of mesangial cells. There 
are local proliferations of endothelial cells and an enhanced accumulation of 
monocytic cells which are located in the capillary lumen, subendothelial space, 
and loosened mesangium. The tufts are frequently occluded by fibrin or 
fibrinoid substances and PMNs. The significance of mesangiolysis is a loss 
of the supporting element of the glomerular tuft structure which is then 
followed by an accentuation of lobular appearance in a mild case and, in an 
advanced stage, bollooning or globular transformation of the tufts. In fact, 
in a severely affected glomerulus, neither the mesangium nor the capillary· 
lumen can be discerned, and the tufts are transformed into a dilated sack 
filled with numerous monocytes, proliferated glomerular cells (mostly mesangial 
cells), thrombotic material, and PMNs. Under these conditions, the GBM 
becomes progressively thinner and extended, eventually resulting in local or 
diffuse rupture. Owing to the GBM rupture a massive influx of monocytes 
or other blood elements occurs in Bowman's space. Although both visceral 
and parietal epithelial cells are involved in the process and damaged, their 
reactive overgrowth soon becomes evident. The extracapillary inflammation 
thus leads to formation of the crescent composed of monocytic cells and 
proliferated epithelial cells (KONDO et at., 1972). 

Little is known about mediators involved in the initiation and/or the 
persistence of the second phase, despite these remarkable histologic findings. 
It is unlikely from the morphologic aspect that PMNs again playa significant 
role as they do in the first phase of rat Masugi nephritis. The participation 
of complement is not sine qua non, although the disease process might be 



10 A. OKABAYASHI et al.: 

Fig. 4. An early glomerular change of rabbit Masugi nephritis induced by injection 
with nephrotoxic duck antibody (second phase) . Marked swelling of mesangial cells 
(MS). a monocyte (MO) exhibiting localized contacts with basement membrane (arrow). 
and subendothelial mottling of basement membrane (GEM) are seen. EN : endothelial 

cell. X 8600 

modified in complement deficient animals (UNANUE et at .. 1967b). Of the 
many possible mediators accounting for the pathogenesis. the most outstanding 
is the coagulation process. There is evidence that coagulation apparently 
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Fig. 5. Rabbit Masugi nephritis induced by inj ection with nephrotoxic duck antibody 
(second phase) . Note a balloon-like distortion of a tuft filled with numerous monocytic 
cells (MO) and some swollen mesangial cells (MS), and endothelial cells (EN) . X 4100 

contributes to glomerular lesions in rabbit Masugi nephritis induced by a 
potent sheep NTAb (VASALLI and MCCLUSKEY, 1964). About 5 days after 
injection of this sheep NTAb, a definite proliferation of endothelial and 
mesangial cells (intracapillary cells) developed, often associated with deposits 
of material with staining properties of fibrin . Fibrin and fibrinoid material 
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were also seen in Bowman's space where they were invaded by proliferating 
epithelial cells (crescent formation). In contrast, it was found that these 
changes could be prevented strikingly, if the animals were treated with anti
coagulant (warfarin). 

Ultrastructural analysis of Masugi nephritis has been performed in other 
animal species. In dogs injected with rabbit or sheep NTAb, the first phase 
was characterized by a "quellung" and occasional longitudinal splitting of 
the GBM, whereas in the second phase there was proliferation of intracapillary 
cells with a deposition of electron dense material between the endothelium 
and the GBM, and between the proliferated intracapillary cells (MOVAT et al., 
1961). In the monkey, a proliferative glomerulonephritis appeared 6-10 days 
after injection of rabbit NTAb. Progressive basement membrane irregularities 
including thickening, splitting, and focal defects were observed, together with 
proliferations of endothelial, mesangial, and epithelial cells (BATTIFORA and 
MARKOWITZ, 1969). 

2. Steblay Nephritis 
Autologous antibodies with a nephritogenic property (autologous anti

GBM antibody) could be produced in some species of animals through im
munization with homologous or heterologous GBM antigens. The sheep is 
particularly susceptible and fulminant glomerulonephritis is manifested within 
several months by repeated injections of human or other heterologous GBM 
antigens in Freund's complete adjuvant (STEBLAY, 1962). The antibody is 
localized linearly along the GBM as seen in immunofluorescence, and is 
capable of inducing glomerular injuries passively in the same species of 
animals, thereby indicating the autoimmune nature of the disease (LERNER 
and DIXON, 1966). Antibodies eluted from the GBM of nephritic sheep react, 
in vitro, with sheep GBM. They also react with lamb GBM in vivo, fix C3, 
and induce immediate glomerular injury (STEBLAY and RUDOFSKY, 1968). In 
the sheep or goat the glomerular lesions resulting in progressive renal failure 
ae of a generalized crescentic type. Before the formation of fulminant crescents, 
characteristic GBM alterations are noted by electron microscopy (GERMUTH 
et al., 1972b; OHNUKI, 1975). The GBM shows irregular thickening and in
creased density, becomes tortuous, and terminates in its rupture. Such serious 
GBM damage is accompanied by a massive exudation of blood elements into 
Bowman's space. It seems that crescentic epithelial proliferation involving 
both visceral and parietal epithelium is partly stimulated by increased GBM 
permeability (proteinuria) but more intensely by the influx of red cells, PMNs, 
monocytes, and fibrin in the extracapillary space through the GBM break. 
Between the proliferated epithelial cells, basement membrane-like material 
may soon appear and the cell clusters undergo fibroepithelial crescents (STEBLAY, 
1962). In contrast, intracapillary changes are not remarkable and no dense 
deposits have been detected so far (MUEHRCKE et al., 1967). Various glomerular 
alterations were also elicited in other animal species by similar procedures 
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Fig. 6. A glomerular portion from a goat immunized with human glomerular basement 
membrane in Freund's adjuvant (a pre crescentic stage of Steblay nephritis). Marked 
proliferation of podocytes and basement membrane irregularities (GEM) are seen. There 
are no peculiar abnormalities in the lumen (LU). X 5800. [T. OHNUKI, Acta path. jap. 

25, 319 (1975)J 

and mechanisms (STEBLAY, 1963; PARONETTO and KOFFLER, 1967; UNANUE 

and DIXON, 1967a; UNANUE et al., 1967a; COUSER et al., 1973). The incidence 
of the glomerulonephritis could be increased by using enzymatically purified 
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GBM glycoprotein antigen (SHIBATA et at., 1971). It is of interest that a very 
purified GBM antigen was no longer effective in stimulating animals to form 
anti-GBM antibodies, but was, for reasons unknown, still capable of producing 
glomerular lesions (SHIBATA et at., 1972). 

3. Acute Serum Sickness -Type Nephritis 

In experimental acute serum sickness, a variety of tissue lesions including 
necrotizing angiitis and ploliferative glomerulonephritis may develop in the 
rabbit some days after a single i.v. injection of a large dose of antigen (" one
shot" serum sickness) or within a few days after a second injection (" accel
erated" serum sickness) (see MCCLUSKEY, 1965). It has been shown that the 
injected antigen (BSA) is eliminated from the circulation in three phases 
consisting of: (1) an equilibration of the antigen between the intravascular 
and extravascular fluid spaces, (2) non-immune catabolism by the host, and 
(3) a rapid elimination resulting from the formation of antigen-antibody 
complexes (GERMUTH, 1953; DIXON et at., 1958). The onset of the tissue lesions 
is recognized during the immune phase of antigen elimination and they tend 
to disappear at the time when free antibody appears in the circulation. Indeed, 
it has been confirmed that soluble antigen-antibody complexes formed in the 
circulation in an antigen excess environment are capable of inducing the in
flammation in serum sickness subsequent to their deposition at the tissue 
sites (DIXON et at., 1958). 

The pathogenic role of the complexes shown in this" active serum sickness" 
can be more directly evidenced in "passive serum sickness" which develops 
after i.v. injection of soluble antigen-antibody complexes prepared in vitro 
(MCCLUSKEY and BENACERRAF, 1959). 

a) Active Serum Sickness Nephritis 

The glomerular disease occurs between one or two weeks after the antigen 
administration, consistent with the immune phase of antigen elimination. By 
immunofluorescence, the antigen, host antibody (IgG), and complement are 
detectable as scattered, discrete granules located along the glomerular capillary 
walls (DIXON et at., 1958; FISH et at., 1966). A common feature of glomerular 
alterations is an increased cellularity in which PMN accumulation is sometimes 
remarkable but at other times minimal. There is a marked proliferation and 
swelling of endothelial cells, often to such a degree that the lumens are 
completely occluded (FELDMAN, 1958; FELDMAN, 1964). Mesangial cells also 
contribute to the hypercellularity (ROBERTSON and MORE, 1961; ARAKAWA 
and KIMMELSTlEL, 1970), and are related to the formation of the mesangial 
matrix or basement membrane-like material. It seems, however, that the 
hypercellularity is more often characterized by a massive influx of migrant 
monocytes (KOBAYASHI and SHIGEMATSU, 1975). The monocytes (macrophages) 
and PMNs are present in the lumen and mesangium or subendothelial space. 
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Fig. 7. "One-shot" serum sickness nephritis of a rabbit produced by i.v. injection with 
large dose of bovine serum albumin (healing stage) . Large subepithelial deposits are seen. 
A capillary lumen is still occluded by a phagocyte (MO) and a swollen endothelial cell (EN). 

MS: mesangial cell. X 12000 

Thrombotic, necrotizing changes are seen focally in severely involved glomeruli. 
Epithelial foot processes are fused in varying degrees. During the active stage, 
the GBM appears for the most part to be intact (FELDMAN, 1958; UNANUE 

et at., 1968), although detailed observation may disclose the presence of small 
subepithelial deposits (FELDMAN, 1958; ARAKAWA and KIMMELSTIEL, 1970). 
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Fig. 8 . Florid serum sickness nephritis of a rabbit produced by two injections of large 
dose of bovine serum albumin. Note disintegration of the mesangium and loss of normal 
capillary structure. The tuft is filled with mesangial cells (MS), monocytes (MO), and 
leukocytes (PMN). Some of PMNs are located directly on basement membrane. x6400 

Characteristic large subepithelial deposits, compatible with humps in human 
acute poststreptococcal glomerulonephritis (KIMMELSTIEL et al., 1962), are 
found after the antigen elimination when the inflammatory process is subsiding 
and a reparatory process is taking place in the affected glomeruli (FISH et al., 
1966). Presumably the deposits are not causatively related to the glomerular 
inflammation (ARAKAWA and KIMMELSTIEL, 1970). The glomerular changes 
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a b 

Fig. 9. Passive serum sickness nephritis of a mouse produced by i.v. injections of antigen 
(DNP-BSA)-antibody complex prepared in vitro. (a) A fluorescent micrograph of a 
glomerulus showing large aggregates of mouse IgG in the lumens and mesangium. X 360. 
(Courtesy of Dr. T. KOYAMA.) (b) Large dense deposits are seen in the mesangium (DP). 
Some deposits (arrow) are engulfed by an infiltrating leukocyte (PMN). MS : mesangial 

cell. X 7800 

are fairly well resolved within a few weeks, leaving focal sclerosing and collapsed 
areas. Vanishing processes of the subepithelial deposits have not yet been 
clarified. 

Several procedures have been known to enhance the serum sickness disease, 
e.g. exaggerated glomerular lesions are evoked by an additional injection of 
the same dose of antigen into the rabbit just before the appearance of free 
antibody in the circulation (KOBAYASHI and SHIGEMATSU, 1975). The glomerular 
disease thus developed is characterized by prominent edema or lysis of the 
mesangium. The disorganized tufts are occluded by proliferated glomerular 
cells as well as migrant phagocytes, and proteinaceous substances. A crescent 
formation may also be seen whenever the GBM is severely damaged. It is 
interesting that subepithelial deposits are rarely encountered. After the in
flammation has diminished, a sclerosing process takes place which rapidly 
terminates in collapse and scarring of the involved tufts. It should be em
phasized that the ultrastructural pathology of this florid serum sickness 
nephritis strikingly resembles that just described in rabbit Masugi nephritis. 

The deposition of immune complexes and the following tissue injury might 
be considerably modified by factors which will be discussed later. 

b) Passive Serum Sickness Nephritis 

Acute proliferative glomerulonephritis can be easily produced in mice or 
rats by a single or repeated injections of preformed antigen-antibody com-
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plexes (MCCLUSKEY and BENACERRAF, 1959; BENACERRAF et at., 1960; 
MCCLUSKEY et at., 1960; MILLER et at., 1960; OKUMURA et at., 1971). Fluorescent 
microscopy shows that both antigen and antibody are deposited in the glo
merular mesangium, on the capillary wall, and within the lumen (MCCLUSKEY 
et at., 1962; MELLORS and BRZOSKO, 1962; OKUMURA et at., 1971). In mouse 
glomerulonephritis, deposits of large dense material in the mesangium are 
most prominent and accumulations of monocytes (macrophages) and PMNs 
(OKUMURA et at., 1971) are conspicuous. The deposits are sometimes detectable 
in the subendothelial space or within the GBM but there are no subepithelial 
deposits. The mesangium is infiltrated by these migrant phagocytes which 
contain numerous dense phagosomes, suggesting their role in the removal of 
the deposits. In contrast, the swollen endothelial and mesangial cells exhibit 
little phagocytic activity toward the deposits. 

Both active and passive serum sickness nephritis may develop on a common 
immunologic basis; however, there are considerable differences between the 
two as to the site of deposits and the inflammatory tissue responses. This 
discrepancy is partly explained by the difference of the animal species used and 
the property of immune complexes deposited. 

4. Chronic Serum Sickness -Type Nephritis 

Animals receiving repeated injections of protein antigens may develop 
chronic glomerulonephritis. In rabbits that received daily i.v. injections of 
variable amounts of BSA or other antigens, it has been observed that the 
incidence of chronic glomerulonephritis is independent of the kind and absolute 
amount of antigen injected and is only seen in those animals responding with 
antibody barely sufficient to neutralize the antigen (DIXON et at., 1961). 
Histologically, glomerular lesions can be divided into two major types: pro
liferative or inflammatory glomerulonephritis, and degenerative glomerulo
nephritis. In immunofluorescence both are usually characterized by granular, 
often confluent, beaded deposits of antigen and host IgG distributed diffusely 
on the capillary walls (DIXON et at., 1961). Similar results have also been 
obtained in the animals immunized repeatedly with sufficient amounts of 
antigens via different parenteral routes (MoPPERT and FRESEN, 1967; KURIYAMA, 
1973). Immunoelectron microscopy has revealed the sites of the deposition 
in great detail (ANDRES et at., 1963). 

Lobulation of glomerular tufts, proliferation and swelling of endothelial 
cells, and subepithelial dense deposits with GBM thickening occur in the 
proliferative type. The mesangium is enlarged due to the increase in cellular 
and intercellular elements (FELDMAN, 1964). These changes lead to a pro
gressive alteration of glomerular architecture resulting in collapse and scarred 
obsolescence of the glomeruli. 

In addition to this rather common proliferative glomerulonephritis, a few 
rabbits show a different proliferative change confined to the mesangium 
(DIXON et at., 1961; GERMUTH et at., 1972a; KURIYAMA, 1973). By fluorescent 



Experimental Glomerulonephritis 19 

Fig. 10. Membranous nephropathy developed in a rabbit following repeated i.m. injections 
of egg albumin. Marked basement membrane thickening associa ted with numerous 
subepithelial deposits. Dense deposits are also present in the mesangium (arrow). Swelling 
of a podocyte (EP) and diffuse foot process fusions are seen. X 6 500. (Courtesy of Dr. 
K. KURIYAMA.) Inset: A fluorescent micrograph of rabbit membranous nephropathy. 
Beaded deposits of rabbit IgG along capillary walls are evident. X 540. (Courtesy of 

Dr. N. SHINOHARA) 

and electron microscopy, immune deposits are seen to occur mostly in the 
mesangium. The increased mesangial cells are occasionally located in the 
space between the endothelium and the GBM entirely along a capillary loop 
(KURIYAMA, 1973), exhibiting a feature which has been referred to as circum
ferential mesangial interposition (ARAKAWA and KIMMELSTIEL, 1969). 

Degenerative glomerulonephritis is principally characterized by the pres
ence of numerous dense deposits at the outer aspect of the GBM (DIXON et at., 
1961) . The deposition is frequently associated with GBM thickening but with-
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out significant proliferative changes. These features, together with the clinical 
manifestation of the nephrotic syndrome, closely resemble those of membranous 
nephropathy (membranous glomerulonephritis) in humans. Presumably the 
complexes are initially deposited at the subendothelial space as a flocculent, 
ill-defined mass. These deposits might be able to penetrate the GBM under 
conditions of increased GBM permeability and then aggregate at the sub
epithelial site, thus forming a typical dense deposit (KURIYAMA, 1973). 

The subepithelial deposits are surrounded by newly formed basement 
membrane-like material so that GBM thickening gradually becomes manifest. 
The deposits enclosed within the GBM substance probably disintegrate; 
however, they would still persist after cessation of antigen injection over a 
period of many months (FELDMAN, 1963). 

5. Heymann Nephritis 
Some strains of rats, after receiving repeated i.p. injections of homologous 

renal tissue in complete Freund's adjuvant, develop a progressive glomerular 
disease with the nephrotic syndrome (HEYMANN et at., 1959). The glomerular 
disease resembles chronic serum sickness nephritis in many respects, namely 
granular localization of host immunoglobulin and C3 (OKUDA et at., 1965; 
DIXON et at., 1965) and a membranous thickening of the capillary wall without 
notable proliferative changes. The GBM thickening apparently results from 
subepithelial depositions of electron-dense material (BLOZIS et at., 1962; 
FELDMAN, 1963; ALOUSI et at., 1969; LAGUENS and SEEGAL, 1969; SUGISAKI 
et at., 1973). The deposits are rare, if present, and the GBM thickness is normal 
at the pre nephrotic stage (ALOusI et at., 1969). The deposits are finely granular 
and irregular in shape. They become larger and greater in number with time 
and are gradually surrounded or enclosed by newly formed GBM substances. 
Although the mesangium is more or less accentuated and the mesangial cells 
extend their cytoplasmic processes peripherally or into the lumen, changes 
in the luminal side of the tufts are not remarkable in most instances. 

These features suggest that the glomerular disease is evoked by the 
deposition of immune complexes. This has been supported and further ex
tended by several important observations. Firstly, the nephritogenic antigen 
has been identified as a renal tubular epithelium-specific antigen which is 
derived primarily from the brush border of proximal tubules of the rat kidney 
(EDGINGTON et at., 1968). Secondly, the renal tubular antigen has been demon
strated in the diseased glomerulus along with host immunoglobulin and C3 
(GLASSOCK et at., 1968). Thirdly, circulating antibodies directed against the 
renal tubular epithelium have been detected in the nephrotic rat. In addition, 
immunoglobulin eluted from the diseased kidney reacts specifically with the 
luminal portion of the proximal tubular epithelium (GRUPE and KAPLAN, 
1969). These results strongly indicate that this disease results from the glo
merular deposition of peculiar immune complexes consisting of the renal 
tubular antigen(s) and the corresponding antibodies. 
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6. Glomerulonephritis and Prolonged Antigenic Stimulation 
Alterations of immune responses should also be considered with respect 

to the pathogenesis of chronic serum sickness diseases since a wasting of 
immune system activities occurs in the later stage of prolonged antigenic 
stimulation. On the basis of such an alteration of the antibody forming tissues, 
a number of unusual antibodies appear in animals, including autoantibodies 
directed against blood cells and nuclear antigen (OKABAYASHI, 1964). In this 
situation inflammatory processes, e.g. glomerulonephritis, often exhibit a 
degenerative conversion (OKABAYASHI, 1970). In addition, some animals show 
wire-loop glomerular lesions along with a positive tissue, as well as in vitro, 
LE phenomenon, and other hallmarks of systemic lupus erythematosus 
(OKABAYASHI, 1964). Similar lupus-like nephritis has also been noted in 
C57BL mice bearing antinuclear antibodies during the course of prolonged 
antigenic stimulation (OKUMURA, 1973). In the diseased glomeruli, granular 
or lumpy deposits of mouse IgG are seen in the mesangium and on the capillary 
walls, whereas the antigen injected is not detectable. With the electron 
microscope, dense deposits are seen at the inner aspect of the GBM and within 
the mesangium where the deposits exhibit a peculiar organized structure 
resembling that which has been described in human lupus nephritis (GRISHMAN 
et at., 1967). 

7. Glomerulonephritis Associated with Infection 
a) Glomerulonephritis in Aleutian Disease of Mink 

A population of mink with a changed skin color (Aleutian mink; homozygous 
recessive for the Aleutian gene, aa) has been known to be affected by a fatal 
glomerular disease, in addition to systemic angiitis, massive infiltration of 
lymphocytes or plasma cells in various tissues, and hyperglobulinemia (reviewed 
by: NORTON, 1970; COCHRANE and KOFFLER, 1973). The mink disease appar
ently occurs associated with a spontaneous or experimental infection of virus 
(Aleutian disease virus). In renal glomeruli, slight to marked depositions of 
IgG and complement are seen by immunofluorescence in keeping with the 
severity of the disease. The fluorescence is granular or lumpy and is localized 
within the mesangium and along the capillary walls (HENSON et al., 1969; 
PORTER et al., 1969). Traces of virus antigen are found in a few cases (PORTER 
et al., 1969). Broad eosinophilic thickening of the capillary walls with a wire
loop appearance, widening of the mesangium, and proliferation of glomelUlar 
cells are present. By electron microscopy, abundant dense deposits are seen 
in the subendothelial space, mesangium, and to a lesser extent at the sub
epithelial aspect of the GBM (HENSON et at., 1967; KINDIG et al., 1967; McKAY 
et at., 1967; HENSON et at., 1968; PAN et at., 1970b). The deposits are also 
present within the cytoplasm of the endothelial and mesangial cells (HENSON 
et at., 1968; PAN et at., 1970b). The mesangial cells increase in numbers and 
extend their cytoplasmic processes everywhere. Infiltration of PMNs and other 
inflammatory cells is also seen in the lumen or mesangium, and these cells 
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sometimes attach themselves to the deposits. Thrombotic changes are seen in 
varying degrees. Several months after the infection, degenerative glomerular 
lesions become evident (PAN et at., 1970a; PAN et at., 1970b). Almost all 
capillary loops are obliterated by massive depositions of eosinophilic sub
stances, and glomerular cells undergo degeneration or necrosis. A frequent 
complication of degenerative glomeruli is adhesion of the tufts to Bowman's 
capsule with or without crescent formation. 

The pathogenesis of the glomerulonephritis in Aleutian mink disease is 
not exactly known. It has been reported that a large protein complex (22s-25s) 
is present and, in fact, virus antigen-antibody complexes circulate in infected 
mink (PORTER et at., 1965; PORTER et at., 1967). It is therefore reasonable to 
conclude that the disease is intimately related to the formation of viral 
antigen-antibody complexes and subsequent deposition in glomerular capil
laries (PORTER et at., 1969). The importance of intravascular coagulation as a 
causative factor for the inflammation has also been suggested (McKAY et at., 
1967; HENSON et at., 1967). 

b) Glomerulonephritis in New Zealand Strain Mice 

Various tissue and blood abnormalities appear spontaneously in the New 
Zealand (NZ) strain of mice, including glomerulonephritis, vasculitis, immuno
proliferative diseases, and autoantibodies against red blood cells and nuclear 
antigens (MELLORS, 1966; HOWIE and HELYER, 1968). The mouse disease 
has therefore been referred to as a representative model of naturally occurring 
autoimmune disease. Frequency of renal involvement along with positive 
LE cell phenomenon is strikingly increased by hybridization between mice 
with black (NZB) and white (NZW) skin color, and the glomerular alterations 
are compatible with those of systemic lupus erythematosus in man (HELYER 
and HOWIE, 1963). Female (NZBxNZW)Fl mice are more severely affected 
than males. Fluorescent microscopy reveals progressive granular or lumpy 
deposits of immunoglobulins along the capillary walls and within the mes
angium (AARONS, 1964; MELLORS, 1965; NAIRN et at., 1966) accompanied by 
inflammatory exudation of albumin and fibrinogen (MCGIVEN and HICKS, 
1967). There might be a broad histologic resemblance between the NZB and 
NZBxNZW mouse glomerulonephritis (HICKS and BURNET, 1966). At the 
early stage, when light and fluorescent microscopy do not show any changes, 
local deposits of dense materials can be detectable by electron microscopy, 
scattered sparsely on the GBM (MCGIVEN and LYNRAVEN, 1968). The deposits 
become more extensive with age and are seen on both sides of the GBM 
(CHANNING et at., 1965; MELLORS, 1965; DUBOIS et at., 1966; HICKS and 
BURNET, 1966), and most abundantly at the subendothelial aspect, thereby 
resembling wire-loop lesions. The deposits are of such an extent as to entirely 
occlude the capillary lumens. The lumens are also obliterated by increased 
intracapillary cells. The mesangium is enlarged by an accumulation of dense 
deposits and by cellular proliferation. Although basement membrane-like 
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material appears between the increased intracapillary cells, the GBM proper 
does not seem to be greatly altered (CHANNING et al., 1965). Fibrin is visible 
within the capillary tufts and sometimes in Bowman's space, accompanying 
crescentic epithelial proliferation. From the results of fluorescent and electron
microscopic studies, it is highly probable that the deposits are composed of a 
mixture of immune complexes and fibrinoid material. The disease process is 
progressive and results finally in the obliteration of the affected capillary loops. 

In studying the pathogenesis of NZ-mouse disease, special attention has 
been directed to infection of wild type Gross leukemia virus (G L V). It was 
found that the NZ mice carried GLV throughout life and produced natural 
antibody against GLVantigens (MELLORS et at., 1969). The glomerulonephritis 
of (NZB X NZW)Fl hybrid mice became prevalent as the GL V antigens 
underwent immune elimination from the circulation and the antigens together 
with bound immunoglobulins were deposited in the diseased glomeruli (MEL
LORS et at., 1971). It is therefore proposed that the formation of natural 
antibody against GLV antigens and the subsequent glomerular deposition of 
the viral antigen-antibody complexes playa role in the pathogenesis of the 
glomerulonephritis. On the other hand, it was revealed that acid eluates from 
nephritic kidney contained antibodies against nuclear components and that 
glomerular changes could be exacerbated by immunization with nuclear 
antigens (LAMBERT and DIXON, 1968). Moreover, quantitative immunologic 
studies have disclosed that elutable IgG is directed largely to nucleoprotein 
and partly to GLV antigens (DIXON et at., 1971). These results imply that 
nuclear antigen-antinuclear antibody complexes are the principal immuno
reactant relevant to the pathogenesis and GLV antigen-antibody complexes 
are involved to a lesser extent. The source of nuclear antigens to which the 
mice respond is unknown. 

c) Other Glomerulonephritis Correlated to Infectious Agents 

Viral infections are the most common pathogenic mechanism of murine 
glomerular diseases. In some of the animals infected with a virus, e.g. lympho
cytic choriomeningitis virus, it was found that the viral antigen-antibody 
complexes were circulating in the blood and the complexes were deposited 
in the glomeruli in a granular fashion (OLDSTONE and DIXON, 1971). Glomerulo
nephritis associated with viral infection was also seen in chronic hog cholera, 
which was characterized by PMN accumulation and increasing deposition of 
dense material at the mesangial side of the GBM, in keeping with positive 
fluorescence for pig immunoglobulin (CHEVILLE et at., 1970). Direct viral 
damage to glomerular cells and deposition of viral antigen-antibody complexes 
were thought to be causative mechanisms. 

Frequent glomerular abnormalities have been noted in animals with 
Plasmodium or Schistosoma infections. Mice infected with P. berghei developed 
slight to moderate proliferative glomerulonephritis with scattered electron
dense deposits in the mesangium and GBM (BOONPUCKNAVIG et al., 1972; 
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SUZUKI, 1974). With the fluorescent microscope, malarial antigen, host im
munoglobulin (exclusively IgM), and complement were detected in the glo
meruli. In monkeys infected with S. mansoni, the affected glomeruli contained 
host antibody but not schistosomal antigens (BRITO et at., 1971). The parasitic 
antigen was demonstrated in monkey glomerulonephritis produced by 
S. japonicum infection, together with various immunoglobulins including IgE 
and complement (TADA et at., 1975). The glomerulonephritis was possibly 
modified by concurrent hepatic damage. 

8. Miscellaneous Types of Glomerulonephritis of Possible 
Immune Origin 

Spontaneously occurring glomerular diseases in various species of animals 
are most likely of the immune complex variety, although this has not been 
determined beyond doubt. Several inbred strains of mice were known to 
uniformly exhibit glomerular alterations with age. These changes were charac
terized by progressive mesangial sclerosis with deposits of host antibody and 
complement (LINDER et at., 1972). Other species of animals, e.g. galagos 
(BURKHOLDER et at., 1971) or dogs (MURRAY et at., 1974), also showed spon
taneous glomerulonephritis of a possible immune complex type. It has been 
reported that glomerular lesions occur concomitantly with transplantation 
immunity. A mild membranous glomerular change was frequently noted in 
chronic allogeneic disease in mice (LEWIS et at., 1968). Glomeruli were usually 
involved in renal allograft rejection in rats (LINDQUIST et at., 1968) or dogs 
(HOROWITZ et at., 1965; KONDO et at., 1974). 

IV. Some Pathogenic Considerations in Relation 
to Morphologic Manifestations 

Many conditions should be considered in studying the pathology of im
munologically induced glomerulonephritis. Although available concepts have 
recently accumulated to account for its pathogenesis and morphologic mani
festations, many problems remain to be resolved. Since a detailed intro
duction of these is beyond the scope of the present review, a brief discussion 
will be made here as to how and to what extent immunologic processes and 
mediators involved are concerned with some characteristic glomerular alter
ations. 

1. Glomerular Alterations and Localization of Immune Reactants 

As mentioned before, it may well be that renal glomeruli are damaged 
by antibodies directed against the glomerular constituents, most likely GBM, 
or by depositions of nonglomerular antigen-antibody complexes. 

In the first phase of rat Masugi nephritis, a representative model of the 
antiGBM-type glomerulonephritis, rabbit NTAbs and complement (C3) are 
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specifically localized on the GBM entirely along the capillary loops (UNANUE 
and DIXON, 1964). The localization pattern has also been confirmed and 
further extended by immunoelectron microscopy (ANDRES et al., 1962; ARHEL
GER et al., 1963; VOGT et al., 1968; MASUGI, 1969; DRUET et al., 1972; HOEDE
MAEKER et al., 1972), indicating that the GBM is a crucial site of the antigen
antibody interaction. This may lead one to assume that a diffuse alteration 
takes place all along the GBN; however, electron microscopy has failed to 
show any diffuse, uniform GBM changes. Only localized foci of subendothelial 
mottling or wispy deposits and variable thickening of the GBM were of nott 
(FELDMAN, 1963). In contrast to indefinite GBM alterations, intraluminal 
changes are remarkable, consisting of PMN accumulation, thrombocyte ag
gregation, deposits of fibrin, and swelling and slight proliferation of glomerular 
cells. It has been suggested that many of these changes are relevant to the 
participation of the complement system (HAMMER and DIXON, 1963). The 
complement fixation was followed by an accumulation of PMNs and thus 
glomerulonephritis developed (COCHRANE et al., 1965). Either complement or 
PMN depletion (COCHRANE et at., 1965) and enzymatic digestions of the 
NTAbs (BAXTER and SMALL, 1963) were effective in preventing the onset of 
definite glomerular lesions except for endothelial detachment from the GBM 
(KOBAYASHI et al., 1973 b). It is questionable whether the first phase is com
pletely complement dependent since duck NT Abs, which do not fix mammalian 
complement and possess a unique biological property distinct from rabbit 
NTAbs (FUJIMOTO et al., 1964), could elicit an immediate glomerular injury 
after the injection (STAVITSKY et al., 1956; HASSON et al., 1957; HAMMER and 
DIXON, 1963). This implies that in addition to the complement and PMN 
systems, other unknown mediators might be operative in the first phase. 

In the second phase of Masugi nephritis, the NTAb, autologous antibody, 
and complement are seen to be localized along the GBM in immunofluorescence 
(UNANUE and DIXON, 1964). Here again, GBM alterations ale not diffuse but 
rather focal and are recognizable in electron microscopy as ill-defined sub
endothelial deposits (FELDMAN, 1963) or occasionally as dense subepithelial 
deposits (SHIGEMATSU and KOBAYASHI, 1971). As compared to the first phase, 
proliferative or other glomerular changes are more severe and often self
perpetuating. They are largely dependent upon the host immune responses 
and could be intensified by passive administration of specific homologous 
antibody (VASSALLI and MCCLUSKEY, 1964) or additional antigenic stimulation 
(SHIGEMATSU and KOBAYASHI, 1973). The mediators involved in this phase 
have been poorly established. The role of PMNs and complement is not quite 
the same as in the first phase. It is interesting that intravascular coagulation 
is important in producing proliferative changes in the second phase of rabbit 
Masugi nephritis. The administration of an anticoagulant agent resulted not 
only in the prevention of deposits of fibrin but also in proliferative intra
and extracapillary changes (VASSALLI and MCCLUSKEY, 1964). It appears that 
the clotting process results from the effect of the antigen-antibody interaction 
on platelets (ROBBINS and STETSON, 1959; SIQUEIRA and NELSON, 1961; 
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BETTEx-GALLAND et at., 1963). The importance of the clotting mechanism 
has also been evidenced by the experiment in which a variety of glomerular 
abnormalities are brought about by injecting several drugs which accelerate 
intravascular coagulation (VASSALLI et at., 1963). 

Discrete, granular distribution of antigen, antibody, and complement is a 
characteristic fluorescent finding in classic" one-shot" serum sickness nephritis 
in rabbits (DIXON et at., 1958; FISH et at., 1966). Frequently the antigen is 
difficult to detect, probably due to the covering of antigenic determinants 
by the host antibodies (WILSON and DIXON, 1970). Circulating antigen
antibody complexes are not always deposited in the tissue sites but appreciable 
portions are thought to be removed by the reticuloendothelial cells (BENACER
RAF et at., 1959). It was shown that platelet depletion as well as the ad
ministration of antagonists of vasoactive amines similarly prevented the 
deposition and the onset of glomerular lesions (KNIKER and COCHRANE, 1968). 
A possible role of IgE antibody was also proposed in connection with the 
deposition (COCHRANE, 1971). Although arterial lesions in acute serum sickness 
was PMN and complement dependent, glomerulonephritis developed in the 
absence of PMNs (KNIKER and COCHRANE, 1965) and C3 or other components 
of complement (HENSON and COCHRANE, 1971). Thus mediation of glomerular 
injury subsequent to the deposition of immune complexes is not yet clearly 
understood. Whatever the mediators, the deposition is followed by proliferative 
changes of the glomeruli. The most prominent changes are swelling and 
proliferation of glomerular cells (FELDMAN, 1958; ARAKAWA and KIMMEL
STIEL, 1970). In the active stage of the disease, GBM alterations are not 
remarkable and the complexes are hardly visible by electron microscopy in 
terms of dense deposits (FELDMAN, 1958; FISH et at., 1966). Typical sub
epithelial deposits are usually found late after antigen elimination when the 
glomerular inflammation tends to heal. In fact, there is no correlation between 
the inflammation and the subepithelial deposits (ARAKAWA and KIMMELSTIEL, 
1970). It was speculated that the circulating complexes were nephritogenic 
while those deposited in the SUbepithelial space were no longer phlogogenic 
in spite of continued interaction with antibody and complement (WILSON and 
DIXON, 1970). Thus the glomerulonephritis in one-shot serum sickness is 
transient. 

The frequency of glomerular deposition, sites of deposits, and pathologic 
features are greatly influenced by the size of the complexes. Very large com
plexes are effectively removed by the reticuloendothelial cells prior to the 
tissue deposition. The deposition with a resultant tissue injury was found 
almost exclusively in animals forming somewhat larger complexes, greater 
than 19s in size (COCHRANE and HAWKINS, 1968), while those smaller than 19s 
were rarely deposited. The importance of molecular size was again confirmed 
from the observation that typical proliferative glomerular changes occurred 
in rabbits forming BSA-antiBSA complexes with molecular weight ranging 
from 3-5 X 105 daltons, consistent with molecular ratios of Ag2Ab and Ag3Ab2 

(DREESMAN and GERMUTH, 1972). If still larger complexes were formed, the 
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sequence of events might not be proliferative changes but intravascular 
coagulation in glomerular tufts (LEBER and MCCLUSKEY, 1974). 

In passive serum sickness nephritis in mice, preformed antigen-antibody 
complexes were mostly entrapped by the mesangium. The deposits were 
visible as a large aggregate in both immunofluorescence and electron micro
scopy (OKUMURA et at., 1971), in contrast to discrete peripheral distribution 
of the complexes in active serum sickness in rabbits. Aside from the difference 
in animal species and experimental procedures employed, one might assume 
that aggregation of the complexes more or less occurred in the capillary lumen 
in the mouse glomerulonephritis so that the complexes were not able to 
penetrate the GBM and were entrapped within the mesangium. 

Renal glomeruli are most commonly involved in chronic serum sickness. 
It was proposed that slightly antigen-excess immune complexes were again 
nephritogenic (DIXON et at., 1961). Two different kinds of glomerular diseases 
have been produced in rabbits by repeated injections of an antigen: diffuse 
proliferative glomerulonephritis and membranous nephropathy (membranous 
glomerulonephritis). Both are characterized by abundant granular deposits of 
antigen-antibody-complement complexes in immunofluorescence and corre
sponding dense deposits distributed along the outer aspects of the GBM in 
electron microscopy (DIXON et at., 1961). Despite the close resemblance between 
the two types of glomerulonephritis in terms of immune deposits, the histo
logic manifestations differ greatly from each other. At present this could be 
interpreted in two ways, according to the size of the complexes or the property 
of the antibodies. Firstly, the proliferative glomerulonephritis developed only 
in rabbits possessing circulating complexes composed of highly avid antibody 
with molecular weight ranging from 5-7 X 105 daltons (GERMUTH et at., 1972a). 
Secondly, it has been suggested that the production of nonprecipitating anti
bodies favors the development of proliferative as well as membranous glo
merular changes (PINCUS et at., 1968; CHRISTIAN, 1969). It is interesting that 
an animal with low molecular-weight complexes showed minimal inflammation, 
whereas others with circulating complexes heavier than 19s showed prolif
erative changes (PINCUS et at., 1968). Furthermore, it has been shown that 
the antibody formed in rabbit with membranous nephropathy is characterized 
by low avidity and low precipitating efficiency (KURIYAMA, 1973; NAKA
BAYASHI, 1974). Immune complexes composed of such nonprecipitating anti
bodies might be relatively small in size and circulate for much longer periods 
than larger complexes. If a circumstance exists in which such peculiar com
plexes are not abruptly but very gradually deposited in glomeruli, it is not 
unlikely that they penetrate the GBM and accumulate at the subepithelial 
space without definite inflammatory changes. The formation of nonprecipitat
ing antibodies has been discussed in connection with valencies of antigenic 
determinants on the complex protein antigen (PINCUS et at., 1968; CHRISTIAN, 
1969). It is also possible that the antibody is produced on the basis of altered 
immune responses developing in animals under conditions of prolonged anti
genic stimulation (OKABAYASHI, 1972). 
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Membranous nephropathy is also produced in rats immunized with homo
logous kidney homogenates (Heymann nephritis). Subepithelial deposits found 
in this rat nephropathy are composed of renal tubular antigen-antibody 
complexes (EDGINGTON et at., 1968; GLASSOCK et at., 1968; GRUPE and KAPLAN, 
1969). It has been supposed that the circulating immune complexes are formed 
in rats in an antibody excess state (LEBER and MCCLUSKEY, 1974). As mentioned 
before, subepithelial deposits are not always phlogogenic; however, abundant 
subepithelial deposits can be correlated to the clinical manifestations of the 
nephrotic syndrome. Increased GBM permeability associated with the deposits 
has been demonstrated in Heymann nephritis by using several tracers (SCHNEE
BERGER et at., 1974). 

The localization pattern of immune complexes is significantly different in 
naturally occurring glomerulonephritis in the NZ-strain mouse and Aleutian 
mink than other chronic serum sickness-type glomerular diseases. As mentioned 
before, in the mouse and mink glomerulonephritis, subendothelial and mes
angial deposits predominate more often than subepithelial deposits. Suggestive 
evidence accounting for this comes from the observation of chmnic serum 
sickness in rabbits. It was stated that immune complexes of intermediate size 
of approximately 1 X 106 daltons or greater could not be deposited beyond 
the GBM and aggregated within the subendothelial and mesangial system 
(GERMUTH et at., 1972a). Although the exact nature of immune complexes 
circulating in nephritic mouse or mink is not yet fully determined, it may be 
assumed that the complexes are in most part much larger than those circulating 
in rabbits with membranous nephropathy. Obviously the immune deposits 
are causative of all of the glomerular changes in these two models of naturally 
occurring glomerulonephritis. The continual formation of the nephritogenic 
complexes under the condition of viral infection is attributed to the unusual 
immunologic background of these animals, possibly linked to as yet unknown 
genetic factors (reviewed by: NORTON, 1970; COCHRANE and KOFFLER, 1973). 

2. Phagocyte Accumulation and Proliferative Glomerular Changes 
Proliferative changes are frequently seen in experimental acute glomerulo

nephritis. The hypercellularity is generally caused by a proliferation of fixed 
glomerular cells (endothelial and mesangial cells) and a migration of blood 
phagocytes (PMNs and monocytes). With light microscopic observations in 
the past, the origin of increased mononuclear cells was ascribed to endothelial 
cells. Detailed examination with the aid of electron microscopy, however, has 
shown the importance of mesangial cells which almost always respond to 
nephritogenic stimuli and participate in glomerular inflammation. 

In various forms of acute proliferative glomerulonephritis, many electron 
microscopic studies have described swelling and proliferation of endothelial 
cells. However, little is known about the mechanisms which provoke the 
endothelial reactions. That antigen, antibody, and complement complexes 
per se stimulate the endothelium to proliferate is unlikely since this has not 
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been proved in the first phase of rat Masugi nephritis. The endothelial response 
might be related to some extent to reparative overgrowth against the preceding 
injury (SHIGEMATSU, 1970) or increased phagocytosis for fibrin or other clotting 
material (VASSALLI and MCCLUSKEY, 1964). Proliferation and activation of 
mesangial cells could also be explained in similar ways. 

Accumulation of PMNs is a common feature of many glomerular diseases. 
It was reported that antigen-antibody complexes were chemotactic for PMNs 
in vitro (BOYDEN, 1962) and that they did ingest the complexes in the in
flammatory foci of Arthus type (COCHRANE et at., 1959; URIUHARA and MOVAT, 
1966). In passive serum sickness nephritis, antigen-antibody complexes were 
engulfed byPMNs (OKUMURA et at., 1971). The role of PMNshas been thoroughly 
discussed in the first phase of rat Masugi nephritis in connection with com
plement (COCHRANE et at., 1965); the PMNs exhibited intimate, broad contact 
with the GBM (COCHRANE et at., 1965) and underwent degeneration following 
the formation of abundant phagocytic vacuoles (SHIGEMATSU, 1970). From 
these observations, it would appear that the PMNs accumulated in the glo
meruli playa role in ingesting antigen, antibody, and complement complexes. 
Obviously the effective removal of the complexes is not successful in Masugi 
nephritis because of its peculiar situation in which the GBM, a solid glomerular 
structure, is included as the antigenic constituent. The degeneration of PMNs 
supposedly results in the release of injurious substances which are included 
in their primary or secondary lysosomes and in turn provokes increased GBM 
permeability and other glomerular abnormalities. There is supporting evidence 
for this, as follows: The urinalysis of a nephritic rat at a time when PMNs 
attacked the GBM disclosed the presence of large molecules such as IgG and 
GBM fragments (HAWKINS and COCHRANE, 1968). Some enzymes were liberated 
when PMNs attached themselves to noningestable complexes (HENSON, 1971). 
It was also demonstrated that GBM permeability was increased in the area 
where PMNs showed direct contact (GANG et at., 1970). Animals injected with 
PMN lysates developed focal and local glomerular changes with slight pro
teinuria (MANALIGOD et at., 1969). In other glomerular diseases, however, 
PMNs do not take an active role and glomerular changes do occur even in a 
state of PMN depletion. The relation between PMNs and tissue alterations 
other than rat Masugi nephritis still remains to be clarified. 

Blood monocytes are another contributor to the hypercellularity in acute 
glomerulonephritis. Although the characteristic behavior of monocytes has 
been well documented both in vitro and in vivo experiments, little attention 
has been directed to their role in proliferative glomerulonephritis. It might be 
that previous electron microscopic studies were incapable of differentiating 
the monocytic cells from fixed glomerular cells due most probably to inade
quate processing methods during the preparation of tissue specimens. It is 
now clearly evident that migrant monocytes are frequently the major in
creased cell line in a variety of proliferative glomerulonephritis (SHIGEMATSU, 
1970; OKUMURA et at., 1971; KONDO and SHIGEMATSU, 1972; KOBAYASHI and 
SHIGEMATSU, 1975). The monocytes presumably accumulate to remove various 
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Fig. 11. A glomerular portion of a rabbit with acute serum sickness nephritis. Injected 
india-ink particles are selectively ingested by a migrant monocyte (arrows) and are not 

seen in fixed glomerular cells. x 6000. (Courtesy of Dr. M. SANO) 

products provided by tissue damage, e.g. fibrin and cell or tissue fragments. 
They also ingested antigen-antibody complexes (OKUMURA et al., 1971). 
Through the phagocytic process, the monocytes were transformed into macro
phages, epithdioid cells, and giant cells (SHIGEMATSU, 1970; KONDO and 
SHIGEMATSU, 1972). The location of the monocytic cells was extremely variable 
and they were found even in Bowman's space as a component of crescents 
(KONDO et al., 1972). It is likely that this peculiar behavior of the monocytic 
cells has not been well understood and they have even been erroneously 
referred to as endothelial or intracapillary cells. 

The question arises as to whether the influx of monocytes is ascribed to 
an immune mechanism or whether they merely act as scavengers in the in
flamed glomeruli. An attractive hypothesis is that they accumulate specifically 
for some relation to cellular immunity. The possibility has been suggested 
in some types of human glomerular diseases (BENDIXEN, 1968; ROCKLIN et al., 
1970; ZABRISKIE et al., 1970; DARDENNE et al., 1972; MAHIEU et al., 1972; 
MALLICK et al., 1972). However, the mediators that trigger the monocytic 
response have not yet been characterized in any experimental glomerulo
nephritis. 

3. Disorganizing Processes and Progressive Glomerulonephritis 

Experimental acute glomerulonephritis is usually reversible. With the 
intensified nephritogenic stimuli, however, a rapidly progressive glomerular 
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Fig. 12. Conspicuous intravascular coagulation seen in the first phase of rat Masugi 
nephritis. Capillary lumens are entirely obliterated by fibrin (F), fibrinoid material, and 

cell debris. Note necrosis of an endothelial cell (EN). X4500 

injury appears which is characterized by one or a combination of the changes 
described below. 

Firstly, varying degrees of clotting lesions are almost always seen in pro
gressive glomerulonephritis. The clotting process is activated by antigen
antibody interaction (LEE, 1963) on one hand and is enhanced by the lack 
of fibrinolytic activities on the other. It was speculated that fibrinolytic 
activity operated well in the presence of intact endothelial cells (WARREN, 
1963; MYHRE-HENSEN, 1971; WAREN and KHAN, 1974), whereas it was lost 
by endothelial damage (BERGSTEIN et al., 1974). With the injection of a potent 
NT Ab, massive intravascular coagulation was brought about in rats, diffusely 
obliterating the glomerular tufts (FUJIMOTO et al., 1964; SHIGEMATSU, 1970). 
The exaggerated coagUlation did not cause cellular proliferation but promptly 
resulted in glomerular and cortical necrosis. Moderate deposits of fibrin or 
fibrinoid material were, however, thought to be responsible for the induction 
of crescentic glomerular changes (VASSALLI and MCCLUSKEY, 1964). It is 
likely that a chronic glomerular disease becomes manifest when the clotting 
materials are not removed because of either impaired fibrinolytic activities 
or a lack of phagocytosis. 

Secondly, the progressive glomerulonephritis is often characterized by 
marked disintegration of the mesangium, similar to that described in the 
glomerular injury in Habu snake poisoning, referred to as "mesangiolysis" 
(KITAMURA et al., 1957; SUZUKI et al., 1963). The lytic process involving the 
mesangium and GBM has been noted in immunologically induced glomerulo-
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Fig . 13. Prominent edematous swelling or lysis of the mesangial matrix with an activation 
of mesangial cells (MS) in the second phase of rabbit Masugi nephritis. X 6400 

nephritis as a fundamental pathologic phenomenon (OKABAYASHI, 1970). The 
change is most prominent in enhanced serum sickness nephritis (KOBAYASHI 

and SHIGEMATSU, 1975) and Masugi nephritis in rabbits (KONDO et at., 1972). 
The mesangiolysis was conceivably initiated by exaggerated edematous swell
ing of the matrix resulting from transudation of the blood liquid. The sequence 
of events was globular or balloon-like distortion of the tuft structure together 
with enhanced exudative and proliferative changes. The tufts then underwent 
an enmeshed or granulomatous disorganization, terminating in a rapid scarring 
of the glomeruli. The mesangiolysis in Habu snake poisoning was caused by 
edema, degeneration, and loss of the matrix that led to a conversion of the 
glomerulus into a blood-filled cystic cavity surrounded merely by the preserved 
GBM (KITAMURA et at., 1957; SUZUKI et at., 1963); there were no additional 
inflammatory changes, suggesting that the process was provoked by a rather 
simple toxic or enzymatic action on the mesangium. In immunologically 
induced glomerulonephritis, the mesangiolysis was followed by the extensive 
inflammatory reaction and cellular proliferation, indicating that the promoting 
mechanisms would be more complicated and unique . Unfortunately there is 
no further information at hand. 

Thirdly, the formation of crescents is another characteristic of progressive 
glomerulonephritis. Ultrastructural observations have made it clear that the 
crescents occur on the basis of characteristic GBM changes. It was shown in 
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Fig. 14. Interruption of glomerular basement membrane (GBM) in the second phase 
of rabbit Masugi nephritis. Basement membrane fragments (arrows) are seen enclosed 
within the cytoplasm of unidentified cells. Two mononuclear cells (MO) are seen migrating 

into Bowman's space. X 12000 

both serum sickness nephritis and Masugi nephritis that an intense intra
capillary inflammation frequently affected the GBM to the extent of becoming 
attenuated and virtually interrrupted (KONDO et at., 1972; SHIGEMATSU and 
KOBAYASHI, 1973; KOBAYASHI and SHIGEMATSU, 1975). Once the GBM rupture 
developed, the inflammation extended into Bowman's space and the tufts or 
lobuli disappeared. The cell clusters obliterating Bowman's space were com
posed of epithelial cells and migrated inflammatory cells. A massive influx 
of fibrin and proteinaceous substances might stimulate the epithelial cells to 
proliferate. Simultaneously the periglomerular tissue was also included in the 
process. As a whole, the glomerulus was transformed into a granulomatous 
structure (KONDO et at., 1972). The disorganizing glomerulonephritis was 
apparently brought about subsequent to the intracapillary changes; there was 
no evidence to indicate that the crescents were produced by direct immuno
logic action on Bowman's epithelium. Lytic or necrotizing processes taking 
place in the tufts were probably responsible for the development of the GBM 
rupture. Enzymes included in PMNs may be mediators as has been suggested 
in other experiments (COCHRANE and AIKINS, 1966 ; JANOFF and ZELIGS, 1968). 
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V. Concluding Remarks 

We are now able to produce a wide variety of glomerulonephritis ex
perimentally in animals by immunologic procedures. It is entirely clear that 
experimental results have provided much information useful for elucidating 
important questions on human renal diseases. For example, nephrotoxic serum 
nephritis originally reported by MASUGI (1933, 1934) has long been regarded 
as an example of a highly artificial disease. Reasonable speculations, however, 
led to the attempt to produce autologous antiGBM-type glomerulonephritis, 
which was successfully carried out (STEBLAY, 1962). This in tum stimulated 
the search for the human counterpart. It has thus been demonstrated that 
there is indeed human glomerulonephritis of this type (LERNER et at., 1967). 
Extensive studies on experimental serum sickness have clarified the pathogenic 
importance of circulating antigen-antibody complexes for the development 
of acute, subacute, and chronic glomerulonephritis (DIXON et at., 1961), and 
have established the concept of immune complex disease. An appreciable 
proportion of human cases may be affected by the mechanism relating patho
genetically to immune complexes. Acute poststreptococcal glomerulonephritis 
is the most likely disease caused by deposits of immune complexes. Unfortu
nately, in many other situations, the possibility still remains obscure because 
of the difficulty in demonstrating antigen(s) or, conversely, in determining 
the specificity of antibody. Not infrequently, it is noticeable in experimen
tal glomerulonephritis that changes developed are very similar, apart 
from differences in the underlying immune process, as was described in Sec
tion III. In general, the severity of lesions largely depends upon the amount 
of immune reactants localized in the glomeruli. The bulk of evidence also 
suggests that the variety in physicochemical as well as immunochemical pro
perties of nephritogenic complexes would be reflected by different morphologic 
manifestations. In addition, the alteration of immune responses is another 
important factor in the pathogenesis of chronic glomerular diseases, especially 
those occurring in experimental autoimmune disorders. Also important are 
mediators involved in the antigen-antibody interaction by which cellular and 
tissue alterations are actually elicited. Several mediators have been proved 
to have a role in some experimental systems but not in others. In brief, only 
fragmentary information is available concerning possible mediators that may 
actually trigger multitudinous glomerular lesions. On the other hand, the 
continuance of a disease cannot necessarily be ascribed to the persistence of 
immune reactants. It is highly probable that if a significant architectural 
distortion of the glomerulus has once developed, there appears a self-per
petuating process undergoing hyaline scarring regardless of the presence of 
any nephritogenic stimuli. All of these considerations are, in tum, required 
for the study on human glomerular diseases. 

From the morphologic aspect, the inflammatory process is not completely 
distinct from that which takes place in other vascular or connective tissues 
(JONES, 1951; JONES, 1953). Any acute phlogogenic stimuli would cause in-
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creased permeability, sticking of PMNs and mononuclear cells, and a proli
feration of proper tissue cells, the changes being no more than the hallmarks 
of a common acute inflammation. The accumulation of migrant phagocytes 
is often remarkable but usually transient. This may well be the reason why a 
prompt resolution occurs in acute proliferative glomerulonephritis in man. 
With the intensified stimuli, extravasation of cellular and fluid elements of 
the blood would take place associated with lysis or destruction of the capillary 
structure involving the surrounding tissue and finally resulting in scarring. 
Be that as it may though, glomerulonephritis is a unique inflammation because 
of its pathogenesis in immune origin and of the specific anatomic and physio
logic condition of the glomerulus. In a deeper insight into the pathobiological 
implications of Masugi and other immunologically induced glomerulonephri
tides described above, a clue may possibly be furnished solving problems of the 
pathology of the immune response. 
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The history of renal diseases can be traced back to Hippocrates and 
Avicenna who, in their time, saw and etiologic correlation between general 
dropsy and renal disease. The era of modern scientific nephrology began in 
1827 when RICHARD BRIGHT, an English clinician, published his first book 
Diseased Kidney in Dropsy, in which a causal relationship was established 
between general dropsy and certain anatomic changes in the kidney. From 
that time, these three parallel symptoms-dropsy, albuminuria, and anatomic 
changes in the kidney-were called "Bright's disease." BRIGHT had defined 
renal changes exclusively on the basis of macroscopic symptoms, with some 
very cautious suggestions about pathogenesis. During the following years 
BRIGHT'S observations were discussed in England by COPLAND (1832-1858), 
PROUT (1823) and GRAVES (1831), in France by RAYER (1840) and SOLON 
(1838), in Germany until 1852 by HENLE (1846), ROKITANSKY (1861), REIN
HARD (1850), FRERICHS (1851) and, last but not least, by VIRCHOW (1852). 
Most of these publications used the term "nephritis" for renal diseases. The 
special name of "glomerulonephritis" appeared first in KLEES'S Handbuch der 
Pathologischen A natomie, published in 1876. He wrote, in Vol. I: "One can 
designate glomerulonephritis as a form of interstitial nephritis in which the 
interstitial tissue of the glomeruli is involved exclusively." 

An early classification of hematogenous, nonpurulent renal inflamma
tions- a popular definition in the following years- was presented in 1899 by 
SENATOR: 

1. Acute Nephritis 

a) Parenchymatous nephritis 
b) Diffuse nephritis 

2. Chronic Diffuse Nephritis without Induration 

(chronic parenchymatous nephritis) 

3. Chronic Indurative Nephritis (Nephrocirrhosis) 

a) Secondary induration 
b) Primary indurative nephritis 
c) Arteriosclerotic indurations 
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This classification included the terms "acute" and "chronic," to describe 
the potential clinical course of the disease. Together with" subchronic" and 
"subacute", these terms, though much disputed, characterized the classifica
tion of glomerulonephritis over the next six decades. Similar criteria were 
adopted by LOHLEIN in 1910, although he made no explicit mention of them. 
His classification runs as follows: 

1. Glomerulonephritis oj Several Days' Duration 

LOHLEIN'S paradigm of this type of glomerulonephritis was scarlet fever 
nephritis in addition to some less frequent infections. In this disease he found 
the glomeruli severely enlarged, the capsule nearly or completely filled, the 
loops broad and long, and the prognosis uncertain. 

2. Glomerulonephritis oj Several Weeks' or Months Duration 

In this type the predominant etiologic role is played by streptococcal 
infections with the subsequent influence of bacterial toxins on the kidneys. 
LOHLEIN distinguished a more rapid from a milder type, calling the former 
"subacute glomerulonephritis." Frequent epithelial "crescents" are a striking 
histologic feature, and death occur after a course of about 4 weeks. In the 
mild type, on the other hand, large glomeruli possess coarse loops full of 
cellular elements. Epithelial crescents are found in only a few glomeruli or 
in none of them. 

3. Chronic Glomerulonephritis 

In this manifestation, all glomeruli are changed severely, epithelial cres
cents may be found occasionally, or even glomeruli that have been completely 
obliterated. The characteristic pattern of this type is its progress over many 
years. The disease may set in after acute nephritis following scarlet fever or 
tonsillitis. 

LOHLEIN proposed the following classification of hematogenous renal 
affections: Focal manifestations were separated from diffuse ones, and in the 
diffuse type, forms without severe involvement of glomeruli were distinguished 
from those with predominant glomerular involvement. 

LOHLEIN'S definition was supported by VOLHARD and FAHR in 1914, who 
saw nephritis in opposition to nephrosis, defining nephritis as a disease state 
in which the inflammation is clearly manifest. The histologic picture is 
dominated by proliferative changes in vascular connective tissue. The authors 
differentiated interstitial nephritis from glomerulonephritis according to the 
location of proliferations in either interstitial or glomerular parts. 

In addition to distinguishing between focal and diffuse changes, VOLHARD 
and FAHR adopted the terms acute, subchronic, and chronic to define the most 
striking differences: 

1. A cute Glomerulonephritis 

In this form microscopic changes are not so characteristic. Loops are 
elongated and broadened, occasionally distended, and blood is found, as a 
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rule, within the capsule and in the tubules. The predominant feature is a 
significant increase of cells in each glomerulus. VOL HARD and F AHR see the 
distention of loops as a sign of florid inflammation, while the absence of this 
phenomenon is taken as a sign of decreasing inflammation. Acute glomerulo
nephritis can be cured completely in the majority of cases. Sometimes it 
passes into the second stage. 

2. Subchronic Glomerulonephritis 

Microscopy reveals particular intensification of proliferative, exudative, 
and desquamative processes, and even regular and intense involvement of 
channel epithelia manifested as a degenerative process. VOLHARD and F AHR 

separated, moreover, an extracapillary from an intracapillary type: the extra
capillary type was characterized by proliferative and desquamative reactions 
in tuft epithelia, the intracapillary type by marked cell proliferation inside 
the glomerular loops, as a result of which all the tufts become noticeably 
enlarged. In this stage regression is more than doubtful or even improbable. 

3. Chronic Glomerulonephritis 

a) Without granulation 

The kidney is not substantially smaller or more compact than normal. 
Histologically, the original glomerular loops are transformed into plaque-like 
hyaline lumps, and nucleosis is diminished. Some glomeruli are completely 
obliterated, most of them exsanguinated. Bleeding into Bowman's capsule is 
found in some parts. This "smooth" type of chronic glomerulonephritis is 
rather rare; it is based on regular and simultaneous obliteration of all glo
meruli. 

b) With granulation 

Besides a great number of more or less totally obliterated glomeruli, 
others show free and open loops filled with blood. Remarkable attempts at 
regeneration of parenchyma are considered to be responsible for the granular 
macroscopic appearance of the kidney surface. As a rule, vessels are severely 
altered in this third chronic stage of glomerulonephritis. In the intima, elastic 
and hyperplastic thickening is found together with regressive changes. The 
media is often hypertrophic. VOLHARD and F AHR expressed the opinion that 
a substantial cause of arteriosclerotic processes in the kidney should not be 
seen in rising blood pressure, but in local changes inside the kidney. 

In 1918 VOLHARD changed his opinion about the classification criteria 
"acute," "subacute," and "chronic," declaring them inadequate for sub
dividing the various forms of glomerulonephritis. His new definitions were 
the following: 

1. Nephrosis: parenchymatous (dropsical) nephritis without increased blood 
pressure 

2. Focal Nephritis: hemorrhagic (non dropsical) nephritis without increased 
blood pressure 
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3. Acute Diffuse Glomerulonephritis: hemorrhagic (dropsical or non dropsical) 
nephritis with increased blood pressure 

4. Chronic Diffuse Glomerulonephritis: parenchymatous (dropsical) nephritis 
with increased blood pressure 

The clinical terms, acute, subacute or subchronic, and chronic, were 
supplemented during subsequent years by criteria deduced from morphologic 
and pathoanatomic changes in the kidney. Hypotheses about etiology and 
pathogenesis of certain renal alterations were also incorporated in some of 
the classifications. RUSSELL (1930) distinguished ischemic nephritis from toxic 
nephritis. The histologic picture is dominated by hyaline sedimentation in 
the tubules, collagenous crescents, and sclerotic thickening of Bowman's 
capsule. Toxic nephritis is subdivided into: 

a) Proliferative glomerulonephritis, at first characterized by proliferation 
of endothelial cells, in a later stage by additional hyaline necroses 

b) Proliferative capsulitis, showing typical proliferation of endothelia in 
Bowman's capsule 

c) Focal sclerosis, characterized by unstructured hyaline areas in the 
glomeruli associated with capsular adhesion; hence "adhesive glomerulitis" 

BELL in 1938 retained the classifications of acute, subacute, and chronic 
glomerulonephritis. Based upon etiologic and morphologic criteria, acute 
glomerulonephritis is subdivided in the following groups: 

1. Acute Proliferative Glomerulonephritis 

Characterized by numerical increase of capillary endothelial cells, thick
ening of basement membranes, accumulation of leukocytes, partial or total 
obstruction of capillaries, and extracapillary epithelial crescents. 

2. Thrombosis of Glomerular Capillaries 

No proliferations or exudations. This type occurs in sepsis without endo
carditis. 

3. Exudative Type 

Characterized by abundance of leukocytes in the glomerular capillaries; 
this type is found in staphylococcal infections. 

4. Thrombosis of Afferent Arterioles 

Etiology can be traced to either pneumonia, pneumococcal peritonitis, or 
congenital syphilis. 

5. Embolism Type with Uremia 

Characterized by proliferative processes either strictly focal or diffuse. 
Endocarditis can be associated with this type. 

6. Hemorrhagic Type with Obstruction of Tubules 

Characterized by pronounced hematuria, frequent after infection of various 
kinds. 
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7. Acute LiPid Nephrosis 
BELL identified a morphologic criterium of subacute glomerulonephritis 

in the general obstruction of all the glomeruli, without hyalinization but with 
tubular atrophy. In contrast to this, chronic glomerulonephritis shows 10% 
of glomeruli in hyalinization, capillary membranes are not thickened, capil
laries are not narrowed. BELL mentions further an azotemic subtype of chronic 
glomerulonephritis. 

ELLIS (1942) published his definition of two different types of glomerulo
nephritis in 1942; it was cited and discussed frequently in the following years: 

Type I: The clinical characteristic is an acute onset after a previous in
fection accompanied by hematuria. Complete healing is possible, but transition 
to a rapidly progressing pattern is also possible. A third course was reported 
as transition into a persistent form with albuminuria, or development of 
hypertension and uremia. In histology, proliferation of the cellular component 
of the glomeruli is found together with leukocytes and erythrocytes inside 
Bowman's capsule and tubules. Fibrinoid necroses of arterioles and epithelial 
crescents are later symptoms, especially in the rapidly progressing type. If 
the disease continues over several years there are interstitial fibrosis and 
diminishing of glomeruli, enlarged glomeruli with increased cell population, 
decreased number of loops in frequent adhesion to the capsule. Moreover, 
pericapsular fibroses and a deterioration of interlobular arteries are defined 
as endarteritic changes. 

Type II: The characteristics are generalized edema and severe albumin
uria, but minimal hematuria. Complete healing is very rare; continuous pro
gress with persisting edemas and intercurrent infections, is most common. 
The disease continues over many years and is often complicated by hyper
tension. ELLIS did not describe any histologic precursor stages of this type. 
In the small number of cases collected in his report, histologic changes were 
closely coordinated with those of nephrosis: some few focal necroses of glo
meruli, adhesions to the capsule, and fatty degeneration of tubular epithelia. 
After prolonged course of the disease proliferative glomerulitis is found with 
lobular accentuation, followed by focal deposits of hyaline substances that 
can be found, in typical cases, in the stroma between capillaries. Changes 
are seen in the basement membranes of capillaries, but membrane thickening 
without proliferation or lobulation is also observed. This pattern of change 
is generally diffuse; histology reveals mainly a progress of glomerular hyaliniza
tion in the loops. 

In contrast to VOLHARD, who had more or less rejected the terms acute, 
subacute, and chronic, F AHR maintained these classification criteria in a new 
publication in 1944. He saw diffuse glomerulonephritis as a paradigm of 
allergic inflammation provoked by streptococcal or pneumococcal infections. 
F AHR clearly refuted primary ischemia as a cause of glomerulonephritis, as 
had been postulated by VOLHARD. FAHR'S classification was established as 
follows: 
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1. Acute Glomerulonephritis 

Macroscopic changes are neither characteristic nor uniform in general. 
Microscopy reveals inflammatory hyperemia followed by exudation and 
proliferation of glomeruli, proliferation of glomerular endothelia and diffuse 
capillariitis in glomerular loops. Tubular changes are of minor importance. 

2. Subacute or Sub chronic Glomerulonephritis 

The macroscopic picture is either the enlarged white kidney, or the large 
"colored" one. In microscopy, F AHR separated an intracapillary from an 
extracapillary type: in the former, changes are restricted to the interior of 
the loops, in the latter, they are manifested as a proliferative or desquamative 
process at the capsular endothelium. According to F AHR, the course of the 
former is more rapid and severe. 

3. Chronic Glomerulonephritis 

F AHR maintained the distinction between the smooth and the granulated 
cirrhotic kidney. The microscopic picture is dominated by striking intra
capillary changes in the glomeruli. Clinicians will distinguish further in this 
type, a stage of compensation from a stage of decompensation. 

Moreover, F AHR opposed the focal glomerulonephritis to the more diffuse 
changes mentioned above; in focal glomerulonephritis he distinguished three 
forms of toxic, bacterial, or embolic origin. 

This classification was adopted by BECHER in 1947. 

The method of percutaneous renal biopsies was introduced in 1951 by 
IVERSEN and BRUN, who inaugurated a new era in kidney research. While 
the definition and identification of pathologicoanatomic changes had previously 
been restricted to autopsy findings, the methodical performance of renal 
biopsies now permitted more and more continuous observation of the early 
stages and of progress in renal disease. 

Some authors still cling to the clinic-oriented prognostic definitions: JONES 
(1953) maintained the terms" acute, subacute and chronic" in his publication. 
BOHLE et al. (1969) attempted to combine the terms "peracute, acute, post
acute, and chronic" with morphologic criteria (Fig. 1). 

HABIB (1961) was the first to abandon these terms completely. She con
fined her definitions strictly to morphologic criteria. She anticipated KINCAID
SMITH (1972), who wrote: 

"At present a classification must be based on morphology. Clinical symp
toms are too similar in association with a wide range of different glomerular 
lesions to permit more than a very simple and superficial classification. An 
etiological classification is desirable but we are ignorant about etiological 
factors in the vast majority of cases of glomerulonephritis. We are also at 
present unable to base a classification on pathogenetic mechanisms." 

Accordingly, HABIB propose the following classification of glomerulo
nephritis accompanied by nephrotic syndromes: 
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Fig. 1. Classification of acute and chronic forms of glomerulonephritis based on biopsy 
and autopsy findings (M PI = minimal proliferative intercapillary), BOHLE, 1969 

1. Minimal Lesions 

While light microscopy shows mainly regular glomerular structures, elec
tron microscopy reveals, in particular, foot process fusion of epithelia and 
other signs of epithelial changes. 

2. Thickening of Capillary Walls (Membranous Glomerulonephritis) 

Silver impregnation is properly suited to reveal diffuse thickening of 
glomerular capillaries. In fact, these changes are often discernible only in 
electron microscopy, which is able to reveal subendothelial deposits in some 
places. 

3. Extracapillary, Proliferative Glomerulitis 

Characterized by the appearance of crescents and of occasional capillary 
adhesions. 

4. Endocapillary Proliferative Glomerulitis 

Diffuse en do capillary cell proliferations without thickening of capillary 
walls dominate, accompanied by occasionallobulations of the glomerular loops. 

5. Endocapillary Proliferative Glomerulitis with Hyaline Nodules 
(Lobular Glomerulitis) 

In addition to a distinctive narrowing, lobulation of capillaries IS seen 
with endocapillary cell proliferation of varying grades. 
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6. This group comprises complex forms that do not fit into the preceding 
classifications 

KINOSHITA (1966) prefers morphologic criteria in general, although some 
clinical classification is maintained in view of prognosis: 

1. Acute Glomerulonephritis 
Histology reveals exudative changes, in particular mesangial proliferation 

of varying extent. Edema, hypertension, proteinuria, and hematuria dominate 
the clinical picture. About one-half of all patients are eventually cured, the 
other half is liable to turn into type 3. 

2. Subacute Glomerulonephritis 
Under morphologic aspects intramembranous or extramembranous pro

liferations are found with interstitial cellular changes. This type correlates 
to the "progressive form" described by LOHLEIN. It leads towards severe 
proteinuria and hematuria, to uremia and eventually to death in a few weeks 
or months. 

3. "Elapsed" Acute Glomerulonephritis 

This is a lighter type of pattern, similar to the changes in acute glomerulo
nephritis. Clinical symptoms continue for 6 or even 12 months, but essential 
alterations cannot be identified after those in renal functions. About one-half 
of the patients will be completely cured; in the others the disease may take a 
more chronic aspect-in particular that of the sub chronic type. 

4. Sub chronic Glomerulonephritis 

Truly irreversible glomerular changes are never or rarely found in this 
type. KINOSHITA has subdivided it further into four groups according to the 
degree of intensity. 

5. Chronic Glomerulonephritis 

Characteristic features of this type are: irreversible changes in the glo
meruli and pronounced interstitial fibrosis associated with fibrinoid de
generation of arterioles and of glomerular capillaries, and with epithelial 
crescents. The clinical picture is dominated by hypertension, proteinuria, and 
hematuria. The course is often slow, dragging over years, but ending in uremia 
and death. 

6. Chronic Sclerosing Glomerulonephritis 

Complete destruction of kidney parenchyma leads to irreversible changes 
in renal functions and finally to uremia. 

In a similar manner ZOLLINGER (1966) combined morphologic criteria 
with clinical and prognostic aspects. His classifications are: 

1. Diffuse Acute Glomerulonephritis 

a) Acute diffuse glomerulonephritis 
b) Subacute diffuse glomerulonephritis 
c) Chronic diffuse glomerulonephritis 
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2. Glomerular Focal Nephritis 

a) Embolic purulent focal glomerulitis 
b) Thrombocapillariitis 
c) Purely proliferative focal glomerulitis 
d) Focal glomerulitis in lupus erythematodes 
e) Focal glomerulitis in Wegener's granulomatosis 

HEPTINSTALL (1966) was the first to attempt a synthesis of the outstanding 
classifications of glomerulonephritis published up to that point. Having 
enumerated and characterized different criteria of classification, he proposed 
his own table as an optimal compromise of all contemporary definitions
clinical, and pathologicoanatomic: 

1. Acute glomerulonephritis 
2. Rapid progressing glomerulonephritis 
3. Chronic glomerulonephritis including the chronic lobular, and chronic 

idiopathic membranous types 
4. Types of glomerulonephritis associated with nephrotic syndromes 
5. Focal glomerulonephritis 

EARLE (1970) proposed to "chronic glomerulonephritis" be subdivided 
morphologically as follows: 

1. Diffuse proliferative glomerulonephritis 
2. Diffuse membranous glomerulonephritis 
3. Glomerulonephritis of mixed membranous-proliferative type (lobular, 

progressive, and hypocomplementemic) 
4. Focal glomerulonephritis (membranous, proliferative, or mixed) 
5. Glomerulonephritis associated with other diseases (amyloidosis, diabetes, 

periarteriitis or lupus erythematosus) 
6. Family nephropathies 

Acute glomerulonephritis is seen by EARLE as identical with acute pro
liferative poststreptococcal glomerulonephritis. 

In 1970 HABIB presented her new classification of glomerular lesions based 
exclusively on morphologic criteria: 

1. Nephrosis (nephrotic syndrome with minimal glomerular changes) 
2. Specific glomerular lesions 
2.1. Glomerulonephritis in diabetes 
2.2. Glomerulonephritis in amyloidosis 
2.3. Thrombotic microangiopathy 
2.4. Lupus nephritis 
3. Unspecific glomerular changes 
3.1. Diffuse glomerulonephritis 
3.1.1. Glomerulonephritis with extramembranous deposits 
3.1.2. Proliferative glomerulonephritis 

a) Purely endocapillary type (with or without exudation) 
b) Membranoproliferative type 
c) Lobular type 
d) Endo- or extracapillary type + 3 subtypes 

3.2. Focal glomerulonephritis 
3.2.1. Segmental and focal type 
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3.2.2. Segmental and focal hyalinosis 
3.2.3. Glomerular, global and focal fibrosis 
3.3. Unc1assifiable chronic glomerulonephrites 

CHURG (1970) stet starts in the same fashion, from purely morphologic 
criteria; like HABIB, he separates diffuse from focal glomerulonephritis. But 
his subdivision of diffuse glomerulonephritis differentiates the proliferative 
from the exudative type, both sharply opposed to the rapidly progressing 
glomerulonephritis (the so-called malignant or extracapillary glomerulo
nephritis). In further contrast to HABIB, CHURG maintains the term" chronic 
glomerulonephritis," subdivided into the early subacute type, the sclerosing 
type, and end-stage glomerulonephritis. In the beginning, proliferative and 
sclerosing conditions seem to be in balance, but the later stages are dominated 
by sclerosing processes. 

CHURG mentions several special types: lobular glomerulonephritis and 
membranoproliferative glomerulitis, suggesting" mesangio-capillary glomeru
lonephritis" as a more appropriate term for the latter. 

CHURG'S subdivision of focal glomerulonephritis also differs from that of 
HABIB in several essential points. CHURG enumerates the proliferative type, 
the proliferative necrotizing type, the sclerosing scarring type, and the seg
mental sclerosing type. 

The classification of GLYDA (1971) is based equably on clinical prognostic 
and pathologicoanatomic principles. His gross classification contains four 
types with several subdivisions: 

Type! 
1.1. Acute proliferative glomerulonephritis 

Proliferation of mesangial and endothelial cells, narrowing of capillary lumina and 
of Bowman's capsule, ischemia of glomeruli 

1.2. Acute exudative glomerulonephritis 
Sharp increase of leukocytes in glomeruli and in the stroma plus a somewhat lesser 
mesangial and endothelial proliferation 

1.3. Subacute glomerulonephritis 
Epithelial proliferation in Bowman's capsule leading to formation of crescents, 
beginning adhesions 

1.4. Rapid progressive glomerulonephritis 
Intense proliferation of epithelia in Bowman's capsule, crescent formation throughout 
glomeruli 

1.5. Mesangial proliferative glomerulonephritis 
Proliferation of mesangial cells, increase of mesangial matrix; no changes in capillaries 
or in capsule epithelia, no adhesions 

1.6. Chronic proliferative glomerulonephritis 
Evidence of a long = lasting inflammation, lobulation, increase of mesangium and 
endothelia 

1.7. Chronic lobular glomerulonephritis 
Striking lobulation of glomeruli associated with proliferation of mesangium and 
endothelial cells 

1.8. Chronic atrophic glomerulonephritis 
Fibrosis and hyalinization of glomeruli, fibrosing Bowman's capsule, partial hyalini
zation, lobulation and adhesions 

1.9. Chronic mixed glomerulonephritis 
Mixture of forms 1.1 and 1.2 
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GLYDA'S classification comprises further "big" type 2: membranous glomer
ulonephritis; type 3: "submicroscopic" glomerulonephritis; and type 4: focal 
glomerulonephritis with several subdivisions. 

In 1972, CAMERON attempted to summarize all previous classification 
criteria in glomerulonephritis. Judging the terminology as rather confused 
and misleading, he traced the difficulties back to the actual interpretation of 
renal findings. The resulting classification resembles, more or less, that of 
HABIB: 

1. Minimal Changes 

This type is characterized by very small changes; fusion of epithelial foot 
processes is revealed only by electron microscopy. 

2. Membranous (Epimembranous) Nephropathies 

Deposits of IgG or C3 at basement membranes. These phenomena are 
demonstrated particularly in silver staining and/or electron microscopy. 

3. Focal Glomerulosclerosis (Segmental Hyalinosis) 

The type is identical with HABIB'S segmental or focal hyalinosis. 

4. Proliferative Glomerulonephritis 

In parallel to the classification criteria of HABIB and CHURG, CAMERON 
distinguished 6 subtypes: 

a) Active, diffuse endothelial form 
b) Mesangial form 
c) Proliferative glomerulonephritis with abundant epithelial crescents 
d) Mesangiocapillary form 
e) Focal form 
f) Endothelial (endocapillary) form 

The most comprehensive classification based exclusively on morphologic 
criteria was presented by KINCAID-SMITH (1972): 

1. No Glomerular Lesions by light microscopy or minor or minimal lesions by 
light microscopy. 

1.1. Normal on light microscopy, fluorescent microscopy, and electron microscopy 
1.2. Glomeruli normal on light microscopy but showing foot process fusion on elecrone 

microscopy; findings typical in the so-called nil or minimal lesion nephrotic syndrtom 
or lipid nephrosis; immunofluorescence findings usually negative, response to 
steroids high 

1.3. Minor lesions on light microscopy with diffuse mesangial IgA and IgG deposits; 
immunofluorescence findings essential to determine this category; electron micro
scopy shows also mesangial deposits; characteristic clinical symptom is hematuria, 
often associated with focal and segmental proliferative glomerulonephritis 

1.4. Minor or doubtful proliferation on light microscopy; immunofluorescence staining 
often inconclusive 

1.5. Minor or doubtful increase in mesangial matrix or thickening of basement membrane; 
immunofluorescence findings often negative; electron microscopy useful for clear 
decision 
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2. Diffuse Glomerular Lesions 
2.1. Diffuse membranous glomerulonephritis; diffuse changes in all glomeruli; silver 

spikes on epithelial side of basement membrane, deposits of Ig between spikes; 
term "membranous glomerulonephritis" comprehends intramembranous as well 
as extramembranous changes; immunofluorescence is typical and characteristic; 
deposits of IgG, complement, at times also of fibrin and IgM along capillary walls; 
deposits can be demonstrated on electron microscopy 

2.2. Diffuse proliferative glomerulonephritis 
2.2.1. Diffuse endocapillary proliferative and exudative glomerulonephritis; increase in 

number of cells and in leukocytes; poststreptococcal form of glomerulonephritis. 
IgG, complement, and fibrin are revealed on immunofluorescence staining, some
times also IgM and IgA; extramembranous deposits in shape of "humps" 

2.2.2. Diffuse endocapillary glomerulonephritis 
2.2.3. Diffuse mesangial proliferative glomerulonephritis; increase in mesangial matrix 

and mesangial cells 
2.2.4. Diffuse proliferative glomerulonephritis with associated epithelial crescents; if 

over 80 % of glomeruli show crescents, prognosis is bad; if more than 50 % show 
crescents, prognosis is also invariably bad 

2.2.5. Diffuse proliferative glomerulonephritis with focal and segmental mesangio
capillary (membranoproliferative) changes; group is small, probably a subgroup 
of 2.2.6 

2.2.6. Diffuse mesangiocapillary (membranoproliferative) glomerulonephritis; includes 
both lobular and diffuse mesangiocapillary glomerulonephritis 

2.2.7. Diffuse mesangiocapillary glomerulonephritis with dense deposits in basement 
membranes 

2.3. Diffuse mesangial and/or basement membrane lesions without proliferation 

3. Focal Glomerular Lesions 
3.1. Segmental and focal proliferative glomerulonephritis 
3.2. Segmental and focal hyalinosis 
3.3. Segmental and focal fibrosis or sclerosis 

THOENES (1972, 1973, 1974) also published a classification which combines 
the previous results of HABIB, CHURG, and KINCAID-SMITH with his own 
observations and deductions, and which, finally, presents a "Pathological 
System of Inflammatory Glomerulopathies" (see Fig. 2): 

1. Diffuse Glomerulonephritides (Glomerulopathies) 
1.1. Necrotizing glomerulonephritis (rapidly progressing) 
1.2. Exudative, or exudative and proliferative glomerulonephritis (acute) 
1.3. Proliferative glomerulonephritis 
1.3.1. Intra- and extracapillary proliferative glomerulonephritis (rapidly progressing) 
1.3.2. Mesangial (endocapillary) proliferative glomerulonephritis 
1.3.3. Membranoproliferative and lobular glomerulonephritis 
1.3.4. Proliferative sclerosing glomerulonephritis 
1.4. (Peri)membranous glomerulonephritis 
1.5. Minimal lesions 
1.5.1. Minimal changes; nephrosis 
1.5.2. Minimal glomerulitis 

2. Focal and Segmental Glomerulonephritides (Glomerulopathies) 
2.1. Proliferative form 
2.1.1. Focal and segmental proliferative glomerulonephritis 
2.1.2. Associated with certain basic diseases as one symptom among others, e.g. in: 

Schonlein-Henoch's purpura, disseminated lupus erythematosus, Goodpasture's 
syndrome, Wegener's granulomatosis 
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Fig. 2. Terms used for the classification of glomerulonephritis according to THoENEs 
(1972,1973,1974) 

2.2. Sclerosing form 
2.2.1. Focal segmental sclerosing glomerulonephritis (focal sclerotic lesion, hyalinose 

segmentaire et focale) 
2.2.2. Associated with some basic diseases, e.g. sarcoidosis 

In 1974, ZOLLINGER modified his nomenclature by adopting morphologic 
criteria (see Fig. 3) : 

1. Diffuse Glomerulonephritis 

1.1. Diffuse glomerulonephritis, streptococcal type 
1.1.1. Exudative phase (formerly: acute) 
1.1.2. Proliferative phase (subacute) 
1.1.2.1. Mesangioproliferative diffuse glomerulonephritis; panmesangial mesangioprolif

erative glomerulonephritis; axial mesangioproliferative glomerulonephritis; 
special form: mesangioproliferative glomerulonephritis with IgA deposits; 
minimal mesangioproliferative glomerulonephritis 

1.1.2.2. Extracapillary and mesangioproliferative glomerulonephritis 
1.1.3. Sclerosing phase (chronic); subtypes as above 
1.2. Diffuse membranoproliferative glomerulonephritis (formerly: intracapillary

lobular glomerulonephritis) 
1.3. Diffuse epimembranous glomerulonephritis 
1.4. Glomerulonephritis shrinkage 

2. Focal Glomerulonephritis 

2.1. Purulent embolic form 
2.2. Thrombocapillaritis (LOHLEIN) 

The new classification published by BOHLE in 1974 is also based on morpho
logy. In many aspects his criteria are in accordance with those or HABIB, 

but they differ on some points: 
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THE NEPHRITES 
~INTERSTITIAL I GLOMERULAR-" 

Acute.non purulent Acute GN. 
Interstitial nephrrtls~..,....._ 

Acute PN. 

Acute purulent . Focal nephrrtls 
medu liar metastases 9 10m· metastases 

GN.=Glomerulonephritis P. N.= Pyelonephritis 

Fig. 3. Diagram of classification of interstitial and glomerular nephritis. ZOLLINGER. 1966 

1. Endocapillary (acute) glomerulonephritis (poststreptococcal type) 

2. Mesangioproliferative glomerulonephritis 
a) Without focal epithelial crescents 
b) With focal epithelial crescents 

3. Intercapillary glomerulonephritis with minimal proliferation minus 
nephrotic syndrome (HABIB: minimal changes without nephrotic syndrome) 

4. Intercapillary glomerulonephritis with minimal proliferation plus ne
phrotic syndrome (HABIB: Minimal changes with nephrotic syndrome) 

5. Intercapillary glomerulonephritis with minimal proliferation and so
called focal sclerosis (HABIB: hyalinose segmentaire et focale, et fibrose 
glomerulaire globale et focal e) 

6. Peri-, extra-, epimembranous glomerulonephritis 

7. Membranoproliferative glomerulonephritis 
a) Simple form 
b) Lobular variant 

8. a) mesangioproliferative glomerulonephritis with diffuse epithelial cres
cents (HABIB: type III) (rapid progress) 

b) necrotizing glomerulonephritis (rapid progress) 
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8. Exudative glomerulonephritis 
9. Genuine lobular glomerulonephritis 

10. Glomerular focal nephritis (LOHLEIN type) 

One hundred and fifty years ago, Richard BRIGHT published his first 
report on the symptom complex that was subsequently named after him. 
Many clinicians and morphologists have concentrated their research on the 
various manifestations of glomerulonephritis or glomerulopathies; their differ
ent approaches have led to very varied classifications. Our review of these 
150 years of research may be appropriately summarized in a quotation from 
THOENES'S introduction to his classification system: 

"Pathology of glomerulonephritis used to be a field that could be surveyed 
without difficulty: our knowledge was based on autopsy findings and their 
interpretation by light microscopy. Modified conditions have called for a 
fundamental revision of this approach: 

1. Frequent renal biopsies in clinical diagnosis have enabled us to observe 
and define even the early stages of glomerular lesions. 

2. Fresh biopsy samples of human kidneys can be subjected to modern 
methods of tissue examination: embedding in plastics, semi-thin sections, 
electron microscopy and, in particular, immunofluorescence microscopy. 

3. Remarkable progress in experimental nephrologic immunology has 
made it possible to explain the basic mechanisms of immune reactions. The 
interpretation of experimental results has been fruitful in human pathology 

A great variety of techniques and methods has yielded a wealth of in
formation about glomerulonephritis in children and in adults. But we are 
still a long way from understanding them in every detail, and quite as far 
from managing their adequate classification.' 
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I. Introduction 
The rediscovery of nephrotoxic antibodies (LINDEMANN, 1900) by MASUGI 

(1933) was a historical event. In spite of many unanswered questions the general 
concept of immunopathogenesis offers today the most likely possibility for 
providing a causal explanation for human glomerulonephritis. In fact there 
appears to be justification in most cases for assuming that pathohistologic 

* Supported by Deutsche Forschungsgemeinschaft, SFB 37 (CS). 
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Fig. 1. A singular immune deposit along the basement membrane can be detected by 
immunofluorescence and with conventional magnification whereas with electron micro
scopy the single deposit can only be found after extensive search in many sections. 

IgG, x 1 320 

glomerular change is directly related to the respective immunopathogenic 
process (GERMUTH and RODRIGUEZ, 1973). 

Although descriptive pathohistology is the most effective method of provid
ing a nosologic basis for glomerulonephritis, it must be supplemented by other 
methods such as electron microscopy, immunohistology, and immunochemistry 
because, especially by means of the latter, pathogenically static morphologic 
findings may be interpreted. Even when the premise of immunopathogenesis 
does not stand up to criticism (HAMBURGER et al. , 1973), immunohistology 
provides a possibility for describing the diagnosis of forms of glomerulo
nephritis that cannot be obtained by other means. 

Immunofluorescence has become a relatively independent method and a 
standard procedure in the clinical-immunological laboratory. In no other 
organ are materializing immunologic processes reflected in vivo in such an 
extensive, regular, and differentiated manner as in the kidney. Almost 20 years 
after the first kidneys obtained by autopsy were examined by immuno
histologic methods and after intensive experience on biopsy material, it 
appears imperative to summarize the" distinctive marks and the variability" 
of glomerulonephritis as seen by immunofluorescence. 

This review will be limited almost exclusively to the description of human 
glomerulonephritis. The problem of pathohistologic classification of glomerulo
nephritis pertains to immunohistology only insofar as the morphologically 
described diseases will be part of the basis of description. The classifications 
of CHURG and DUFFY (1973) and W. THOENES (1974) will serve as guidelines. 
The immunohistologic method has one definite advantage in the examination 
of kidney diseases. The strength of immunohistology (Fig. 1) is apparent in 
those cases where sensitivity to detail is wanting in conventional histology 
and where electron microscopy cannot provide a survey of the entire structure. 
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The detail-one single immune depot (Fig. i)-may be located in an enlarge
ment from an optical microscope with almost the same sensitivity as with the 
electron microscope. It is to be hoped that joint work combining all three 
methods will yield further knowledge on the pathogenesis of human glomerulo
nephritis. 

II. Methodology 
In 1950 COONS and KAPLAN introduced immunofluorescence as a method 

for examining tissue (COONS et al., 1941). At that time, however, at least 
three preconditions were missing which prevented wide application of immuno
fluorescence to the study of human glomerulonephritis. At about the same 
time, intensive work began on glomerulonephritis models on the basis of animal 
experiments, which later contributed to a differentialized understanding of 
the pathogenesis of human glomerulonephritis (DIXON et al., 1961). The 
production of antisera specific for a particular immunoglobulin was, for a 
long time to come, to depend upon individual research laboratories having 
the required immunochemical experience (LACHMANN et al., 1962). Intravital 
renal biopsy was first introduced in 1951. Autopsy material for histochemical 
examination is disadvantageous, because tissue preservation is poor. Moreover, 
in the final stages of glomerulonephritis, little information can be obtained 
about the development of the disease. Since the first immunohistologic 
contributions relating to glomerulonephritis-made by MELLORS and ORTEGA 
(1956), MELLORS et al. (1957), FREEDMAN et al. (1960), and FREEDMAN and 
MARKOWITZ (1962)-the technique has improved to such an extent that 
immunohistology has been used routinely since 1965 to 1967 (KOFFLER and 
PARONETTO, 1965; MCCLUSKEY et al., 1966; BERGER et al., 1967). Not since 
the early 1970s have extensive case data, also examined on an immunohisto
logic basis, been available to larger nephrologic groups (BARIETY and DRUET, 
1971). Standardization of immunofluorescent technique (NAIRN, 1964), nec
essary for routine application, has been sought since 1967 (HOLBOROW, 1970). 
A comprehensive paper on glomerulonephritis has recently been published 
by MERRILL (1974). 

1. Antisera 

The quality of fluorochrome-labeled antisera is essential for the use of 
immunofluorescence on tissues. Today, most investigators, including the 
author, use commercial sera. It is advisable to use products of two or three 
experienced manufacturers concomitantly. Preparations tested for good 
quality should be purchased in large quantities for long-term use, bottled in 
individual unthinned portions, and stored at -80c e. The specificity of the 
antibodies for the proteins to be identified should be self-evident and should 
be achieved by insoluble immunoabsorbents in order to avoid soluble immune 
complexes which remain in the serum. For labeling purposes, the IgG fraction 
is best. The antibody contents should amount to at least 150 [lg antibody N Iml 
with a protein concentration of about 10 mg/ml. Fluorescein isothiocyanate is 
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a common fluorochrome. The fluorescent preparation must be free of unbound 
dye and must not contain over- or underlabeled molecules (optimum PIP ratio 
between 1 and 4). Many commercial preparations are distributed in a lyophilic 
state. In our laboratory, we prefer those preparations which are sent in a 
liquid cooled state and with conservation agents, because there appears to be 
less danger to their stability. To increase stability, albumin is often added. 
This prevents subsequent determination of the F IP ratio. Only a few publica
tions state whether the preparations are used in the original concentration or 
diluted. In the case of an optimum FIP ratio, the unspecific tissue fluorescence 
(background) should be so low that dilution is unnecessary. My experience is 
that diluted preparations lose some dyeing brillancy. We therefore use the 
preparations in an undiluted concentration with minimum background dyeing. 
This decision of course partly depends on how the tissue is prepared (see 
below). 

The following proteins are currently important for the examination of 
renal biopsies: IgG, IgM, IgA, IgE, C3, C4, properdin, fibrinogen, and albumin 
and transferrin for control solutions. Proof of these proteins in the biopsy is 
generally best carried out by direct immunofluorescence. Our experience has 
shown that any gain in proof sensitivity by an indirect method is lost in tissue 
examination due to increased background dyeing. Furthermore, the same 
applies to proof of the antigen, i.e. direct fluorescent labeling of the anti
antigen antibodies achieves the least ambiguous results. It is particularly 
advantageous if human antibodies can be used. Streptococci antigens (TRESER 
et al., 1969), hepatitis antigens (COMBES et al., 1971), DNA (KOFFLER et al., 
1967), and tubulus antigens (NARUSE et al., 1973) are currently important 
antigen in practice. 

2. Biopsy Treatment 
The immunohistologic examination is made on the frozen preparation. 

In order to examine the biopsy by several methods (histology, electron micro
scopy, immunohistology) the material to be examined may be divided or the 
biopsy repeated. The latter approach is not usual in German clinics and 
biopsies are normally very thin. For this reason, we perform a double ex
amination on the same tissue sample. This requires a very careful shock
freezing technique on the unfixed material so that the tissue has as few artefacts 
as possible (for electron microscopy, the tissue must be fixed directly and 
unfrozen.) In case of a sufficient amount of biopsy material, a part of it must be 
fixed directly also for conventional histology. 

Due to the small size of the tissue samples, the biopsies are embedded in 
rabbit liver and are shock-frozen in liquid nitrogen. This method also permits 
careful transport in a frozen state (dry ice), the advantage being that nephro
logic centers that have no immunopathologic department can obtain an 
immunohistologic assessment of renal biopsies. The frozen sections are pro
duced routinely at a thickness of about 4 fl, on a cryostat microtome. The 
tissue is sectioned as economically as possible, thawed at room temperature, 
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and fixed in formalin. The sections are thawed and dried by a stream of cool 
air on a microscope slide that has been cleaned with acid. Further treatment 
should be carried out immediately. Brief fixing in acetone is the next step 
in many laboratories. We do not do this because we believe that the rinsing 
process in a buffered NaCl solution, which follows in any case, is more effective 
without fixing in removing proteins which are not structure-bound. The 
freezing-substitution method with subsequent paraffin embedding according 
to POST (1965) has been recommended. This method makes it possible to 
produce semi-thin sections and, in this way, to locate immune complexes 
more accurately (POLLAK et at., 1973). After the rinsing operation, the dried 
frozen sections are coated with one to two drops of fluorescent reagent and 
incubated in a moist chamber, after which antiserum is rinsed off, the section 
rinsed again, and covered in glycerin: PBS 1 :9. Microscopic analysis proceeds 
forthwith. 

3. Fluorescence Microscopy and Photodocumentation 

Immunofluorescence, whether with single cells or with tissues, is based 
on the fact that a substance with antigenic determinants is rendered visible 
by fluorescent-labeled antibodies that are specifically bound thereto. The 
fluorescence of the antibody (517 nm for FITC) is excited by ultraviolet 
radiation focused in the specimen plane. The maximum and optimum ab
sorption values for fluorescein are between 490 and 500 nm. This wavelength 
is obtained with special selectivity by modern interference filters. Filters UG 1 
and BG 12 have hitherto been used alternately, thereby permitting high
quality results to be achieved. Vertical incident illumination or transmittent 
illumination may be used in microscopy. In the conventional transmittent
light method, the immersed cardioid dark field condensor is used in immuno
histology to produce the lowest background brightness. Relatively greater 
fluorescence is achieved with vertical incident illumination with the objective 
lens serving simultaneously as the condensor (PLOEM, 1967). Minute amounts 
of immunofluorescence on the glomeruli can be detected much better with 
the aid of this technique and in particular may be photodocumented better. 

Generally, the exposure times during routine examination and documenta
tion are reduced considerably by vertical incident illumination microscopy. 
Reference must be made, however, to the fact that the background brightness 
(without dark field technique and with increased illumination) is higher and 
some may consider this a drawback to direct observation. The increased 
radiation energy also definitely results in intensive and rapid fading of the 
specific fluorescence. Prolonged observation and subsequent photography of 
the same object are therefore not possible for practical reasons. In spite of a 
gain in sensitivity in the vertical incident illumination microscope, the classical 
dark field observation of the renal biopsy remains a useful method. 

Photodocumentation of all immunohistologic findings is the only way to 
permanently store observations for later comparison with histology or other 
biopsies. The specimen itself is only useful briefly. The findings are photo-
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graphed on color film. Ektachrome High Speed daylight film is particularly 
suitable. If the film is developed accordingly, the automatic exposure may 
be set for a higher DIN (ASA) number than would correspond to the film. 
In particular, exposure times are shortened greatly for dark field microscopy. 

III. The Immunohistologic Manifestations 
of Clinically and/or Histologically Defined Forms 

of Glomerulonephritis 
Classification of the glomerulonephritides according to purely morpho

logic aspects is often unsatisfactory for the clinician. However, few clinical 
parameters exist which could improve classification. In a few cases, the 
clinical picture and, in particular, the progress of the disease is so dominant 
that the term "rapidly progressing glomerulonephritis", for example, is 
usually as fitting as the term "necrotizing glomerulonephritis". And even if 
different morphologic variations of rapidly progressing glomerulonephritis 
(intra- and extracapillary proliferative forms) can be shown, these may only 
be different degrees of severity of the same pathogenic process. On the other 
hand, there is no doubt that different etiologic factors may lead to the same 
clinical or pathomorphologic picture. It is therefore unwarranted to associate 
a priori clinical, immunohistologic, and pathomorphologic aspects in a fixed 
schematic relationship. Immunohistology is a method which employs neither 
morphologic nor clinical parameters. On the other hand, it is more closely 
related to pathogenesis than morphology or clinical observations (G. H. 
THOENES, 1973). The author therefore decided in this review to describe the 
immunohistologic phenomena of glomerulonephritis according either to the 
morphologic aspect or the clinical aspect that predominates in practice. 

1. Rapidly Progressing (Subacute Glomerulonephritis, Necrotizing, 
Extraca pillary, Crescentic) Glomerulonephritis 

It appears to the author no accident that the most direct mechanism of 
tissue destruction caused immunologically-the nephrotoxic effect of anti
bodies on the basement membrane--produces the most severe clinical picture, 
that of rapidly progressing glomerulonephritis. The characteristic immuno
histologic finding in rapidly progressing glomerulonephritis, is the sharply 
linear and brilliant basement membrane fluorescence (Fig. 2). In many cases, 
this finding is tantamount to the diagnosis of Goodpasture's syndrome 
(DUNCAN et at., 1965). The diagnosis may be confirmed immunohistologically 
by positive alveolar septa in lung biopsies (Plate ID). Cases of rapidly pro
gressing glomerulonephritis, in which immunohistologic renal findings were 
not readily discovered, may be so advanced that positive basement membranes 
are no longer detectable. Even in large kidney sections after open biopsy, 
glomeruli are found rarely in which fragments of positive basement membranes 
prove the diagnosis (Plate I A). In exceptional cases, the tubular basement 
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membranes are also dyed (Plate I B). The focal or diffuse deposition of 
fibrinogen (Plate I C) is described as typical (MOREL-MAROGER, 1973). Usually, 
but not always, complement C3 is detectable as a linear or less characteristic 
pattern. An explanation for the negative C3 findings is still wanting (MCPHAUL 
and DIXON, 1971; VERROUST et al., 1974). It appears to the author, however, 
to be too sweeping to assume a nonimmunologic pathogenesis in such cases. 
Immunofluorescence in diabetic glomerulosclerosis, in which a linear pattern 
may also be observed occasionally (MCCLUSKEY, 1971), clearly differs quanti
tatively from classic Goodpasture cases as a rule (WILSON and DIXON, 1973). 
Although linear immunofluorescence has a high coincidence with the rapidly 
progressing course of the disease (LEWIS et al., 1971) this does not apply 
exclusively. It must be assumed that-as is the case in animals (UNANUE and 
DIXON, 1967)-the degree of severity of the disease in humans is also deter
mined by the amount of antibodies. Furthermore, antibasement-membrane 
nephritis without lung involvement (LERNER et al., 1967; WILSON and DIXON, 
1973) also exists. The antibodies involved reveal quantitative and qualitative 
differences as compared to Goodpasture cases (MCPHAUL and DIXON, 1970). 
On the other hand, a case has been described recently (LEWIS et al., 1973; 
BRENTJENS et al., 1974) in which pulmonary hemorrhagia and glomerulo
nephritis were not connected with an antibasement-membrane mechanism, 
but with an immune-complex deposition. Doubtless, the progress of the 
rapidly progressing form in all morphologic variations occurs under different 
preliminary etiologic signs (e.g. history of streptococcal infection). It is there
fore not surprising that immunohistologic phenomena similar to poststrepto
coccal nephritis are observed in the rapidly progressing course of the disease. 
A granular or discontinuous linear pattern (Plate I E, F) is therefore considered 
to be evidence of another pathogenesis. It appears to be relevant in this 
context to quote the most recent experimental results of BRENTJENS et al. 
(1974). The antigen-antibody-complex mechanism resulting in glomerulo
nephritis, which is the same in principle, may also cause pneumonitis under 
certain circumstances. 

Express reference was made by SCHREINER et al. (1973) to the clear 
prognostic differences in the progress of the rapidly progressing form. Moreover, 
primary vascular processes (Plate I H) result in glomerular changes with clear 
immunohistologic findings (Plate I G). The glomerulus appears to behave less 
as a functional unit, but rather simply as part of the vascular system. 

The variability of the immunohistologic phenomenon in rapidly progressing 
glomerulonephritis is illustrated in Plate I. It is our impression, however, 
that the linear type of immunofluorescence is most prominent. The literature 
appears to confirm this fact (Table 1) (d. also HEPTINSTALL, 1973a). 

2. Acute Glomerulonephritis (Postinfectious, Exudative, Endo
capillary Proliferative, Mesangioproliferative, "Resolving") 
Acute glomerulonephritis also constitutes for the clinican a disease entity 

(BALDWIN, 1973) and often has a close relationship to streptococcal infection. 
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Fig. 2. A Glomerulus, showing a sharply linear and comprehensive staining of its base
ment membranes. Kidney biopsy from a patient who had only slight signs of pulmonary 
and kidney involvement, suggesting a Goodpasture syndrome with unusually mild 
incidence. IgG, X 583. B A larger magnification of a portion of a glomerulus, showing 
the linear staining of basement membranes without any indications for immune deposits. 

This is from a case with classical Goodpasture syndrome. IgG, X 1430 
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Plate I. The variable patterns of rapidly progressive glomerulonephritis. A The positive 
glomerular loops are moved aside by the negative capsular proliferation; note the faintly 
positive capsule. IgG, X 300. B A short fragment of a tubular basement membrane 
positive with C3 , X 300. C Glomerulus (Goodpasture) diffusely positive with Fibrinogen, 
X 300. D Lung biopsy (Goodpasture) with positive alveolar walls. IgG, X 74. E, F A 

granular pattern, in F mixed with discontinous-linear stainings, C4 , C3, X 300. G Positive 
glomerular staining (C3), associated with a rapidly progressive course of malignant 

nephrosclerosis; the vascular lesion is seen in H (IgM); X 736, X 300 
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Table 1- The frequency of linear fluorescence in cases of rapidly progressing 
glomerulonephritis 

No. of Linear Other Nega- Not 
cases tive incidated 

CAMERON and OGG (1973) 22 a 2 10 10 
STRIKER et at. (1973) 10 2 8 
LEWIS et at. (1971) 7a 6 1 
MOREL-MAROGER et at. (1973) 33 a 3 17 13 
WILSON and DIXON (1973) 40b 31 2 7 
THOENES, G. H. (unpublished) 16 a 11 5 

128 55 33 10 30 

a Identified by the authors as rapidly progressing glomerulonephritis. 
b The groups of Goodpasture and non-Goodpasture patients required dialysis 0.1-18 
(mean 3.5) months and 1-14 (mean 4.5) months respectively after onset of the disease. 

This does not rule out the fact that primary chronic, extramembranous forms 
may be concealed behind the clinical diagnosis in individual cases (HABIB, 
1973; HINGLAIS et at., 1974). In most cases, however, practice shows that, 
when viewed immunohistologically, acute glomerulonephritis has a charac
teristic appearance of a reticular, finely granulated type (Fig. 3 A). This 
picture is so typical that the diagnosis of acute poststreptococcal nephritis 
may be predicted with the aid of immunohistology, irrespective of pathologic 
and clinical evidence. Frequently, the findings are relatively poor on a quanti
tative scale (Fig. 3 A), particularly with the IgG reagent. 

Two variations of the immunohistologic pattern can be found in detail: 
there is on the one hand the particularly clear representation of coarse and 
irregular depots, the" humps" (Fig. 3 B). On the other hand, an interrupted 
linear pattern (Fig. 3 C) is observed. It appears that, in the pattern with 
"humps" in Fig. 3B, the exudative component is predominant in the patho
histologic preparation. According to HERDS ON et at. (1966), "humps" may be 
detected by electron microscopy in the first 6 weeks after onset of the disease. 
The pattern in Fig. 3 C is predominant in more proliferative glomerulo
nephritis. In contrast to the opinion of RICHET et at. (1973), who reported in 
detail on the granular immunohistologic pattern in acute glomerulonephritis, 
the immunohistologic appearance appears to us, as well as to others (VERNIER 
et at., 1967; FISH et at., 1970), to be more differentiated. It is very pro~able 
that the variations illustrated in Plates II and III express different stages 
of disease and a different intensity during onset of the disease. Plate II shows 
the granular variations, all cases being clinically acute diseases of the post
streptococcal nephritis type which were accompanied by a reduction in the 
serum complement level (C3) (with the exception of G: normal C3, but patho-

Fig. 3. A The typical immunohistological pattern of acute, poststreptococcal glomerulo
nephritis. IgM, X 588. B Large, irregular "humps" in extramembranous location, IgG, 
X1083. C Interrupted linear pattern with few if any granular deposits. C3, Xi 083 
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Plate II. The granular patterns in acute, poststreptococcal nephritis. They differ quanti
tatively from minimal (A) to very comprehensivly and tightly packed granulations (H), 
Also note the segmental accentuation in Band G. A IgG, x 300. B Ca, x 300. C IgA 

x 300. D IgG, x 300. E IgG, x 300. F IgG, x 736. G IgG, x 300. H IgG, x 300 
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Plate III. The interrupted linear and mesangial patterns of acute, poststreptococcal 
nephritis, which are probably related to the later or resolving phases of the disease. 
The features range from an obvious involvement of all the capillary loops (A , B) and an 
almost continously linear appearance (B), to heavy mesangial stainings (G) or very 
small remnants in the mesangium (H). A IgG, X 300. B Ca, X 300. C C3, X 300. D IgG, 

X 736. E C3, X 300. F IgG, X 736. G C3, X 300. H Ca, X 300 
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histologically a serious acute exudative proliferative glomerulonephritis; 
ct. TINA et al., 1968), subsequent increase of the same, and indications of a 
streptococcal infection (ASL, anamnesia). The illustrated patterns have no 
exact correlation to the stage of disease. The impression is, however, that 
distinctive granular forms coincide more closely with the early leukocytic 
exudative phase of glomerulonephritis. On the other hand, GERMUTH and 
RODRIGUEZ (1973) emphasize that large confluent "humps" may also be seen 
in the resolving phase. The timing of these findings together with the clinical 
progress are still being contested. 

RICHET et al. (1973) attempted to follow sequential biopsies from the 
same patient. In spite of considerable morphologic differences in the course 
of the disease, they could not discover immunohistologic differences. We have 
no explanation to offer, but believe with various other authors (FELDMAN 
et al., 1965; MICHAEL et al., 1966; TRESER et al., 1968; FISH et al., 1970) that 
the "interrupted linear" and, to an even greater extent, the mesangial 
immunohistologic patterns (Plate III) are typical for a later phase of disease 
which may already have begun to heal. However, it is not safe to draw prog
nostic conclusions from the immunohistologic picture (BURKHOLDER and 
BRADFORD, 1969). On the one hand, RICHET et al. (197"3) regard the outcome 
of exudative glomerulonephritis (a predominantly granular type, Plate II) as 
extremely doubtful. On the other hand, TRESER et al. (1969) found a consider
able number of positive immunohistologic findings in 19 out of 23 patients 
2 years after commencement of the disease. The immunohistologic findings 
later decreased in most cases, but nevertheless continued in some. In the light 
of the importance of immunohistology, TRESER should be quoted at this point: 
"The immunologic and morphologic findings are often parallel, but, where 
there is a discrepancy, the potential for continued activity, and consequently 
the prognosis of the lesion, can probably be better determined by the in
formation obtained by immunohistology than by light or electron microscopy" 
(TRESER et al., 1969). 

Severe cases of exudative acute glomerulonephritis may show immuno
histologic findings which are relatively unimpressive (Plate II B), but whose 
prognosis is favorable. Excessive "humps" (Plate II G, H) in a proliferative 
exudative histology may indicate a progressive course of the disease but do 
not necessarily imply this. The correlation between immunohistologic and 
electron-microscopic findings does not always exist (BURKHOLDER and BRAD
FORD, 1969). It is beyond the scope of this article to become involved at length 
with the problem of a link between acute and chronic (membrano proliferative) 
glomerulonephritis, as suggested by the findlings of GLASGOW and WHITE 
(1973). The predictive value of the immunohistologic pattern will depend on 
much more experience collected independently from histology at individual 
and sequential biopsies. From the (immuno)pathogenic point of view, however, 
so much can be said that it seems illogical to attribute one type of glomerular 
reaction pattern to one etiopathogenetic principle. On the other hand, we 
still know far too little about the extent to which the various antigens cause 
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different immunohistologic phenomena. The pathogenic mechanism may vary 
in response to the nature of the antigen (e.g. "alternative way" of complement 
activation, WESTBERG et at., 1971 ; McLEAN and MICHAEL, 1973; WEST et at., 
1973). The role of cryoglobulins in acute poststreptococcal glomerulonephritis 
(GRUPE, 1968; McINTOSH et at., 1969; McINTOSH et at., 1971; VERROUST et at., 
1971; ADAM et at., 1973) as another example remains to be clarified. 

3. IgA Mesangioproliferative Glomerulonephritis 
(IgA-IgG Mesangial Nephropathy, Focal Proliferative 

Glomerulonephritis with IgA, Recurrent (Gross) Hematuria) 

The multiplication of mesangial cells is a general reaction of the glomerulus 
that may conceal very different etiologic principles. The term mesangio
proliferative glomerulonephritis is therefore a collective term for various 
clinical syndromes. IgA mesangial nephropathy, however, has become a 
domain of immunohistology and was first defined by BERGER (1969). Proof 
of IgA in typical, arborescent mesangial distribution (Fig. 4A, B) differentiates 
this form, for example, from the resolving poststreptococcal glomerulonephritis, 
another mesangio-proliferative syndrom. In most cases, IgA is the predominant 
immunoglobulin both qualitatively and quantitatively, but IgG and C3 are 
simultaneously detectable in almost all cases. The presence of fibrinogen in 
identical localization is not exceptional either. 

Following the work of BERGER (1969), other papers have appeared 
(McENERY et at., 1973; Roy et at., 1973 b; LOWANCE et at., 1973; HYMAN et at., 
1973; VAN DE PUTTE et at., 1974) which confirm that this IgA nephropathy 
(or IgA nephritis) is also a clinical disease. The immunohistologic diagnosis 
is due to the typical mesangial arrangement of the IgA (Plate IV A). On the 
basis of the immunohistologic findings, it does not appear to be justified 
to speak of focal glomerulonephritis, since all glomeruli are IgA positive 
(Plate IV B). Although the progress of the disease is immunohistologically slow, a 
low- (Plate IV C, D) and high-grade (Plate IV E, F) findings may be observed. 
I t is not certain in all cases whether the IgA-C3 deposits are immune depots. 
The structure is often almost homogeneous (Fig.4B). On the other hand, 
blot-like granulations (Fig. 4A) or toothed, double membrane-like fragments 
may be recognized. Fine granular markings in the depots are clearly visible 
in some areas (Plate IV G, H). The functions of the mesangium are poorly 
understood (MAUER et at., 1972; DAVISON et at., 1973) and therefore no definite 
statements can be made concerning the pathogenesis of IgA-mesangial disease. 
EVANS et at. (1973) believed that the complement sequence in focal mesangial 
nephritis is activated by the properdin system (alternate path). 

The reader is reminded that GOTZE and M ULLER-EBERHARD (1971) reported 
that aggregated IgA can activate the complement sequence by the alternate 
path. Hence, IgA nephritis may be at least a secondary immunologic process. 
Irrespective of which pathogenesis is on record, proof of IgA contributes to 
a differentiation of the histologic picture of mesangioproliferative glomerulo-
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Fig. 4. A The distinctive, arborescent distribution of IgA in mesangial-proliferative 
glomerulonephritis. X 582. B The mesangial deposits are either granular or seem to be 

homogeneous, as is the case here . IgG, X 1430 
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Plate IV. The various immunohistological correlates of mesangial-proliferative glomerulo
nephritis. The arborescent pattern (A) is seen diffusely in all glomeruli (not focal!) (B). 
Small double-con-<-oured membranes (C, D) or solid mesangial tracks (E, F) occur. The 
fine structure (G, H) does not always allow safe conclusions whether immune materials 
are phagocytized or a direct anti-mesangial effect is involved. A Fibrinogen, X 74. 
B IgA, X 74. C IgA, X 300. D IgG, X 300, E C3, X 300. F C3, X 300. G IgG, X 736. 

H IgA, X 736 
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Renal 
Biop-
sies 
-total 

696 

Table 2. The frequency of IgA-deposition and of IgA-nephropathy in relation to the 
total number of biopsies evaluated and the cases of mesangioproliferative glomerulo

nephritis 

IgA 
posi-
tive 

132 
(19%) 

Histology Immunofluorescence 
pure me-

Mesangial No specific Other specific Nega sangial-
prolifera- pattern pattern pattern tive 

tive IgA- IgA- IgA- IgA- IgA- IgA-
pos. neg. pos. neg. pos. neg. 

180-------------------------------------------

68 
(37.8%) 

7 
(3.9%) 

8 
(4.4%) 

36 
(20.0%) 

4 
(2.2%) 

44.4 % (80) of pure mesangioproliferative cases are IgA-positive 

30 
(16.9%) 

27 
(15 % 

60.6 % (80) of IgA-positive biopsies are pure mesangioproliferative 

9.9 % (68) of all kidney biopsies are IgA nephropathies. 

nephritis. The close correlation of pure mesangial proliferation with IgA 
deposits is documented in Table 2. Almost 50% of all purely mesangio
proliferative cases are IgA-positive and 38% of those can be defined as IgA 
nephropathy. On the other hand, almost two-thirds of IgA-positive biopsies 
can be expected to be mesangioproliferative histologically. Finally, 10% of 
all kidney biopsies examined in our laboratory (without transplanted kidneys) 
could be defined as IgA nephropathies by combined immunohistology and 
histology. 

4. Membranoproliferative Glomerulonephritis 
(Mesangiocapillary, Lobular, Dense-Deposit Disease, 

Mixed Membranous, Hypocomplementemic Persistent Glomerulo
nephritis) 

Membranoproliferative glomerulonephritis, as defined by its characteristic 
mesangial proliferation, the endo- and/or intramembranous alterations 
(ARAKAWA and KIMMELSTIEL, 1969; CAMERON et al., 1970) and the commonly 
depressed levels of serum complement factors (WEST et al., 1965), has become 
a disease entity (CAMERON et al., 1973a; CAMERON et al., 1973 b; SCHURCH 
et al., 1972) for which immunohistology also presents certain diagnostic 
patterns (MICHAEL et al., 1971). 

As shown in Fig. 5 A and B the garland-like accumulation of proteins in 
the peripheral areas of glomerular loops presents a destructive appearance. 
The involvement of the mesangium in the form of granular fluorescence is 
just as clear as the frequent partial linear appearance of the basement mem
brane. Our examination material has not yet revealed whether the linear 
basement-membrane representation is an immunologic equivalent for the 
vatiety of dense-deposit disease as suggested for example, by the electron-



The Immunohistology of Glomerulonephritis Distinctive Marks and Variability 79 

microscopic pictures of MACDoNALD (1973). It also seems to be obvious that 
the electron microscopist sees different types of membrane alterations, sug
gestive of replacement of the basement membrane by "linear deposits" 
(CAMERON et al., 1973). On the other hand, BURKHOLDER et al. (1970, 1973) 
differentiated this feature into three varieties of membra no proliferative 
glomerulonephritis, including also a form with typical extramembranous 
deposits. This view of an idiopathic membranous variety of membrano
proliferative disease has not been generally accepted. 

Plate V A-H is intended to show that the immunohistologic pattern of 
membranoproliferative glomerulonephritis is quite variable and could be the 
expression of different subgroups or of different stages of the disease as well. 
On the basis of the correct histologic diagnosis backed up by the low comple
ment values, the exclusively membrane-oriented deposition of granular com
plexes can be observed (Plate V A). It is rarely possible with regular immuno
histologic techniques to present exact information about the location of such 
deposits. POLLAK et al. (1973) used semi-thin and freeze-substituted sections 
and localized most of the deposits in so-called mesangium-circumferential 
areas; only 1 patient in 9 showed a subepithelial deposition. A "mesangium
centrilobular" location is most common and is also seen in Plate V B, although 
the granular structure is less evident in some of those cases. 

The involvement of the basement membrane is sometimes demonstrated 
especially well by antifibrinogen as shown in Plate V C. The destructive 
feature of "tram track-like" basement membranes can occasionally be 
detected (Plate V D), even by immunohistologic means. The so-called lobular 
variety of membranoproliferative glomerulonephritis simply shows a lobular 
pattern of the fluorescent structures as well (Plate V E). It seems evident 
from the higher magnification in Plate V F that mesangial granular deposits 
are the main components of the pattern. Sometimes there is in one case and 
even in one glomerulus an astonishing difference of immunofluorescent stain
ing with different reagents as shown in Plate V G (anti-IgM) and H (anti-C3). 

It is clear therefore that the typical pattern of membranoproliferative 
glomerulonephritis, again shown in Plate V G, does not become apparent 
with every reagent. It should be mentioned that the last two pictures represent 
a case in which the first biopsy made several months ago was classified as 
acute postinfectious glomerulonephritis by the clinician, histologist, and 
immunopathologist. This again touches upon the problem of transition from 
the (hypocomplementemic) acute postinfectious glomerulonephritis to the 
chronic (hypocomplementemic) membranoproliferative form. GLASGOW and 
WHITE (1973) recently reported such a case although others have presented 
evidence against an origin from acute poststreptococcal nephritis (OKUDA et al., 
1970) and it seems wise to keep an open mind on the issue (WEST et al., 1973 a). 

Since SEEGAL et al. (1965) studied the role of streptococcal antigens in 
progressive glomerulonephritis the matter has remained doubtful although 
ZABRISKIE et al. (1973) have put forward an intriguing hypothesis relating 
the streptococcal infection to secondary autoimmune phenomena. Whatever 
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A 

B 

Fig. 5. A The distinctive pattern of membranoproliferative glomerulonephritis. The 
stained membranes with endo-membranous as well as mesangial deposition of fluorescent 
material is seen. C3, x 582. B A garland-like staining of IgG in peripheral areas is 
characteristic for membranoproliferative glomerulonephritis . The central (mesangial) 

parts appear to be "empty". IgG, X 582 
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Plate V. The variable representation by immunofluorescence of membranoproliferative 
glomerulonephritis. The membrane-oriented granular deposits (A) are larger and more 
irregular than in (peri-) membranous nephritis. B "Centrilobular" location of immune 
deposits. Membrane staining with fibrinogen (C) and a "tram-track" -like feature of the 
membranes (D). Lobular configuration (E) with mesangial accumulation (F) of granular 
materials. The staining pattern sometimes depends on the reagent used (G and H). 
A IgG, X 300. B IgG, X 300. C IgG, X 300. D C3, X 300. E IgG, X 300. F IgG, X 736. 

G IgM, X 300. H C3 . X 300 
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Table 3. The contribution of complement and immunoglobulins to the immunofluorescent 
pattern of membranoproliferative glomerulonephritis 

No. Positive cases for 
of cases 

Ca Immunoglobulins 

MOREL-MAROGER, L. (1973) 
Membranoproliferative 32 29 (diffuse) 5 (diffuse), 24 focal-segmental 
Lobular 5 4 (with IgM) 
Dense-deposit disease 4 4 3 (IgM) 

THOENES, G. H. (unpublished) 26 21 16 (IgG) , 18 (IgM) , 10 (IgA), 
(not further subdivided) 10 (Fibrinogen) 

MICHAEL et al. (1971) 27 27 27 (IgG) , 18 (IgM), 8 (IgA) , 
(not further subdivided) 19 (Fibrin), 9 (CIq), 7 (C4), 

11 (Properdin) 

the etiology (see, for example, Waldenstrom's macroglobulinemia and mes
angiocapillary glomerulonephritis, LIN et al., 1973) the membranoproliferative 
or mesangiocapillary type of glomerular reaction is also a distinctive entity as 
viewed by immunofluorescence. This does not rule out, for example, the fact 
that the lupus pathogenesis often leads to a pattern of glomerular alterations 
very closely resembling membranoproliferative glomerulonephritis. 

It seems remarkable that only these three forms of glomerulonephritis
membranoproliferative, acute, and lupus nephritis-are accompanied by a 
more or less serious complement C3 and properdin depression (McLEAN and 
MICHAEL, 1973) which is suggestive of some pathogenetic relationship. Mem
branoproliferative glomerulonephritis has been associated with the alternate 
way of complement activation. Indeed, C3 is involved in most cases whereas 
C4 or Clq are much less frequent (Table 3). Moreover, immunoglobulins can 
be seen in relatively high frequency although their distribution and location 
may differ significantly from that of the C3 complement. Their pathogenetic 
contribution awaits further clarification. 

5. (Peri-) Membranous Glomerulonephritis 
(Idiopathic Membranous Glomerulonephropathy, 

Extramembranous Glomerulonephritis) 

This form of glomerulonephritis is regarded as the prototype of immune
complex nephritis in man. According to the classification of cases of glomerular 
nephropathy (1368 cases) by HABIB (1973b), 4.3% of cases can be classified 
as non proliferative extramembranous or "membranous" glomerulonephritis. 
Her biopsy specimens were presumably mainly from children. The frequency 
distribution is similar to that found in our laboratory, which receives biopsy 
specimens mainly, though not exclusively, from adults. In 701 cases of glo
merular disease (first biopsies only) we found 5.9% perimembranous glomerulo
nephritis based on histology and 4.9% judged by the immunohistologic pat
tern (G. H. THOENES, unpublished). On the one hand-again according to 
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HABIB (1973 b)-diffuse proliferative glomerular lesions are observed about 
5-6 times more often (25.6%) than nonproliferative membranous cases. In 
experimental models of glomerulonephritis, on the other hand, the extra
membranous localization of complexes is the rule. From these data two 
conclusions can be dlawn: We do not have suitable experimental models for 
most of the quantitatively prevailing proliferative forms of glomerulonephritis. 
The minority of human, immune complex-related cases of perimembranous 
glomerulonephritis has some kind of experimental counterpart. It is, however, 
still uncertain to what extent the experimental model is comparable to idio
pathic membranous glomerulonephritis in man (HEPTINSTALL, 1973 b). This 
relative exclusiveness of (peri-) membranous glomerulonephritis also seems 
to be expressed by the immunohistologic pattern which is the most typical 
of all (BARIETY et at., 1970). However, it also seems to involve the least 
variability. 

As shown in Fig. 6A the granular deposition contrasts clearly with the 
other extreme type of pathogenesis, the linear type of immunofluorescence. 
It is not difficult to imagine that these granules can simulate a "broad-linear" 
type (MOREL-MAROGER et at., 1972) if they are close enough together or if a 
sandwich-typ~ effect of complement over immunoglobulin obscures the single 
deposits. It is not always easy to decide whether or not the deposits are 
situated outside the membrane. Instead, another feature-a "carpet-like" 
arrangement of the fluorescent granules (Fig. 6 B)-is typical for a peri
membranous nephritis. It is likely that this pattern is caused by tangential 
sectioning of the membranes. Since both types are not always found together, 
it could well be that one or the other reflects a more intramembranous allo
cation of complexes. The granular deposits commonly stain with anti-IgG 
and anti-C3 as well. IgM is seen occasionally; IgA is rare as is fibrinogen. 

Very similar patterns can be seen in Figs. 7 A and B which demonstrate 
the glomeruli of tubulus antigen-autoimmunized rats. This model experiment 
of so-called Heymann nephritis (HEYMANN et at., 1959; EDGINGTON et at., 1968; 
ALOUSI et at., 1969) supports the hypothesis of the immune-complex 
pathogenesis of (peri-) membranous glomerulonephritis. There are indications 
that at least in rats this form of glomerulonephritis remains essentially un
changed even when the nephritic kidney is transplanted into a healthy non
immunized syngeneic recipient (Fig. 7 A, B) (STENGLEIN and THOENES, un
published). This may shed some light on the problem of permanent curability 
of (peri-) membranous glomerulonephritis (FRANKLIN et at., 1973; OLBING 
et at., 1973) and seems to indicate that the continual nephritic process is not 
necessarily dependent on further extrarenal stimulation. It is not known 
whether or not autoimmune processes are involved in human perimembranous 
glomerulonephritis, which is discussed in the last section. Based on the ex
perimental models, it will be interesting to learn if differences in immuno
histologic features can be detected for autoimmune nephritis on the one hand 
and heterologous antigen-induced perimembranous glomerulonephritis on the 
other. 
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Fig. 6. A The granular pattern seen in (peri-) membranous glomerulonephritis . IgG, 
X 1 320. B The" carpet-like" representation of immune complexes in tangential sections 

is especially characteristic. IgG, X 1320 
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Fig. 7. A The immunofluorescence of experimental autoimmune glomerulonephritis with 
kidney tubular antigens in rats is shown for comparison. The pattern closely resembles 
that of human perimembranous glomerulonephritis. Here the continuance of the disease 
is demonstrated in a primary diseased kidney transplanted from the sensitized donor 
to a healthy recipient; 15 days post transplantation. Rat-IgG, X 582. B A larger magni
fication of the same glomerulus shows certain dissimilarities when compared with 
Figs. 6A and B from human cases. IgG, X 1430. (Both pictures from Dr. B. STENGLEIN, 

Munich) 
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6. Focal Segmental Sclerosing Glomerulonephritis (Glomerulopathy) 
(Focal Sclerosis, Focal and Segmental Hyalinosis, 

Global and Focal Fibrosis) 

"More minute analysis of histological appearances will undoubtedly reveal 
significant differences between patients hitherto considered the same" (CAME
RON, 1973). This statement has proved to be very true, especially in the case 
of the so-called lipoid nephrosis. The clinical syndrome of lipoid nephrosis has 
been found very often to have only minimal or no histologic correlates. The 
detection of focally distributed sclerotic lesions in mainly juxtamedullary 
glomeruli led to the definition of the new variant being causative for cortico
steroid-resistant lipoid nephrosis (MCGOVERN, 1964). Immunohistology has 
contributed to the "minute analysis" of the focal and segmental process in 
otherwise minimally changed glomeruli by being a sensitive diagnostic tool, 
described by MCCLUSKEY (1971) as "a sort of special stain". By this, it is 
also meant that not everything shown up by immunofluorescence would 
indicate an in vivo immunologic reaction. Thus, in focal sclerosis, the distinct 
pattern of Fig. SA, stained with anti-IgM or anticomplement factors is seen, 
but the picture does not show the regular immune pattern of granulation 
(Fig. SB). However, the patchy appearance of the glomerular loops does not 
mean that less distinct deposits are not involved. 

As shown by electron-microscopic examination, different kinds of deposits 
in different locations can be delineated in focal segmental sclerosing glomerulo
pathy including some minimally changed glomeruli (RUMPELT and W. THOENES, 
1974). These authors also indicate that the glomeruli are diffusely altered 
when examined by electron microscopy. Accordingly, the immunhistologic 
pattern varies from minimal staining of loops (Plate VI A, B) and mesangial 
areas (Plate VI H) to complete segmental or global (comprehensive) changes 
(Plate VI C-F). Undoubtedly the major immunofluorescent findings are cor
related to the sclerotic lesions of the glomeruli (HABIB and GUBLER, 1971). 
In contrast to these authors, however, we have observed either, slight but 
comprehensive (Plate VI G) or incipient (Plate VI H) immunofluorescent find
ings in otherwise minimally changed glomeruli (G. H. THOENES, 1974). 

Irrespective of the later interpretation it seems justified to record minor 
immunofluorescent findings as well. In this regard one is reminded that, as 
early as 1955, ALLEN stated that" glomerular lesions may be disregarded by 
experienced observers often because they underrate the significance of inter
mediate degrees of change". According to HABIB and GUBLER (1973) and 
CHURG et al. (1970), in several cases a mesangial proliferation can be observed 
before the typical segmental sclerosis appears. Minor immunofluorescent 
findings, as seen in Plate VI H, should therefore be noted in this context of 
an unknown pathogenesis. Whereas DRUMMOND et al. (1966) described such 
cases of focal sclerosis staining with IgG and C3, it is generally accepted today 
(MOREL-MAROGER et al., 1972) that IgM is the major immunoglobulin involved. 
There is no definite evidence that this immunoglobulin, mostly associated 
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Table 4. Positive immunofluorescent cases of focal sclerosis and minimal-change disease 

Focal sclerosis 

Strongly positive/total 
number of cases 

32/37 

Questionable minimal changes Minimal changes 
possibly focal sclerosis 

Positive/total number Minimal positive/total 
of cases number of cases 

5/6 32/67 

with complement factors, of course, indicates an immunologic pathogenesis. 
It may be cited, however, that GERMUTH and RODRIGUEZ (1973) experi
mentally induced segmental lesions with large IgM-immune complexes. The 
stronger lytic response of IgM antibodies could very well be responsible for 
an unusual nephrotoxic effect. MICHAEL et at. (1973) recently discussed the 
immunologic aspects of the nephrotic syndrome in general. Reports (HAM
BURGER et at., 1973; HOYER et at., 1972) of recurrence of minimal-change 
nephrotic syndrome and focal sclerosis in kidney transplants are intriguing. 
It is likely that an extrarenal cause will be found for this disease entity and 
it might well be that even different pathogenic pathways will be detected, as 
suggested by the smooth linear fluorescence seen by the author (G. H. 
THOENES, 1974) in a few cases of focal segmental sclerosis and corroborated 
by the streak-like deposits reported by RUMPELT and W. THOENES (1974). 

As HABIB and GUBLER (1973) discussed, the relationship between minimal
change nephrotic syndrome and focal sclerosis remains unsolved and it is the 
common view today to regard both forms as possibly separate diseases. This 
view, however, was recently strongly opposed by SIEGEL (1974). MCGOVERN 
and LANER (1973) stated: "So far, it has not been possible to determine 
whether the two disorders are related or not." Doubtless most cases of 
corticosteroid-responsive nephrotic syndrome (minimal-change disease) are 
truly negative immunohistologically. On the other hand, most segmentally 
sclerosed glomeruli in focal sclerosis are massively positive by immunohistology 
(Table 4). What about the minimally changed glomeruli in focal sclerosis? 
Are aU cases of minimal-change disease truly negative? It is our experience 
that in carefully studying the sections (preferably by vertical incident illu
mination fluorescence) minor fluorescent spots, dust-like or comma-like 
materials, or a weak linear staining in both sorts of minimally changed glo
meruli are found (Table 4). These findings are usually faint and difficult to 
document by photography. WILSON and DIXON (1974) noted this "linear 
accentuation" of the basement membrane in quite a number of their biopsies 
but could not interpret it. The reader should be reminded that we do not fix 
our sections by acetone to avoid disturbing background phenomena and 
reduce unspecific protein remains. It should also be clearly understood that 
these observations do not necessarily imply an immune pathogenetic signi-
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Fig. 8. A The distinctive pattern of focal-segmental sclerosis. C3, X 143. B A large 
magnification of such segmental lesions does not show details which would resemble 
the usual immune patterns. As long as we do not have relevant experimental models 

we cannot guess whether or not an immune pathogenesis is involved. C3, X 1430 
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Plate VI. The variable patterns of focal-segmental sclerosis. A and B Incipient segmental 
lesions. C-E Full expression of the segmental lesions. F Positive vessel walls (com
plement) are not infrequently seen. Comprehensive (G) or minor (H) fluorescent stainings 
can also be observed in minimally changed glomeruli or parts of them. A IgM, X 300. 
B IgG, x 300. C IgM, X 300. D IgM, X 300. E Ca, X 300. F Ca, X 300. G IgG, X 300. 

H IgG, X 736 
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ficance. However, this could be an example to justify the increased application 
of immunofluorescence in biopsy examination. It can only serve as a "special 
stain" with high sensitivity in addition to its specific immunologic function. 
Finally, the" immunofluorescent minimal change" certainly does not indicate 
at the present time an inclination for progress to focal sclerosis. We observed 
some preference for IgM or C3 staining, but all other reagents could also be 
involved. We did not test for IgE. It must, however, be noted that the positive 
report of GERBER and PARONETTO (1971) could not be confirmed by Roy et al. 
(1973 a) and LEWIS et at. (1973). 

IV. Glomerular Lesions in Systemic Diseases 

1. Systemic Lupus Erythematosus (SLE) 

As early as 1957, VASQUEZ and DIXON investigated the" specific" lesions 
of such systemic diseases as rheumatic fever and SLE by immunofluorescence. 
Immunopathogenesis of SLE nephritis is well established (MELLORS et at., 
1957; PARONETTO and KOFFLER, 1965; KOFFLER and PARONETTO, 1965; KOFF
LER et at., 1967; SVEC et at., 1967; KRISHNAN and KAPLAN, 1967; KOFFLER 
et al., 1969; NATALI and TAN, 1972) and a wealth of references can be cited 
for the different forms of immunofluorescent appearance in SLE nephritis 
(BURKHOLDER, 1963; SVEC et al., 1967; KOFFLER et at., 1969; DUJOVNE et al., 
1972; AGNELLO et at., 1973; MOREL-MAROGER et at., 1973 a). Histologically 
as well as by immunofluorescence, all kinds of glomerular alterations can be 
seen in SLE nephritis which cover almost the entire spectrum of patterns 
described in the foregoing sections. Since it has been possible to prove the 
immune-complex pathogenesis experimentally with DNA-anti-DNA antibodies 
(NATALI and TAN, 1972), the variability of the immunohistologic appearance 
in SLE seems to reconfirm the general hypothesis of the immune-complex 
pathogenesis of glomerular diseases (GERMUTH and RODRIGUEZ, 1973). These 
authors suggest that different sizes of complexes will localize in different places 
of the glomerulus and thereby initiate several patterns and histologic changes. 
Plate VII presents collectively the spectrum of immunohistologic patterns 
which can be observed in lupus nephritis. It ranges from faint mesangial 
stainings (VII A and B) and an acute proliferative type (VII C) to different 
forms of membranous involvement (VII D-F), lobular types (VII G) with 
obvious accumulations of complex structures in mesangial cells (VII H), 
perimembranous glomerulonephritis (VII I, K), and focal segmental alter
ations (VII L, M). The reader is referred to the histologic diagnosis given for 
each picture. At this time we can only speculate about the reasons for such 
diversity under the same etiologic principle. SLE should actually be con
sidered as a suitable model in which different kinds of nuclear antigens, classes 
of antibodies, sizes of complexes, and effects of immunosuppressive therapy 
combine in varying degress and thus form the many patterns we might 
similarly see independent of lUpus. 
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2. Contrasting Examples of Renal Involvement in Systemic Disease: 
Schonlein-Henoch Nephritis (Anaphylactoid Purpura) 

This glomerulonephritis-another example of renal involvement in sys
temic disease-may have an immunologic basis, although nothing is known 
about the mechanism. URIZAR et at. (1968) thought that the pathogenetic 
process was mainly concentrated on the mesangium. This is clearly demon
strated on Plate VIII A, B. Most of our cases show this type of immuno
fluorescent pattern without defined circumscript immune complexes. It is a 
mesangial type which is frequently IgA-positive. Additionally, one finds 
fibrinogen deposited in segmental (C) or crescentic forms (D) (URIZAR and 
HERDMAN, 1970). Sometimes there is an interrupted linear pattern; HABIB 
(1973c) mentioned two cases of membranoproliferative GN in her series. We 
can also contribute one case of Sch6nlein-Henoch nephritis with this histologic 
diagnosis and a low serum complement. In general however Sch6nlein-Henoch 
nephritis does not appear to be an immune-complex mediated process. 

Amyloidosis 
Because not infrequently a kidney biopsy turns up the unexpected diag

nosis of amyloidosis instead of glomerulonephritis, the author presents its 
diagnostic immunohistologic pattern. Plate IX A and C show that immuno
fluorescence with anti-IgG or anti-C3 is very homogeneous and large. A more 
reticular but still homogeneous pattern is seen on Plate IX B and a typical 
amyloid vessel wall is depicted in D. As early as 1956, VASQUEZ and DIXON 
introduced the immunohistologic analysis of amyloid. To date there has been 
no convincing argument available for or against the immunopathogenesis of 
amyloid (d. FRANKLIN and ZUCKER-FRANKLIN, 1972). The technique of 
immunohistology, however, can help once again to endorse the histologic 
diagnosis-even in cases where no clear-cut amyloid staining occurs. 

V. Concluding Remarks 
This paper intends to show that the distinctive marks of immunohistology 

permit an independent diagnostic application. The most definite patterns are 
schematically depicted in Fig. 10. However, the variables demonstrated in 
the preceding sections indicate quite readily that this diagnostic independence 
is only relative. In order to arrive at reliable conclusions, the evaluation of 
the biopsy has to rely on the fundamentals of histologic description. The 
author believes that most clinicians and pathologists have learned to value 
the access to information available through additional immunohistologic ex
amination of their biopsies (SCHREINER, 1973). There is reason enough to 
interpret most findings as immunologic in nature. It should, however, be 
understood that positive immunofluorescence does not necessarily prove an 
immunologic pathogenesis. HAMBURGER (1973) has discussed this and other 
related problems. 
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Plate VII A-H 

Several questions may be raised from the view of immunohistology. In 
proving or disproving the notion of immunologic pathogenesis and/or etiology 
we should find means to routinely characterize the antigens involved. The 
basic task of immunofluorescence is to achieve this goal. However, it is 
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Plate VII . The highly variable immunofluorescent patterns seen in systemic disease 
with renal involvement: Systemic lupus erythematosus. Slight mesangial stainings (A, B), 
granular patterns as seen in acute glomerulonephritis (C), endomembranous depositions 
(D), features as typical for membrano-proliferative forms (E), with huge homogenous 
bodies (F), intensive mesangial participation (G) and clearly visible granulations in mes
angial cells (H) are seen. Occasionally perimembranous patterns (I, K) occur and seg
mental findings (L, M) correlate to the known histological classification. A IgG, X 300. 
B IgG, X 736. C IgG, X 300. D IgM, X 300. E IgG, X 300. F IgG, X 300. G C3, X 300. 
H IgG, X 736. I IgG, X 300. K IgG, X 736. L IgG, X 300. M IgG, X 300. Histological 
diagnosis: A, B Slight postacute, proliferative, glomerulonephritis (GN). C Specifically 
lobular, more recent glomerulonephritis. D Mesangial-proliferative GN. E, F Membrano
proliferative GN with crescent formations. G, H Focal-segmental proliferative GN. 
I Perimembranous GN. K Diffuse, focal-segmental, accented, proliferative GN with 
slight membranous components. L Intra-extra capillary, proliferative GN. M Moderate 

meangioproliferative GN 

difficult because of the many possible agents. In individual cases, the antigens 
have been characterized by immunofluorescence. Such cases occur only indi
vidually but are nevertheless of great scientific importance. Most efforts have 
centered on streptococcal antigens. Using heterologous antibodies, SEEGAL 
et al. (1965) and ZABRISKIE et al. (1973) have been successful in demonstrating 
streptococcal antigen in cases of acute poststreptococcal glomerulonephritis. 
The appropriate use of homologous (patient's) fluoresceinated immunoglobulin 
(TREsER et al., 1969; TRESER et al., 1970) has also been convincing. We have 
also been successful with the same method (Fig. 9A). It can be seen, however, 
that the antigen and the other components of the presumed immune reaction 
(Fig.9B) are not associated. This may be regarded as a typical example of 
the many unsolved problems in the pathogenesis of glomerulonephritis. There 
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Plate VIII. The immunofluorescent findings in the kidney in Schonlein-Henoch's disease. 
A and B IgA deposits in mesangial areas, X 300. C and D Fibrinogen is positive in a 

glomerular loop and in capsular areas. X 300 

Plate IX. The immunofluorescent findings in kidney amyloidosis. Large and very homo
geneous clumps of IgGjC3-positive protein are deposited (A, C); sometimes the pattern 
is reticular, but still homogeneous (B) and vessel walls are found positive in the same 

manner. A C3, X 300. B IgG, X 300. C C3 , X 736. D IgG, X 300 
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has been speculation that treponemal antigens could also be involved in 
immune-complex nephritis (BRAUNSTEIN et al., 1970). 

Another well-investigated antigen is DNA in lupus nephritis. Its proven 
deposition in glomeruli has been connected with the viral etiology of LE and 
was discussed by COCHRANE and KOFFLER (1973). Specific indications have 
been reported in man for a deposition of Coxsackie virus B (BURCH et al., 1969) 
and measles antigen (TANNENBAUM et al., 1971). However, the hepatitis antigen 
has been more frequently described up to now (COMBES et al., 1971; GOCKE 
et al., 1970; EKNOYAN, 1972). Plasmodium has been of interest as a further 
living agent since ALLISON et al. (1969) investigated the close association 
between malaria and the nephrotic syndrome. Using the kidney elution 
procedure they indicated that malaria antigen forms the complex (see also 
BROWN, 1969). In addition to the many examples of heterologous antigens, 
one has to take into account the autoimmune pathogenesis of human glo
merulonephritis. In the case of Goodpasture's syndrome, the antigen is not 
questionable (MARQUARDT et al., 1973) as is the mechanism of sensitization 
against glomerular basement membrane. The involvement of tubular basement 
membranes in kidney diseases is surprizingly rare, although several reports 
on possible immunologic tubular lesions have appeared recently (KLASSEN 
et al., 1972; MCCLUSKEY and KLASSEN, 1973; MOREL-MAROGER et al., 1974). 
Turning again to immune complex-induced glomerular disease, it would seem 
likely to find tubular epithelial antigen deposited in man as well as in rats, 
as was described by EDGINGTON et al. (1968). A short positive report (NARUSE 
et al., 1973) awaits confirmation by others. Further autologous substances 
potentially leading to autoimmune reactions and/or glomerular deposition 
are thyroglobulin, tumor antigens (LEWIS et al., 1971), and cryoglobulins 
(FEIZI and GITLIN, 1969; MOREL-MAROGER and MERY, 1974; MOREL
MAROGER and VERROUST, 1974). 

The author has only touched upon the problem of transplantation immuno
histology in connection with recurrent glomerulonephritis. Indeed, in his 
opinion, the main interest of immunohistology is in this scientifically exciting 
area. The author's experience with about 70 transplant biopsies has been that 
the diagnostic value of immunohistology in relation to rejection processes is 
very limited. In addition to C3, IgM is involved not only in vascular lesions 
but also occasionally in glomeruli. This agrees with the results of MULLEN and 
HILDEMANN (1971) who showed the preferred cytotoxic effect of IgM compared 
with IgG. However, one should be aware of the so-called transplant-glomerulo
pathy (ZOLLINGER et al., 1973; PIELSTICKER et al., 1974) which must be differen
tiated from recurrent glomerulonephritis (MCPHAUL et al., 1970; MCPHAUL 
et al., 1973). Other reports in which a more positive view is expressed concern
ing immunohistology and transplant rejection may be found in ANDRES et al., 
1970, and BUSCH et al., 1971. 

The prevailing vascular processes in chronic transplant rejection, which 
could very well involve the glomeruli in a secondary manner, leads to the 
problem of secondary and "nonspecific" alterations of glomeruli and their 
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Fig. 9. Acute, poststreptococcal glomerulonephritis. A Glomerulus, stained with patient's 
IgG fraction (elevated AST); direct immunofluorescence. The spots represent strepto
coccal materials deposited. X 582. B With anti-C3, the characteristic pattern of the 

acute-proliferative type is shown in the same glomerulus . X 582 

Fig. 10. The distinctive marks of the foregoing major forms of human glomerulonephritis 
are schematically drawn in order to summarize and to abstract from the variability. 

(From G. H. THoENEs, 1973) 
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Fig. 10 
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immunohistologic correlates. Only minor glomerular immunofluorescent find
ings are normally observed in vascular diseases like periarteriitis nodosa or 
malignant nephrosclerosis, although fibrinogen can be seen quite intensively 
(SRAER et al., 1973). As long as we do not see distinct granular deposits we 
suspect an unspecific protein imhibition of tissue altered by unrelated causes. 
This seems to us to be the case with the very prominent vessels in primary 
malignant sclerosis. Their walls are not only full of fibrinogen but often contain 
IgM and complement as well (BURKHOLDER, 1965). In periarteriitis nodosa 
they are usually negative. This certainly does not exclude other cellular 
immunologic processes. 

Three further examples may be cited to illustrate why we must maintain 
a reserved attitude in fudging immunologic specificity or nonspecificity. The 
faint linear fluorescence in diabetic glomerulosclerosis does not seem to 
indicate an immunologic cause (GALLO, 1970), although MAUER et al. (1972) 
could show somewhat different results in diabetic rats. The cause of diabetic 
glomerulosclerosis, however is unknown. The so-called hereditary nephritis 
(Alport's syndrome) does not seem to present any relevant immunohistologic 
findings (GRUNFELD et al., 1973). Undoubtedly, however characteristic glo
merular alterations are found in this disease, reason enough to expect some 
kind of unspecific immunofluorescence, which is not the case. The relationships 
between renal-vein thrombosis and perimembranous glomerulonephritis and 
the nephrotic syndrome, respectively, is unknown (SCHWARTZ and LEWIS, 
1973). The great importance of extrarenal factors such as free blood and urine 
flow, as is the case in this type of glomerulonephritis, has been demonstrated 
in the experiments by EDGINGTON et al. (1969). The accumulation of immune 
complexes in transplanted kidneys of autoimmune recipient rats was signi
ficantly reduced by hydronephrosis. 

This review will conclude with these examples in the hope that we have 
contributed to the goal of keeping an open mind in glomerulonephritis 
research. 

When the immunohistologist sees a single granular deposit such as that 
shown in Fig. 1, he is justified in giving this information to the clinician and 
the pathologist. The clinician might accept this little spot as at least one small 
confirmation of the patient's clinical kidney findings, but all those involved get 
into trouble when the pathologist does not see anything by light microscopy. 
However, it sometimes happens that the cooperative pathologist later reports 
a single typical deposit in the only available glomerulus-by having applied 
electron microscopy. The sensitivity of immunofluorescence and the significance 
of immunohistological findings therefore should not be underestimated. 
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I. Introduction 

The events occurring in glomerulonephritis produce a complex and compli
cated pattern of glomerular changes. Though these changes can be readily appre
ciated by light microscopy, many are too subtle to be clearly discerned. Only 
with the advent of electron microscopy did it become possible to describe the 
glomerular events with considerable accuracy and establish a basis for clinico
pathologic correlations. Many changes first discerned by electron microscopy 
were later seen also by light microscopy. Perhaps the most important contri
bution of electron microscopy was that it provided a means for distinguishing 
between the capillary wall and the mesangium and for describing in detail 
the structure of each. This information is available in standard textbooks and 
will be repeated here very briefly. 

* Supported by Research Grant AM-00918 from the National Institute of Arthritis 
and Metabolic Diseases, U.S. Public Health Service. 
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The glomerulus can be conceived as a structure composed of three structural 
components and two spaces. The structural components are: Bowman's 
capsule, the capillary walls and the mesangium. The spaces defined by them 
are: Bowman's or the urinary space and the capillary lumina or blood spaces. 
The capillary wall consists of a basement membrane lined on the urinary side 
by visceral epithelial cells or podocytes and their foot processes, and on the 
capillary side by endothelium. The basement membrane in turn consists of 
three layers: the middle, lamina densa and the external and internal laminae 
rarae. These distinctions prove to be of considerable importance in the des
cription of pathologic processes. The mesangium consists of cells and inter
cellular substance. The latter is known as mesangial matrix and although it 
resembles the basement membrane, it differs from the latter in a number of 
important properties (e.g. resistance to certain toxins). 

This review will be devoted almost exclusively to the pathology of human 
glomerulonephritis. Brief mention of animal models will be made, and occa
sionally illustrated. Detailed review of the experimental immunologically 
induced nephritis will be found elsewhere in this volume. 

II. Primary Glomerulonephritis 
1. Minimal-Change Disease (Lipoid Nephrosis) 

Lipoid nephrosis or minimal-change disease occurs most often in children 
and less frequently in adults. It is manifested by massive proteinuria and the 
nephrotic syndrome and has a relatively good prognosis, responding in the 
majority of cases to steroid or immunosuppressive therapy. Morphologic 
changes are most prominent in the tubules, which accumulate lipid and 
protein in the cell cytoplasm, leading to enlargement of the kidneys and 
imparting a pale yellow cast to the parenchyma. The glomeruli, in contrast, 
appear normal or near normal on light microscopy. 

It is the study of minimal-change disease by electron microscopy that 
marks a milestone in the history of renal pathology. For the first time ultra
structural changes not visible by light microscopy were discovered in the 
glomeruli, thus establishing the glomerulus rather than the tubule as the 
primary site of pathology (FARQUHAR et at., 1957). The lesion, then discovered, 
involves the visceral epithelial cells, which show loss or "fusion" of their 
foot processes (Fig. 1) and gave the disease, at one time, the name "foot 
process disease". Since then, this finding has been confirmed by many authors 
(MovAT, 1959; KURTZ, 1961; CHURG et at., 1962) and, in the absence of 
significant proliferative changes, is considered to be the characteristic lesion 
of minimal-change disease. 

In actuality, loss of foot processes is not due to fusion. Normally, foot 
proL.tsses of neighboring epithelial cells interdigitate, so that adjacent foot 
processes usually derive from two different epithelial cells (SIMON and 
CHATELANAT, 1969). In proteinuria, swelling of epithelial cytoplasm leads to 
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Fig. 1. Minimal-change disease (lipoid nephrosis). There is edema of epithelial cells, 
almost complete effacement of foot processes. The basement membrane shows consider

able irregular widening of the lamina rara interna. X 22 100 

filling of the spaces between foot processes, while, at the same time, there 
is retraction of foot processes by the neighboring cell. This process has been 
visualized three-dimensionally by scanning electron microscopy (ARAKAWA, 

1971). The cytoplasm of the swollen podocytes retains the dense material 
that is normally present in foot processes. This material is composed of micro
fibrils arranged in bundles and resembles myofilaments of smooth muscle 
cells. It has been suggested that these fibrils endow the cell with the ability 
to contract (KARNOVSKY and AINSWORTH, 1972). Similar fibrils are also 
present ill the body of the podocyte, but in a much looser meshwork. 

Loss of foot processes is usually accompanied by the appearance of 
numerous villi projecting from the free surface of the cells (CHURG, 1968). 
The loss may be limited to a few short stretches or may involve the entire 
capillary surface. In minimal-change disease, foot process loss is frequently 
reversible under the influence of steroid treatment. Foot process fusion is not 

Abbreviations: BM = basement membrane; BMLM = basement membrane-like mate
rial; CL = capillary lumen; Cr = crescent; D = deposit; DD = dense deposit; En = endo
thelial cell; Ep = epithelial cell; F = fibrinoid material; FP = foot processes; L =leuko
cytes; MC = mesangial cell; MM = mesangial matrix; Y = yeast. 
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specific for lipoid nephrosis, but is also found in other conditions characterized 
by severe proteinuria and the nephrotic syndrome. It has not been established 
whether loss of foot processes is due to primary damage of epithelial cells or 
is secondary to increased permeability of the basement membrane. It is 
possible that under different circumstances either one of these mechanisms 
may come into action. 

Other changes involving the podocytes in lipoid nephrosis consist of in
crease in number and size of cell organelles, e.g. Golgi membranes and endo
plasmic reticulum, and the appearance of lipid and protein droplets (TRUMP 
and BENDITT, 1962; HAYSLETT et at., 1973). Conversely, there may be swelling 
of the cytoplasm with a diminished number of cell organelles indicating 
hypoactivity. 

The endothelium usually shows only mild changes, such as edema and 
occasional bleb formation. The capillary lumen may contain fibrin and platelet 
aggregates (DUFFY et at., 1970). 

Electron microscopic changes of the basement membrane consist of ir
regular widening of the lamina rara interna (Fig. 1), and minimal focal 
thickening and mottling (CHURG et at., 1965). However, in addition, there are 
probably changes in the basement membrane that are beyond the resolving 
power of the electron microscope. Alterations of morphologically normal 
glomerular basement membranes have been demonstrated in experimental 
aminonucleoside nephrosis in rats (KEFALIDES and FORSELL-KNOTT, 1970); 
they consist of decrease of hydroxyproline, hydroxylysine, and glycine, and 
increase of glucose. 

I t has been postulated that rearrangement of glomerular basement mem
brane molecules occurs, leading to enlargement of intermolecular pores, and 
thereby to increased permeability. This process, in turn, may be due to mal
function of epithelial cells that synthesize abnormal basement membrane 
(BERMAN and MISRA, 1972) 

The mesangium in this disease usually shows little or no changes, though, 
occasionally, minimal increase of mesangial cells and matrix, either focal or 
diffuse, may be observed. For this reason, the names NIL-disease (nothing 
in light microscopy) or minimal-change disease have been variously applied. 
The latter term has now found general acceptance and the term "lipoid 
nephrosis," which was originally used by MUNK (1918) to designate a disease 
accompanied by lipiduria, is gradually being replaced. 

All reports agree on the absence of electron dense deposits in minimal
change disease, and on the fact that this disease is not a precursor or in any 
way related to membranous nephropathy (HOPPER et at., 1970). 

A condition resembling minimal change disease can be produced in rats 
by administration of amino nucleoside of puromycin. Glomerular changes bear 
considerable resemblance to those in man with lipoid nephrosis (FELDMAN 
and FISHER, 1959). However, prolonged administration of the chemical resulted 
in a progressive glomerular lesion reminiscent of focal sclerosis (see next 
section) (FELDMAN and FISHER, 1971). 
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2. Focal Glomerular Sclerosis 
Focal glomerular sclerosis (FGS) was first observed about 50 years ago 

by F AHR (1925) who described it in some children with the nephrotic syndrome 
and suggested that it represented a step in progression to renal failure. RICH 
(1957) discovered that the lesion usually began in the juxtamedullary glomeruli. 
Recently, it has been noted that FGS is frequently associated with poor 
response to steroid treatment and an unfavorable clinical outcome (CHURG 
et at., 1970). 

The light microscopic features have been described by a number of authors 
(HABIB et at., 1961; MCGOVERN, 1964; HAYSLETT et at., 1969). The charac
teristic lesion is segmental, involving one or several lobules in a glomerulus, 
which take on a solid appearance. There is local increase in mesangial matrix, 
collapse of capillaries, adhesions to Bowman's capsule and, frequently, the 
appearance of hyaline material in involved areas. Slight diffuse increase in 
mesangial cellularity may sometimes be present. Frequently, there is hyper
plasia and hypertrophy of the visceral epithelial cells, which may form small 
crescents over the sclerotic areas. 

On electron microscopy, loss of foot processes is present in all glomeruli 
so that, in the stricter sense, the lesion represents a diffuse glomerular disease. 
In addition, the appearance of electron dense deposits has been described in 
the involved segments (HYMAN and BURKHOLDER, 1973) corresponding to 
fluorescence microscopic findings of immune globulins, especially IgM and 
complement (C3). Thickening of basement membranes and mesangial matrix 
were found by NAGI et at. (1971), and RUMPELT and THOENES (1972) described 
fine filamentous matrix-like material in the periphery of the capillary loop. 
Intracapillary fibrin and platelets are slightly more common in focal glomerular 
sclerosis than in minimal-change disease (DUFFY et at., 1970). 

In our experience, most of the changes are rather nonspecific and consist 
of wrinkling and collapse of basement membranes and local increase of 
mesangial matrix and, occasionally, some mesangial cells (Fig. 2). Small dense 
deposits were found by us in 20 out of 48 cases. They are located between the 
basement membrane and endothelium, or under the basement membrane 
covering the mesangium. In addition, there are hyperplastic changes in the 
podocytes corresponding to those observed by light microscopy. They are 
characterized by swelling of cytoplasm with increase of rough endoplasmic 
reticulum. Occasionally, there is degeneration of podocytes causing breaks 
of the cell membranes in the early stages. Later, there may be detachment of 
podocytes from the basement membrane over shorter or longer stretches. The 
newly formed spaces may attain considerable width and become filled with 
thin layers of basement membrane and cell debris (Fig. 3). Such changes are 
found especially in young adult male patients who are also drug addicts 
(GRISHMAN and CHURG, 1975). These lesions resemble changes found in ex
perimental radiation nephritis (MADRAZO et at., 1969) and those recently 
produced in rats made nephrotic by the injection of N,N'-diacetylbenzidine 
(CARROLL et at., 1974). 
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Fig. 2. Focal glomerular sclerosis. Mesangial expansion and partial capillary collapse 
Note two mesangial cells. x6000 

Systematic semiquantitative methods of electron microscopic analysis 
were applied by J AO et al. (1973) to separate patients with" minimal glomerular 
changes only" from those with very subtle degrees of abnormality, such as 
slight increase in mesangial matrix and slight wrinkling of glomerular base
ment membranes. By this means, the authors showed that patients with only 
minimal glomerular changes apparently respond better to treatment with 
steroids than those with minor mesangial or basement membrane changes. 
However, this has not been conclusively proved. 

The relationship between minimal-change disease and focal glomerular 
sclerosis is still controveIsiai. Most authors agree that the latter disease is 
much less responsive to steroid treatment than pure lipoid nephrosis, but it 
has not been established whether the two lesions represent two different 
diseases or different stages of the same disease. CHURG et al. (1970) postulated 
two separate entities on the basis of light microscopic observations and clinical 
data. A similar view is expressed by J AO et al. (1973), who found in their 
series of patients that the duration of disease was no longer in patients with 
FGS than in those with "minimal glomerular changes only." Recently, 
KASHGARIAN et al. (1974) suggested, however, that "focal glomerular sclerosis 
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Fig. 3. Focal glomerular sclerosis. Detachment of epithelial cells from the basement 
membrane (see Text). X 13400 

may be a stage in the evolution of the disease from minimal change to a more 
chronic form of glomerular damage." HABIB (1973) proposed that there are 
two populations of patients, namely those with FGS at the onset and steroid 
resistant disease, and those who develop FGS in previously normal kidneys 
and are more or less steroid-sensitive. Our own experience seems to support 
this concept (GRISHMAN and CHURG, 1975). 

3. Membranous Nephropathy (Membranous Glomerulonephritis) 
The term membranous glomerulonephritis was first applied by BELL in 

1929 to cases that clinically presented themselves as idiopathic nephrotic 
syndrome and who, on histologic examination, showed thickening of capillary 
walls or capillary basement membranes in the glomeruli. BELL'S report was 
not easily substantiated partly because of inadequate (too thick) histologic 
sections generally in use at that time and partly because thickening of the 
capillary walls occurred only in some patients and was absent in others. With 
the use of thinner sections (2 to 3 !Lm or less) and the introduction of modern 
staining methods, such as PAS, silver methenamine, and improved trichrome, 
BELL'S findings were confirmed. It was possible to demonstrate that the 



114 ]. CHURG and E. GRISHMAN: 

Fig. 4. Membranous nephropathy, early stage. Subepithelial deposits and" spikes" (the 
latter indicated by arrows). X 15600 

thickening of the capillary wall was due to two elements: deposition of hyaline 
(protein) material between the epithelial cells and the basement membrane, 
and formation of "spikes" which stained in a manner similar to that of the 
basement membrane (JONES, 1957; CHURG and GRISHMAN, 1957). The details 
of these abnormalities could not be established accurately until the application 
of electron microscopy, supplemented by immunofluorescence microscopy. 
The typical appearance of "spikes and dome" was indeed found by electron 
microscopy to be due to deposits of proteins which included immunoglobulins
IgG, rarely IgM, and complement (C3). 

The deposits are generally discrete and are separated from each other by 
projections of the basement membrane that constitute the spikes (EHREN
REICH and CHURG, 1968) (Fig. 4). The protein deposits are almost invariably 
homogeneous under low magnification electron microscopy and finely granular 
under high magnification. On very rare occasions they show an organized 
"fingerprint" pattern. The individual deposits are usually small and dome
shaped and are classified by immunofluorescence microscopy as granular. 

The "spikes" arise from the underlying basement membrane and consist 
of structurally similar material, though, as a rule, they are less dense and less 
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homogeneous than the original basement membrane. They vary in thickness 
and shape, sometimes being thicker at the tip, that is towards the epithelial 
cell, or more often at the base. The basement membrane itself appears little 
altered. The endothelial cells are often swollen and the epithelial cells show 
characteristic changes of massive proteinuria or nephrotic syndrome in the 
form of hyperplasia of the organelles or, alternately, edematous areas devoid 
of organelles, and the loss or "fusion" of foot processes. 

In the early stages of the disease the protein deposits are the dominant 
feature. Very early, only small deposits may be present in some capillary loops. 
They are irregularly scattered in the glomeruli and cannot be seen by light 
microscopy though they can be recognized by immunofluorescence microscopy. 
At that time the spikes are absent or are very small and the appearance of the 
glomeruli suggests minimal-change disease. This appearance is probably the 
source of confusion in the older literature where cases have been reported 
showing transformation of minimal-change disease to membranous nephro
pathy. Actually no such cases have been authenticated. This early stage has 
been designated as Stage I (EHRENREICH and CHURG, 1968). Stage II is the 
previously described typical appearance of membranous nephropathy where 
deposits are numerous and are clearly separated by spikes. Stage III is charac
terized by progressive extension of the spikes, which eventually meet and 
entrap the deposits (Fig. 5). Deposits then seem to lie within a markedly 
thickened irregular basement membrane. 

Formation of deposits is probably a continuous process. Some of them 
may be shed into the urinary space or are phagocytosed by the epithelial cells, 
and new deposits cross the basement membrane and are trapped under the 
epithelium. In this manner very complex patterns may be seen in Stage III. 
At the same time some of the entrapped deposits may undergo gradual 
dissolution with formation of "empty spaces." The latter eventually become 
filled with basement membrane material. 

There is also a Stage IV where deposits disappear almost completely and 
the basement membrane becomes nearly homogenous and very thick, though 
sometimes still showing a tooth-comb appearance on the epithelial side. 
Stage IV represents healing by scarring. It is usually nonuniform, affecting 
some segments of capillary wall more prominently than others. 

The glomerular mesangium shows comparatively little change. There may 
be minimal increase in cellularity and perhaps also slight increase in amount 
of mesangial matrix. Occasionally these two processes are more prominent, 
leading to confusion with the membranous nephropathy of systemic lupus 
erythematosus. Sometimes mesangial changes signify a process which is akin 
to focal sclerosis (see previous section): In addition to enlargement of the 
mesangium there is collapse of the capillaries with solidification of the whole 
lobule. This is apparently a progressive process, which eventually leads to 
the picture of chronic glomerulonephritis. Even in the advanced stage, it is 
still possible to recognize the nature of the disease by the presence of spikes 
in at least some of the capillaries. Crescents do occasionally occur in association 
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Fig. 5. Membranous nephropathy, advanced stage. The basement membrane shows a 
complex pattern of proj ections (arrows) and deposits. X 7500 

with membranous nephropathy. They may signify a change in the nature of 
the disease from an immune complex process to antiglomerular basement 
membrane disease (KLASSEN et al., 1974), and they definitely accelerate the 
development of renal failure. 

Clinically, membranous nephropathy is manifested primarily by the 
nephrotic syndrome, that is, massive proteinuria, edema, and hypoalbumin
emia. If the disease is encountered at an early stage, only proteinuria may be 
present, but edema develops almost invariably in due course. Microscopic 
hematuria is not uncommon though gross hematuria is rare. Hypertension 
is often present but it may predate the membrane us nephropathy. The disease 
affects males and females at about the same rate and is much more common 
in adults than in children. 

There is a fairly good clinical correlation between the histologic stage and 
the course of the disease. Most patients in Stage I either recover or improve, 
though some show progression which may be quite rapid. When the patients 
are in Stage II, they show fewer recoveries but considerable incidence of 
improvement. There are cases on record of complete or nearly complete 
resolution of the glomerular lesions (LAVER and KINCAID-SMITH, 1973) . In 
Stage III the majority of patients do not improve and often progress to renal 
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failure. Stage IV, as mentioned, is a healing stage. It is an uncommon outcome 
of the disease. Such patients may be totally free of symptoms, though it is 
likely that they have decreased renal reserve. 

The nature of membranous nephropathy is unknown. Because of the 
presence of immunoglobulins and complement, it is thought to represent an 
immune-complex disease. This is probably true of some cases of secondary 
membranous nephropathy (see below) and perhaps also true of the idiopathic 
form, though further data are needed for the latter. There is evidence that in 
at least some cases, the antigen is derived from the renal tubules (N ARUSE 
et al., 1973). Some instances apparently follow acute proliferative glomerulo
nephritis (RICHET et al., 1974). Whatever the origin of the protein deposits, 
it is obvious that they consist of molecules of the proper size, shape, and 
charge, which are able to cross the basement membrane but are unable to 
easily cross the epithelial cell membrane. Because of this property, they 
remain for a long time within the capillary wall and apparently set up a reactive 
process that leads to formation of additional basement membrane material, 
most likely by the overlying epithelial cells. One must assume that if the 
basic disease process abates, healing can take place either by removal of the 
deposits or by incorporation into the basement membrane. If the disease 
continues, there may be irreversible progression to renal failure. 

In addition to the idiopathic membranous nephropathy there are several 
forms associated with or secondary to other diseases. Membranous nephro
pathy is not too rare in pregnancy where it runs a course similar to that of 
the idiopathic group. It appears to be incidental rather than related to the 
pregnancy. Certain drugs and chemicals are capable of producing nephrotic 
syndrome with histologic changes of membranous nephropathy, among them 
heavy metals (gold or mercury), penicillamine, and organic solvents. Allergic 
reactions to beesting or to poison ivy can also be followed by membranous 
nephropathy. Certain infectious processes such as secondary or congenital 
syphilis may lead to nephrotic syndrome with membranous nephropathy. 
These forms tend to respond to specific therapy. Membranous nephropathy 
also occurs in combination with glucose dysmetabolism either in the form of 
frank diabetes or chemical diabetes (high fasting blood sugar or abnormal 
glucose tolerance test). As mentioned earlier there is a membranous form of 
lupus nephritis, which will be discussed in that section. Renal vein thrombosis 
has been suggested as a cause of membranous nephropathy. The available 
evidence, however, favors the view that thrombosis is secondary to mem
branous nephropathy, or more specifically, to the nephrotic syndrome (DUFFY 
et al., 1973). Experimental constriction of renal veins in animals leads to 
proteinuria and nephrotic syndrome but without membranous changes in the 
glomeruli (FISHER et al., 1968). On the other hand, membranous nephropathy 
is not uncommon in animals, such as dogs and cats (MURRAY et al., 1971; 
SCOTT et al., in press). 

Experimentally, membranous nephropathy has been produced by ad
ministration of heavy metals (iron, mercury) (DACHS and CHURG, 1965; 
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BARIETY et at., 1971) or kidney suspension (Heymann nephritis) (HEYMANN 
et at., 1959). Membranous glomerulonephritis also follows repeated injections 
of foreign protein (DIXON et at., 1961) or a single injection of a nephritogenic 
glycoprotein (SHIBATA et at., 1972). In the last two instances the resulting 
glomerular disease resembles membranous lupus nephritis rather than idio
pathic membranous nephropathy. 

4. Acute Proliferative Glomerulonephritis 
Acute diffuse proliferative glomerulonephritis most often follows strepto

coccal infection, but may also be associated with other bacteria (e.g. staphylo
coccus) and probably with virus, or it may be caused by noninfectious agents, 
such a foreign protein. Clinically it is manifested by the" nephritic syndrome," 
that is, hematuria, proteinuria, hypertension, and salt and water retention. 

The characteristic histologic features are enlargement of the glomerular 
tuft with increase in the number of cells and compression of the capillaries. 
The cells are of two types: rather large mononuclear cells and polymorphonuclear 
leukocytes. In addition, there may also be proliferation of the cells lining 
Bowman's capsule with formation of crescents. The polymorphonuclear leuko
cytes are mostly neutrophils (Figs. 6 and 7) though some eosinophils may be 
encountered. The number of leukocytes is related to a degree to the severity 
of the disease process and the stage of development. Leukocytes are more 
numerous in the early stages and tend to disappear later. They may be present 
in the capillary lumen, in the mesangium, and in the urinary space. Those in 
the lumina tend to adhere to the capillary wall, either to the endothelium or 
to the denuded basement membrane (Fig. 7) and sometimes can be seen 
wandering through the wall. They are particularly prominent in the areas of 
subepithelial deposits (see below). The mononuclear cells tend to occupy the 
mesangium, expanding the lobular stalks. However, some may also be found 
in the capillary lumina. Some of the cells are undoubtedly blood monocytes. 
However, the majority of cells appear to be of local origin, representing pre
dominantly the proliferated mesangial cells (Fig. 6). 

Older concepts dating from the days of light microscopy view these cells 
as endothelial. Though differences between endothelial and mesangial cells in 
the normal glomerulus are readily perceived, in disease the proliferating cells 
lose some of their characteristics and the recognition of the cell type is often 
impossible by the morphologic appearance alone. What is crucial is the relation 
of the cells to the capillary lumina and to the mesangial matrix. The endo
thelial cells undergo considerable swelling with constriction of the lumen. 
They face the lumen on at least one aspect and are attached to each other 
by junction complexes. The mesangial cells on the other hand are separated 
from the lumen and from the endothelial cells, as well as from each other, 
by strands of mesangial matrix. This separation is usually incomplete so that 
over small areas the mesangial cell can be in contact with the endothelial cell 
and even form protrusions (" blebs ") in the capillary lumen through or between 
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Fig. 6. Acute proliferative glomerulonephritis. There is marked increase in the number 
of mononuclear cells, most of which are mesangial but some, endothelial. The mesangial 
cells are separated by thin strands of mesangial matrix. Note polymorphonuclear leuko-

cytes under the basement membrane. X 3 560 

the endothelial cells. However in any plane of section, the mesangial cells are 
clearly demarcated by the mesangial matrix which surrounds them, while the 
endothelial cells contact the matrix only over their basal portions. 

A degree of endothelial proliferation may be encountered in some capillary 
loops (Fig. 6), but their contribution to the total cellularity is generally small. 
More conspicuous endothelial proliferation may accompany capillary embolism 
and thrombosis, particularly during the stages of organization and regeneration. 

The second important feature that was recognized by electron microscopy 
and later confirmed by immunofluorescence and even by light microscopy is 
the presence of protein deposits (CHURG et al., 1962; KIMMELSTIEL et al., 1962). 
These deposits are most often seen between the basement membrane and the 
visceral epithelial cells (podocytes). The deposits in this location (Fig. 7) are 
generally small, "hump-like," dome or flame-shaped, usually discrete, but 
occasionally confluent. On electron microscopy they may be homogeneous 
under low magnification and finely granular with high magnification, but 
sometimes they are nonhomogeneous showing lighter and darker areas (CHURG 

and GRISHMAN, 1972). The latter type of deposit is more often seen in the more 
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Fig. 7. Acute proliferative glomerulonephritis, higher magnification. Deposits (so-called 
"humps ") are seen on the epithelial side of the basement membrane. They vary in size 
and are non-homogeneous. A polymorphonuclear leukocyte adheres to the basement 

membrane on the endothelial side . X 15860 

advanced stages of the disease. ANDRES et ai. (1963) noted that in serum 
sickness nephritis in animals the denser areas in the deposits contain gamma 
globulins and the lighter areas do not. Whether a similar explanation applies 
to the deposits in man is unknown. The foot processes over the deposits are 
usually effaced, but the underlying basement membrane is unchanged or at 
most slightly indented. 

In addition to the subepithelial deposits, small subendothelial deposits 
may be present. These also tend to be nonhomogeneous. Deposits in the 
mesangium are rarely seen by electron microscopy but sometimes may be 
demonstrated by immunofluorescence microscopy. Immunofluorescence also 
shows that the deposits contain immune globulins, especially IgG and comple
ment. In some instances streptococcal antigens have been demonstrated by 
immune ferritin techniques (ANDRES et ai., 1967), mainly in the mesangial 
deposits but not in the subepithelial deposits. Though poststreptococcal 
glomerulonephritis is believed to be an example of immune complex disease, 
the absolute proof of this is not yet available. 
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The number and density of the deposits vary considerably from case to 
case. In severe cases they are numerous and may be confluent; in mild cases 
they may be completely absent (HINGLAIS et al., 1974). The deposits persist 
for only a short time even in the severe cases, at most for several weeks, and 
later disappear despite the persistence of the disease. On rare occasions they 
may be present for many months or even years though it is not certain whether 
they are actually the original deposits or are newly formed. When deposits 
are present for a long time they may be accompanied by focal thickening or 
projections of basement membrane (" spikes "). There are also cases on record 
where deposits are accompanied by numerous spikes so that the appearance 
of the capillary wall is similar to that of membranous nephropathy. 

With resolution of the disease the proliferated cells decrease in number 
and eventually disappear, the newly formed mesangial matrix is resorbed, 
and restitution to normal follows. This process may take several weeks or 
months. As the capillaries reopen, the remaining cells can be clearly localized 
to the mesangium and the term "mesangial glomerulonephritis" is sometimes 
applied in this situation. This mesangial proliferation may not be uniform 
and without the knowledge of previous history, one may think of focal glo
merulonephritis. In some patients the resolution is very slow, and mesangial 
cellularity may be present many months or many years after the acute episode. 
Immunoglobulins may also be found along the mesangial cells. Such patients 
often have mild clinical symptoms in the form of trace proteinuria or micro
scopic hematuria, but eventually tend to become symptom-free. It is not 
certain whether this healing occurs by complete resolution or by scarring and 
obliteration of the few more severely damaged glomeruli. In severe attacks, 
in addition to marked cellular proliferation and the subepithelial deposits, 
thrombi may occur in the capillary lumina and crescents may form in Bowman's 
space. The presence of one or both of these elements aggravates the prognosis 
and when the crescents are very numerous, severe and prolonged renal failure 
may ensue, sometimes ending in death. The structure of the crescent will be 
described in a subsequent section. 

Experimentally a picture closely resembling acute proliferative glomerulo
nephritis occurs in serum sickness and can be produced by injection of foreign 
protein (e.g. bovine serum albumin) into animals (DIXON, 1965). Despite the 
morphologic similarity, the pathogenetic identity of serum sickness nephritis 
and poststreptococcal nephritis is still uncertain. 

5. Extracapillary Glomerulonephritis 

This form of glomerulonephritis is also known to the clinicians as "rapidly 
progressive glomerulonephritis." It is characterized clinically by the nephritic 
syndrome, sometimes insidious in onset, by anemia which may be severe, and 
by rapid progression (weeks or months) to renal failure. The histologic hall
mark of the disease is the presence of crescents, which are large and numerous. 
Crescents may accompany changes in the capillary tuft or may be the sole 
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Fig. 8. Extracapillary glomerulonephritis. Cellular crescent occupies the upper part of 
the picture. Collapsed glomerular capillaries are seen in the lower right corner. The 

arrow indicates a break in the basement membrane. X 3400 

or the major change in the glomerulus. The combination of extracapillary 
and intercapillary changes is seen in such diseases as poststreptococcal and 
other infectious glomerulonephritides, in lupus nephritis, occasionally in mem
branous nephropathy, in mesangiocapillary or lobular glomerulonephritis, and 
a variety of other glomerular diseases. Pure extracapillary glomerulonephritis 
may be either idiopathic or associated with systemic diseases such as peri
arteritis nodosa, Goodpasture's syndrome, or Wegener's granulomatosis. 

The structure of the crescent is similar in all of these conditions with the 
possible exception of that in focal sclerosis (MORITA et at., 1973a). The crescent 
begins by proliferation of the cells of Bowman's capsule. These cells are 
normally flat but under the stimulus of the disease, they first become cuboidal 
and then form multiple layers which arrange themselves into a crescentic 
structure (Fig. 8). The cell cytoplasm tends to vary in appearance from very 
light, containing a very small number of organelles, to dark with abundant 
rough-surfaced endoplasmic reticulum. The cells are attached to each other 
by intercellular junctions but may be separated by narrow clefts containing 
precipitated protein material. In addition, erythrocytes and fibrin may be 
found between or near the proliferating cells. 
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There has been some question whether the visceral epithelial cells, the 
podocytes, participate in crescent formation. Recent studies suggest that the 
answer is in the affirmative (MORITA et at., 1973 a). Usually the proliferating 
podocytes contribute only a small fraction of the volume of the crescent 
though they assume the same appearance as the proliferating cells of Bowman's 
capsule. In some situations such as focal sclerosis, it is the podocytes which 
predominate in the crescents. 

The purely cellular crescent is rapidly transformed into mixed (fibro
cellular) form. The intercellular protein precipitates, and other debris is 
replaced by intercellular fibers. These at first have the appearance of branching 
basement membranes and stain positive with PAS method. Soon they are 
either transformed or are augmented by deposition of gradually thickening 
collagen fibers which do not stain with PAS. The typical fibrocellular crescent 
consists of a fine framework of fibers surrounding single and small groups 
of crescentic cells. With further progression the intercellular fibers increase in 
thickness and size, gradually compressing the cells and eventually trans
forming the crescent into a fibrous, acellular, or nearly acellular structure. 
This process may take a few weeks or a few months. 

Crescents have a profound effect on the structure and function of the 
capillary tuft. This effect depends in part on the size of the crescent, the 
rapidity of its development, the concurrent changes in the capillary tuft and, 
as far as the function of the kidney as a whole, on the percentage of glomeruli 
involved by the crescentic formation. In those conditions where the disease 
is primarily extracapillary, the tuft responds mainly by collapse of the capil
laries. However, if there is intercapillary proliferation in the tuft, the capillaries 
appear to resist the pressure of the crescent and may eventually recover. In 
pure extracapillary glomerulonephritis the presence of crescents in 50% of 
the glomeruli is a poor prognostic sign. In poststreptococcal glomerulonephritis 
recovery is possible even with 75 % involvement. 

The changes in the capillary tuft in the" pure" extracapillary glomerulo
nephritis are not limited to the coHapse of capillaries but also take the form 
of protein deposits in and around the basement membrane. In some cases 
such as Goodpasture's syndrome, the deposits are distributed in a diffuse 
linear pattern affecting basement membranes of all capillaries. In other 
conditions the deposits show varying patterns of short linear stretches or 
irregular lumps (CHURG et at., 1973; STRIKER et at., 1973). In post streptococcal 
glomerulonephritis and in other diseases in which crescents are incidental, the 
pattern of deposits is typical for the disease concerned. 

A very interesting finding is the demonstration by electron microscopy 
of breaks or defects in the capillary basement membranes (MORITA et at., 
1973 a; MIN et at., 1974) (Fig. 8). Such breaks occur in nearly all casesofpure 
extracapillary glomerulonephritis and in a lesser percentage of those associated 
with intercapillary proliferation. The breaks are of several morphologic 
varieties. Some of them may be secondary to crescent formation and some 
appear to precede crescent formation. It has been suggested that the early 
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breaks are part of the disease process and that they are responsible for leakage 
of red blood cells and proteins including fibrinogen into Bowman's space. 
The breaks may be caused by the action of antibasement membrane antibodies 
and perhaps also by the action of leukocytes. Once red blood cells and fibrin 
escape into Bowman's space they induce a proliferative reaction on the part 
of the epithelial cells. This is the current explanation for the formation of 
crescents, though probably any substance which is deposited in Bowman's 
space through the leaking capillary walls or by disintegration of the capillary 
because of necrosis and thrombosis, can produce a similar reaction. 

The experimental equivalent of extracapillary glomerulonephritis is some
times thought to be represented by Masugi (antikidney serum) nephritis 
(CHURG and GRISHMAN, 1959), especially because of the linear deposits ot 
immunoglobulins in the glomeruli (DIXON et at., 1971). Crescents indeed do 
occur in this disease, but mesangial proliferation and capillary thrombosis 
are also present (CHURG et at., 1960). None of the experimental models IS 

identical to "pure" extracapillary glomerulonephritis in man. 

6. Mesangiocapillary (Membranoproliferative) Glomerulonephritis 

The term mesangiocapillary glomerulonephritis (CHURG et at., 1970) denotes 
a form of glomerular disease that is manifested by proteinuria often ac
companied by the nephrotic syndrome, by frequent hematuria and hyper
tension, and by low complement levels in the blood. It is also commonly called 
membranoproliferative glomerulonephritis (HABIB et at., 1961), hypocom
plementemic glomerulonephritis (WEST et at., 1965) and for certain histologic 
forms, lobular glomerulonephritis. The disease occurs mainly in young people. 
It is slowly progressive, ending in renal failure. However, occasional cases with 
clinical and histologic recovery have been reported (KINCAID-SMITH, 1973). 

On light microscopy the glomeruli are large, show considerable cellularity 
with enlargement of the mesangium and thickening of the capillary walls. 
If the mesangium in the lobular centers is strikingly enlarged, a picture of 
lobular glomerulonephritis is obtained. The term membranoproliferative 
glomerulonephritis was introduced by light microscopists who thought that 
they were dealing with a combination of proliferative changes and basement 
membrane thickening. However, the true nature of the pathologic changes 
is revealed by electron microscopy. 

The characteristic feature of mesangiocapillary glomerulonephritis is the 
extension of the mesangium into the capillary wall between the endothelium 
and the basement membrane (CHURG et at., 1965) (Fig. 9). This extension 
may consist mainly of cells but is usually accompanied by mesangial matrix 
and also by formation of protein deposits. The mesangiallayer in the capillary 
wall completely encircles the lumen or forms shorter or longer stretches along 
the basement membrane. Its thickness varies considerably depending upon the 
number of cells and especially the amount of matrix. The inner layer of matrix 
adjoining the endothelial cells often forms a more or less continuous line which 
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Fig. 9. Mesangiocapillary glomerulonephritis. A narrow space encircles the capillary, 
separating the basement membrane from a subendothelial layer of mesangial matrix. 
The space contains cytoplasm of mesangial cells. Proliferating mesangium occupies the 

right corner and lower part of the picture. X4900 

on light microscopy gives the impression of splitting or reduplication of the 
basement membrane. However, the latter appears quite normal by electron 
microscopy with perhaps slight irregularities in the outline and density. The 
epithelial foot processes are usually absent over shorter or longer stretches of 
the capillary wall. This is generally related to the degree of proteinuria and 
the nephrotic syndrome. The mesangium in the areas of the glomerular stalk 
shows proliferation of cells and deposition of matrix. Occasionally a few 
polymorphonuclear leukocytes may be present, but this cannot be related 
to the severity or duration of the disease. 

The second important feature of mesangiocapillary glomerulonephritis is 
protein deposits. These may be found in several locations. The most striking 
and most common location is the subendothelial space, or more precisely the 
subendothelial mesangium. Such deposits are usually discontinuous, forming 
smaller and larger" lumps" and sometimes attaining considerable dimensions. 
On electron microscopy they appear homogeneous or very finely granular. 
By immunofluorescence they are shown to contain the C3 component of 
complement, and less constantly and in smaller amounts gamma globulins 
such as IgG and IgM and sometimes also IgA (HERMAN et al., 1970). Similar 
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deposits may also be found in the stalk within or next to strands of the 
mesangial matrix. The deposits may also be present within the basement 
membrane, where they often assume a particularly dense appearance (see 
following section). Occasionally deposits filter across the basement membrane 
and appear in the subepithelial space. 

The origin of mesangioca pillary glomerulonephritis is unknown. It sometimes 
begins in a manner similar to acute proliferative postinfectious glomerulo
nephritis though there is no clear-cut evidence of streptococcal etiology in 
most cases. It is known that in severe acute proliferative glomerulonephritis 
the mesangium may extend into the capillary wall, suggesting that persistence 
of this phenomenon may lead to mesangiocapillary glomerulonephritis. How
ever, it must be remembered that subendothelial extension of the mesangium 
is not specific for any disease and may be seen in a variety of situations such 
as lupus nephritis, hemolytic-uremic syndrome, or hepatic glomerulosclerosis. 

7. Dense Deposit Disease 
Dense deposits in the glomerular basement membrane were first described 

by BERGER and GALLE (1963). The name is suggested by their electron micro
scopic appearance. On light microscopy they stain brightly with eosin, im
parting a ribbon-like character to the capillary walls. On electron microscopy 
they are nearly black (Fig. 10) and often completely fill the basement mem
brane, which is no longer recognizable as such. Such basement membranes 
vary in thickness and outline but may show areas free of deposits. In other 
cases the dense deposits occupy only part of the width of the basement mem
brane or form short interrupted stretches. 

Dense deposits are frequently associated with mesangiocapillary glomerulo
nephritis (HABIB et at., 1973). However there are cases where they appear 
to constitute the primary glomerular change, or where they accompany other 
forms of glomerulonephritis (JENIS et at., 1974). Dense deposits are not limited 
to the glomeruli but occur also in and around the tubular basement mem
branes. Their nature is presently unknown. BERGER and GALLE (1963) sug
gested that they may include glycoproteins. On immunofluorescence they 
sometimes contain complement (C3) but in other instances immunofluorescence 
microscopy gives completely negative results. The peri tubular deposits contain 
C3 more often than the glomeruli. Dense deposits stain well with thioflavin T 
but this is a nonspecific reaction. 

Patients with dense deposits eventually develop renal failure. It had been 
demonstrated that at least in some cases the deposits reappear in the transplant 
though at first they do not cause any obviously glomerular damage (GALLE 
et at., 1971). The eventual fate of such transplants is presently unknown. 

8. Focal Glomerulonephritis 
Focal glomerulonephritis is defined as an inflammatory process affecting 

only some glomeruli, while others remain normal. If some segments of glomeruli 
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Fig. 10. Dense deposit disease. Dense deposit occupies the central part of a widened 
basement membrane. Proliferating mesangium is seen on the right side of the picture. 

X 10660 

are involved, with the remainder of the lobules being unchanged, the term 
"segmental" applies. Usually the lesions are both focal and segmental. The 
term "focal glomerulonephritis" is descriptive. The lesion may occur as a 
disease limited to the kidneys, or it may be part of a systemic affection. The 
etiology and pathogenesis vary with the disease. 

Several histologic types of focal glomerulonephritis are recognized, although 
there may be some overlap. 

Focal suppurative glomerulonephritis occurs in patients with septicemia 
caused by virulent microorganisms, such as Staphylococcus aureus (ZOLLINGER, 

1966). It is characterized by polymorphonuclear leukocytic infiltration of 
part of a glomerulus, but soon leads to abscess formation and destruction of 
the whole glomerulus and surrounding tissue. 

Focal proliferative glomerulonephritis is similar to diffuse proliferative, 
showing increase in mesangial cells and matrix. However, this proliferation is 
limited to only some glomeruli and to segments of these glomeruli. An example 
is glomerulonephritis in rheumatic fever. In this disease, focal segmental 
glomerulitis was observed in 2 of 22 patients; it consisted of slight segmental 
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Fig. 11. Focal glomerulonephritis induced by yeast. A yeast body (upper left corner) 
is located in a polymorphonuclear leukocyte. Other leukocytes are also present in the 
picture. Fibrinoid material lies in the capillary under the endothelium along the base
ment membrane (upper right corner). Mesangial cell is seen at the bottom of the picture 
(reproduced from: Acute Focal Glomerulonephritis in the Rabbit Induced by Injection 
of Saccharomyces cerevisiae by Wiliam H . JOHNSTON and Harrisson LATTA, Lab. 
Invest . 26, 741 - 754, 1972, with permission of the authors and the International Academy 

of Pathology). X 10000 

proliferation of mesangial cells and a few small dense deposits in the mesangial 
matrix (GRISHMAN et al., 1967). 

An experimental model of focal glomerulonephritis in the rabbit has been 
produced by JOHNSTON and LATTA (1972), who injected a suspension of 
Saccharomyces cerevisiae into the renal artery. The resulting lesion resembled 
both the suppurative and the proliferative focal glomerulonephritis (Fig. 11) 
and sometimes led to focal or diffuse necrosis of the glomerulus. 

The focal glomerulonephritis of IgA-nephropathy, first described by BERGER 

and HINGLAIS (1968). is also mainly proliferative. Patients suffering from this 
disease have asymptomatic attacks of microscopic or gross hematuria, which 
are often associated with respiratory infections. On light microscopy, there 
may be diffuse widening of mesangial areas, but frequently there is focal or 
segmental proliferative glomerulonephritis involving mainly mesangial cells, 
while other glomeruli appear normal. Immunofluorescence microscopy shows 
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Fig. 12. Berger's disease (IgA-IgG). Fluffy deposits in the mesangium along the base
ment membrane . X21300 

the presence of diffuse mesangial deposits of IgA, and sometimes IgG and C3. 
On electron microscopy, there is an increase of mesangial cells and matrix with 
"woolly" electron dense deposits in the mesangium (Fig. 12), and basement 
membrane of capillary loops (DAVIES et al., 1973). In addition, there may be 
deposits in Bowman's capsule and in the arterioles entering the glomerular 
hilum (McCoy et al., 1974). Epithelial and endothelial cells are usually un
remarkable. McENERY et al. (1973) found deposits mainly on the mesangial 
side of that portion of the basement membrane that is nonfiltering. Mesangial 
cells are described as proliferative with an increased number of organelles and 
an increase in cytoplasmic mass. There is general agreement that the diagnosis of 
IgA-nephropathy can only be made by means of immunofluorescence microscopy. 

Another form of focal, segmental proliferative glomerulonephritis was 
observed by VAN DE PUTTE et al. (1974) in a group of 22 patients with hema
turia. The glomerular lesion was also associated with mesangial dense deposits 
which, however, on immunofluorescence microscopy contained mainly IgM, 
C3 and C1q. 

Focal necrotizing glomerulonephritis may represent a more severe form of 
the preceding types. However, necrosis is most often due to capillary thrombosis 
and probably follows damage or destruction of the endothelium. Patients 
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suffering from so-called benign recurrent hematuria, an intrinsic renal disease, 
frequently present focal and segmental glomerulonephritis which is charac
terized on light microscopy by localized areas of cellular proliferation, or small 
foci of necrosis and intravascular thrombosis (HEPTINSTALL, 1973). Electron 
microscopic studies of focal glomerulonephritis in five patients with recurrent 
hematuria were described by LANNIGAN and INSLEY (1965), who found focal 
increase of mesangial matrix, folding and thickening of basement membranes 
and, in one case, electron-dense mesangial deposits. In another study of 
31 children (SINGER et al., 1968) many dense deposits were observed, usually 
related to the basement membrane, either subepithelial, intramembranous, 
or subendothelial. Since none of these studies includes immunofluorescence 
examinations, it is possible that some cases actually belong in the group of 
IgA-nephropathy. 

The classic example of a systemic disease associated with focal necrotizing 
glomerulonephritis is that occurring in patients with subacute bacterial endo
carditis. This lesion was first described by LOHLEIN (1910) as focal embolic 
glomerulonephritis. It was called thrombocapillaritis by ZOLLINGER (1966). 
Because of antibiotic treatment of the underlying endocarditis, the active 
lesion has become rare in recent years, and there are no conclusive reports of 
its electron microscopic appearance. 

A histologically similar lesion may be seen in patients with anaphylactoid 
purpura. This disease, occurring mainly in children, affects the small blood 
vessels of the skin, gastrointestinal tract, and frequently the glomeruli. The 
glomerular lesions are segmental and characterized by foci of hypercellularity, 
sometimes associated with intracapillary thrombosis, necrosis, and small cres
cents. Electron microscopy reveals endothelial cell hyperplasia, increase of 
mesangial matrix, focal foot process fusion, and platelets and fibrin in capillary 
lumina. Electron dense deposits are partly mesangial, partly subendothelial, 
and have a fluffy, granular, and fibrillar appearance (URIZAR et al., 1968). 
They often contain IgA in addition to IgG, C3, and fibrin. 

The glomerular lesion occurring in patients with Wegener's granulomatosis 
is also segmental and necrotizing. The additional finding of granulomas and 
vasculitis on light microscopy may be helpful in differentiating it from other 
types of focal necrotizing glomerulonephritis, but these lesions may be absent 
in the kidney. HORN et al. (1974) examined 18 renal biopsies from patients 
with Wegener's granulomatosis by electron microscopy; they found microfocal 
sclerosis and sUbepithelial dense deposits which they interpreted as immune 
complexes; the antigen remains, however, unknown. The deposits correspond 
to coarse granules that can be visualized by staining with fluorescinated anti
IgG and complement (ROBACK et al., 1969). 

Polyarteritis, which is closely related to Wegener's granulomatosis, may 
involve the larger arteries, or sometimes the microvasculature of glomeruli. 
In the latter, the microscopic form of polyarteritis, the glomerular lesions are 
often segmental with fibrinoid necrosis and podocyte reaction, and resemble 
those seen in Wegener's granulomatosis. 
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Focal sclerosing glomerulonephritis may be the end result of focal prolif
erative or necrotizing glomerulonephritis, e.g. in patients with treated sub
acute bacterial endocarditis or healed Henoch-SchOnlein syndrome. By defini
tion, it represents an inactive process and is characterized by acellular glo
merular segments showing collapse of capillaries, ingrowth of collagen fibers 
and adhesions to Bowman's capsule. It must be distinguished from a somewhat 
similar, but active disease, termed focal glomerular sclerosis. 

Focal proliferative and sclerosing glomerulonephritis may on occasion be the 
outcome of an incompletely resolved diffuse proliferative glomerulonephritis. 

The renal changes in systemic lupus erythematosus, Goodpasture's syn
drome, and hereditary nephritis may, at times, be focal or segmental. These 
lesions are discussed in other sections. 

9. Chronic Glomerulonephritis 
Chronic glomerulonephritis is a term broadly applied to various advanced 

glomerular diseases characterized by predominance of sclerosis over cellular 
proliferation. Chronic glomerulonephritis may be the result of acute prolif
erative glomerulonephritis, mesangiocapillary glomerulonephritis, membranous 
nephropathy, or a variety of other diseases. Sometimes specific features may 
be recognized in at least some glomeruli; e.g., advanced membranous nephro
pathy may still show subepithelial spikes and deposits in a few capillary loops. 
On electron microscopy the mesangial matrix is abundant, forming thick 
strands and masses. It is sometimes nonhomogeneous, containing vacuoles, 
fragments of cytoplasm, lipid and protein deposits, and often fibrils of collagen. 
The process of sclerosis is irreversible and ends in total loss of glomerulus, 
frequently followed by absorption of Bowman's capsule and of the collapsed 
capillary walls. 

10. Hereditary Nephritides 
Of the several forms of hereditary nephritis, two show rather specific 

changes on electron microscopy. One of these is Alport's syndrome, which is 
characterized by progressive glomerular damage, especially evident in males. 
It begins in childhood with manifestations of hematuria and ends in renal 
failure at a relatively young age. Women generally do better and can survive 
to old age. Children usually show no significant changes on light microscopy 
or at most a minor thickening of capillary basement membranes. By electron 
microscopy this thickening is often found to be caused by extensive longi
tudinal splitting of the glomerular basement membrane with small dark 
particles located between the split layers (HINGLAIS et al., 1972; SPEAR and 
SLUSSER, 1972; CHURG and SHERMAN, 1973) (Fig. 13). The nature of the dark 
particles is uncertain; they may possibly represent trapped lipid droplets. In 
more severe cases disruption of the basement membrane and actucal breaks 



132 ] . CHURG and E. GRISHMAN: 

Fig. 13. Hereditary nephritis. There is longitudinal splitting of the basement membrane 
with clear spaces and small dark particles. X 18700 

may be seen. The lesion is probably nonspecific but when it is seen in a specific 
clinical setting and is associated with no, or only minimal changes by light 
microscopy, it may be considered diagnostic of Alport's syndrome. The 
basement membranes of Bowman's capsule and of the tubules may also show 
splitting and accumulation of lipid. Such lesions cannot be distinguished from 
those seen in nephrotic syndrome of various etiologies. However, they may 
be considered significant if the blood lipid levels are normal. 

The second disease that shows characteristic electron microscopic changes 
is the nail-patella syndrome. In addition to changes in the bones and joints, 
these patients sometimes show progressive renal disease which in its advanced 
stages resembles chronic glomerulonephritis. In the early stages the only 
visible lesion may be thickening of glomerular basement membranes. On 
electron microscopy the thickening is due to deposition of thick bundles of 
collagen within the lamina densa (Fig. 14). Similar bundles may also be seen 
in the mesangial matrix (BEN-BASSAT et at., 1971; MORITA et at., 1973 b) 
(Fig. 14). 
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Fig. 14. Nail patella syndrome. 'Widening of basement membrane with dark bundles of 
collagen in the basement membrane and in the mesangial matrix. Phosphotungstic 

hematoxylin stain. X 7000 

III. Glomerulonephritis of Systemic Diseases 
1. Lupus Nephritis 

The study of lupus nephritis by electron microscopy has contributed 
greatly to the understanding of this disease. Lupus nephritis is one of the 
classic immune complex nephritides, antigen and antibody having both been 
recovered from the kidney (KOFFLER et at., 1967). It is presumed that these are 
combined into complexes and appear structurally as electron dense deposits 
(EDD) which correspond to immune globulins and complement demonstrated 
by fluorescence microscopy (MELLORS et at., 1957). Dense deposits were 
visualized for the first time by FARQUHAR et at. (1957) who correlated them 
with fibrinoid seen by light microscopy. Electron microscopy serves to localize 
these deposits in relation to cellular and extracellular components of the 
glomerulus. Thus, it was found that EDD may be present in the mesangium, 
and in the subendothelial and the subepithelial spaces. The amount and 
localization of the deposits are probably responsible for the type of lupus 
nephritis in an individual patient. 
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Fig. 15 . Lupus nephritis. Mesangial deposits along the basement membrane and the 
mesangial matrix. X 12200 

We distinguish five forms of lupus nephritis: minimal, focal, mesangial, 
diffuse, and membranous (MCCLUSKY, 1970; KOFFLER et at., 1969). In the 
first two groups there are usually few (or no) deposits. Mesangiallupus nephritis 
shows mainly mesangial deposits; the membranous form, subepithelial and 
mesangial deposits, and diffuse lupus nephritis, a mixture of subendothelial, 
subepithelial, and mesangial deposits. The presence of this mixture of deposits 
is highly suggestive, though not absolutely diagnostic, for lupus nephritis. 
It has been postulated that the localization of deposits depends on the molecular 
size of the immune complexes (GERMUTH and RODRIGUEZ, 1973). 

Mesangial deposits (Fig. 15) are the most common, are often present even 
in asymptomatic minimal disease, and are probably caused by the phagocytic 
activity of the mesangial cells which remove these complexes from the circula
tion. "Wire loops" are massive subendothelial deposits of proteins (Fig. 16) 
and were originally recognized on light microscopy as a characteristic feature 
of lupus nephritis (KLEMPERER et at., 1941). They are usually found in active 
diffuse lupus nephritis and connote a poor prognosis (DUJOVNE et at., 1972; 
COMERFORD and COHEN, 1967; GRISHMAN et at., 1973). COMERFORD and COHEN 
(1967) were the first to correlate the localization of deposits with the clinical 
presentation of the disease. It has also been shown that the number of deposits 
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Fig. 16. Lupus nephritis. Large subendothelial deposit ("wire-loop"). X 13800 

can be related to the outcome. In general, patients with few deposits have 
better prognosis than those with large, massive deposits, who often show 
progression of the disease. 

Membranous lupus nephritis resembles membranous nephropathy clinically 
and histologically, but is usually accompanied by mesangial deposits, which 
are extremely rare in nonspecific membranous nephropathy. Patients with 
this type of lesion are usually nephrotic and may have a prolonged course 
lasting many years. While the pure membranous form of lupus nephritis is 
rare (5 % in our experience), focal subepithelial deposits are common, occurring 
in about 25 % of cases. Electron dense deposits, especially subendothelial, 
often decrease after immunosuppressive treatment, but this does not usually 
prevent the nonspecific mesangial proliferation and scarring (DUJOVNE et at., 
1972; GRISHMAN et at., 1973). If patients die in renal failure after many years 
of steroid therapy, the kidneys are usually small and show the picture of non
specific chronic glomerulonephritis with few deposits. 

Electron dense deposits in varying amounts are also found around tubular 
basement membranes, capillaries, and in the wall of larger blood vessels. 

Most of the deposits appear finely granular, but occasionally they show 
organized "fingerprint-like" structures (Fig. 17) (Grishman et at., 1967) which 
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Fig. 17 . Lupus nephritis. Subendothelial deposit of "fingerprint" pattern. X 65 000 

are possibly due to the presence of phospholipids (WOOD, 1972) and have been ex
perimentally produced by repeated immunization of mice with egg albumin 
(OKUMURA, 1973). Though most of the fingerprint-like deposits are found in pa
tients with systemic lupus erythematosus, they are not specific for this disease, 
having been observed also in patients with other types of glomerulonephritis. 

Cellular changes found in lupus nephritis consist of increase and enlarge
ment of mesangial cells, swelling of endothelial and epithelial cells and, in 
patients with marked proteinuria, loss of foot processes. All cells show abundant 
cytolysosomes and prominent mitochondria. Frequently, there is circumferen
tial subendothelial extension of mesangial cells resembling mesangiocapillary 
glomerulonephritis. It is believed that most of these cellular changes are a 
secondary response to the deposition of immune complexes. The glomerular 
basement membrane is frequently thickened. 

Another electron microscopic feature found in almost all cases of lupus 
nephritis is membrane-enclosed tubular arrays within the cytoplasm of endo
thelial and sometimes other cells (GYORKEY et al., 1972) (Fig. 18). If a sufficient 
number of glomeruli are examined, tubular arrays may be found in close to 
100% of patients. They may also be found in endothelial cells of intertubular 
capillaries, as well as skin, muscle, and liver capillaries (DUBOIS and ARTER-
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Fig. 18. Lupus nephritis. A myxovirus-like structure in an endothelial cell is indicated 
by an arrow. X 38850 

BERRY, 1974). They are, however, not specific for lupus, having been demon
strated also in other renal diseases. Nevertheless, their prevalence in patients 
with systemic lupus erythematosus serves as a valuable adjunct in the diagnosis 
of this disease. Morphologically, the tubular structures resemble myxovirus 
particles, but are composed mainly of phospholipid and acid glycoprotein 
(SCHAFF et al., 1973) . It is unlikely that they are of viral origin since they 
have been recently produced experimentally in cultured lymphocytes (POTHIER 

et al., 1973). They may be related to the synthesis of gamma globulin, or may 
represent a cell organelle formed in endothelial cells in response to injury. 

Hematoxylin bodies, which are the only specific feature of systemic lupus 
erythematosus, have been described in electron microscopic investigations 
(COMERFORD and COHEN, 1967), but are difficult to recognize structurally. 

There are several spontaneous diseases in animals which resemble human 
systemic lupus erythematosus and which are accompanied by glomerulo
nephritis. In dogs the disease is manifested by autoimmune hemolytic anemia, 
thrombocytopenia, and positive lupus preparation. The glomerular lesions 
include "wire-loops" and progressive inflammation and sclerosis leading to 
renal failure (LEWIS et al., 1965). In New Zealand mice, particularly in the 
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hybrid NZBjW, deposits of gamma globulin and complement as well as DNA 
are seen along the glomerular basement membranes and in the mesangium. 
The animals have hemolytic anemia and die in renal failure (BIELSCHOWSKY 
et at., 1959). There are suggestions that the disease is induced or at least 
aggravated by viral infection or infections (MELLORS et at., 1971; TONIETTI 
et at., 1970). In the Aleutian mink the disease is definitely caused by virus 
(ADV) (HENSON et at., 1962; GORHAM et at., 1964) and is characterized by 
glomerulonephritis resembling lupus nephritis, by arteritis, and by plasma 
cell infiltrates in many organs. 

2. Hemolytic Uremic Syndrome and Thrombotic Thrombocytopenic 
Purpura 

Hemolytic uremic syndrome (HUS) and thrombotic thrombocytopenic 
purpura (TTP) are two diseases that have many clinical and laboratory 
features in common. They also produce similar histologic lesions in the kidney. 
Hemolytic uremic syndrome was first described by GASSER et at. (1955) in 
children but is also known to occur in adults. It is characterized by acute 
anemia of the hemolytic type with fragmented and distorted erythrocytes and 
evidence of hemolysis, by thrombocytopenia, and by acute renal insufficiency. 
Other organs in the body are rarely involved and then only to a mild degree. 
The main clinical manifestations of TTP are similar and also include hemolytic 
anemia and thrombocytopenia. Renal insufficiency, though, is rare and 
involvement of other organs, especially of the central nervous system, is very 
common. TTP occurs primarily in adults. 

On histologic examination the kidney shows lesions in the glomeruli and 
in the arteries and arterioles. Tubules are involved only secondarily. This 
consists of patchy or more extensive necrosis and may be accompanied by 
necrosis of the glomeruli up to the point of extensive cortical necrosis. 

The glomerular lesions are often subtle and may be minimal on light 
microscopy (HABIB et at., 1967). In more severe cases thrombi may be present 
in the capillary lumina. The characteristic feature of the disease is found on 
electron microscopy. It consists of swelling and separation of the endothelium 
from the basement membrane (VITSKY et at., 1969) and sometimes focal 
destruction of the endothelial cells (FRANKLIN et at., 1972). The subendothelial 
space becomes filled with pale, finely granular (Fig. 19), or sometimes finely 
fibrillar material occasionally with a suggestion of periodicity. This material 
stains strongly by immunofluorescence methods for fibrinogen or fibrin 
(KOFFLER and PARONETTO, 1966). It varies in amount with the severity and 
duration of illness and tends to disappear with recovery but may persist for 
a considerable length of time. Mesangial cells may invade the subendothelial 
space and in more advanced cases mesangial matrix is laid down in a manner 
reminiscent of mesangiocapillary glomerulonephritis. Glomerular thrombi con
tain fibrin. They may cause complete obstruction and necrosis of the glomerulus 
and of the corresponding tubules. 
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Fig. 19. Hemolytic uremic syndrome. The endothelium is separated from the basement 
membrane by very pale fluffy deposits (a rrow) and cytoplasm of mesangial cells. x 6850 

In addition to the endothelial detachment and capillary thrombosis, 
glomeruli may show other changes, some of which are recognizable on light 
microscopy. Fragmented red cells are noted in some cases. Cellular prolifera
tion is rare in the early stage and may take the form of focal collections of 
polymorphonuclear leukocytes or of mononuclear cells, either endothelial or 
mesangial in origin. If the glomerular process does not resolve, a more striking, 
mainly mesangial proliferation occurs, simulating glomerulonephritis on light 
microscopy. However, on electron microscopy the presence of endothelial 
detachment and the characteristic granular or fibrillar pale material in the 
subendothelial spaces will establish the diagnosis. The arterial lesions involve 
arcuate and interlobular arteries and arterioles. These lesions are in many 
ways analogous to those in the glomerulus. There may be luminal thrombosis 
progressing to organization. The arterial walls in larger arteries show mucoid 
intimal swelling and fibrosis, and those of small arteries and arterioles, hya
linization and fibrinoid necrosis. In some cases electron microscopy reveals 
separation of the endothelium with accumulation of pale material in the sub
endothelial space in a manner closely reminiscent of the glomerular lesion. 
A very characteristic change is an aneurysm of the afferent arterioles at the 
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point of entry into the glomerulus (ORBISON, 1952). The aneurysm is frequently 
filled with thrombus, which may undergo" glomeruloid" organization (UMLAS, 
1972). 

Progression of the glomerular lesions results in bland sclerosis with partial 
preservation of the lobular architecture. This process seems to ensue from 
organization of subendothelial and probably mesangial deposits. If a sufficient 
number of glomeruli are affected, permanent renal failure will ensue. 

Thrombosis and organization will often result in permanent narrowing of 
the arterial lumina and consequent hypertension. This hypertension may attain 
malignant levels and lead to a variety of complications. In such cases fibrinoid 
necrosis of the arterioles and intimal swelling and fibrosis of the arteries may 
dominate the picture, and the distinction from primary malignant hyper
tension is often difficult even on the electron microscopic level, particularly 
since primary malignant hypertension may be accompanied by manifestations 
of hemolytic uremic syndrome (LINTON etal., 1969). 

The renal changes in TTP are similar in all histologic details but usually 
much milder. However aneurysms of afferent arterioles are not infrequent. 

The hemolytic uremic syndrome is often interpreted as a form of dis
seminated intravascular coagUlation (DIC) and compared with the experimen
tal Shwartzman phenomenon (ERSLEV and SHAPIRO, 1971). While there are 
many similarities, there are also significant differences: In contrast to DIC, 
consumption of coagulation factors in hemolytic uremic syndrome is small 
and inconstant. In the Shwartzman reaction, glomerular capillaries become 
filled with fibrin exhibiting fibrillar structure with defined periodicity, and 
subendothelial deposits, if they occur, also consist of the same material. In 
hemolytic uremic syndrome, as has already been shown, the subendothelial 
deposits are usually granular or structureless, and do not stain for fibrin; 
intraluminal thrombi are relatively infrequent. There are suggestions that in 
hemolytic uremic syndrome the primary event is endothelial damage with 
secondary deposition of complete or incomplete coagulation products. How
ever, it is possible that hemolytic uremic syndrome differs from DIC not so 
much in the initiating event as in the degree and speed, and perhaps, deviation 
of coagulation process from its usual pathway. 

3. Radiation Nephritis 
Accidental or deliberate exposure of the kidney to therapeutic radiation 

induces changes in the glomeruli, tubules and blood vessels whose severity 
varies with the dose and which tend to progress with time. On light micro
scopy tubules and arteries appear to be primarily affected. The glomerular 
changes, often interpreted as secondary or late, are manifested by progressive 
sclerosis with little or no cellular proliferation, by thickening of the capillary 
walls, and by increase of the mesangial matrix. There are very few data on 
the electron microscopic appearance of glomeruli in human radiation nephritis. 
One case was studied by ROSEN et al. (1964), who found mesangial ingrowth 
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Fig. 20. Experimental radiation nephritis. Endothelium is detached from the basement 
membrane . The resulting space (arrows) is filled by fine protein precipitate of the same 

density as that in the capillary lumen. (Courtesy of Dr. A. MADRAzo.) X21350 

between the endothelium and the basement membrane and deposition of a 
large amount of material apparently representing new basement membrane. 

The explanation of these changes is provided by experimental studies 
that suggest that one of the earliest radiation effects (MADRAZO et at., 1969, 
1970) is detachment of the endothelium from the basement membrane of the 
glomerular capillaries (Fig. 20), and formation of new basement membrane 
by the detached endothelial cells. The space between the two basement mem
branes becomes filled by proliferating mesangium or by multiple layers of 
basement membrane. The glomerular mesangium shows slight cellular prolifera
tion accompanied by lysis of the mesangial matrix. Later, mesangial sclerosis 
supervenes. Radiation also affects the glomerular cells, which show distortion 
of mitochondria, accumulation of vacuoles and lipid droplets, and nuclear 
pleomorphism. The cells either recover or regenerate and retain their ability 
to form intercellular material, i.e. basement membranes and mesangial matrix. 

Tubular cells also undergo degeneration and become detached from their 
basement membranes. If severely affected, the cells disappear completely, 
leaving empty skeletons of basement membranes. If the damage is less severe, 
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the recovering or regenerating cells form a new basement membrane and the 
space between the new and the old membrane becomes filled by collagenous 
tissue. Often recovery is incomplete, the tubules have an atrophic appearance 
and are lined by small cuboidal cells. The arterial lesions, consisting of extensive 
necrosis of the wall accompanied by thrombosis, usually appear late, con
tributing to the final destruction of the kidney. In the early stages only focal 
detachment of the endothelium from the arterial wall and some degeneration 
of the muscularis may be noted. The slow development of the vascular lesions 
is probably due to the low replication rate of their cells. 

4. Hepatic Glomerulosclerosis 
Hepatic glomerulosclerosis is defined as glomerular disease accompanying 

acute and chronic disturbances of the liver. Glomerular changes occur in liver 
cirrhosis (BLOODWORTH and SOMMERS, 1959) but also in acute viral hepatitis 
and in toxic liver damage (SAKAGUCHI et at., 1965 a; FISHER and PEREZ
STABLE, 1968). On light microscopy these changes are usually mild, but occa
sionally are severe enough to be described as glomerulonephritis (Fig. 21). 
In the mild cases the only prominent feature by light microscopy is thickening 
of the mesangial stalk with perhaps a suggestion of thickening of capillary 
walls. On electron microscopy several types of deposits may be observed in 
sUbepithelial spaces and the mesangium. One type is represented by fine 
osmiophilic granules 5-10 nm in diameter without a definite limiting mem
brane. A second type of deposit is amorphous and the third type consists 
of very dense (black) particles, rounded or irregular and measuring up to 
100 nm in diameter. These particles are found mainly in the mesangial matrix. 

In the more severe, particularly in the chronic cases, in addition to the 
deposits, there is an obvious increase in the amount of mesangial matrix 
(Fig. 21). The basement membranes of the capillaries also become thickened, 
though at this stage it is not always clear whether this thickening is due to 
the increase in the amount of basement membrane material or to organization 
of the previously laid down deposits. Quite often the mesangial matrix con
tains lamellated deposits of calcium. 

With further progression of the disease the capillary wall becomes involved. 
This is manifested by considerable thickening and progressive irregularity of 
the basement membrane with focal indentations (notches) on the epithelial 
side and focal loss of foot processes. If the patient develops massive proteinuria 
or nephrotic syndrome, the loss of foot processes becomes diffuse. 

Lesions of renal glomeruli often accompany experimentally induced liver 
disease. Ligation of the bile duct in the rat causes temporary jaundice and 
deposition of dense black particles 40-60 nm in diameter between the endo
thelium and the basement membrane, apparently within the lamina rara 
intern a (SAKAGUCHI et at., 1965 b). These granules are generally short lived 
and tend to disappear within 2-3 weeks. If the jaundice persists, moderate 
thickening of the capillary basement membranes, focal loss of foot processes, 
and some mesangial increase may be noted (Fig. 22). 
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Fig. 21. Severe hepatic glomerulosclerosis. There is proliferation of mesangial cells and 
increase of mesangial matrix. Note marked "mottling" of the mesangial matrix. Many 

of the clear spaces contain small dark particles. X 4 500 

In animals in which chronic liver disease has been induced by administra
tion of carbon tetrachloride or of ethionine, glomeruli show progressive thicken
ing of the mesangium and of the capillary basement membrane with loss of 
foot processes (SAKAGUCHI et at., 1964) . This is accompanied by accumulation 
of amorphous proteinaceous material and of osmiophilic granules 5-10 nm in 
diameter between the endothelium and the basement membrane and in the 
mesangium. These deposits appear to undergo organization, thus adding to 
the thickening of the basement membrane and to the increase of the mesangial 
matrix. 

5. Pre-eclamptic Nephropathy 
The characteristic feature of pre-eclamptic nephropathy is an enlarged, 

bloodless glomerulus that shows little or no cellular proliferation. By light 
microscopy the cause of these changes is not easily discerned. However, 
electron microscopy clearly demonstrates two processes that are responsible 
for the obstruction of the capillaries and the thickening of the mesangium. 
One is a striking edema of endothelial and mesangial cells, accompanied by 
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Fig. 22. Experimental bile duct ligation . There is focal proliferation of mesangium with 
many clear spaces in the matrix and dense particles. Note similarity to the human 

hepatic glomerulosclerosis . (Courtesy of Dr. H. SAKAGUCHJ.) X 15300 

formation of intracytoplasmic vacuoles and intraluminal blebs (SPARGO et al., 
1959). Edema of the mesangial cells imparts a reticulated appearance to the 
mesangium. The second factor responsible for the narrowing of the capillary 
lumina is subendothelial and mesangial deposits (MAUTNER et al., 1962; PIRANI 
et al., 1963; FAITH and TRUMP, 1966) (Fig. 23). These tend to be finely granular 
and of moderate density, though some may be dark and coarse. A mixture 
of lighter and darker deposits may be found in the same capillary. The presence 
of deposits is usually associated with proteinuria though this is seldom severe 
enough to cause more than a focal loss of foot processes. By immunofluorescence 
the deposits consist mainly of fibrinogen or fibrinogen derivatives (MORRIS 
et al., 1964). Sometimes gamma globulins may also be present but inconstantly 
and in small amounts . The swollen endothelial and mesangial cells also contain 
material that has immunofluorescent properties of fibrinogen derivatives. No 
actual fibrin is found in pre-eclamptic nephropathy, but in eclampsia thrombi 
may occur in the glomerular capillaries. The subendothelial deposits are short
lived and usually disappear after the delivery with improvement in the 
patient's condition. The cellular edema may persist longer, occasionally for 
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Fig. 23. Toxemia of pregnancy, resolving stage. The capillary lumen is patent, the endo
thelial cell is of approximately normal size. There is granular deposit in the overlying 

mesangial space. X 11 600 

months or years after the delivery. Pregnant sheep kept on low protein diet 
and actively exercised develop renal lesions similar to those of human pre
eclampsia (FERRIS et at., 1969). 

IV. Transplantation 
Electron microscopy has served as an important aid in the analysis of 

glomerular lesions of transplanted kidneys, since on light microscopy, many 
of these lesions resemble various types of glomerulonephritis. 

The changes in transplant-glomerulopathy have recently been described 
in great detail by ZOLLINGER et at. (1973) in this journal. We will therefore 
limit ourselves to a brief discussion. In general, our findings agree with those 
of ZOLLINGER'S. 

The most striking ultrastructural change in glomeruli is the variable 
thickening of the lamina rara interna of the capillary basement membrane 
(HAMBURGER et at., 1972; HULME et at., 1972), which can take on extraordinary 
proportions in long-term survivors (BUSCH et at., 1971) (Fig. 24). The thicken
ing is due to subendothelial accumulation of electron lucent flocculent material, 
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Fig. 24. Transplant glomerulopathy. Marked widening of the lamina rara interna (arrows), 
proliferation of endothelial cells and focal effacement of foot processes. X 4 800 

which may contain IgM, IgA, fibrin, and complement (ANDRES et al., 1970; 
PORTER et al., 1968), as well as remnants of cytoplasmic structures. This 
process leads to marked narrowing of capillary lumina. Newly formed thin 
lamellae of basement membrane are sometimes present under the endothelium. 

Electron dense deposits may be found in various locations along the base
ment membrane, and may, on occasion, be so numerous as to resemble mem
branous nephropathy (OLSEN et al., 1974). Endothelial cells are usually swollen 
and vacuolated. The mesangium becomes slightly enlarged, and mesangial 
cell processes may extend into the subendothelial spaces. The podocytes show 
swelling and variable degrees of foot process loss. 

Spherical particles (BURKHOLDER et al., 1973) of various sizes may be 
present subepithelially or within the basement membrane (ROWLANDS et al., 
1970; OLSEN et al., 1974). It has been suggested that such particles represent 
herpes virus capsids (BUSCH et al., 1971), though this is doubted by other 
authors (OLSEN et al., 1974). 

The arteries and arterioles show marked intimal thickening, in sudation of 
plasma elements into the wall, and narrowing of the lumina, causing additional 
ischemic changes in glomeruli. 
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The mononuclear cells infiltrating the interstitium and tubules have been 
identified electron microscopically (ROSENAU et at., 1969; HAMBURGER, 1972) 
as large lymphocytes with abundant cytoplasm, rough endoplasmic reticulum, 
many free ribosomes, but few other cell organelles. 

Vascular and glomerular changes are believed to be due to primary damage 
of endothelial cells, possibly by humoral antibodies (ROWLANDS and BOSSEN, 
1969). This damage facilitates penetration of plasma elements under the endo
thelium. The mononuclear cell infiltrate in the interstitial tissue is, on the 
other hand, the result of cellular immunity. Since almost all patients with 
renal transplants receive immunosuppressive drugs, the rejection changes are 
modified. Cellular immunity is markedly suppressed by steroids, but endo
thelial changes are only partly counteracted. ZOLLINGER et at. (1973) postulate 
that each individual patient reaches maximum rejection changes in about 
5-12 months, and later remains stable; the degree of these changes varies 
from one patient to another. It has also been stated that there is a rough 
correlation between the degree of glomerular changes and HL-A-compatibility 
(HULME et at., 1972; ROWLANDS et at., 1970; ZOLLINGER et at., 1973). 
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Since the renal biopsy was first introduced by IVERSEN and BRUN (1951), 
it has been possible not only to gain morphologic information at autopsy but 
also to observe the active morphologic course of glomerulonephritis. So far, 
however, only occasional observations on the morphologic course of the 
glomerulonephritides have been published. It seems, therefore, justifiable to 
report on our 264 cases with follow-up biopsies, although. Our case material is, 
of course, insufficient for the purpose of making absolute conclusions. 

* Supported by the Deutsche Forschungsgemeinschaft. 
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The present paper attempts to describe the morphologic course of the 
glomerulonephritides and to compare it with the clinical course. The following 
questions will be discussed: 

1. What is the course of glomerulonephritides without therapy? 
2. What influence has therapy on the morphologic course? 
3. Which factors of a noninflammatory kind lead to changes in the course? 
4. Which forms of glomerulonephritis produce renal insufficiency? 

II. Material and Methods 
Since 1964, about 3000 renal biopsies and surgically removed kidneys with 

inflammatory diseases have been sent from all parts of the Federal Republic 
and West Berlin to the Institute of Pathology at Tiibingen, for histologic 
examination. Among these biopsies were 333 repeat biopsies. Sixty-nine of 
these serial biopsies could not be used for the following reasons: In 30 cases 
the biopsy material did not contain enough glomeruli to make a diagnosis. 
In 10 patients the intervals between biopsies were too short. In 12 patients 
we did not get sufficient data on the clinical course. In 10 cases additional 
complications occurred, such as malignant nephrosclerosis, amyloidosis, dia
betes mellitus, or renal tuberculosis. Seven biopsies could not be classified 
morphologically. Out of the remaining 264 patients, 222 underwent renal 
biopsy twice, 36 three times, 4 four times, 1 five times and 1 six times. The 
interval between the first and the last renal biopsy had to be at least 6 months. 
This did not concern patients with endocapillary (acute) glomerulonephritis, 
with mesangioproliferative glomerulonephritis with focal crescents, and with 
rapidly progressive glomerulonephritis, or when the patients died of the renal 
disease. 

The biopsy material was sent to us fixed in 4 % formalin. After the usual 
embedding in paraffin, 3-4 fL sections were stained according to the Masson
Goldner method and the PAS reaction was performed. Further stains like 
HE, EvG, nonspecific esterase reaction, and the fibrin stain according to 
Ladewig, were made when needed. If problems arose with regard to the 
basement membrane structure, as, for instance, the occurrence of deposits or 
so-called splitting, the paraffin material was deparaffinized, fixed again in 
2% osmium acid, and embedded in metacrylat. From these plexiglass blocks 
0.5-1 fL semithin sections were produced with a Reichert ultramicrotome. 
Silver impregnation was performed according to MOVAT (1961). Semithin 
sections were made in 136 cases. If the diagnosis was not clear, the plexiglass 
blocks were cut and then examined under the electron microscope. After 
uranyl- and lead salt staining, six cases were studied with the electron micro
scope (Elmiskop I [Siemens]). 

For judgment of the morphologic course, each biopsy had to contain a 
sufficient number of glomeruli. The quantity of glomeruli that was needed 
differed according to the forms of glomerulonephritis. For the study of an 
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endocapillary (acute) glomerulonephritis, 5 glomeruli were sufficient, because 
this disease involves all glomeruli equally. In the other glomerulonephritis 
forms at least 10 glomeruli were necessary. This number was, however, un
satisfactory when focal changes and end-stage kidneys occurred in the study. 

The degree of severity of the disease was measured by the proliferation 
of the cells of glomeruli, by the extent of possible hyalinosis, and by basement 
membrane lesions. 

The counting of cells in silver-impregnated semithin sections was not 
feasible because of the relatively small quantity of glomeruli in these particular 
biopsies. 

Evaluation of the clinical course was made possible from the clinical data 
received at the time of biopsy. To evaluate the data we followed the methods 
proposed by RENNER et at. (1969): We classified as improvement or deteriora
tion changes of clearance data by more than 15 ml/min, of proteinuria by 
more than 50% of the initial value, of total serum protein by more than 
1 g/100 ml, of arterial blood pressure by more than 20 mm Hg, as well as 
the increase or decrease of hematuria. As the function of the kidney is best 
demonstrated by clearance data, the greatest importance was attached to 
these factors. When clearance data was missing, BUN or creatinine in serum, 
which were always given, were compared. 

Diagnosis of a nephrotic syndrome was made if there was: gross proteinuria 
with edema, albumin in serum (i.s.) ~ 2 g%, or cholesterol ~ 300 mg%. 
Hypertension was diagnosed in adults when the blood pressure reached a 
systolic value above 150 mm Hg or a diastolic value above 100 mm Hg and, 
in children, when the blood pressure exceeded 135 mm Hg or 95 mm Hg 
respectively. 

If patients were treated with drugs, the immunsuppressive and/or cyto
toxic therapy was considered the most significant. Only with hesitation was 
indomethacin therapy preferred to steroid therapy. A patient, for instance, 
treated with steroids, indomethacin, and azathioprine, was classified as 
"immunsuppressive and/or cytotoxic therapy." 

Among our 264 biopsies no two patients with the same glomerular disease 
received identical therapy. To describe the individual courses of the 264 
patients would be impossible. Thus, we divided the patients into the following 
therapy groups: symptomatic treatment, steroid therapy only, indomethacin 
therapy, and immunsuppressive and/or cytotoxic therapy. When necessary, 
patients of all groups were given diuretics, antibiotics, and antihypertension 
or anabolic drugs. Pure heparin therapy was tried in one patient and heparin 
in combination with cyclophosphamide in two others. 

III. Results 
The classification of our 264 biopsies into the glomerulonephritis forms and 

therapy groups is shown in Table 1. 
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Table 1. Frequency of glomerulonephritis forms and their treatment 

Glomerulonephritis form No. Therapy 

With- Ste- Indome- Immuno- Hepa-
out roids thacin sup- rin 
therapy pressives 

Minimal changes without 32 15 4 8 5 0 
nephrotic syndrome 

Minimal changes with nephrotic 21 0 14 6 0 
syndrome 

Focal sclerosing glomerulo- 38 8 7 9 14 0 
nephritis 

Perimembranous glomerulo- 34 6 6 6 16 0 
nephritis 

Membranoprolifera tive 20 3 3 8 6 0 
glomerulonephritis 

Endocapillary (acute) 13 0 0 11 
glomerulonephritis 

Mesangioprolifera tive 72 22 10 14 26 0 
glomerulonephritis 

Mesangioproliferative glomerulo- 14 5 3 0 6 0 
nephritis with focal crescents 

Mesangioproliferative glomerulo- 11 5 2 0 2 2 
nephritis with diffuse crescents 

Necrotizing glomerulonephritis 9 4 2 0 3 0 

1. Minimal Changes Without Nephrotic Syndrome 
In this glomerulonephritis form, with the light microscope, only slight 

changes can be discerned which scarcely differ from normal. When counting 
the cells in silver impregnated semithin section, WEHNER et al. (1974) could 
verify a proliferation of mesangial cells. 

The minimal changes without nephrotic syndrome may occur either as a 
stage of healing of an 'endocapillary (acute) glomerulonephritis or of a mes
angioproliferative glomerulonephritis or it may occur without any pre-existing 
illness. 

We classified 32 serial biopsies of 17 male and 15 female patients from 
3-49 years of age. It was known that one patient suffered from an acute 
poststreptococcal nephritis several years before. Before the first renal symptoms 
appeared, 3 patients had had a virus influenza. One patient exhibited patho
logic urine findings two weeks after tonsillitis. Two patients maintained a 
proteinuria after the end of pregnancy. The remaining 25 patients had no 
pre-existing or simultaneous illness. 
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As first symptom occurred: 

Proteinuria 
Lidedema in the morning 
Microscopic hematuria 
Macroscopic hematuria 
Back pain 
Acute poststreptococcal nephritis 

15 patients 
4 patients 
6 patients 
4 patients 
2 patients 
1 patient 

The intervals between initial symptoms and first biopsy were: 

0-6 months 14 patients 
7-24 months 14 patients 
>24 months 4 patients 
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On the average, we received the last biopsy 18.7 (6-35) months after the 
first. From 29 patients we obtained two biopsies and from 3 patients three 
biopsies for examination. Fifteen patients were untreated, 4 were treated with 
steroids, eight with indomethacin, and 5 with immunsuppressives or cyto
toxics. Table 2 shows the effects of the various therapies. 

Table 2. Clinical and morphologic results of therapy in minimal changes without nephrotic 
syndrome (+ = improved; 0 = unchanged; - = deteriorated) 

Therapy No. Clinical course Morphologic course 

+ 0 + 0 

Without therapy 15 3 12 0 0 14 
Steroids 4 3 1 0 0 4 0 
Indomethacin 8 2 3 3 0 5 3 
Immunsuppressives 5 2 2 0 3 2 
or cytotoxics 

In the histologic conclusion it has to be remembered that the involved 
glomeruli look normal by light microscopy, so that morphologic improvement 
is not possible. Furthermore, hypertensive glomerular lesions occurred in two 
patients under treatment with indomethacin, with blood pressures of 160/100 
mm Hg, and 150/105 mm Hg, respectively while on antihypertensive therapy. 
In these biopsies several glomeruli were concentrically sclerosed. In further 
glomeruli there was a moderate mesangial widening without a notable increase 
in cells. In other glomeruli several lobules were hyalinized and, adhesions 
with Bowman's capsule were found, mostly near the hilum. The arterioles 
showed clearly a hyalinosis of the wall. In four cases proliferation of the 
intercapillary cells increased, so that the last biopsy produced a mesangio
proliferative glomerulonephritis. 

Tubular lesions in the sense of an acute renal failure were not observed. 
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2. Minimal Changes With Nephrotic Syndrome 
This glomerulonephritis, which is associated with a nephrotic syndrome 

often encountered in children, was called lipoid nephrosis by VOLHARD and 
FAHR (1914). By light microscopy the glomeruli seem to be normal. Only by 
counting the cells could WEHNER et at. (1971) verify an increase in inter
capillary cells. On the basis of the normal findings with light microscopy, 
the disease was referred to by HABIB et at. (1961) "minimal changes." With 
the electron microscope, FARQUHAR et at. (1957) observed fusion of the foot 
processes of the epithelial cells, provided that the biopsy material was being 
examined during a nephrotic syndrome. BOHLE et at. (1969) called this disease 
an acute membranous glomerulonephritis or a minimal proliferative inter
capillary glomerulonephritis with nephrotic syndrome. 

Among the 21 patients with this glomerulonephritis were 7 children. 
Fourteen patients were male and 7 female. In one patient the nephrotic 
syndrome occurred during radiation therapy for lymphogranulomatosis. In 
all the other patients no pre-existing or simultaneous illness was known. 

In all cases the onset of the acute disease was marked by severe edema. 
Only one patient had an associated hematuria. The intervals between the 
first symptoms and the first biopsy were: 

0-6 months 
7-24 months 
>24 months 

12 patients 
2 patients 
7 patients 

On the average, the last biopsy was obtained 24.7 (6-63) months after 
the first. From 16 patients we got two, from 3 patients three, and from 2 
patients four renal biopsies for examination. All patients were treated with 
drugs. Steroids were administered to 14 patients, continuously or during 
relapses. Indomethacin was prescribed for 1 patient and immunosuppressives 
or cytotoxics to 6 patients. Table 3 shows the effects of the various therapies. 

Table 3. Clinical and morphologic results of therapy in minimal changes with nephrotic 
syndrome (+ = improved; 0 = unchanged; ~ = deteriorated) 

Therapy No. Clinical course Morphologic course 

+ 0 + 0 

Without therapy 0 
Steroids 14 5 7 2 0 12 2 
Indomethacin 1 0 0 0 1 0 
Immunsuppressives or 6 4 0 5 
cytotoxics 

With the light microscope a morphologic improvement cannot be verified, 
because the involved glomeruli cannot be distinguished from normal glomeruli. 
This applies equally to minimal changes without nephrotic syndrome and to 
minimal changes with nephrotic syndrome (Figs. 1 and 2). 
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Fig. 1. Minimal changes with nephrotic syndrome. First biopsy in 13-year-old male. 
Clinical data: 2 years frequent relapsing nephrotic syndrome; proteinuria: 10 g/day, 
RBC neg., BP 165/100 mm Hg, creatinine clearance 105 rnl/min . Plexiglass-embedded, 

silver impregnation, 375: 1 

Fig. 2. Minimal changes. Fourth biopsy 3 years after first one (Fig. 1). Clinical data : 
With azathioprine therapy the nephrotic syndrome disappeared; proteinuria: none, 
RBC neg., BP 130/80 mm Hg, creatinine clearance 113 ml/min. Plexiglass-embedded, 

silver impregnation, 250: 1 
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While on continuous treatment with steroids, two patients developed 
hypertension, and diminishment of renal function. One patient with a hyper
tension of 240/120 mm Hg died of uremia 15 months after the first biopsy. 
The other lived for 13 months after the first biopsy; her creatinine-clearance 
was 38 ml/min, and her blood pressure was 170/110 mm Hg under antihyper
tensive chemotherapy. The typical minimal glomerular lesions occurred in 
the first biopsies of both patients (Fig. 3). In the last biopsies severe glomerular 
and vascular hypertensive lesions were seen (Fig. 4) which obscured com
pletely the inflammatory alterations. In the glomeruli there appeared capillary 
wall aneurysms with thromboses, a mesangial widening without a clear in
crease of cells, PAS-positive droplets in epithelial cells, and a concentric 
sclerosis of Bowman's capsule. 

Acute renal failure occurred in a 55-year old patient during a recurrence 
of the nephrotic syndrome while undergoing azathioprine therapy. This renal 
failure led to focal fibrosis of the interstitium and to focal tubular atrophy. 
The glomeruli in these areas, having in the second biopsy exhibited lesions 
only due to a fibrosis of Bowman's capsule and to a slight "tuft collapse" 
were completely hyalinized in later biopsies. 

3. Focal Sclerosing Glomerulonephritis 
This disease variant of the persistent nephrotic syndrome was named 

focal sclerosing glomerulonephritis by MCGOVERN (1964). He distinguished it 
with slight variation from the nephrotic syndrome as having a more unfavor
able prognosis. FAHR (1925) had already pointed out such variations in cases 
of prolonged lipoid nephrosis. RICH (1957) noted the occurrence of segmental 
hyalinosis in the corticomedullary junction in children who died after a con
tinuous nephrotic syndrome. The disease is marked clinically by a therapy
resistant proteinuria or by a persistent nephrotic syndrome. There is also 
usually a microscopic hematuria. By light microscopy some of the glomeruli 
look unchanged while others show the following variations, which are restricted 
to the lobules: adhesions of the abnormal lobules with Bowman's capsule, 
swelling and lipoid deposits in the endothelial cells, slight proliferation of the 
mesangial cells, sporadic droplike deposits of PAS-positive material in the 
epithelial cells (Fig. 5). Later this glomerulus segment becomes hyalinized 
(Fig. 6). The abnormalities usually begin at the corticomedullary junction and 
worsen fairly quickly. The disease can lead to renal insufficiency. 

In renal biopsies it often happens that the juxtamedullary cortical area 
is not affected although the number of glomeruli is sufficient. Diagnosis is 
therefore not always possible at the onset of the disease. The morphologist 
must diagnose minimal changes with nephrotic syndrome. Thus, in 12 cases 
from our study only in the second set of biopsies was the focally sclerosed 
character of the disease verified by means of proven focuses. 

In 38 patients aged 10-60 years could the morphologic course be followed. 
Twenty-four patients were male and 14 patients were female. 
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Fig. 3. Minimal changes with nephrotic syndrome. First biopsy in 43-year-old male. 
Clinical data: Nephrotic syndrome; proteinuria: 20%0' RBC: neg., BP 150/80 mm Hg, 

BUN 35 mg %. Plexiglass-embedded, silver impregnation, 350: 1 

Fig. 4. Severe glomerular and vascular hypertensive lesions obscure the minimal changes. 
Autopsy of kidney 15 months after first biopsy (Fig. 3). Clinical data: Steroid-resistant 
nephrotic syndrome, proteinuria: 60 g/day, RBC: neg., BP 240/120 mm Hg, death by 

uremia. Paraffin-embedded, PAS-reaction, 255: 1 
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Pre-existing or simultaneous illnesses as they were noted were: 

Tonsillitis 2 patients 
"Acute "glomerulonephritis 2 patients 
Infectious episodes 1 patient 
Lymphogranulomatosis 2 patients 
Endocarditis 1 patient 

Of the remaining 30 patients no pre-existing or simultaneous illnesses were 
known. In the case of 16 patients proteinuria was an incidental finding. In 
the case of 22 patients the disease began suddenly with a nephrotic syndrome. 

The intervals between the occurrence of the first symptoms and the first 
biopsy was: 

0-6 months 
7-24 months 
>24 months 

14 patients 
10 patients 
14 patients 

On the average, the last biopsies were received 21.6 (2-96) months after 
the first. From 29 patients we obtained two biopsies, from 8 patients three 
and from 1 patient four biopsies for examination. Eight patients were un
treated, 7 were treated with steroids, 9 with indomethacin, and 14 with immun
suppressives or cytotoxics. The effects of therapy are shown in Table 4. 

Table 4. Clinical and morphologic results of therapy in focal sclerosing glomerulonephritis 
( + = improved; 0 = unchanged; - = deteriorated) 

Therapy No. Clinical course Morphologic course 

+ 0 + 0 

Without therapy 8 1 2 5 0 3 5 
Steroids 7 3 4 0 0 2 5 
Indomethacin 9 1 6 2 0 5 4 
Immunsuppressives or 14 4 4 6 0 2 12 
cytotoxics 

There was a striking discrepancy between the clinical and the morpho
logic course during chemotherapy. In the case of 17 patients the proteinuria 
decreased, whereas glomerular lesions remained stationary or increased. 

In the renal biopsies of 17 patients with hypertension the additional hyper
tensive glomerular lesions could not be clearly differentiated from the in
flammatory lesions. 

During a nephrotic syndrome, 5 patients had an acute renal failure which, 
in the case of 4 patients, led to interstitial fibrosis and tubular atrophy. 
Two patients died of uremia 2 months after the beginning of the disease, 
and 2 patients were chronically dialyzed. Simultaneously, glomerular lesions 
appeared with a retraction of the glomerular tuft to the hilum (BURCK et al., 
1967), and a "tuft collapse" occurred, that is, the basement membrane of 
the glomerular capillaries appeared pleated. Later, such glomeruli hyalinized. 
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Fig. 5. Focal sclerosing glomerulonephritis. First biopsy in 53-year-old male. Clinical 
data: For 2 months nephrotic syndrome, at times acute renal failure, BP 160/110 mm Hg. 

Plexiglass-embedded, silver impregnation, 375: 1 

Fig. 6. Focal sclerosing glomerulonephritis with persistent acute renal failure. Autopsy 
of kidney 1 year after first biopsy (Fig. 5). Clinical data: Anuria for 1 year, BP moderately 

elevated, treatment with indomethacin. Paraffin-embedded, PAS-reaction, 55: 1 
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Table 5. The morphologic course in focal sclerosing glomerulonephritis relative to the 
onset (+ = improved; 0 = unchanged; - = deteriorated) 

Acute onset of illness 
Gradual onset of illness 

No. 

22 
16 

+ 
o 
o 

o 
4 
8 

18 
8 

In the case of 12 patients the disease led to a shrinking of the renal parenchyma 
and thus to renal insufficiency (creatinine-clearance ~40 mlJmin). In 4 of 
these 12 patients the disease began gradually. Even in the first biopsy, 7 months 
to 22 years after diagnosis of the kidney disease, a decrease of renal parenchyma 
was noted. In the remaining 8 patients onset a nephrotic syndrome brought 
on a sudden of the disease. At the time of the last biopsy which was after 
2 (two patients), 3, and 5 months, 3, 4, 8, and 9 years, respectively, renal 
insufficiency was observed. If the morphologic course is considered without 
regard to therapy, it seems to be important for the prognosis to know if 
the onset of the disease was sudden or gradual (Table 5). 

When the onset was gradual, the morphologic lesions remained stationary 
in 8 cases out of 16, whereas the glomerular lesions increased in 18 cases 
out of 22 when the disease began with a nephrotic syndrome. 

4. Perimembranous Glomerulonephritis 

In 1957, JONES described basement membrane lesions of the glomerular 
capillaries as having spikelike basement membrane protuberances during renal 
disease with a nephrotic syndrome. He mainly observed adults. In keeping 
with BELL (1946), he called this "membranous glomerulonephritis". French 
authors called this disease "extramembranous glomerulonephritis" (HABIB 
et at., 1961). BOHLE (1964) introduced the term "perimembranous glomerulo
nephritis" . 

EHRENREICH and CHURG (1968) divided the development of perimembra
nous glomerulonephritis into four stages. In stage I, in only a few capillary 
areas are immunoglobulin deposits and basement membrane protuberances 
discernible (Fig. 7). The disease is more easily recognized at this early stage 
by using immunohistologic methods instead of the light microscope. Granular 
deposits of IgG and PIC complement in the basement membrane are always seen 
Stage II is characterized by spikes seen diffusely over all capillary walls. 
These spikes are protuberances of the basement membrane and grow out 
between the immune deposits. After some time (the period varies), stage II 
basement membrane lesions reach stage III (Fig. 8), during which the deposits 
are completely incorporated by the basement membrane. The subendothelial 
surface of the basement membrane here is generally quite smooth. In a further 
stage the deposits or incorporations can appear washed out; the basement 
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Fig. 7. Perimembranous glomerulonephritis, stage 1. First biopsy in 39-year-old male. 
Clinical data : Nephrotic syndrome; proteinuria: 6 g/day, RBC: +, BP 120/90 mm Hg, 

creatinine-clearance: normal. Plexiglass-embedded, silver impregnation, 1 150 : 1 

membrane then looks like links in a chain (stage IV). This division into stages 
refers only to the lesions in the basement membrane without regards to the 
complete findings in the kidneys. In evaluating the morphologic findings, 
we chose, therefore, the division into stages as practiced by EHRENREICH 

and CHURG only as a basis not exclusive of other criteria. 
We were able to examine several renal biopsies from 22 male and 12 female 

patients who had perimembranous glomerulonephritis. In only 3 patients 
were pre-existing or simultaneous illnesses noted: two patients had tonsillitis, 
and one patient had proteinuria after treatment with D-Penicillamin, which 
had been used because of severe rheumatoid arthritis. 

Nineteen patients stated that the onset of their disease was sudden, 
17 patients had generalisid edema, of sudden onset, and 2 patients had macro
scopic hematuria. In 15 patients the disease began gradually. As initials 
symptoms 13 patients presented with lid- or ankle edema, and 2 patients 
complained of back pain. 
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Fig. 8. Perimembranous glomerulonephritis, stage III. Second biopsy 13 months after 
the first one (Fig. 7). Clinical data : Proteinuria: trace, RBC : neg., BP 125/90 mm Hg, 
creatinine-clearance: normal, treatment with steroide. Plexiglass-embedded, silver im-

pregnation, 1150 : 1 

The interval between initial symptoms and first biopsy was: 

0-6 months 15 patients 
7-24 months 17 patients 
>24 months 2 patients 

On the average, the last biopsy was received 28.7 (2-83 ) months after 
the first . From 26 patients we obtained two biopsies, from 7 patients three, 
and from 1 patient five biopsies for examination. Six patients were untreated, 
6 patients were administered steroids, 6 were given indomethacin, and 16 
were treated with immunsuppressives or cytotoxics. The effects of therapy 
are shown in Table 6. 

Table 6. Clinical and morphologic results of therapy in perimembranous glomerulo
nephritis (+ = improved; 0 = unchanged; - = deteriorated) 

Therapy 

Without therapy 
Steroids 
Indomethacin 
Immunsuppressives or 
cytotoxics 

No. 

6 
6 
6 

16 

Clinical course 

+ 0 

0 3 3 
3 3 0 

3 2 
10 3 3 

Morphologic course 

+ 0 

0 4 2 
4 

1 2 3 
3 3 10 
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Fig. 9. Perimembranous glomerulonephritis. stage II- III. First biopsy in 36-year-old 
female. Clinical data : Proteinuria 6 g/day. RBC: +. BP 120/80 mm Hg. creatinine

clearance 110 ml/min. Plexiglass-embedded. silver impregnation. 940: 1 

The difference was notable between the clinical and morphologic courses 
in 21 out of the 34 patients. In 11 patients who had been treated with drugs, 
the clinical findings showed improvement whereas the morphologic findings 
revealed either a stationary condition (4 patients) or a deteriorated one 
(7 patients), as can be seen in Figs. 7 and 8. 

In 8 patients the clinical symptoms remained unchanged; in the biopsy 
material of 6 patients deterioration was noted. and in 2 patients the glomerular 
lesions were decreased. In 2 patients the morphologic findings were unchanged 
despite a deterioration of clinical findings. 

In 5 patients with improved morphologic findings (Table 6) we observed 
a transition from stages II-III to stage IV. This may be regarded as a be
ginning of a healing proces, as at the same time the basement membrane 
was not only split but on the whole had become more" slim" (Figs. 9 and 10) 
and hyalinization in these biopsies was not seen. 

Such improvements were observed in all therapy groups . Because we 
have thus far studied only a few untreated patients (6 of 34), we can not 
now attribute such these improvements to the therapy applied. It may be 
that untreated patients improve spontaneously. We have not seen yet complete 
healing of perimembranous glomerulonephritis like that described by BARIETY 
et al. (1968) in two patients after combined steroid and cytotoxic therapy. 
Although 10 out of 18 patients had a temporary hypertension and the rest 
a persistent hypertension, we were only able to verify glomerular hyper-
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Fig. 10. Perimembranous glomerulonephritis, stage IV. Second biopsy 29 months after 
the first one (Fig. 9). Clinical data: Proteinuria : trace, RBC : neg. , BP 120/80 mm Hg, 
creatinine-clearance 139 ml/min, treatment with azathioprine. Plexiglass-embedded, 

silver impregnation, 940: 1 

tensive lesions in one patient. This patient had an acute renal failure during 
a nephrotic syndrome and developed hypertension during the anuric period. 
The patient died 2 months later from duodenal ulcer hemorrhage after steriod 
treatment during persistent acute renal failure and continuous hypertension. 
In the remaining 33 patients with perimembranous glomerulonephritis, no 
tubular lesions in the sense of ischemic tubular lesions were noted. 

5. Membranoproliferative Glomerulonephritis 

This disease, first described by ROYER et at. (1962) in 3 children, may occur 
in 3 histologic forms. In the simple and lobular forms, protein-consisting 
mainly of /31C complement-is deposited between basement membrane and 
endothelial cells. Thus, the endothelial cells are separated from the basement 
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membrane and a new formation of basement membrane and mesangial cells 
interpose between the protein depots and the endothelial cells. An irregular 
splitting of the basement membrane is simulated, especially when the protein 
depots disappear. The differential diagnosis between membranoproliferative 
glomerulonephritis in this histologic pattern, on the one hand, and stage IV 
perimembranous glomerulonephritis, on the other, may be difficult (MOREL
MAROGER et at., 1972). Simultaneously with changes in the basement mem
brane, a proliferation of mesangial cells develops, which is sometimes diffuse 
(simple form), or sometimes concentrated in the lobule centers (lobular form). 
The third histologic pattern of membranoproliferative glomerulonephritis 
(dense deposits) was described for the first time by BERGER and GALLE in 1963. 
The protein deposits, located in the basement membrane, thus cause the 
width of the membrane to vary irregularly. The impregnation of the base
ment membrane with silver salts in the semi thin section is only partially 
feasible. In this form, as well, the intercapillary cells proliferate. Since the 
three histologic patterns can be found in the same kidney and side by side 
in one glomerulus (BOHLE et at., 1974), we have come to the conclusion that 
a differentiation is not significant. 

In some patients a hypocomplementemia occurred coincidentally with 
precipitation of (l1C complement (WEST et at., 1965). We examined biopsies 
of 20 patients exhibiting membranoproliferative glomerulonephritis. The 
patients were 14-52 years old, 12 males and 8 females. We encountered the 
simple form of the membranoproliferative glomerulonephritis in 15 patients, 
the lobular form in 3 patients, and the dense-deposit form in 2 patients. 
In one case the disease began after tonsillitis. Two patients had glomerulo
nephritis along with disseminated lupus erythematosus. Among the remaining 
17 patients no pre-existing or simultaneous illness was known. 

The first symptoms were as follows: 

Nephrotic syndrome 
Ankle edema 
Proteinuria 
Microscopic hematuria 

9 patients 
4 patients 
6 patients 
1 patient 

The intervals between initial symptoms and the first biopsies were: 

0-6 months 8 patients 
7-24 months 5 patients 
>24 months 7 patients 

On the average, the last biopsy was received 24.0 (8-53) months after 
the first. From 16 patients we obtained 2, and from 3 patients we obtained 
three biopsies for examination. Three patients were untreated, 3 were treated 
with steroids, 8 with indomethacin, and 6 with immunsuppressives or cyto
toxics. Table 7 shows the results of therapies. 
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Table 7. Clinical and morphologic results of therapy in membranoproliferative 
glomerulonephritis (+ = improved; 0 = unchanged; - = deteriorated) 

Therapy No. Clinical course Morphologic course 

+ 0 + 0 

Without therapy 3 0 2 0 2 
Steroids 3 1 1 0 2 
Indomethacin 8 2 5 0 7 
Immunsuppressives or 6 4 0 2 4 0 2 
cytotoxics 

Table 8. The influence of hypertension on the morphologic course in membrano
proliferative glomerulonephritis (+ = improved; 0 = unchanged; - = deteriorated) 

Normotensive patients 
Hypertensive patients 

No. 

6 
14 

+ 
3 

o 
2 

12 

In membranoproliferative glomerulonephritis differences between the 
clinical and the morphologic courses can again often be observed. In 26% 
of cases the clinical symptoms improved while the morphologic findings 
remained unchanged or deteriorated. The aggravating influence of hyper
tension on the morphologic course is shown in Table 8. 

It is difficult to differentiate in membranoproliferative glomerulonephritis 
between hypertensive glomerular lesions and inflammatory changes, since 
even without additional hypertensive lesions, segmental hyalinosis and adhe
sions between the glomerular tuft and Bowman's capsule occur. 

In 8 patients tubular lesions were also encountered with focal tubular 
atrophy and interstitial fibrosis, and in some cases were found after a clinically 
verified acute renal failure during a nephrotic syndrome. At first the glomeruli 
in these areas were well preserved; in later stages they hyalinized. 

One patient, who had had a dense-deposit form, exhibited a special mor
phologic course: In the first biopsy, the basement membrane was thickened 
in a ribbonlike pattern (Fig. 11), and the deposits were dense in the electron 
microscope. In the third biopsy, 29 months later, these deposits had almost 
completely disappeared (Fig. 12), and the basement membrane was irregular 
with double contours, but in part appearing absolutely normal. 

6. Endocapillary (Acute) Glomerulonephritis 
This glomerulonephritis characteristically occurs after streptococcal infec

tions. The typical clinical symptoms are hematuria, proteinuria, edema, 
oliguria, and hypertension. Morphologically, during the first 3-4 weeks of the 
disease, a marked proliferation of all three cell forms of the glomerular capillary 
loops is seen. The capillary lumina are often closed because of the proliferated 
and swollen endothelial cells (Fig. 13). In the lumina there are usually a 
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Fig. 11. Membranoproliferative glomerulonephritis, Berger-Galle-type First biopsy in 
32-year-old male. Clinical data: Proteinuria : 1.8 g/day, RBC : + +, BP 150/100 mm Hg, 

inulin clearance 88 ml/min. Plexiglass-embedded, silver impregnation, 590: 1 

Fig. 12. Membranoproliferative glomerulonephritis. Third biopsy 29 months after the 
first one (Fig. 11) . Clinical data: Proteinuria 0.3 g/day, RBC: +, BP 160/110 mm 
inulin clearance 81 ml/min, treatment with azathioprine. Plexiglass-embedded, silver 

impregnation, 590: 1 
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Fig. 13. Endocapillary (acute) glomerulonephritis. First biopsy in 28-year-old male . 
Clinical data: Acute onset with edema 14 days previously, proteinuria: 11 g/day, RBC : +, 
BP 165/110 mm Hg, inulin clearance 22.2 ml/min. Plexiglass-embedded, silver impregna-

tion, 1150: 1 

striking number of granulocytes. On the epithelial side of the basement 
membrane the so-called humps in the semithin sections can be seen (Fig. 13). 
These humps are immuno-complex deposits and are reported to appear in 
this form only in acute serum-sickness nephritis (KIMMELSTIEL et al., 1967). 
The epithelial cells act as phagocytes on the humps which usually disappear 
after a 6 week period. Moreover, in all initial biopsies we encountered prolifera
tion of the capsule epithelial cells in 10-30% of the glomeruli. These prolifera
tions were mostly restricted to one sector of Bowman's capsule. Approximately 
4-10 weeks later, proliferation of endothelial and epithelial cells decreased, 
whereas mesangial proliferation continued. Clear lobulation of the glomerulus 
then became evident (Fig. 14). At this time, we observed here and there a 
so-called splitting of the basement membrane, which was not found in later 
biopsies. Clinically, there was at this time usually no or slight reduction of 
renal function. In many cases a microscopic hematuria and a proteinuria 
persisted, and the blood pressure was usually normal. Since the clinical features 
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Fig. 14. Endocapillary (acute) glomerulonephritis in remission. Autopsy of kidney of 
21-year-old female. Clinical data: 9 months previously endocapillary (acute) glomerulo
nephritis (histologically verified); before death no proteinuria, no retention, normal BP. 
Death from bronchopneumonia under treatment with azathioprine. Paraffin-embedded, 

PAS-reaction, 42: 1 

of endocapillary (acute) glomerulonephritis are clear and the course is known 
to be favorable, a pathologist was rarely required for diagnosis and course 
control. Therefore, we examined only 13 repeat biopsies of 10 male and 3 
female patients aged 14-57 years. 

The following disorders pre-existed: 

Tonsillitis 

Sore throat 

Bronchial pneumonia 

Virus infection 

Secondarily infected mycosis of the feet 

In 4 cases no pre-existing disorders were known. 

5 patients 

1 patient 

1 patient 

1 patient 

1 patient 
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The first symptoms were: 

Generalized edema 
Oliguria 
Anuria 
Macroscopic hematuria 

H. FISCHBACH: 

Proteinuria as on incidental finding 
Weakness and thirst 

5 patients 
2 patients 
1 patient 
3 patients 
1 patient 
1 patient 

The intervals between initial symptoms and first biopsies were 14-60 days. 
The last biopsies were received 6 weeks to 33 months after the first. 

Renal biopsies were performed in 9 patients twice, in 2 patients three 
times, in 1 patient four times and in 1 patient six times. All patients were 
given penicillin, and 12 patients were also given azathioprine or cytotoxics. 
One of these patients was treated with cyclophosphamide combined with 
heparin. We could find no difference between the morphologic courses in 
the untreated patients and the one treated with immunsuppressives and/or 
cytotoxics. The recovery time in all cases was about the same as those in
vestigated in repeat biopsies by FELDMAN et al. (1966), JENNINGS and EARLE 
(1961), MICHAEL et al. (1966), NEUSTEIN and DAVIS (1965), OKUDA et al. (1970), 
STRUNK et al. (1964), TRAVIS et al. (1973), and WHITE (1964). Within about 
6 months, in the 10 patients whose morphologic cou~se improved, the renal 
function was nearly normal (creatinine clearance ~ 80 ml/min) and blood 
pressure was normal. Only a slight proteinuria and a microscopic hematuria 
persisted. Morphologically we still found, however, a clear proliferation of 
mesangial cells. It was clear that the degree of proliferation depended on the 
timing of the biopsy. In the biopsies, which were performed again 15 and 
33 months later in 2 patients, a minimal abnormality in glomerular structure 
was noted. 

In 3 patients the morphologic course was complicated by tubular lesions 
(Fig. 15). Besides the glomerular lesions typical of endoca pillary glomerulo
nephritis, the proximal tubular epithelium was somewhat swollen or low. 
We saw a larger number of mitoses in the regenerating epithelium cells and 
also birefringent (oxalate) crystals lying in the tubular lumina. These tubular 
lesions are similar to those observed in acute renal failure (BOHLE et al., 1964; 
SCHUBERT, 1968). In those patients with oligo- or anuria at the beginning 
of the disease, the second biopsy was performed 1, 3, and 4 months later. 
All patients exhibited in more than 50% of glomeruli a diffuse or more seg
mental proliferation of the cells of Bowman's capsule (Fig. 16). At the 
same time, following persistent tubular lesions, a focal interstitial fibrosis 
occurred. This process is identical with that described by SCHUBERT in 1971 
concerning persistent acute renal failure. 

7. Mesangioproliferative Glomerulonephritis 
This form was called subchronic glomerulonephritis by VOLHARD and F AHR 

(1914). WEHNER et al. (1969) classified it among the postacute proliferative 
glomerulonephritides. Since 1970 (CHURG et al.), "mesangioproliferative glo
merulonephritis" has been used. This form comprises at least two etiologically 
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Fig. 15. Endocapillary (acute) glomerulonephritis with acute renal failure. First biopsy 
in 57-year-old male. Clinical data : Oliguria, proteinuria: S%o, RBC: +, BP 1S0/100 
mm Hg, creatinine in serum: 1S.0 mg % . Paraffin-embedded, Masson-Goldner stain, 170 : 1 

different types of glomerulonephritis which, morphologically, cannot be 
separated. On the one hand are glomerulonephritides that show a state of 
healing after endocapillary (acute) glomerulonephritis. On the other is the 
large group of mesangioproliferative glomerulonephritides that are discovered 
mostly by chance without signs of pre-existing poststreptococcal nephritis. 
The expression "mesangioproliferative" is, therefore, the most neutral one, 
as it is only descriptive. It implies neither a preliminary acute occurrence 
nor progression to a stage of chronic renal insufficiency. 

In the glomeruli, a diffuse increase of intercapillary cells is noted and the 
mesangium is increased, varying according to the degree of severity. Adhesions 
may occur between the capillary tuft and Bowman's capsule. We have studied 
72 cases-46 males and 26 females-aged 2-62 years. In 16 patients an acute 
poststreptococcal nephritis occurred within 2 years before the first biopsy; 
7 had nonspecific viral respiratory tract infection prior to showing urine abnor
malities; and in 49 patients no pre-existing or simultaneous illnesses were known. 

The disease began with the following initial symptoms: 

Acute poststreptococcal nephritis 16 patients 
Proteinuria 27 patients 
Edema 9 patients 
Nephrotic syndrome 2 patients 
Hypertension, headache, dizziness 8 patients 
Microscopic hematuria 4 patients 
Macroscopic hematuria 5 patients 
Nonspecific symptoms 3 patients 
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Fig. 16. Mesangioproliferative glomerulonephritis with focal crescents after endocapillary 
(acute) glomerulonephritis with acute renal failure . Second biopsy 4 months after the 
first one (Fig. 15). Clinical data: Proteinuria : 3%0' RBC: +++, BP 210/120 mm Hg, 
creatinin in serum: 2 mg%, treatment with azathioprine. Paraffin-embedded, PAS-

reaction, 55: 1 

The intervals between the first symptoms and the first biopsy were: 

0-6 months 36 patients 
7-24 months 17 patients 
>24 months 19 patients 

On the average, we received the last biopsy 22.5 (6-122) months after 
the first one. From 61 patients we received two, from 10 patients three, and 
from 1 patient we obtained four biopsies for examination. Twenty-two patients 
were untreated, 10 received steroids, 14 were treated with indomethacin, and 
26 with immunsuppressives or cytotoxics. Table 9 shows effects of therapy. 

It can be seen that therapy had no influence neither on the clinical nor 
on the morphologic course. 

Different courses were, however, shown in patients with pre-existent post
streptococcal nephritis, as against those without such history (Table 10). 
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Table 9. Clinical and morphologic results of therapy in mesangioproliferative glomerulo
nephritis (+ = improved; 0 = unchanged; - = deteriorated) 

Therapy 

Without therapy 
Steroids 
Indomethacin 
Immunsuppressives or 
cytotoxics 

No. 

22 
10 
14 
26 

Clinical course 

+ 0 

8 11 3 
4 2 4 
6 6 2 
9 13 4 

Morphologic course 

+ 0 

7 9 6 
2 4 4 
2 11 
3 13 10 

Table 10. The morphologic course in mesangioproliferative glomerulonephritis (+ = im
proved; 0 = unchanged; - = deteriorated) 

No. + 0 

Acute onset in the last 2 years after streptococcal 16 11 4 
infection 
Without previous streptococcal infection 56 3 33 20 

Sixteen patients had had a pre-existing poststreptococcal nephritis. In 11 
the morphologic as well as the clinical findings had improved by the time of 
the last biopsy. The proliferation of the mesangial cells clearly decreased. The 
finding in the last biopsy corresponded to a minimal change without nephrotic 
syndrome. In two other patients the glomerular changes remained stationary 
for 6 months and 8 months, respectively. In two other patients, in the period 
of 2 and 7 years, respectively, the mesangial proliferation clearly decreased. 
In one of the two, however, many glomeruli were hyalinized and in the other 
patient, glomerular hypertensive lesions occurred occasionally. Both courses 
were, therefore, classified as "unchanged". After the acute phase had passed, 
one patient gradually developed a malignant hypertension. Because of this 
therapy-resistant hypertension a bilateral nephrectomy was necessary 4 years 
after the first biopsy. In these kidneys severe glomerular and vascular hyper
tensive lesions were superimposed on the former inflammatory glomerular 
lesions. In 3 out of the 56 patients without acute pre-existing illness, the 
proliferation of the mesangial cells decreased clearly over a period of 8, 10, 
and 15 months. One of these patients was untreated, 1 patient treated with 
indomethacin, and 1 with azathioprine. In 33 patients without a preliminary 
poststreptococcal nephritis, the morphologic findings remained the same; in 
20 patients, the findings in the last biopsies revealed a state of deterioration 
as opposed to those in the first biopsies. 

The influence of hypertension on the morphologic course is shown in 
Table 11. 

Among the 21 patients with a morphologic deterioration, only 5 showed 
an increase in mesangial proliferation. In 1 patient focal scars occurred in the 
glomeruli. Development of hypertensive lesions, in 15 cases proved to further 
aggravate the conditions had (Figs. 17 and 18). The following statistics were 



180 H . FISCHBACH: 

Fig. 17. Mesangioproliferative glomerulonephritis. First biopsy in 34-year-old male. 
Clinical data: Proteinuria: trace, RBC: +, BP 160/ 110 mm Hg, creatinine in serum: 

1.0 mg %. Paraffin-embedded, PAS-reaction, 460: 1 

Table 11. The influence of hypertension on the morphologic course in mesangioproliferative 
glomerulonephritis (+ = improved ; 0 = unchanged; - = deteriorated) 

Normotensive patients 
Hypertensive patients 

No. + 0 

42 
30 

13 23 
14 

6 
15 

compiled when the average blood pressure was determined at the time of the 
last biopsy: 

Morphologically improved 
Morphologically unchanged 
Morphologically deteriorated 

124.3 ± 11.1/77.5 ± 11.9 mm Hg 
139.6 ± 23.9/89.2 ± 14.2 mm Hg 
154.5 ±28.5/97.0±13.5 mmHg 

Of the 72 patients with mesangioproliferative glomerulonephritis only 8 
had a loss of renal parenchyma with a corresponding reduction of renal func
tion (found in 2 patients in the first biopsy, in 6 patients in the last biopsy). 
All these patients were hypertensive and exhibited severe glomerular and 
vascular hypertensive lesions. In our particular study a mesangioproliferative 
glomerulonephritis did not turn into a chronic renal failure without this addi
tional damage. 
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Fig. 18. Mesangioproliferative glomerulonephritis with glomerular hypertensive lesions. 
Third biopsy 3 years after the first one (Fig. 17). Clinical data: Proteinuria: 3 gjday, 
REC: +, BP 150j11OmmHg (with antihypertension therapy), creatinine in serum: 

1.4 mg %. Paraffin-embedded, PAS-reaction, 195: 1 

8. Mesangioproliferative Glomerulonephritis With Focal Crescents 
In this form, described by HABIB (1970), the morphologic findings show 

a mesangial hypercellularity with increase of mesangial area, extensive adhe
sions between glomerular tuft and Bowman's capsule, and segmental crescents. 
This form had earlier been classified as rapidly progressive. HABIB (1972) 
separated types I and II, mesangioproliferative glomerulonephritis with focal 
crescents, from type III, rapidly progressive glomerulonephritis. We examined 
14 repeat biopsies of 8 male and 6 female patients aged 5-73 years. 

The following pre-existing or simultaneous illnesses were observed: 

Schonlein-Henoch's purpura 3 patients 
Poststreptococcal nephritis 1 patient 
Disseminated lupus erythematosus 1 patient 
Upper respiratory infection 1 patient 
" Rheumatism" 1 patient 
Leg ulcer 1 patient 

In 6 patients no pre-existing or simultaneous illness was known. The inter
vals between the first symptoms and the first biopsies were: 

0-6 months 12 patients 
6-8 months 1 patient 

3 years 1 patient 
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On the average, we received the last biopsy 10.2 (2-39) months after 
the first. From 12 patients we obtained two, and from 2 patients 3 biopsies 
for examination. Five patients were untreated, 3 were treated with steroids, 
and 6 were given immunsuppressives or cytotoxics. Table 12 shows the effects 
of therapy. 

Table 12. Clinical and morphologic results of therapy in mesangioproliferative glomerulo
nephritis with focal crescents (+ = improved; 0 = unchanged; - = deteriorated) 

Therapy No. Clinical course Morphologic course 

+ 0 + 0 

Without therapy 5 2 2 0 3 2 
Steroids 3 2 0 0 2 1 
Immunsuppressives or 6 2 3 2 0 4 
cytotoxics 

Morphologically, the findings showed an improvement in 2 patients who 
had been treated with azathioprine. The focal crescents were mostly fibrosed. 
In the glomeruli, only a marked mesangial hypercellularity was noted. 

In 5 patients the glomerular lesions remained stationary for 6, 14, 15, 18, 
and 29 months. Apart from scarred lesions we also encountered glomeruli 
with fresh focal crescents. The mesangium exhibited in the last biopsy a 
clear but variable increase in cells. In addition, there were many adhesions 
between the glomerular tuft and Bowman's capsule. 

Seven patients exhibited in their last biopsy a steady increase of the 
glomerular lesions. Many glomeruli were partly or completely hyalinized, and 
the renal parenchyma was shrunken. Due to persistent acute renal failure 
in two cases, tubular atrophy and an interstitial fibrosis occurred (Figs. 19 
and 20). The glomeruli in these biopsies were almost completely damaged. 
Both patients died of uremia 2 and 3 months after the first biopsy. 

9. Rapidly Progressive Glomerulonephritis 
Rapidly progressive glomerulonephritis was named "peracute" or "sub

acute" by VOLHARD and FAHR (1914). ELLIS (1942) called this form "rapidly 
progressive", because it leads to death from uremia within a few months. 
With light microscopy most of the glomeruli (more than 50%) show diffuse 
crescents. The glomerular tuft may display a rather extreme proliferation of 
glomerular cells (mesangioproliferative glomerulonephritis with diffuse cres
cents) or it may be necrotizing (necrotizing glomerulonephritis). 

Some cases reveal a periglomerulitis with infiltrates of monocytes, lympho
cytes, plasma cells, and sporadically located granulocytes. In almost every 
case, tubular lesions and resulting acute renal failure is evident. Vascular 
changes are not found in rapidly progressive glomerulonephritis, though they 
may occur later on in patients who have been dialyzed for a longer time. 
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Fig. 19. Mesangioproliferative glomerulonephritis with focal crescents and with acute 
renal failure. First biopsy in 56-year-old female. Clinical data : Proteinuria : trace, 
RBC : (+), BP 160/100mmHg, creatinine in serum : 15.1 mg%. Paraffin-embedded , 

PAS-reaction, 70: 1 

a) Mesangioproliferative Glomerulonephritis With Diffuse Crescents 

Ten male and 1 female patients aged 16-62 years exhibited this form. 
The following pre-existing or simultaneous illnesses were observed: 

Goodpasture's syndrome 3 patients 
Allergic vasculitis 4 patients 
Tonsillitis 1 patient 

In 3 patients no pre-existing or simultaneous illnesses were known. The 
intervals between initial symptoms and the first biopsy were: 

< 1 month 6 patients 
1-6 months 4 patients 

9 months 1 patient 

On the average, we received the last biopsy 3.6 (0,5- 10) months after 
the first . From 8 patients we obtained 2 and from 3 patients 3 biopsies for 
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Fig. 20. Mesangioproliferative glomerulonephritis with focal crescents and with persistent 
acute renal failure. Second biopsy 2 months after the first one (Fig. 19). Clinical data; 

For 2 months anuria, BP 120/70 mm Hg. Paraffin-embedded, PAS-reaction, 55; 1 

examination. Five patients were untreated, 2 were given steroids, 2 were 
treated with azathioprine, and 2 with heparin. The following effects of therapies 
were discovered (Table 13): 

Table 13. Clinical and morphologic results of the therapy in mesangioproliferative 
glomerulonephritis with diffuse crescents (+ = improved; 0 = unchanged ; - = deterio

rated) 

Therapy No. Clinical course Morphological course 

+ 0 + 0 

Without therapy 5 2 1 2 2 2 
Steroids 2 0 0 
Azathioprine 2 0 0 1 
Heparin 2 0 0 

Independent of the different therapies (steroids, azathioprine, heparin), 
the morphologic lesions in the patients with Goodpasture's syndrome pro· 
gressed to a stage of total scarring of all glomeruli. 

Mesangioproliferative glomerulonephritis with diffuse crescents seems, how
ever, to show a more favorable course in patients with allergic diseases. 
Thus, in a 46-year-old patient with dermatitis herpetiformis treated with 
heparin, fibrosis of some of the crescents with re-epithelialization of the tuft
facing side occurred as well as a complete disappearance of some of the cres
cents (Figs. 21 and 22). In 2 other patients with allergic disease, the morpho
logic findings remained to a large extent the same for 1 and 2 months ip 
one case or improved after 26 months in the other. 

In 84% of all the glomeruli of a 16-year-old patient we found crescents 
after a tonsillitis. These crescents covered the complete circumference of 
Bowman's capsule. In the semithin section, "humps" were to be seen as 
evidence of a poststreptococcal etiology. In the second biopsy 3 months later, 
the patient no longer showed crescents. The glomerular lesions were those 
of a moderate mesangioproliferative glomerulonephritis. 
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Fig. 21. Mesangioproliferative glomerulonephritis with diffuse crescents. First biopsy 
in 46-year-old male. Clinical data: Proteinuria: 2%°' RBC: macroscopic, BP 140/90 
mm Hg, creatinine in serum: 4.8mg%. Paraffin-embedded, PAS-reaction, 55:1 

Fig. 22 . Mesangioproliferative glomerulonephritis with diffuse crescents. Second biopsy 
3 months after the first one (Fig. 21). Clinical data : Proteinuria 0.5%0' RBC: neg., 
BP 150/90 mm Hg, creatinine in serum: 1.8 mg %, treatment with heparin. Paraffin-

embedded, PAS-reaction, 42: 1 

The disease in the remaining patients led to total scarring of all glomeruli 
found in the last biopsy. 

Ischemic tubular lesions of different degrees of severity were seen in the 
renal tissue of all patients except the 1 patient with poststreptococcal nephritis. 
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b) Necrotizing Glomerulonephritis 

In this form of rapidly progressive glomerulonephritis, the necrosis pre
dominates from the beginning of the disease (Fig. 23). The structure of the 
glomerulus is almost completely destroyed. The crescents are not as diffuse 
or numerous as those found in the mesangioproliferative form. Periglomerulitis 
is often observed in the necrotizing from, although it is not always found 
in all kidneys. In the course of the disease the glomeruli become scarred 
(Fig. 24). Late stages of necrotizing glomerulonephritis cannot be distinguished 
from late stages of mesangioproliferative glomerulonephritis with diffuse cres
cents. 

We examined nine biopsies of 5 male and 4 female patients aged 16-46 
years. In 2 patients the glomerulonephritis occurred with Goodpasture's syn
drome, and in 2 with Wegener's granUlomatosis. Of the remaining 5 patients 
no pre-existing or simultaneous illnesses were known. 

The intervals between initial symptoms and first biopsies were less than 
1 month in the case of 7 patients, 6 weeks in the case of 1 patient, and 4 months 
in the case of another. 

We obtained the second biopsy, on the average, 3.1 months (0.5-10) 
months after the first one. From all patients we received renal tissue twice 
for examination. Four patients were untreated, 2 patients were administered 
steroids, 3 were treated with azathioprine. 

All patients either died or were chronically dialyzed. One patient with 
Goodpasture's syndrome showed some improvement and went 1 month 
without dialysis. 

Morphologically, we found in the last biopsy of all patients the glomeruli 
totally scarred (Fig. 24). The hyalinized glomeruli were partially surrounded 
by round cells and were phagocytosed so that after prolonged dialysis, only 
a small number of glomeruli apparently existed in the kidney. 

We could observe this periglomerulitis in all cases of this group, that is, 
not only in the patients with Wegener's granulomatosis. 

All biopsies displayed the morphologic signs of an acute renal failure. 

IV. Discussion 
Since renal biopsies were first introduced by IVERSEN and BRUN (1951), 

it has been possible to examine renal tissue with the light microscope, immun
fluorescent techniques, and with the electron microscope, and thus to correlate 
clinical symptoms with morphologic changes. Hence, it has been possible to 
take note of early changes histologically and to describe not only the clinical 
but also the morphologic course by means of serial biopsies. As a result of 
biopsy studies, the former classification of the glomerulonephritides, which 
was based on clinical symptoms and autopsy findings (VOLHARD, 1918; ELLIS, 
1942), became largely ineffectual inasmuch as all symptoms are encountered, 
more or less frequently, in all forms of glomerulonephritis (KINCAID-SMITH, 
1967; BOHLE et at., 1969; WEHNER et at., 1969; HABIB, 1970). 
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Fig. 23 . Necrotising glomerulonephritis . First biopsy in 20-yea r-old female. Clinical data: 
Proteinuria: trace, RBC: macroscopic, B P 140/80 mm Hg, creatinine in serum : 7.7 mg% . 

P araffin-embedded, Masson-Goldner stain, 375: 1 

In 1950, FARNSWORTH reported on the influence of corticosteroids on the 
nephrotic syndrome. Since CHASIS et al. (1949) published for the first time 
a report on the treatment of nephrotic-syndrome children with a nitrogen 
mustard therapy, attempts have been made to treat glomerulonephritis with 
immunsuppressives and/or cytotoxics, the rationale being that an immuno
logic reaction, in the sense of an antigen-antibody reaction, could play an 
important role pathogenically in glomerulonephritis (MASUGI, 1934). More
over, since 1967, indomethacin therapy (MICHIELSEN and LAMBERT), and, 
since 1966, heparin therapy, based on the experiments of VASSALLI and 
MCCLUSKEY (1964), have become common in some forms (SHIRES et al., 1966) . 

It is, therefore, not surprising that there are few reports of untreated 
cases that have been biopsied. Since 1951, patients with histologically verified 
renal lesions have been treated with drugs, and cannot be compared with those 
before 1951 who have not been treated. One further difficulty arises when 
comparing our results with those of other authors who have only performed 
one diagnostic biopsy, that is, a divergence between the clinical and morpho
logic courses, especially in patients treated with drugs. 

1. Morphologic Course of Untreated Patients 

The morphologically controlled untreated cases which have been published 
so far are shown in Table 14. 

Table 14 shows that those cases with minimal changes without nephrotic 
syndrome have a good prognosis even without chemotherapy. In the minimal-
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Fig. 24. End-stage kidney after necrotizing glomerulonephritis. Nephrectomy 10 months 
after first biopsy (Fig. 23). Clinical data: Dialysis since onset of illness, BP moderately 

elevated. Paraffin-embedded, PAS-reaction, 42: 1 

changes category, the nephrotic syndrome will increase the chance of com
plications (acute renal failure, hypertension, infections). Since the clinicians 
who sent us the biopsy material did not deny treatment to a patient with 
this disease, we saw no untreated cases. 

Focal sclerosing glomerulonephritis usually leads to renal insufficiency and 
has, therefore, a bad prognosis (Table 14). 

In most cases of perimembranous glomerulonephritis the disease progresses 
slowly. On the other hand, membranoproliferative glomerulonephritis leads 
in a shorter time to chronic renal failure with loss of renal parenchyma. 
Acute endocapillary (acute) glomerulonephritis has a good prognosis as long 
as no complications occur. 

Quite a good prognosis, too, is the case with the mesangioproliferative 
glomerulonephritis; however, this form is often complicated by hypertension 
which clearly leads to a deteriorating morphologic course. 

Mesangioproliferative glomerulonephritis with focal crescents has a more 
favorable prognosis than that with diffuse crescents. However, a restitutio 
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Table 14. Morphologic course of glomerulonephritis in untreated patients (+ = improved; 
o = unchanged; - = deteriorated) 

Authors No. Morphological course 

+ 0 

Minimal changes without nephrotic syndrome: 
LEVY et al. (1973) 3 0 3 0 
Our cases 15 0 14 

Focal sclerosing glomerulonephritis: 
HYMAN et al. (1973) 3 0 0 3 
Our cases 8 0 3 5 

Peri membranous glomerulonephritis 
FORLAND et al. (1969) 2 0 1 
FRANKLIN et al. (1973) 2 0 0 2 
Our cases 6 0 4 2 

M embranoproliferative glomerulonephritis: 
BURKHOLDER et al. (1970) 2 0 1 
HERDMAN et al. (1970) 11 0 11 0 
KINCAID-SMITH (1972) 13 0 0 13 
Our cases 3 0 2 

Endocapillary (acute) glomerulonephritis: 
FELDMAN et al. (1966) 2 2 0 0 
JENNINGS et al. (1961) 12 7 5 0 
MICHAEL et al. (1966) 4 4 0 0 
OKUDA et al. (1970) 5 3 2 0 
STRUNK et al. (1964) 1 1 0 0 
TRAVIS et al. (1973) 57 52 2 3 
WEGMANN et al. (1973) 1 1 0 0 
WHITE (1964) 3 0 2 1 
Our case 0 0 

M esangioproliferative glomerulonephritis: 
Our cases 22 7 9 6 

M esangioproliferative glomerulonephritis with focal crescents: 
Our cases 5 0 3 2 

M esangioproliferative glomerulonephritis with diffuse crescents: 
FORLAND et al. (1966) 3 0 0 3 
LEONARD et al. (1970) 6 3 2 
WEGMANN et al. (1973) 1 1 0 0 
Our cases 5 1 2 2 

N ecrotising glomerulonephritis: 
LEONARD et al. (1970) 
Our cases 

1 
4 

o 
o 

o 
o 

1 
4 

ad integrum is not possible in the former, and in most cases this form, over 
a more prolonged period, will lead to chronic renal failure. In mesangio
proliferative glomerulonephritis with diffuse crescents only the poststrepto-
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coccal form has a favorable prognosis similar to that of endocapillary (acute) 
glomerulonephritis (REICHEL et at., 1974), but this form occurs very rarely. 

The prognosis of the necrotizing glomerulonephritis is fatal. 

2. Morphologic Course of Treated Patients 
More reports are available on morphologically controlled courses of indi

vidual glomerulonephritis forms under treatment with steroids, indomethacin, 
azathioprine, cytotoxics, and heparin than on untreated cases, although the 
number of patients is usually small. In Table 15, we have endeavored to 
categorize the research that has been published thus far and our findings 
relating to observations of morphologic courses under treatment. 

A morphologic improvement in two cases of perimembranous glomerulo
nephritis has been described by OLBING et at. (1973) after steroid therapy, 
and two more cases have been reported by BARI:ETY et at. (1969) after com
bined steroid and cytotoxic treatment. CADE et at. (1971) observed in mes
angioproliferative glomerulonephritis a reduction in proliferation after heparin 
therapy (Table 15). Especially good results with anticoagulant in membrano
proliferative glomerulonephritis and in rapidly progressive glomerulonephritis 
were reported by KINCAID-SMITH et at. (1968,1970, 1972). After indomethacin 
therapy, MICHIELSEN et at. (1969) verified an improvement of the morpho
logic findings in 6 patients with mesangioproliferative glomerulonephritis 
(Table 15). The rest of the morphologic improvements listed in Table 15 were 
not explicitly attributed by the authors to the therapy used. 

In none of the forms we were able to note an influence of the therapy 
on the morphologic course although the clinical improvement was indisputable. 
In some patients under treatment, paradoxically, a clinical cure coincide with 
progression of the morphologic lesions. On the other hand, in an increasing 
number of publications, attention has been drawn to the risks of long-term 
therapy with steroids and cytotoxics. Thus, BLAKE et at. (1970) pointed out 
that more patients died from side-effects due to steroids (hypertension, ulcer 
bleeding, apoplexy) than from renal insufficiency. The same warning was 
expressed in the Report by the Medical Research Council in 1971. In the 
case of two children being treated with cytotoxics for nephrotic syndrome, 
one contracted measles (MEADOW et at., 1969) and the other varicella (SCHEIN
MANN et at., 1971) which both proved fatal. Spermiogenesis (MILLER, 1971) 
and ovarian function (MILLER et at., 1971) are influenced as well. JENSEN 
(1967) pointed out chromosomal changes due to azathioprine therapy. 

So far, no side-effects of indomethacin have been found. 

3. Influence of Noninflammatory Lesions on Morphologic Course 
The prognosis may worsen considerably if tubular lesions occur in addition 

to glomerular lesions. The nephrotic syndrome with a reduction of intra
vascular blood volume predisposes to acute renal failure. Thus, the severity 
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Table 15. Morphologic course of Glomerulonephritides in treated patients (st = steroids; 
i =indomethacin; a = azathioprine; c =cytotoxics; h = heparin. + = improved; 0 =un-

changed; - = deteriorated) 

Authors No. Therapy Morphologic course 

+ 0 

Minimal changes without nephrotic syndrome: 
Our cases 17 st, i, a, c 0 12 5 

Minimal changes with nephrotic syndrome: 
FOLLI et al. (1958) 1 st 0 1 0 
HABIB et al. (1971) 17 unknown 0 9 8 
HARDWICKE et al. (1967) 7 st 0 7 0 
HOPPER et al. (1970) 11 st, a 0 11 0 
Our cases 21 st, i, a, c 0 18 3 

Focal sclerosing glomerulonephritis: 
HABIB et al. (1971) 2 unknown 0 2 0 
HYMAN et al. (1973) 12 st, a, c 0 0 12 
LEVY et al. (1973) 2 unknown 0 0 2 
McINTOSH et al. (1972) 2 st+a 1 0 
Our cases 30 st, i, a, c 0 9 21 

Peri membranous glomerulonephritis: 
BARIETY et al. (1968) 2 st+c 2 0 0 
CHAN et al. (1966) 4 st 0 4 0 
FORLAND et al. (1969) 8 st 1 2 5 
FRANKLIN et al. (1973) 14 st 0 3 11 
GLUCK et al. (1973) 11 unknown 2 4 5 
HABIB et al. (1971) 4 unknown 0 4 0 
HARDWICKE et al. (1967) 5 st 0 0 0 
OLBING et al. (1973) 2 st 2 0 0 
Our cases 28 st, i, a, c 5 6 17 

M embranoproliferative glomerulonephritis: 
V.ACKER et al. (1970) 7 st 0 0 7 
BARIETY et al. (1971) 21 st, a, c 2 18 
BURKHOLDER et al. (1970) 3 st+a 1 2 0 
CAMERON et al. (1970) 12 st, a, c, 0 12 0 
FRIES et al. (1968) 6 a 0 6 0 
HABIB et al. (1971) 11 unknown 0 11 0 
HERDMAN et al. (1970) 11 st, a, h 0 11 0 
HOLLAND et al. (1972) 5 st, a, h 1 0 4 
KINCAID-SMITH (1972) 16 c+h 5 9 2 
McINTOSH et al. (1972) 3 st, i, a 3 0 0 
Our cases 17 st, i, a, C 4 2 11 

Endocapillary (acute) glomerulonephritis: 
JENNINGS et al. (1961) 1 st 0 0 
KINCAID-SMITH et al. (1970) 2 h 2 0 0 
McINTOSH et al. (1972) 9 st+a 6 3 0 
TRAVIS et al. (1973) 3 st, a 0 0 3 
WHITE et al. (1966) st+a 0 0 1 
Our cases 12 a, c, h 9 0 3 
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Table 15 (continued) 

Authors No. Therapy Morphologic course 

+ 0 

M esangioproliferative glomerulonephritis: 
BOOTH et al. (1970) 7 a, c 0 7 0 
CADE et al. (1971) 8 h 8 0 0 
FREEDMAN et al. (1970) 6 h 2 3 
FRIES et al. (1968) 3 a 1 1 1 
HARDWICKE et al. (1967) 13 st 0 13 0 
KRUMHAAR et al. (1971) 15 st 0 11 4 
MICHIELS EN et al. (1969) 7 6 1 0 
QUIRIN et al. (1971) 19 0 9 10 
WHITE et al. (1966) 7 a, c 2 4 1 
Our cases 50 st, i, a, c 7 28 15 

M esangioproliferative glomerulonephritis with focal crescents: 
Our cases 9 st, a, c 2 2 5 

M esangioproliferative glomerulonephritis with diffuse crescents: 
BERLYNE et al. (1964) 6 st 0 0 6 
KINCAID-SMITH et al. (1968) h 0 0 
KINCAID-SMITH et al. (1970) 1 h+c 0 0 
Our cases 7 st, a, c, h 2 4 

Necrotizing glomerulonephritis: 
LEONARD et al. (1970) 3 st 0 2 1 
Our cases 5 st, a 0 0 5 

of the proteinuria does not necessarily determine the occurrence of an acute 
renal failure. Only one patient had a renal failure in addition to an existing 
minimal-changes lesion with a proteinuria of 10 g/day. This led to focal inter
stitial fibrosis, tubular atrophy, and to hyalinosis of glomeruli. Another 
patient, however, with a massive proteinuria of 80 g/day did not suffer from 
an acute renal failure. 

In cases of focal sclerosing glomerulonephritis we observed an acute renal 
failure with the corresponding tubular lesions in 5 patients with proteinuria 
of 10-30 g/day. Only 1 patient completely recovered from the tubular lesions. 
The other 4 patients exhibited, after 2-12 months an extensive tubular atrophy 
(Fig. 6) and a diffuse interstitial fibrosis. Besides the inflammatory lesions 
the glomeruli showed a "collapse of capillary walls" (Fig. 6) or were com
pletely hyalinized. In the hyalinized glomeruli of one patient there was the 
striking presence of marked calcium deposits. 

Among the 34 patients with perimembranous glomerulonephritis, only 
1 patient had renal failure during a nephrotic syndrome. Severe hypertension 
also developed at the same time. 

In 8 out of 20 patients with membranoproliferative glomerulonephritis and 
a persistent nephrotic syndrome, ischemic tubular lesions could be detected 
and found to aggravate the morphologic condition. Interstitial fibrosis occurred 
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with tubular atrophy as well as with hyalinosis of glomeruli. The clinical 
course and the prognosis of membranoproliferative glomerulonephritis varies 
according to whether a nephrotic syndrome develops, as described by CAMERON 
etal. (1973). 

The good prognosis of endocapillary (acute) glomerulonephritis worsens 
considerably if, an acute renal failure occurs. Further investigations should 
answer whether a diffuse or focal extracapillaty proliferation occurs (Figs. 15 
and 16); whether there is a connection between the existence of crescents 
and the acute renal failure; and whether it was accidental that in our three 
cases such courses developed. 

We could not observe additional ischemic lesions in any of the 72 patients 
with mesangioproliferative glomerulonephritis. 

Both patients who died from a mesangioproliferative glomerulonephritis 
with focal crescents had suffered for a longer period from an acute renal failure 
which had led to tubular atrophy (Figs. 21 and 22). This tubular destruction 
resulted in scarring of the related glomeruli. Acute renal failure occurs in 
most cases of rapidly progressive glomerulonephritis. It has little influence 
on the glomerular lesions as improvement is only possible in quite exceptional 
cases. 

The impact of hypertension on the prognosis of glomerulonephritis was 
first pointed out by ELLIS (1942). He called the combination of glomerulo
nephritis with hypertension a "circulus vitiosus". According to MEYER et al. 
(1973), the glomerular hypertensive lesions may develop directly if the elevated 
blood pressure directly affects the glomerular capillaries. The indirect hyper
tensive lesions occur when glomerular flow is reduced due to constriction of 
the preglomerular vessels. The direct glomerular lesions are characterized 
(according to MEYER et al., 1973) by the following-aneurysmal widening of 
the capillary wall with thrombotic material within these aneurysms (Fig. 4), 
partly focal, partly diffuse mesangium widening, focal damage to glomerular 
lobules, and PAS-positive inclusions in the epithelial cells. The indirect 
glomerular lesions occur as a result of deficient blood flow after constriction 
of preglomerular vessels due to arterio- and arteriolosclerosis, or as a con
sequence of an obliterating endarteriitis (FAHR). The typical lesions in the 
glomerulus are characterized by the collapse of loops, scars mostly in the 
hilar region, and adhesions of individual lobule areas, and the special type 
of damage to the glomeruli. The collapse of loops coincides with a widening 
of the glomerular capillary wall. This widening is, however, misleading due 
to a pleating of the basement membrane which is only detectable in the 
semithin section. In the scarred glomeruli the clearly PAS-positive loop con
volute is surrounded by only slightly colored lamellas. 

It is possible to produce in rats similar glomerular lesions as observed 
in man through hypertension resulting from unilateral constriction of the 
renal artery in the contralateral unconstricted kidney (HELMCHEN, 1973). 
In Fig. 25 epithelial cell droplets can be seen in the lower glomerulus. In the 
glomerulus to the right a capillary wall aneurysm is present. In the glomerulus 
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Fig. 25. Rat kidney. Hypertensive glomerulopathy in the unclamped kidney from clamp
ing the centralateral renal artery. Duration of hypertension 8 months. Plexiglass-em
bedded, silver impregnation, 275:1. (I am grateful to Priv.-Doz. Dr. U. H ELMCHEN for 

this material) 

to the left beside the aneurysm, the mesangium has widened as well as the 
basement membrane . The kidney, however, protected from the raised blood 
pressure by the clamp, does not exhibit glomerular or vascular lesions. 

The hypertensive lesions reported above thus occur independently of pre
existing inflammatory glomerular lesions. Direct as well as indirect hyper
tensive glomerular lesions are seen in the same kidney side by side, as is 
shown in Fig. 18. The left glomerulus is indirectly damaged (collapse of loops), 
and the right one is directly damaged (thrombosed capillary wall aneurysm) . 
The morphologic differentiation between primary inflammatory and hyper
tensive glomerular lesions is not always possible in advanced stages of renal 
damage, but is possible through repeat biopsies. The frequency of hypertension 
depends on the particular glomerulonephritis. 

In the minimal-changes form without nephrotic syndrome, hypertension 
is rare (2 out of 32 patients). If hypertension does exist, it can lead to a more 
serious progression of the kidney disease which, otherwise, would take a 
relatively harmless course. Both our patients with minimal changes with 
nephrotic syndrome, who exhibited a renal insufficiency, had also glomerular 
lesions due to hypertension (Figs. 3 and 4). These lesions completely obscured 
this minimal changes form. Without a preceding biopsy it would have been 
impossible to diagnose the original disease. 
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In the cases of focal sclerosing glomerulonephritis, 17 out of 28 patients 
had hypertension. In this form, differentiation between inflammatory and 
hypertensive lesions is particularly difficult, because the final stages with 
hyalinosis in single loops and adhesions are very similar. It may be possible 
to differentiate by localizing the lesions in the glomerulus. Inflammatory 
lesions are distinctly peripheral while hypertensive ones are nearer to the 
hilum. In the whole kidney inflammatory lesions are juxtamedullary and 
hypertensive ones are diffuse. 

In perimembranous glomerulonephritis hypertensive glomerular lesions 
only rarely occur in addition to inflammatory lesions, although hypertension 
is often noted. The influence of a hypertension on the prognosis of the mem
branoproliferative glomerulonephritis was pointed out by v. ACKER et al. (1970) 
and HERDMAN et al. (1970). They held that therapy with steroids or with 
azathioprine and heparin would not show any success, but the course would 
depend on blood pressure values. Our results (Table 8) confirm their observa
tion. So far we have not observed hypertensive glomerular lesions in the endo
capillary (acute) glomerulonephritis, although short term hypertension often 
occurred in the cases. Hypertension in mesangioproliferative glomerulo
nephritis clearly worsens the morphologic course. So far, we have not observed 
a mesangioproliferative glomerulonephritis that led to chronic renal failure 
without the existence of additional glomerular and vascular hypertensive 
lesions. Mesangioproliferative glomerulonephritis with focal or diffuse cres
cents and necrotizing glomerulonephritis exhibit such severe lesions that the 
prognosis is likely may to be very little affected by hypertensive lesions. 

4. Which Glomerulonephritides Lead to Renal Atrophy 
or Renal Insufficiency? 

All rapidly progressive glomerulonephritides lead to rapid chronic renal 
failure without necessarily rena] atrophy. 

In the cases of focal sclerosing glomerulonephritis, perimembranous glome
rulonephritis, membranoproliferative glomerulonephritis, as well as in cases 
of mesangioproliferative glomerulonephritis with focal crescents, it can be 
expected that after varying periods of time chronic renal failure will appear 
without additional damaging factors. 

In consequence of additional hypertensive lesions, 8 out of 72 patients 
with mesangioproliferative glomerulonephritis developed renal insufficiency. 

As a result of a concomitant acute renal failure in 3 patients with endo
capillary (acute) glomerulonephritis, the character of the glomerular disease 
changed. A mesangioproliferative glomerulonephritis with diffuse or focal 
crescents appeared and led to a less of renal parenchyma 3, 9, and 10 months 
after onset of the disease. Table 16 gives the number of patients, and states 
how long after the onset of their disease the individual forms led to chronic 
renal failure. 
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Table 16. Frequency of chronic renal insufficiency in Glomerulonephritides 

Form of glomerulonephritis Chronic 
renal 
failure/ 
total No. 
patients 

Minimal changes with nephrotic syndrome 2/21 

Focal sclerosing glomerulonephritis 12/38 

Perimembranous glomerulonephritis 5/34 

Membranoproliferative glomerulonephritis 7/20 

Endocapillary (acute) glomerulonephritis 3/13 

Mesangioproliferative glomerulonephritis 8/72 

Mesangioproliferative glomerulonephritis 7/14 
with focal crescents 

Rapidly progressive glomerulonephritis 17/20 

v. Summary 

Time after onset 

13, 15 months 

2, 2, 3, 5 months 
2, 3, 4, 8, 9, 11, 22, 24 years 

2 months, 2, 3, 4, 6 years 

1, 2, 2, 4, 7, 8, 11 years 

3, 9, 10 months 

2, 3, 4, 4, 5, 5, 5, 6 years 

2, 3, 8, 11, 16, 22, 39 months 

from the beginning 

By means of 264 repeat biopsies in kidneys of patients with glomerulo
nephritis, an attempt has been made to describe the morphologic course of 
the individual forms, and to compare it with the clinical course. 

The mild glomerular lesions in the minimal-changes form without nephrotic 
syndrome usually remain unchanged, and the prognosis is good. 

The morphologic course of the minimal-changes form with nephrotic syn
drome appears similarly unchanged. In this form, however, the incidence of 
complications (acute renal failure, hypertension, infection) is increased due 
to the nephrotic syndrome. Focal sclerosing glomerulonephritis, perimembra
no us glomerulonephritis, and membranoproliferative glomerulonephritis are 
glomerular diseases which progress slowly, leading usually to renal insufficiency. 

In the case of endocapillary (acute) glomerulonephritis, the morphologic 
healing lags behind clinical improvement by several months. The prognosis 
is much worse when an acute renal failure occurs as well. In three patients 
with such a complication a transition to mesangioproliferative glomerulo
nephritis with focal or diffuse crescents was observed. Three, 9, and 10 months 
later a loss of renal parenchyma had occurred. 

Mesangioproliferative glomerulonephritis may develop after an acute endo
capillary glomerulonephritis or without any pre-existing illness. Morphologi
cally, it is not possible to distinguish between the two types. The prognosis 
is good as long as no hypertension complicates the condition. 

The prognosis of mesangioproliferative glomerulonephritis with focal cres
cents is certainly better than this form with diffuse crescents. In most cases 
the inflammatory process advances and leads to loss of renal parenchyma 
months or years later. Apart from very rare exceptions the rapidly progressive 
glomerulonephritis soon leads to renal insufficiency. 
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We have not noted any influence of treatment with steroids, indomethacin 
immunsuppressives, or cytotoxics on the morphologic course. 

As soon as the glomerulonephritis is complicated by the occurrence of 
hypertension or acute renal failure, the prognosis rapidly worsens. Hyper
tension may change the morphologic findings completely since glomerular and 
vascular hypertensive lesions can obscure the primary inflammatory pattern. 

An acute renal failure persisting for a longer time may lead to tubular 
atrophy with interstitial fibrosis and hyalinosis of glomeruli. Moreover, in the 
the case of such a chronic deficiency of blood flow, a collapse of the glomerular 
capillary wall may occur which also leads to the scarring of glomeruli. 

After varying periods of time, renal insufficiency occurs as a consequence 
of the rapidly progressive, focal sclerosing, perimembranous, and membrano
proliferative glomerulonephritis, and mesangioproliferative glomerulonephritis 
with focal crescents. All other forms, based on our experience, only lead to 
loss of renal parenchyma or to renal insufficiency if noninflammatory addi
tional injury occurs as is the case with hypertension and acute renal failure. 
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I. Introduction 
In 1898 TIGERSTEDT and BERGMAN first detected the existence of renal 

renin and discussed its possible role in the development of cardiac hyper
trophy associated with various kidney diseases. HARTWICH (1930) and GOLDBLATT 
et al. (1934) were able to produce persistent arterial hypertension in dogs by 
narrowing the renal arteries. Subsequently, a large number of findings ac
cumulated in the field of renal hypertension. Most of the material has been 
covered in reviews edited by BRAUN-MENENDEZ (1946), PAGE and MCCUBBIN 
(1968), and PAGE and BUMPUS (1974). There is general agreement that arterial 
hypertension, including renal hypertension, is a multifactorial disorder of 
regulation as anticipated by PAGE in 1949 when he proposed his concept 
known as the mosaic theory. 

The following experimental study is mainly concerned with one aspect of 
this multifaceted complex: the renin-angiotensin system (RAS) and its role 
in renal hypertension. 

Two facts have been repeatedly considered to argue against an im
portant role of the RAS in renal hypertension: 

1. The normal plasma renin activity (PRA) frequently observed in human 
beings and animals with renal hypertension. 

* Supported by Deutsche Forschungsgemeinschaft. 
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2. The failure of active and passive immunization against angiotensin II 
to normalize arterial blood pressure in different forms of experimental renal 
hypertension. 

A PRA, however, which is normal with respect to the average of normo
tensive controls does not necessarily indicate a normal regulation of renin 
release in hypertensive individuals. Furthermore, earlier conclusions based 
upon immunization studies may only be of limited value due to the possibility 
that macromolecular angiotensin II antibodies are unable to reach that vas
cular level where a competition with locally formed angiotensin II could occur. 
For this reason specific low molecular-weight angiotensin II antagonists 
might be more potent tools in approaching this problem. 

The following experiments were designed to evaluate the regulation of 
renin release under normotensive and hypertensive conditions, and to rein
vestigate the contribution of the RAS in maintaining normotension and renal 
hypertension by using a specific angiotensin II antagonist. Renal hyperten
sion was induced in rats by constricting one renal artery with (one-kidney 
hypertension) or without (two-kidney hypertension) simultaneously removing 
the opposite kidney. 

II. Methods 
1. Experimental Procedure 

Experimental Animals. All the experiments were carried out upon white male Wistar
type rats (Ivanovas, Kisslegg/Allg., Fed. Rep. of Germany), kept on a standard pellet 
diet (Altromin, R-10, Altrogge, Lage, Fed. Rep. of Germany). With the exception of 
one group of normotensive furosemide-treated rats and the anesthetized rats used in 
infusion experiments (see below), the animals had free access to tap water and food 
during the whole course of the experiment. 

Renal Artery Constriction. Two-kidney hypertension was induced in animals (150-
170 g) under ether anesthesia by placing a silver clip (0.2 mm I.D.) over the left renal ar
tery, and leaving the contralateral kidney untouched (PICKERING and PRINZMETAL, 1938; 
WILSON and BYROM, 1939). One-kidney hypertension was similarly induced in animals 
(150-170 g) under ether anesthesia by removing the right kidney and constricting the 
left renal artery with a silver clip (0.2 mm I.D.). 

Removal of the "clamped" kidneys in both the one- and the two-kidney models 
was performed after decapsulation under ether anesthesia. Removal of the renal artery 
clip (unclamping) was performed under ether anesthesia after the clamp was dissected 
free of surrounding connective tissue. In a sham-operated group the clamp was dis
sected free but not removed. 

Furosemide Treatment in Normotensive and Hypertensive Rats. Normotensive animals 
(190-200 g) were given a single i.p. dose of 50 mg/kg of furosemide (Lasix, Hoechst, 
Fed. Rep. of Germany) after which the rats were divided in two groups. Group I had 
free access to tap water for the first 6 hours after injection. During the same period 
group II was given free access to 1 % NaCl instead of tap water. 

Conscious rats with chronic (4-6 weeks) one-kidney hypertension were injected i.p. 
with 50 mg/kg furosemide. Six hours after administration of the diuretic a blood sample 
was assayed for PRA. The animals were then nephrectomized. Two hours later another 
blood sample was assayed for PRA. Blood pressure was measured before treatment, 
6 hours after furosemide, and 2 hours after the subsequent nephrectomy. 

Infusion of 1-Sar-8-Ile-Angiotensin II. Normotensive and hypertensive rats were 
anesthetized with Inactin (90 mg/kg i.p.) (Promonta, Hamburg, Fed. Rep. of Germany). 
The animals were placed on a temperature-regulated micropuncture table and a trache-
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ostomy was performed. An indwelling polyethylene catheter was placed in the left 
femoral vein for infusion of saline or 1-Sar-S-Ile-angiotensin II (Beckman, Geneva, 
Switzerland). Another polyethylene catheter was inserted into the left femoral artery 
and connected to a pressure transducer (Statham P 23 Db) for continuous recording 
of blood pressure. Bolus injections of val-5-angiotensin-II-amide (Hypertensin, CIBA, 
Basle, Switzerland) were also given through the femoral vein catheter at doses of 2.5, 
5.0 and 10.0 ng. Saline and the angiotensin II antagonist were infused by a micro
perfusion pump (Braun, Melsungen, Fed. Rep. of Germany) at the rate of 0.05 ml/min 
for 30 minutes. Pressor responses to exogenous angiotensin II were recorded before 
and after the infusion period. 

One normotensive group and one one-kidney hypertensive group were given a single 
dose furosemide (50 mg/kg i.p.) 2 hours before starting the infusion of the angiotensin II 
analogue. In two two-kidney hypertensive rats the infusion of 1-Sar-S-Ile-angiotensin II 
was repeated after pretreatment with 50 mg/kg i.p. furosemide. 

Systolic blood pressure was measured by tail plethysmography (BYROM and WILSON, 
1935) under light ether anesthesia. 

Blood samples were obtained by puncture of the retrooribtal venous plexus (NOELLER, 
1955) under light ether anesthesia. 

2. Analytical Methods 
Measurement oj P RA. PRA was determined by a micromethod as described by 

SCHAECHTELIN et al. (1967), and REGOLI et al. (1969). Briefly, peripheral blood was 
obtained (0.5 ml per sample) from retroorbital venous plexus. The samples were collected 
in polyethylene tubes and kept on ice until being centrifuged for 20 minutes at SOO X g 
at 2° C, and the plasma separated immediately. 0.2 ml of plasma was acidified to pH 3.5 
by adding 0.01 ml of 1.2 N HCI, and was maintained at this pH for 30 minutes at 0° C. 
Thereafter, the cooled plasma was brought to pH 5.2 by adding 0.005 ml of 1.2 N NaOH. 
The plasma was then transferred into a tube containing O.S ml of partially purified 
rat renin substrate, obtained from serum of nephrectomized rats (SCHAECHTELIN et al., 
1966), to which 20 mM of EDTA had been added. This mixture was incubated for 4 hours 
at 40° C, and the enzymatic reaction was stopped by boiling for 5 minutes. In order 
to stabilize the angiotensin formed during incubation the pH was increased to 10.0 
by adding 0.09 ml of 1.2 N KOH, and the mixture kept on ice. Before testing the angio
tensin concentration by its pressor effect in rats, the mixture was centrifuged for 20 min
utes at SOO xg at 2° C. For the bioassay the supernatant was injected into rats which 
had been nephrectomized under ether anesthesia 24 hours before and anesthetized with 
a 20% solution of urethane (1.4 g/kg s.c.). Pressor responses from the carotid artery 
(measured with a mercury manometer) were compared with the responses to solutions 
of val-5-angiotensin-II-amide (Hypertensin), dissolved in a glycine buffer solution at 
pH 10.0. The results were expressed as ng val-5-angiotensin-II-equivalents per ml of 
plasma. The variation coefficient calculated for this method was S.7% (n=15). The 
recovery of val- 5-angiotensin-II-amide added to the incubation mixture at doses of 50, 
100 and 200ng averaged 75% (n=21). There was a linear relationship between known 
doses of commercial, partially purified hog renin (Nutritional Biochemicals Corp., Cleve
land, Ohio, U.S.A.) incubated with the standard amount of partially purified rat renin 
substrate, and val- 5-angiotensin-II-equivalents recovered by the bioassay. 

Measurement of Renal Tissue Renin Activity (RRA). RRA was determined using 
a modification of the method described by SCHAECHTELIN et al. (1966): 100 mg of cortical 
tissue were peeled off the surface of the kidney and homogenized with 1.9 ml of 0.9 % 
solution of NaCl. This mixture was then acidified to pH 1.5 by adding 0.05 2N H 2S04 

and kept at this pH at 0° C for 30 minutes. Reneutralization to pH 7.4 was achieved 
by adding 0.025 ml 2N NaOH. The mixture was then centrifuged for 15 minutes at 
SOO X g at 2° C. The supernatant was diluted 25 times by adding 0.15 M phosphate 
buffer solution at pH 5.2. 0.2 ml of the diluted homogenate was then incubated for 
30 minutes at 40° C with O.S ml of the partially purified renin substrate containing 
20 mM EDTA. After incubation the same procedure was employed as described above 
for the plasma samples. Total renal renin activities were calculated by assuming that 
20% of the total weight of each kidney was cortical tissue. 
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Extracellular volume was calculated by measuring the inulin space. Rats were bi
laterally nephrectomized immediately before starting the experiment. Then 0.5 ml of 
25 % solution of inulin (Inutest, Laevosan Co., Linz, Austria) was injected into the 
left jugular vein. After 4 hours a sample was drawn from the retroorbital venous plexus. 
Inulin concentration was determined by using the method described by FUEHR et al. 
(1955). 

Hematocrit values were determined in duplicate in blood obtained from the retro-
orbital venous plexus after spinning heparinized capillaries at 1000 xg for 10 minutes. 

Plasma sodium concentration was measured by flame photometry (Zeiss, PF 5). 
Heart and kidney weights were measured in a precision balance (Mettler, HT 10). 
Planimetric examinations of aortic and renal artery lumina were performed in 

perfusion-fixed vessels embedded in methacrylate, cut (0.5 [L thin sections) perpendicular 
to the longitudinal axis of the vessels and stained by a silver impregnation technique 
(MovAT, 1961). Morphometry was performed by means of a Zeiss drawing tube in com
bination with a planimeter (Ott, Kempten, Fed. Rep. of Germany). 

Granulation of the juxtaglomerular apparatus was assessed by the method of HART
ROFT and HARTROFT (1953). Kidney slices were fixed in Bouin's fluid for 24 hours. 
3-4 [L sections were prepared after paraffin embedding and stained for juxtaglomerular 
granules using Bowie's stain modified by SMITH (1966). 

Statistical Analyses. Numerical data were given as means ±standard error (SE). 
Significance of differences was evaluated by Student's t-test after performing F- and 
Welch-tests. A p-value of less than 0.05 was considered significant. 

III. Results 
1. Experiments in Normotensive Animals 

Furosemide Diuresis. The decrease in plasma volume occurring after the 
injection of 50 mgjkg furosemide was reflected in group I by the significant 
increase in the hematocrit. In these animals furosemide diuresis also caused 
a large increase of PRA but no significant change in systolic blood pressure. 
However, 6 hours after injecting furosemide none of these parameters (PRA, 
systolic blood pressure, and hematocrit) was significantly altered in group II 
(Table 1). 

Table 1. Plasma renin activity (PRA), systolic blood pressure (BP), and hematocrit (HC) 
6 hours after i.p. injection of 50 mg/kg furosemide into normotensive rats. The rats had 
free access to tap water (Group I) or to 1 % NaCI solution (Group II) during the 
experiment. Numbers of experimental animals in brackets. The significance of differences 
(s. = significant; n.s. = not significant) refers to differences from untreated controls 

Untreated Group I Group II 
controls 

PRA 132.1 ± 11.6 (14) 504.2 ± 17-6 (6) 145.8±17.6 (6) 
(ng A II eq/ml) s. n.s. 

BP 106.3 ± 2.0 (12) 100.8 ± 1.6 (6) 105.0 ± 4.5 (6) 
(mmHg) n.s. n.s. 

HC 46.5 ± 0.5 (12) 55.7 ± 0.7 (6) 47.8± 0.7 (6) 
(%) s. n.s. 

Effect of 1-Sar-8-Ile-Angiotensin II in Normal and Furosemide-Treated Rats. 
The pressor response to bolus injections of 2.5, 5 and 10 ng angiotensin II 
was completely blocked in anesthetized rats after infusing 1-Sar-8-Ile-angio
tensin II at 150 ngjkgjmin for 30 minutes. During and after the perfusion 
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Fig. 1. Effect of 1-Sar-8-Ile-angiotensin II on mean arterial blood pressure of normo
tensive anesthetized rats 
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Fig. 2. Effect of 1-Sar-8-Ile-angiotensin II on mean arterial blood pressure in normo
tensive furosemide-treated rats 

period mean arterial blood pressure remained unchanged in normal animals, 
even though the angiotensin II inhibitor was given at a higher dose (1 'tl-g/ 
kg/min) in these experiments (Fig. 1). In contrast, the same dose of 1-Sar-
8-Ile-angiotensin II lowered mean arterial blood pressure significantly in 
previously normotensive furosemide-treated rats (Fig.2). 
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Table 2. Plasma renin activity (PRA), renal renin activity (RRA), systolic blood pressure 
(BP), hematocrit (HC), extracellular volume (ECV), plasma sodium concentration (P-Na), 
relative kidney weight (KW), and relative heart weight (HW) in two-kidney hypertensive 

rats. Period of hypertension: 4-6 weeks. Explanations as in Table 1 

Normotensive controls Two-kidney 
hypertensive rats 

PRA (ng A II eq/ml) 120.0 ± 8.0 (25) 172.7±23.2 (11) (s.) 
clamped kidneys: 

RRA (!J.g A II eq/kidney) 28.1 ±1.5 (16) 53.0±2.3 (10) (s.) 
untouched kidneys: 

6.8 ±2.4 (10) (5.) 

BP (mmHg) 112.8 ± 2.4 (25) 184.3 ± 5.8 (14) (5.) 

HC(%) 48.3 ± 0.5 (20) 50.5 ±0.7 (17) (s.) 

ECV (ml/100 g b.w.) 22.9±0.4 (18) 19.5 ±0.4 (18) (s.) 

P-Na (meq/l) 134.2±0.4 (18) 132.0 ±0.4 (18) (5.) 
clamped kidneys: 

KW (mg/100 g b.w.) 342.5 ± 5.7 (18) 288.0 ± 9.3 (18) (s.) 
untouched kidneys: 
385.3 ± 7.7 (18) (5.) 

HW (mg/100 g b.w.) 302.4 ±4.7 (18) 396.4 ± 8.2 (17) (s.) 

2. Two-Kidney Hypertension 
Table 2 shows that hypertension produced 6 weeks previously in rats by 

partially constricting one renal artery without touching the opposite kidney, 
was accompanied by a significant increase in renin activity in both the plasma 
and the clamped kidneys, whereas a significant renin depletion was found 
in the untouched kidneys. These differences in renal renin activities reflect 
neither hypertrophy of the untouched kidneys nor contraction of the clamped 
kidneys, because renin activities were always calculated for the whole renal cor
tex. The average hematocrit value was significantly increased in hypertensive 
rats. Extracellular volume and plasma sodium concentration were significantly 
decreased in the hypertensive group which also showed a significant gain in 
relative heart weight due to hypertrophied left ventricles. 

Removal of the Clamped Kidney. Removing the clamped kidney in rats 
hypertensive for 4-6 weeks was followed by a significant fall in PRA and sys
tolic blood pressure to low levels within 24 hours (Table 3). PRA was still 
significantly diminished after 5 days, but returned to control values 9 days 
after removal of the clamped kidney. Systolic blood pressure, being depressed 
24 hours after operation, normalized within 2 days and remained normal 
during the following 3 weeks (Table 3). Average relative heart weight declined 
significantly within 1 day after nephrectomy and continued to fall until the end 
of the experiment (Table 3). 

Effect of 1-Sar-8-Ile-Angiotensin II. The effect of infusion of 1-Sar-8-Ile
angiotensin II in 7 rats with two-kidney hypertension of 5 weeks duration 
is demonstrated in Fig. 3. When these anesthetized rats were infused with 
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Table 3. PRA, BP, and HW in normotensive controls and in two-kidney hypertensive 
rats before and after removing the clamped kidneys. Period of hypertension: 4-6 weeks. 

BP 
(mm Hg) 

PRA 
(ng A II 
eq/ml) 

HW 
(mg/100 g 
b.w.) 

Explanations as in Table 2 

Normo- Hyper- Days after removing the clamped kidneys 
tensive tensive -------
controls controls 2 5 12 

112.8 ±2.4189.7±3.8 91.4±4.0 97.9±3.8 103.6±6.2 102.9±6.7 
(25) (29) s. (7) s. (7) s. (7) n.s. (7) n.s. 

120.0±8.0 172.7±23.3 29.2±15.1 7.1 ±5.8 39.3±9·2 121.4±10.1 
(25) (11) s. (7) s. (7) s. (7) s. (7) n.s. 

302.4±4.7 421.4±3.4 394.7±5.5 396.0±12.2 382.6±10.2 364.2±7.8 
(18) (7) s. (6) s. (7) s. (7) s. (6) s. 
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Fig. 3. Effect of 1-Sar-8-Ile-angiotensin II on mean arterial blood pressure of rats with 
two-kidney hypertension of 5 weeks duration 

the angiotensin II analogue, mean arterial blood pressure fell significantly 
from an average of 163.9±2.3 to 114-3±5.0mmHg within 30 minutes of 
infusion and was still significantly decreased 30 and 60 minutes after termina
tion of the infusion (122.3 ± 3.6 and 139.6 ± 5.1 mm Hg, respectively). Saline 
infusion at the same rate (0.05 ml/min) for 30 minutes into 3 two-kidney 
hypertensive rats did not significantly alter mean arterial blood pressure 
(Fig. 4). In rats hypertensive for 4 months mean arterial blood pressure fell 
significantly from 156.5 ±4.8 to 137.0±5.5 mm Hg during the 30 minutes 
infusion of 1-Sar-8-Ile-angiotensin II. Although the pressor response to the 
angiotensin II antagonist was significant, the effect was not as marked as 
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Fig. 4. Effect of infusion of 0.9 % NaCl solution on mean arterial blood pressure of rats 
with two-kidney hypertension of 5 weeks duration 
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Fig. 5. Effect of 1-Sar-8-Ile-angiotensin II on mean arterial blood pressure of rats with 
two-kidney hypertension of 4 months duration 

that observed in rats hypertensive for only 5 weeks and hypertension was 
already re-established 30 and 60 minutes after terminating the infusion 
(145.3 ±5.3 and 150.3 ±7.1 mm Hg, respectively) (Fig. 5). In two rats which 
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Fig. 6. Effect of 1-Sar-8-Ile-angiotensin II on mean arterial blood pressure 2 hours after 
furosemide injection into two-kidney hypertensive rats previously resistant to the 

angiotensin II inhibitor 

did not respond initially to the inhibitor an infusion of 1-Sar-8-Ile-angiotensin 
II normalized mean arterial blood pressure after furosemide- induced sodium 
and volume depletion (Fig. 6). 

3.0ne-Kidney-Hypertension 

Table 4 shows various parameters obtained in hypertensive rats 6 weeks 
after partially constricting one renal artery and removing the opposite kidney. 
At that time mean PRA and RRA in hypertensive rats did not significantly 
differ from those in normotensive controls. Hematocrit, plasma sodium con
centration and extracellular volume were not significantly changed when 
compared with normal controls. The mean relative weight of the sole remaining 
kidneys was significantly higher than that of normal kidneys, indicating a 
compensatory hypertrophy despite renal artery constriction. Considerable 
cardiac hypertrophy occurring in one-kidney hypertensive animals is indicated 
by a significant increase in relative heart weight. 

Removal of the Sale Remaining Clamped Kidney. Nephrectomy performed 
8 weeks after renal artery constriction did not normalize systolic blood pressure 
despite a significant fall of blood pressure which occurred 12 and 24 hours 
after nephrectomy (Table 5). No significant change in systolic blood pressure 
was observed in sham-operated one-kidney hypertensive rats (Table 5). 

On the other hand, as demonstrated in Fig. 7, nephrectomy induced com
plete normalization of arterial blood pressure in chronic one-kidney hyper
tensive rats pretreated with furosemide. Furosemide diuresis per se, caused 
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Table 4. Data obtained from rats with one-kidney hypertension of 4-6 weeks duration. 
Explanations as in Tables 1 and 2 

Normotensive One-kidney 
controls hypertensive rats 

PRA (ng A II eq/ml) 131.7 ±6.7 (15) 123.1 ±11.0 (13) 
n.s. 

RRA (flog A II eq/kidney) 28.1 ±1.5 (16) 31.5 ± 1.5 (10) 
n.s. 

BP (mmHg) 11S.7 ± 1.S (23) 194.6 ± 5.5 (13) 
s. 

HC (%) 48.3 ± 0.6 (20) 4S.1 ± 0.5 (17) 
n.s. 

ECV (ml/100 g b.w.) 22.9±0.4 (is) 21.S ± 0.4 (17) 
n.s. 

P-Na (meq/l) 134.2±0.4 (19) 134.6 ± 0.2 (17) 
n.s. 

KW (mg/100 g b.w.) 342.5 ± 5.7 (is) 437.6± 9.1 (17) 
s. 

HW (mg/100 g b.w.) 302.4 ±4.7 (is) 40S.3 ± 9.6 (17) 
s. 

Table 5. Systolic blood pressure before and after removing or sham-removing the sole 
remaining clamped kidneys in rats with one-kidney hypertension of 8 weeks duration. 

Explanations as in Table 1 

BP (mm Hg) before 
operation 

BP (mm Hg) after operation 

6 hours 12 hours 

Sham-nephrectomy 20S.3 ± 5.2 (10) 210.2 ±6.2 212.S±S.1 
n.s. n.s. 

Nephrectomy 215·3 ± 5.3 (14) 191.6 ±9.3 165.6 ± 6.9 
n.s. s. 

24 hours 

206.5 ± 7.7 
n.s. 

162.9±8.5 
s. 

by a single i.p. injection of 50 mg/kg furosemide, resulted in a significant in
crease of PRA within 6 hours, at a time when no normalization of blood 
pressure had occurred. However, PRA virtually disappeared and systolic blood 
pressure fell to normal levels within 2 hours after subsequent removal of the 
sole remaining clamped kidney (Fig. 7). 

Effect of Unclamping on Systolic Blood Pressure and PRA. Fig. 8 shows 
that removal of the renal artery clip in chronic one-kidney hypertensive rats 
was followed by a significant fall in systolic blood pressure within 90 minutes 
to levels which were, nevertheless, still elevated. Systolic blood pressure had 
returned to normal 6 hours after un clamping and was significantly below that 
of normal controls 24 hours later. Systolic blood pressure was not significantly 
influenced by sham-un clamping (Fig. 8). Fig. 9 demonstrates changes in PRA 
in these animals: PRA in rats with chronic one-kidney hypertension did not 
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Fig. 7. The effect of furosemide (50 mg/kg i.p.) and subsequent nephrectomy on plasma 
renin levels and systolic blood pressure in chronic, one-kidney hypertension. The term 
plasma renin level refers to plasma renin activity. Columns are means ± SE. Numbers 
of experimental animals in brackets. The significance of differences, shown by *P < 0.05, 
**P < 0.01, ***P<0.001 ; n.S. = not significant refers to differences from normal controls. 
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significantly differ from that in normotensive controls. Sham-unclamping did 
not induce a significant change in PRA within 90 minutes. Unclamping, 
however, did result in a significant decrease of PRA to less than half its normal 
value during the first 90 minutes, after which PRA began to rise during the 
subsequent 6 hours and, by the end of the experiment, had attained a value inter
mediate between normal and that observed 90 minutes after unclamping. 

Morphologic Changes Occurring After Removing the Renal Artery Clip. As 
shown in Fig. 10 unclamping was followed by reopening of the previously 
constricted part of the renal arterial lumen, which became significantly en
larged during the first 24 hours even when compared with corresponding mean 
values of uninephrectomized normotensive rats of the same age (Fig. 11). 
As a consequence of the sudden exposure to a high filling pressure after un
clamping, focal hypertensive lesions developed in renal arterial and glomerular 
vessels hitherto "protected" against hypertension by the renal artery clip 
(Fig. 12). Hypertensive lesions consisted mainly of plasma insudation into 
the walls of interlobular arteries and afferent arterioles (Fig. 13) and of 
aneurysms in the glomerular capillaries (Fig. 14). Although renal perfusion 
pressure probably increased immediately after unclamping, afferent arterioles 
at the level of the juxtaglomerular apparatus were rarely affected (Fig. 15), 
and the juxtaglomerular index, as determined 90 minutes after unclamping, 
was significantly higher than that prevailing during the chronic stage of 
one-kidney hypertension (Fig. 16). 

Effect of 1-Sar-8-Ile-Angiotensin II. Although 1-Sar-8-Ile-angiotensin II, 
infused at a rate of 150 ng/kg/min, significantly lowered mean arterial blood 
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a 

Fig. 10. a Clamped (intrastenotic) part of the renal artery in chronic one-kidney hyper
tension. b Previously clamped part of the renal artery 24 hours after unclamping. Meth

acrylate embedding, silver impregnation (MovAT), X 130 

pressure from an average of 169.1 ± 2.0 to 159.4 ± 3.3 mm Hg within an 
infusion period of 30 minutes, arterial blood pressure was not normalized. 
Animals were still hypertensive at the end of the experiment (159.1 ± 2.1 
mm Hg) (Fig. 17). Furosemide diuresis resulting from an i.p. injection of 
50 mg/kg furosemide failed to normalize mean arterial blood pressure in 5 rats 
also hypertensive for 5 months. However, subsequent administration of 
1-Sar-8-Ile-angiotensin II resulted in normalization of mean arterial blood 
pressure during or after the infusion period (Fig. 18). 

IV. Discussion 
1. Contribution of the RAS in Maintaining Normotension 

Renin (TIGERSTEDT and BERGMAN, 1898), an enzyme (BRAUN-MENENDEZ 
et al., 1940; PAGE and HELMER, 1940) produced, stored, and secreted by the 
epitheloid cells of the juxtaglomerular apparatus (GOORMAGHTIGH, 1939; 
MARSHALL and WAKERLIN, 1949; COOK, 1958; EDELMAN and HARTROFT, 1961; 
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ROBERTSON et al., 1966; SUTHERLAND, 1970), acts on the plasma globulin 
angiotensinogen to release the decapeptide angiotensin I which is converted 
by pulmonary and plasma enzymes to the octapeptide angiotensin II (see 
PAGE and MCCUBBIN, 1968; PAGE and BUMPUS, 1974). Although renin activity 
was also found in various organs, including brain (FISHER-FERRARO et al., 
1971; GANTEN et al., 1971, 1972; MINNICH et al., 1972), salivatory glands 
(WERLE et al., 1962, 1968; OLIVER and GROSS, 1966; BING et al., 1967), uterus 
(BING et al., 1967; FERRIS et al., 1967), placenta (STAKEMAN, 1960; GROSS 
et al., 1964 a; ZIEGLER et al., 1967), and arterial vessel walls (DENGLER, 1956; 
GOULD et al., 1964; GENEST et al., 1969; ROSENTHAL et al., 1969; HAYDUK 
et al., 1970, 1972; GANTEN et al., 1972), tissue renin reaches its highest value 
in the renal cortex (HAYDUK et al., 1970; GANTEN et al., 1972). After bilateral 
nephrectomy, PRA fell to either undetectable or extremely low values within 
a few hours (SCHAECHTELIN et al., 1964; GANTEN et al., 1972). Thus, the level of 
PRA depends mainly on renal renin release. 

The effector component of the RAS, angiotensin II, may influence the 
level of arterial blood pressure directly or indirectly. In addition to its vas
cular action, it stimulates aldosterone and catecholamine secretion, alters renal 
hemodynamics, thereby changing sodium and water excretion, and activates 
the central and peripheral sympathetic nervous system (PAGE and MCCUBBIN, 
1968; PAGE and BUMPUS, 1974). 
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a 

b 

Fig. 12a and b. Renal cortex of sole remammg kidneys in chronic, one-kidney hyper
tension before (a) and after (b) unclamping. Normal cortical structure in (a), and wide
spread acute hypertensive lesions in (b) with prominent glomerular aneurysms and 

tubular casts. Methacrylate embedding, silver impregnation (MovAT), X 120 
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Fig. 13. 24 hours after unclamping a chronic, one-kidney hypertensive rat: interlobular 
artery branching into an afferent arteriole with plasm a insudations in the focally necrotic 
media. Two tubuli surrounding the interlobular artery are filled with hyalin material 

and red cells . Methacrylate embedding, silver impregnation (MoVAT) , X 360 

During the past six years several specific inhibitors of angiotensin II have 
been developed, and seem to provide a powerful tool for investigating the 
physiology and pathophysiology of the RAS (KHAIRALLAH et al., 1970; MAR
SHALL et al., 1970; PALS et al., 1971; TURKER et al., 1971; KHOSLA et al., 1972, 
1975; REGOL! and PARK, 1972 ; YAMAMOTO et al., 1972; for more literature see 
KHOSLA et al., 1974). The essential prerequisites for developing angiotensin II 
analogues were the identification of the amino acid sequence of angiotensin II 
by SKEGGS et al. (1956), and the synthesis of angiotensin II by BUMPUS et al. 
(1957) and by SCHWYZER et at. (1957). The blocking agents, now available, 
are angiotensin II analogues apparently acting as specific competitive ant
agonists at the receptor sites for angiotensin II. In order to be considered 
as potent angiotensin II antagonists these compounds must be shown to 
fulfill a number of criteria, including specificity (fol' instance no blockade of 
norepinephrine-induced blood pressor responses), a capacity to block the 
musculotropic and adrenotropic effects of angiotensin II, a lack or near-lack 
of agonistic properties and, finally, a prolonged biological half-life (DAVIS 
et at., 1974). 

One of the analogues, 1-Sar-8-Ile-angiotensin II, which was used in the 
present study, has been shown to be an antagonist of angiotensin II in vitro 
(TuRKER et al., 1972; YAMAMOTO et al., 1972) and in vivo (BUMPUS et al., 1973; 
SWEET et al., 1973, 1974). In 1-Sar-8-Ile-angiotensin II the positions 1and 8 in 
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Fig. 14. 24 hours after unc1amping a chronic, one-kidney hypertensive rat: glomerular 
aneurysm surrounded by the basement membrane and filled with red cells, leucocytes, 

and plasmic material. Methacrylate embedding, silver impregnation (MovAT), x 440 

the amino acid sequence of the parent peptide were substituted by sarcosine and 
isoleucine, respectively. Substitution of isoleucine in position 8 was shown to be 
responsible for the antagonistic potency, whereas insertion of sarcosine in 
position 1 prolongs the duration of action either by protecting 1-Sar-8-lIe-an
giotensin II from enzymatic degradation or by increasing the binding affi
nity of the analogue for the receptor site (HALL et al. , 1974). 

Considering that angiotensin II, on a weight basis, is the most potent 
vasopressor substance known, and that normal plasma renin and angiotensin II 
levels probably reach the pressor-effective range (IMBS et al., 1967; BIANCHI 
et al., 1968; WORCEL et al. , 1969; CHINN and DUSTERDIECK, 1972), a fall of 
arterial blood pressure a priori might be expected in normal animals following 
administration of the specific angiotensin II antagonist. However, infusion 
of 1-Sar -8-lIe-angiotensin II at a dose higher than needed for blocking the 
response to exogenous angiotensin II failed to lower mean arterial blood pres
sure in normotensive anesthetized rats (Fig. 1) . Similar results were observed 
by BUMPUS et al. (1973) in normotensive anesthetized rats after infusion of 
8-lIe-angiotensin II, as well as by GAVRAS et al. (1973) using the angiotensin II 
antagonist 1-Sar-8-Ala-angiotensin II in normotensive rats . These findings 
parallel the fact that disappearance of PRA after bilateral nephrectomy does 
not cause hypotension. 

In contrast, infusion of 1-Sar-8-lIe-angiotensin II lowered mean arterial 
blood pressure within 30 minutes in furosemide-treated (i .e. sodium- and 
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Fig. 15. 24 hours after unc1amping a chronic, one-kidney hypertensive rat : glomerulus 
with adjacent afferent and efferent arterioles. Vas afferens with a focal plasma insuda
tion proximal to intact granulated juxtaglomerular cells. Methacrylate embedding, silver 

impregnation (MovAT), X 720 

volume-depleted) normotensive rats (Fig. 2). In agreement with earlier studies 
in man and animals (FRASER et al., 1965; KLAUS et al., 1968; MEYER et al., 
1968; OELKERS et al., 1970) furosemide diuresis induced a large and significant 
increase of PRA which could be prevented by drinking 1 % NaCl solution 
during the course of the experiment (Table 1). The significant fall of mean 
arterial blood pressure induced by 1-Sar-8-Ile-angiotensin II in furosemide
treated rats clearly indicates that normotension, persisting despite a consider
able volume depletion, as reflected by the significant rise of the average 
hematocrit value (Table 1), was maintained by the RAS. It appears that, 
under these acute experimental conditions, other humoral and neural mecha
nisms also involved in blood pressure control (GUYTON et al., 1972) were not 
adequate to counterbalance the blocked function of the RAS. This compen
satory role of the RAS acting to maintain arterial blood pressure within 
normal limits against blood pressure lowering influences is not limited to 
furosemide-induced acute sodium and water losses. The RAS was also found 
to counteract a potential fall of normal arterial blood pressure under several 
conditions known to be accompanied by enhanced renin release. 1-Sar-8-Ala
angiotensin was shown to lower arterial blood pressure significantly in dogs 
after dietary sodium depletion, bilateral adrenalectomy and thoracic caval 
constriction (JOHNSON and DAVIS, 1973 a, b; DAVIS etal., 1974; SPIELMAN 
and DAVIS, 1974) . The same blood-pressure-Iowering effect obtained in dietary 
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Fig. 16. Juxtaglomerular index in normotensive, uninephrectomized rats and in chronic, 
one-kidney hypertensive rats before and after unc1amping 

sodium-depleted rats has been described by GAVRAS et al. (1973). Moreover, 
HABER et al. (1975) reported severe hypotension in sodium-depleted and upright
tilted volunteers when the conversion of angiotensin I to angiotensin II was 
blocked by administration of a converting enzyme inhibitor. 

Thus, as suggested by DAVIS et al. (1974), the RAS may provide a power
ful and previously underestimated counteracting mechanism which is capable 
of maintaining arterial blood pressure at normal or near normal levels in poten
tial hypotensive situations. 

2. Contribution of the RAS in Initiating and Maintaining 
Renal Hypertension 

Although the ultimate intrarenal mechanism responsible for renin release 
has not yet been identified, a number of factors, including arterial blood 
pressure, effective blood volume, sodium balance, autonomic nervous system, 
catecholamines, and angiotensin II are known to participate in the control 
of renin secretion (DAVIS, 1974). If a disturbance in the control of renin 
secretion is to be definitely shown to playa role in the pathogenesis of renal 
hypertension, an altered relationship between one or more of these factors 
and renin release must be postulated. In this respect, the physiologic role 
of arterial blood pressure in controlling renin secretion warrants particular 
attention. 

Under acute experimental conditions there is evidence that an inverse 
correlation exists between the level of renal perfusion pressure and renal 
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Fig. 17. Effect of 1-Sar-8-Ile-angiotensin II on mean arterial blood pressure of rats 
with one-kidney hypertension of 5 months duration 

renin release (SKINNER et at., 1964; IMBS et at., 1970; KRAHE et at., 1972; 
HOFBAUER et at., 1974; KALOYANIDES et at., 1974). Moreover, the decrease of 
renin activity occurring in the untouched kidneys of two-kidney hypertensive 
rats, despite a significant fall in extracellular volume and plasma sodium 
concentration (Table 2), as well as the secretory insufficiency of the untouched 
kidneys observed after removing the clamped kidneys (Table 3), suggest that 
renin release is also suppressed by increased renal perfusion pressure under 
chronic conditions. 

Thus, in the hypertensive state, an intact regulatory influence of arterial 
blood pressure on the RAS should be reflected by a fall in PRA to low levels. 
Consequently, not only the increased PRA of the two-kidney hypertensive 
rats (Table 2), but also the "normal" PRA of the one-kidney hypertensive 
rats (Table 4), might indicate an irregular control of the RAS with respect 
to the prevailing high systemic blood pressure. 

It is assumed that the clamp on the renal artery, narrowing the arterial 
lumen approximately to half of the control value (Fig. 11), might falsify the 
afferent information necessary for an appropriate feedback mechanism at the 
level of the juxtaglomerular apparatus, thereby preventing the expected de
pression of renin secretion. This hypothesis (LEE, 1969) was confirmed by the 
"unclamping" experiments performed in chronic one-kidney hypertensive rats 
(HELMCHEN et at., 1974). Removing the clamp from the renal artery and 
thereby exposing the kidney to the elevated systemic arterial blood pressure, 
resulted in a significant fall of PRA within 90 minutes (Fig. 9). This occurred 
at a time when the blood pressure of these animals, despite a significant 
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Fig. 1S. Effect of furosemide diuresis and subsequent administration of 1-Sar-S-Ile
angiotensin II on mean arterial blood pressure of rats with one-kidney hypertension 
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fall, was still elevated (Fig. 8). Between 6 and 24 hours after unclamping PRA 
rose, but did not reach normallevels (Fig. 9), while systolic blood pressure conti
nued to fall (Fig. 8). 

Thus, removal of the renal artery clip and subsequent perfusion of the 
kidney at high arterial pressure obviously depressed renin secretion. However, 
even the lowest PRA measured 90 minutes after unclamping probably does 
not represent the PRA appropriate to the systemic hemodynamic conditions 
of the chronic one-kidney hypertensive animals for the following reasons: 

1. The influence of surgery per se, reflected by the slight increase of PRA 
in sham-unclamped hypertensive rats (Fig. 9). 

2. The blood pressure fall, already significant 90 minutes after unclamping 
(Fig. 8). 

3. A loss of sodium and water occurring immediately after unclamping 
(LIARD and PETERS, 1970). 

4. The biological half-life of PRA of approximately 30 minutes (SCHAECH
TELIN et at., 1964). 

Therefore, the appropriate level of PRA during the chronic stage of one
kidney hypertension would be expected to be even lower than that determined 
90 minutes after unclamping. 

Though the blood pressure effect appears to dominate in depressing renin 
release after unclamping, it is impossible to decide whether a baroreceptor 
mechanism (TOBIAN, 1960), a macula densa mechanism (THURAU and SCHNER-
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MANN, 1965; VANDER, 1967; SCHNERMANN etal., 1970; THURAU etal., 1972; 
THURAU, 1974), or both were involved. As shown by LIARD and PETERS 
(1970, 1973), unclamping the renal artery in rats with chronic one-kidney 
hypertension consistently caused a large increase of sodium and water excre
tion in agreement with earlier findings of SELKURT (1951), THURAU and 
DEETJEN (1962), and LOWITZ et al. (1968) that an increase in renal perfusion 
pressure induced diuresis and natriuresis. Recently, LIARD et al. (1974) also 
reported a fall of PRA accompanied by an increase of urinary volume following 
cessation of the renal artery constriction in sino aortic baroreceptor-denervated 
dogs with one-kidney hypertension. Thus, an additional influence reaching 
the juxtaglomerular apparatus from the tubular site cannot be excluded under 
these experimental conditions. 

It is very likely that the increased peripheral PRA in two-kidney hyper
tension also reflects an irregular feedback control of renin release in the 
clamped kidneys with increased renin activity (Table 2). Compared with the 
decreased renin activity in the untouched "hypertensive" kidneys, which 
might be considered as nearly appropriate with respect to the systemic hemo
dynamics, the renin content of the clamped kidneys appears to be eight times 
too high (Table 2). After removing the clamped kidney, PRA, which is then 
only dependent upon renin derived from the previously renin-depleted, un
touched kidney, fell to very low levels within 24 hours despite subnormal 
systolic blood pressure (Table 3). This probably reflects the appropriate 
secretory insufficiency of the renin-producing juxtaglomerular cells prevailing 
during the hypertensive stage in the untouched kidney. The increased ability 
to enhance peripheral PRA in response to various hypotensive stimuli ob
served in two-kidney hypertensive rats (HELMCHEN et al., 1972a) may thereby 
be explained in terms of the inappropriately stimulated juxtaglomerular 
apparatus of the clamped kidney. 

In fact, the low PRA measured 24 hours after removing the clamped 
kidneys (Table 3) cannot be related to the PRA, which would be actually 
appropriate to the hypertensive stage, since arterial blood pressure had already 
fallen at this time (Table 3). In addition, a fall of angiotensin II concentration 
in plasma, secondary to the diminished PRA observed after removing the 
clamped kidney (Table 3), might have affected renin secretion in the remaining 
kidney as well (FOURCADE etal., 1971; GUYTON etal., 1974). 

The data presented here indicate a disturbed regulation of renin release 
in both one- and two-kidney hypertension due to a falsification of regulatory 
influences resulting from the presence of the clamp on the renal artery. Ob
viously, neither humoral nor neural factors, otherwise known to be involved 
in the control of renin secretion, were capable of compensating for the falsified 
information transmitted hemodynamically to the juxtaglomerular apparatus 
of the clamped kidneys. 

Before discussing the possible role of the RAS in renal hypertension, it is 
necessary to consider changes in renal sodium and water excretion consistently 
accompanying renal artery constriction. According to the experiments of 
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SELKURT (1951) and THURAU and DEETJEN (1962) and to the results of a 
systems analysis (GUYTON et al., 1972, 1974), any elevation of arterial blood 
pressure is expected to be accompanied physiologically by an increased excre
tion of sodium and water. These increases observed after elevation of renal 
perfusion pressure are probably due to an enhanced filtration rate in non
autoregulated juxtamedullary glomeruli as well as to a decreased fluid re
absorption in the loop of Henle (STUMPE et al., 1969, 1970, 1971). In contrast, 
the excretory function of the clamped kidney in two-kidney hypertension 
was depressed in both the acute (GUIGNARD et al., 1970) and the chronic stages 
(LoWITZ et al., 1968; KRAMER and OCHWADT, 1972). In one-kidney hyper
tension, urinary volume normalized in the chronic stage following a period 
of decreased urinary output during the first few days after renal artery con
striction (GROSS et al., 1964b, 1965). However, even the normalized urinary 
output observed in chronic one-kidney hypertensive rats may indicate an 
excretory kidney function inappropriately depressed with respect to systemic 
arterial hypertension. This hypothesis is supported by the unclamping experi
ments performed in rats (LIARD and PETERS, 1970) and in dogs (LIARD et al., 
1974), resulting in a large increase of renal sodium and water excretion occur
ring immediately after releasing renal artery constriction. Despite the sodium 
and water retention observed in chronic one-kidney hypertension (TOBIAN 
et al., 1969; BRUNNER, 1970), it appears that no other mechanism was able 
to override the hemodynamical signal falsified by the renal artery clamp. 
Thus, constricting the renal artery does not only lead to an inappropriately 
elevated renin release, but also results in sodium and water excretion being 
inappropriately depressed in relation to the hypertensive stage (GUYTON et al., 
1974; HELMCHEN and LIARD, 1974). 

The question now arises whether or not the demonstrated disturbance in 
the control of renin release may possess significance in the genesis of both 
forms of experimental renal hypertension. 

In the past a variety of experimental procedures has been applied in 
an attempt to elucidate this crucial point: unilateral and bilateral nephrectomy 
(see PAGE and MCCUBBIN, 1968), immunization with preparations of renin 
(WAKERLIN and JOHNSON, 1941; DEODHAR et al., 1964; WEISER et al., 1969; 
HILL et al., 1970), immunization with angiotensin II (HEDWALL, 1968; CHRIST
LIEB et al., 1969; EIDE and AARS, 1969, 1970 ; JOHNSTON et al., 1970; BRUNNER 
et al., 1972; EIDE, 1972; MACDONALD et al., 1972), the application of a phospho
lipid renin preinhibitor (SEN et al., 1968, 1969), and the administration of a 
converting enzyme-inhibiting pentapeptide (KRIEGER et al., 1971) or nona
peptide (MILLER et al., 1972; AYERS et al., 1974). 

First reports concerning the antihypertensive effect of specific angio
tensin II antagonists (BRUNNER et al., 1971; PALS et al., 1971; BUMPUS et al., 
1973; BING and NIELSEN, 1973; GAVRAS et al., 1973; AYERS et al., 1974; 
SWEET et al., 1973, 1974) appear to confirm expectations that these angio
tensin II analogues would provide an effective tool in analyzing the contribu
tion of the RAS in different forms of renal hypertension. 
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In the present experiments, the specific antagonist 1-Sar-8-Ile-angio
tensin II was used to reinvestigate the role of angiotensin II in one- and two
kidney hypertension 

In rats with two-kidney hypertension of 5 weeks duration, the angio
tensin II inhibitor produced an immediate normalization of mean arterial 
blood pressure which remained normal for 30 minutes after terminating in
fusion of 1-Sar-8-Ile-angiotensin II (Fig. 3). An unspecific blood pressure 
lowering effect under these conditions was excluded by infusing 0.9% NaCl 
solution at the same rate as used in the previous experiment (Fig. 4). 

These results suggest that two-kidney hypertension in these experimental 
rats was mediated entirely by endogenously formed angiotensin II. Similar ob
servations obtained in two-kidney hypertensive rats after infusion of 1-Sar-8-
Ala-angiotensin II or 8-Ile-angiotensin II were described by BRUNNER et at. 
(1971) and BUMPUS et at. (1973), respectively. 

On the basis of these findings, normalization of blood pressure, frequently 
reported to occur following the removal of the clamped kidneys in two-kidney 
hypertensive animals (PICKERING and PRINZMETAL, 1938; WILSON and BYROM, 
1941; FLOYER, 1951; REGOLI et at., 1962; SCHAECHTELIN et at., 1963; MASSON 
et at., 1965), actually does seem to be a result of the fall of PRA occurring 
under these circumstances (Table 3). In contrast, some investigators (HED
WALL, 1968; EIDE, 1972; MACDONALD et at., 1972) using active immunization 
against angiotensin II suggested that angiotensin II is not involved in patho
genesis of two-kidney hypertension. However, several reasons could account 
for the failure to lower blood pressure by immunological procedures: 

(a) Active immunization against angiotensin II stimulates the endogenous 
renin production and secretion (CHRISTLIEB etat., 1969; OSTER etat., 1974). 
This is of particular importance in view of the finding that (b) angiotensin II 
is also formed locally in the vascular wall (SWALES and THURSTON, 1973) 
as postulated by DAUM et at. (1966). These latter sites are inaccessible to 
large angiotensin II antibody molecules but easily accessible to the low
molecular-weight angiotensin II analogues (THURSTON and SWALES, 1974) 
which also stimulate endogenous renin secretion (BUMPUS et at., 1973; JOHNSON 
and DAVIS, 1973; AYERS et at., 1974). (c) Active immunization to angiotensin II 
does not exclude the possibility that amounts of free plasma angiotensin II, 
adequate to influence arterial blood pressure, could contribute to hypertension 
(WALKER et at., 1972). 

1-Sar-8-Ile-angiotensin II significantly lowered the average mean arterial 
blood pressure in chronic one-kidney hypertension of 5 months duration but 
failed to abolish hypertension (Fig. 17) even though the pressor response to 
exogenous angiotensin II immediately after terminating the infusion of the 
angiotensin II inhibitor was blocked. Similar results were reported after 
infusion of 8-Ile-angiotensin II into rats with one-kidney hypertension of 
more than 30 weeks duration (BUMPUS et at., 1973). Moreover, BRUNNER et at. 
(1971) and GAVRAS et at. (1973) noted the failure of 1-Sar-8-Ala-angiotensin II 
to normalize arterial blood pressure in one-kidney hypertension of 4-6 weeks 
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duration. BING and NIELSEN (1973), using very high doses of 1-Sar-8-Ala
angiotensin II, observed a blood-pressure-Iowering effect of this compound 
in chronic one-kidney hypertension. Even in this latter case, most of the rats 
still remained hypertensive. Similarly, hypertension also persisted in the chro
nic stages of this kind of experimental renal hypertension after administration 
of a converting enzyme-blocking pentapeptide (KRIEGER et at., 1971). 

These data seem to exclude an important role for angiotensin II in the 
maintenance of chronic one-kidney hypertension, thereby possibly also ex
plaining the failure of nephrectomy in normalizing blood pressure observed 
under these conditions (PICKERING, 1945; FLOYER, 1951 ; LIARD, 1969; ROMERO 
etat., 1972) (Table 5). 

However, removal of the sole remaining clamped kidney (LIARD, 1971, 
1973) (Fig. 7) or administration of angiotensin II analogues in chronic one
kidney hypertensive rats, previously sodium- and volume-depleted, normalized 
arterial blood pressure regardless of whether sodium and volume depletion 
was caused by furosemide diuresis (Fig. 7, 18) or by a prolonged dietary 
sodium deprivation (GAVRAS et at., 1973). Furosemide diuresis per se did not 
normalize blood pressure (Figs. 7, 18) even though the acute sodium and water 
excretion exceeded that observed during the first 6 hours after unclamping 
(LIARD, 1973; HELMCHEN and LIARD, 1974). 

The blood pressor response to angiotensin II antagonists observed in 
chronic one-kidney hypertensive rats after sodium and volume depletion 
resembles that obtained in acute one-kidney hypertension when nephrectomy 
(PICKERING, 1945; LIARD, 1969; ROMERO et at., 1972) or administration of 
the converting enzyme-blocking nonapeptide (MILLER et at., 1972, 1975; 
AYERS et at., 1974) or angiotensin II antagonists (AYERS et at., 1974; SWEET 
et at., 1974) were shown to prevent or to abolish hypertension in different 
species. 

These results suggest that the RAS, stimulated in both acute one-kidney 
hypertensive rats (KOLETSKY et at., 1971; HELMCHEN et at., 1972b) and in so
dium- and volume-depleted chronic one-kidney hypertensive rats (Fig. 7), 
is responsible for initiating and maintaining hypertension under these conditions. 

How can the pathogenic mechanisms inducing and maintaining both forms 
of experimental renal hypertension be characterized? 

The following concept is based upon the assumption that the physio
logical capability of the kidney to counterbalance hypotensive stimuli is the 
key for understanding renal hypertension. Any lowering of renal perfusion 
pressure, normally signaling systemic arterial hypotension, is accompanied 
by an increased renin release and by a decreased urinary output. It has been 
demonstrated that both renal mechanisms, the RAS (DAVIS et at., 1974) (Fig. 2) 
and the renal-body fluid system (GUYTON et at., 1972, 1974), are important 
factors in stabilizing normal blood pressure against various potential hypo
tensive stimuh. A comparable situation is assumed to be caused by any partial 
constriction of the renal artery resulting in a persisting dissociation between 
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systemic and renal arterial blood pressure (BRAUN-MENENDEZ, 1946; SKINNER 
et at., 1964; ZIEGLER and ]ANZIK, 1968; LOWITZ et at., 1969; KOLETSKY et at., 
1971; KRAMER et at., 1971; FERRARIO and MCCUBBIN, 1973), thereby simulating 
hypotension to the kidney in the presence of systemic normotension, or 
simulating normotension after systemic hypertension has been established. 
This may lead to a functional state of the RAS and of the renal excretory mecha
nism that, though appropriate to poststenotic hemodynamics, are, respectively, 
inappropriately activated or depressed in relation to the circulatory system, 
thereby inducing or maintaining arterial hypertension instead of normo
tension. 

Consequently, renal hypertension may be considered to depend principally 
upon two different mechanisms: 

The first consists of an inappropriately stimulated RAS acting directly 
through its vasoconstrictor effects and indirectly by activating both aldo
sterone biosynthesis and secretion and the central and peripheral sympathetic 
nervous system (for literature, see PAGE and BUMPUS, 1974). The second 
concerns the inappropriately controlled renal-body fluid mechanism. Renal 
output of water and salt, inappropriately reduced by clamping the renal 
artery, causes retention of water and salt if a normal intake is continued. 
Subsequently, expansion of body fluid leads to a sequence of events finally 
culminating in an increase in both total peripheral resistance and arterial 
blood pressure due to a phenomenon known as total circulatory autoregulation 
(BAYLISS, 1902; BORST and BORST DE GEUS, 1963; GUYTON et at., 1970, 1972; 
COLEMAN et at., 1971; WILSON et at., 1971). 

Accordingly, it may be assumed that renal hypertension will be only 
abolished by manipulations which provide for the correction of both renal 
mechanisms. 

This is the case in chronic one-kidney hypertension. Neither furosemide 
or dietary-induced sodium- and water-depletion nor suppression of the renin
angiotensin effects by nephrectomy or angiotensin II antagonists, lowered 
arterial blood pressure when applied separately. Under these conditions abo
lishing one of these mechanisms unmasked the effectiveness of the other which 
then predominated. Normotension could only be achieved by successively 
or simultaneously influencing both pathogenic mechanisms as provided by 
un clamping the renal artery or by administration of angiotensin II analogues 
in previously sodium- and volume-depleted animals (Fig. 18). 

It is conceivable that the contribution of the RAS in maintaining chronic 
one-kidney hypertension becomes minimal after attaining steady-state condi
tions. However, any reduction of hypertension may lead to a tendency for 
the poststenotic renal perfusion pressure to fall from normal to subnormal 
levels, at least temporarily. This in effect may simulate systemic arterial hypo
tension and inappropriately reactivate the counterregulatory role of both 
the incretory and excretory renal mechanisms as observed in the acute hyper
tensive stage. If the hypotensive stimulus is provided by sodium and volume 
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depletion, the RAS may then become the only pressor-effective renal mecha
msm. 

It remains to explain that acute one-kidney hypertension and acute 
and chronic two-kidney hypertension have been shown to depend only 

upon an inappropriately stimulated renin-angiotensin mechanism. The different 
significance of the RAS and the renal-body fluid mechanism during the acute 
and chronic stage of one-kidney hypertension is assumed to reflect the situation 
occurring after lowering systemic arterial blood pressure in normal animals. 
As demonstrated by GUYTON et at. (1972), the RAS and the renal-body fluid 
system, each considered to be a pressor-control system, differ markedly with 
respect to their response times. While the vasoconstrictor effect of the RAS 
operates within minutes, the renal body fluid pressor control mechanism 
reaches its highest degree of effectiveness within one week (GUYTON et at., 1972). 
Reducing the renal perfusion pressure by clamping the sole remaining kidney 
seems to provoke the same sequence of events, leading to a normalization 
of renal perfusion pressure at the price of systemic arterial hypertension. 
Thus, the predominant role of the RAS during the acute stage of one-kidney 
hypertension may be explained by the physiological delay in pressor effective
ness of the renal-body fluid mechanism. 

In two-kidney hypertension, diminished salt and water output of the 
clamped kidney was demonstrated to be compensated for, or even over
compensated for, by an increased sodium and water excretion by the un
touched kidney (LoWITZ et at., 1968; GUIGNARD et at., 1970; KRAMER et at., 
1972), frequently leading to a sodium and volume depletion (GOTZEN et at., 
1969, 1971) (Table 2). Under these conditions the predominance of the RAS 
in maintaining hypertension becomes apparent. In this context it is also 
worth mentioning that during the first three weeks of two-kidney hypertension 
a mild sodium retention may occur (MOEHRING et at., 1971). Nevertheless, 
the RAS is assumed to be the dominant pathogenic factor, since it probably 
acts by affecting the excretory function of the untouched kidney, diminishing 
its sodium and water excretion either by an increase of intrarenal vascular 
resistance or by a renal aldosterone effect (FOURCADE et at., 1971; GUYTON 
et at., 1974). If such a secondary inappropriate aldosterone secretion really 
plays an important role, it is conceivable that, during this early stage, the 
angiotensin II antagonists 1-Sar-8-Ile-angiotensin II and 1-Sar-8-Ala-angio
tensin II might be less effective in lowering arterial blood pressure than 
removing the clamped kidney. Both analogues, though potent and specific 
blockers of the pressor response to angiotensin II, are much less effective 
inhibitors of aldosterone biosynthesis (STEELE and LOWENSTEIN, 1974; BRAVO 
et at., 1975). This might explain the failure of 1-Sar-8-Ala-angiotensin II to 
normalize blood pressure in two-kidney hypertensive rabbits (JOHNSON et at., 
1975). 

On the other hand, the period of dominance of the RAS in maintaining 
two-kidney hypertension may be limited by the occurrence of widespread 
hypertensive vascular lesions in the untouched kidney (Fig. 19). The vas-
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Fig. 19. Interlobular artery with a lumen narrowed by subendothelial plasma insudation 
and" onion-like" cell proliferation in the intima and media. Untouched kidney of a rat 
with two-kidney hypertension of 12 months duration. Methacrylate embedding, silver 

impregnation (MovAT), x880 

cular changes do not only seem to reactivate the previously inactivated renin 
producing juxtaglomerular cells (Fig. 20), but also to depress the excretory 
function of the affected kidney (HELMCHEN, 1974). Similar morphological 
changes may be responsible for the lesser degree of blood pressure reduction 
in response to the administration of 1-Sar-8-Ile-angiotensin II in long-standing 
two-kidney hypertension (Fig. 5). In a preliminary experiment 1-Sar-8-Ile
angiotensin II became pressor-effective in two of those previously inhibitor
resistant rats after furosemide diuresis (Fig. 6). Thus, under these circum
stances, the two-kidney hypertension is considered to become similar to 
chronic one-kidney hypertension with respect to the underlying pathogenic 
mechanism. 

V. Conclusion 
Renal hypertension experimentally elicited by partially constricting one 

renal artery may depend principally on an inappropriately stimulated RAS 
as well as on an inappropriately depressed renal sodium and water excretion. 
Both mechanisms were demonstrated to be operating in chronic one-kidney 
hypertension, and it is likely that they are also responsible for sustaining 
two-kidney hypertension after widespread hypertensive vascular lesions had 
developed in the untouched kidney. Acute one-kidney hypertension may 
depend only on the direct and/or indirect pressor effects of the RAS due 
to the delayed pressor response of sodium and water retention. In two-kidney 
hypertension, the sodium and volume factor may be abolished by an excessive 
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Fig. 20. Hyperplastic juxtaglomerular apparatus with granules in numerous epitheloid 
cells in an untouched kidney of a rat with two-kidney hypertension of 12 months dura

tion. Methacrylate embedding, silver impregnation (MOVAT), X 1100 

urinary output through the untouched kidney, and the RAS will be the only 
pathogenic factor as long as no obstructive intrarenal vascular lesions affect 
the excretory renal function. 

On the basis of the findings presented here, renal hypertension seems to 
reflect the misdirected potency of the kidney to counterbalance hypotensive 
stimuli by incretory and excretory mechanisms. 
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Until about 1960, patients with progressive renal failure inevitably died 
from uremia. Therapy was symptomatic only and prolongation of life to any 
significant degree was not possible. Within the past 15 years many thousands 
of patients have survived end-stage renal failure by intermittent hemodialysis 
treatment. 

This form of treatment consists of the transfer of solutes of the blood 
up to a molecular weight of about 2000 through a cellophane membrane into 
a rinsing fluid composed of water to which sodium, calcium, potassium, and 
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a bicarbonate buffer have been added. The patient undergoes this treatment 
3 times a week for 5 to 10 hours each time. His blood is pumped at a rate 
of 150 to 250 ml/min through the dialyser. A subcutaneous fistula between 
the radial artery and a superficial vein of the forearm is usually used as a 
permanent blood access to allow these flow rates. The arterialised vein be
comes distended and can be punctured with needles of adequate size three 
times a week for many years. During the treatment the patient receives 
heparin to prevent his blood from clotting in the dialyser. In this way the 
accummulation of water and certain metabolic waste products can be kept at 
a tolerable level, permitting a life free of uremic complaints. 

In Europe, about 40 patients per million enter the state of terminal renal 
insufficiency each year and need regular hemodialysis treatment or renal 
transplantation. In Europe today, about 60 patients per million are already 
under chronic hemodialysis treatment; and until 1978, there will be more 
than 120 patients per million surviving under regular hemodialysis or after 
having had renal transplantation. The 6-year survival under regular dialysis 
treatment in Europe so far is 70% [17]. Many patients will survive more 
than 10 years [25]. The main causes of death in this patient group are vascular 
problems (52%) and infections (15%) [17]. At the present time, severe athero
sclerosis after prolonged maintenance hemodialysis seems to be the most 
important limiting factor of this treatment [25]. 

Since patients with severe renal failure or without kidneys can survive 
for many years with the artificial kidney, the pathophysiology of the syndrome 
of chronic uremia has become of much more practical interest than formerly, 
when all patients with progressive renal failure died. Since the artificial 
kidney is a relatively poor prothesis for the real organ, not all symptoms 
of chronic uremia can be alleviated. Anemia, secondary hyperparathyroidism, 
cardiovascular alterations, polyneuropathy, and hyperlipemia are the main 
problems of patients undergoing regular hemodialysis treatment. Beside these, 
patients may show a pathologic blood coagulability, disturbances of certain 
endocrine functions-most importantly a lowered secretion of sexual hormone, 
pathologic glucose utilization, and changes of the skin. Probably no organ 
system is without alteration during long-term hemodialysis treatment. As 
renal anemia and the altered calcium and phosphorous metabolism, including 
bone disease of chronic uremia, have been studied extensively in the past, 
these conditions will be discussed in two separate chapters. In the following, 
some aspects of the alteration of the cardiovascular system, of polyneuro
pathy, the impaired sexual function, and the hyperlipemia of patients under 
chronic hemodialysis treatment will be summarized. 

2. Cardiovascular System 
H. LOEW 

Hypertension is a main cause of complications during chronic renal failure 
and regular hemodialysis. As a rule, hemodialysis treatment allows normaliza-
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tion of the blood pressure either by itself or with tolerable amounts of anti
hypertensive drugs [12]. According to current thought, the diseased kidney 
causes hypertension by activation of the renin angiotensin system and reten
tion of sodium and water primarily in the late stages of renal insufficiency [16J. 

The role of plasma renin in hypertension of patients receiving maintenance 
hemodialysis is not well-understood .While patients with normal blood pressure 
under dialysis treatment tend to have normal plasma renin levels, those who 
remain hypertensive in spite of intensive dialysis treatment often have elevated 
renin levels. On the other hand, plasma renin activities do not correlate with 
the blood pressure. Good correlations were found between plasma renin 
activity and plasma sodium concentration and dietary sodium intake [13]. 
Bilateral nephrectomy usually leads to better control of severe hypertension 
under dialysis treatment [31]. Patients with resistent hypertension and high 
plasma renin activity seem to respond better to nephrectomy than those 
hypertensives with normal or low renin levels [37]. However, high levels of 
plasma renin concentration do not exclude a good response of hypertension 
to hemodialysis treatment alone [13]. The blood pressure of anephric patients 
is usually very sensitive to hydration. Overhydration causes a rise in blood 
pressure, increase of the cardiac output and an elevation of the peripheral 
resistance [11]. 

Bilateral nephrectomy for arterial hypertension should only be performed 
in cases of malignant hypertension when all other measures, such as intensive 
dialysis treatment with adequate water and salt restriction, have failed to 
control the blood pressure. The patient definitely benefits even from poorly 
functioning kidneys. Nephrectomy always leads to a decrease of the hemato
crit, and the solute excretion by the kidney even at a glomerular filtration 
rate of as little as 1 ml/min seems to be beneficial for the patient. Polyneuro
pathy, for instance, is seen more frequently in anephric patients than in those 
with some residual renal excretory function. 

Before chronic hemodialysis offered a life prolonging treatment to patients 
with endstage renal failure, little attention was paid to the hypertension 
during chronic renal insufficiency. It was even thought that elevation of the 
blood pressure might be an important compensatory mechanism raising the 
perfusion of the diseased kidney. Today long-standing untreated hypertension 
during the period of chronic renal failure has become an important factor 
worsening the prognosis during maintenance hemodialysis. As can be expected, 
the cardiac size of hemodialysis patients correlates with the degree and dura
tion of hypertension [8]. We correspondingly found a correlation between the 
degree of change in the EKG and the level of blood pressure elevation, as in 
cases of hypertensives without kidney disease (Fig. 1). 

In addition to hypertension, anemia, the increased volume load carried 
by the arteriovenous fistula, intermittent overhydration, and occasionally 
pericarditis and cardiomyopathy affect the heart during regular hemodialysis. 
The shunt flow of the subcutaneous arteriovenous fistula, which is usually 
used today as a regular blood access for maintenance hemodialysis treatment 
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Fig. 1 Blood pressure and EKG findings of 30 patients under regular hemodialysis 
treatment 

can be considerable. Various authors have measured flow rates from as little 
as 150 ml/min up to more than 2 liters/min depending on the type and site 
of the fistula, on the examination techniques applied, and on the group of 
patients studied [1, 24, 34]. The flow rate of the fistula also depends on the 
cardiac output and amounts up to more than 20% thereof [24, 34]. The flow 
rate also depends on the blood pressure [2]. 

Generally the uremic patient without cardiac failure seems to have an 
elevated cardiac output even before an arteriovenous fistula for hemodialysis 
treatment has been created [29]. Dialysis patients were found to have a 
significantly elevated resting cardiac output. SILL found in a group of 7 patients 
on chronic hemodialysis with hematocrits between 20 and 24 a resting cardiac 
output of 14.9 l/min as compared to only 6.3l/min in a normal control 
group. After closure of the fistula for 15 minutes, the cardiac output decreased 
to 12.2l/min. The high cardiac output in this group of patients was caused 
by elevated stroke volume at normal pulse rates. 

These figures, however, cannot be considered representative for the average 
dialysis patient. Other researchers have found lower figures for the cardiac 
output of hemodialysis patients [24]. 

The cardiac reserve of patients under chronic hemodialysis is reduced. 
Patients with normal resting pulmonary artery pressure tend to develop patho-
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logic pressure increase during low exercise [33 J. In single cases the heart 
of the dialysis patient can also be affected by uremic pericarditis and cardio
myopathy [7]. Pericardial effusion, which is seen fairly frequently in patients 
under long term hemodialysis, does not, in our experience, seem to alter the 
patient's condition greatly although it is found mostly in patients not doing 
well under the dialysis treatment in other respects. Pericardiac effusion, how
ever, might become a sudden problem when, in rare instances during hemo
dialysis, the patient's blood is heparinised and he develops a hemorrhagic 
effusion which can cause a cardiac tamponade [28J. 

3. Carbohydrate and Fat Metabolism 
H. LOEW 

Chronic uremia accompanies carbohydrate intolerance, as has been known 
for many years. However, diabetes mellitus does not occur as a result of 
chronic uremia. Different from juvenile diabetics, patients with uremia always 
have high basal serum insulin levels and respond on a subnormal level to 
parenterally administered insulin. This indicates a resistence of the peripheral 
tissue to insulin under uremia, which delays glucose assimilation [5,6, 18,20, 
27J. Intensive hemodialysis reduces carbohydrate intolerance, which led to 
the assumption that some uremic toxin causes insulin resistence in uremia 
[20]. 

From the clinical point of view, a more serious problem is hyperlipemia 
in chronic uremic patients, since this seems to be the main factor contributing 
to accelerated atherosclerosis seen in patients after several years of regular 
hemodialysis. 

We observed that 31 of 46 patients under chronic hemodialysis had hyper
triglyceridemia ranging from upper nOImal limit of 175 mg% to more than 
500 mg%. Cholesterol levels were normal in two-thirds of the patients and 
only slightly elevated in the others (Fig. 2). 

We also found that the frequency of hypertriglyceridemia increases as 
renal function deteriorates and is highest in the terminal stage of chronic 
uremia when regular hemodialysis is indicated. In our patient group there 
was no correlation of triglyceride blood levels to age and body weight. The 
most significant observation was that the blood pressure of our patients 
correlated well with the triglyceride levels (Fig. 3). 

A six-month course of regular hemodialysis did not seem to affect tri
glyceride blood levels. Patients who had hypertriglyceridemia before dialysis 
treatment had a constant hyperlipemia under chronic dialysis treatment but 
none who had normal blood levels at the beginning developed hypertri
glyceridemia during a 6-month period of dialysis treatment. 

Chronically uremic patients with hypertriglyceridemia resemble patients with 
Type IV hyperlipemia in many respects. In both frequently occur glucose 
intolerance, hyperuricemia, elevated basal insulin levels, and a tendency toward 
accelerated atherogenesis. But other than those in Type IV hyperlipemia, 
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Fig. 3. Triglyceride blood levels and blood pressure of 44 patients under regular 
hemodialysis treatment 

chronically uremic patients are not obese and do not show elevation of plasma 
triglyceride levels in response to a fat-free, high-carbohydrate diet. 

The pathomechanisms of hyperlipemia in uremia are unknown. The main 
abnormality in uremic patients is an elevation of the very-low-density lipo-
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protein. This is obviously synthetized in the liver in excess, which could 
be the result of the accumulation of certain aminoacids in uremia. Also, the 
elevated serum insulin levels may have some influence on the production of 
lipoproteins in the liver, as insulin promotes aminoacids entry into cells. 
A third mechanism resulting in elevated serum triglyceride levels could be 
the reduced clearance of triglycerides from the serum by the peripheral tissue. 
The fact that the post-heparin lipolytic activity in patients under chronic 
dialysis is reduced favors this view. Triglyceride clearance from the serum 
is induced by the enzyme lipoprotein lipase which can normally be stimulated 
by the administration of heparin. In contrast to patients with Type I hyper
lipemia, which is induced by a hereditary lack of lipoprotein lipase, chylo
micronemia is absent in uremic patients. This in turn could mean that there 
is not a general lack of lipoprotein lipase in uremics but mainly a resistence 
of tissue to heparin. An excellent survey of the present knowledge of the 
disorders of carbohydrate and lipid metabolism in uremia is given by BAG
DADE [4]. 

At the present it is not clear how to manage hyperlipemia during chronic 
intermittent hemodialysis. 

4. Polyneuropathy 
H. LOEW 

Peripheral neuropathy is a typical complication of chronic uremia; it may 
lead to severe paralysis and muscle wasting of the extremities in those patients 
who survive endstage renal failure on intermittent dialysis treatment [3, 21, 
23, 24, 32]. Primarily affected are the sensory and motor neurons of the 
peripheral nerves of the lower extremities. 

The patient exhibits the "restless leg" syndrome, burning of the skin, 
paraesthesias, and muscle weakness. The histopathology of the nerve shows 
segmental demyelinisation and, in severe cases, axon degeneration [2, 21]. 
Also, the cochleo-vestibular nerve can be involved, and the patient may 
develop vertigo or loss of hearing [39]. There is no doubt that neuropathy 
is caused by some uremic toxin not yet identified. Since most patients today 
are dialysed 3 times a week for a total of 24 to 30 hours, neuropathy has 
become a relatively rare event when compared to the early period of regular 
hemodialysis, when dialysis treatment was given only twice weekly. DOBBEL

STEIN [14J found that the frequency of neuropathy among 900 German 
dialysis patients correlated inversely with the dialysis time per week. 

Uremic polyneuropathy can be detected before the patient has any com
plaints by determination of the motor nerve conduction time or the vibratory 
sensitivity [19, 21]. If uremic polyneuropathy does not respond to intensive 
dialysis treatment, renal transplantation will usually reverse this condition. 
Beside the peripheral neuropathy, there seems to exist a specific uremic 
myopathy [15, 26]. Cerebral dysfunctions with loss of consciousness or seizures 
are a rare complication during regular dialysis, and are primarily caused by 
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rapid changes of extracellular water and electrolyte composition. Slight 
changes of the EEG during dialysis treatment, however, can be observed 
frequently [22, 40, 41]. 

5. Gonadal Dysfunction 
H. LOEW 

Patients under chronic hemodialysis treatment are infertile as a rule. 
Only in rare instances have male dialysis patients fathered children and female 
patients given birth to children [10]. 

An andrologic examination of 10 of our hemodialysis patients revealed 
in all of them an azoospermia or oligospermia. Basal plasma testosterone 
levels in 24 of our male dialysis patients were significantly lowered (Fig. 4). 
The testosterone production of the dialysis patients did not respond to human 
chorionic gonadotropin, and basal luteotropic hormone levels were slightly 
elevated [38]. 

Hypogonadism in chronic uremia therefore seems to be a primary testicular 
insufficiency. Biopsies of the testicle of chronic uremic patients have been 
done only rarely. BUNDscHu [9] found interstitial calcium phosphate deposits 
in a few cases of testicular biopsies. The patients rarely complain of being 
infertile. Their major problem is impotence, which depends on other factors 
beside hypogonadism. 

6. Bone Disease 
A. SAMIZADEH 

Uremic bone disease had not been a problem of great clinical significance 
until patients with terminal renal failure received a chance to survive for 
many years by means of intermittent chronic dialysis treatment. Patients 
under long-term chronic hemodialysis treatment may develop advanced renal 
osteodystrophy and suffer from pathological bone fractures, especially of the 
vertebrae. 

Today, renal bone disease has become one of the most intensively studied 
complications of chronic uremia and has stimulated the investigation of the 
action of vitamin D and parathyroid hormone on calcium metabolism. Mul
tiple factors have been found to be causes of bone disease as a consequence 
of chronic uremia. The most important ones under discussion at present are 
secondary hyperparathyroidism [59, 120] and abnormalities in vitamin D 
metabolism [3, 120]. 

STANBURY [123] proposed already in 1962 a classification of renal bone 
disease in azotemic osteomalacia and azotemic hyperparathyroidism. GARNER 
and BALL [43] again in 1966 and BINSWANGER et al. in 1971 [12] reported on 
osteomalacia as a consequence of chronic renal failure. A combination of 
disturbed bone mineralization and hyperparathyroidism was found in patients 
with chronic renal failure by ]OWSEY et al. [68], HITT et al. [62], KREMPIEN 
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patients under regular hemodialysis treatment 

et al. [76J and DUURSMA et al. [35]. Osteoporosis and osteosclerosis have also 
been observed [25]. 

6.1. Pathogenesis 
6.1.1. Renal Acidosis 

The early concept of ALBRIGHT that the metabolic acidosis of patients 
with chronic renal failure was the main cause of renal bone disease [1 J could 
not be confirmed by many other investigators [7,21,83,108, 111J. 

6.1.2. Hyperphosphatemia 

Phosphate in vivo as well as in vitro stimulates bone formation, diminishes 
bone resorption and reduces the sensitivity of bone for parathyroid hormone 
[103]. The phosphate retention in renal failure was thought by some investiga
tors to be the key disturbance leading to uremic bone disease. BRICKER [16, 125J 
postulates that very early in chronic renal failure when the first nephrons 
are destroyed and glomerular filtration rate diminishes, phosphate secretion 
is also reduced. Consequently, the serum phosphate concentration tends to 
rise which in turn causes a fall in ionised serum calcium concentration leading 
to an increase in parathyroid hormone secretion. The increased parathyroid 
hormone activity reduces tubular phosphate resorption and compensates for 
the reduction in glomerular phosphate filtration keeping the serum phosphate 
level constant until renal function deteriorates further. On the contrary, 
hypocalcemia sometimes can be observed in early renal failure before hyper
phosphatemia develops [38, 39]. The thesis of BRICKER cannot explain many 
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observations in renal failure; for instance, disturbance of bone mineralization 
and the reduction of intestinal calcium absorption which can be observed in 
experimental renal failure a few hours after reduction of renal function. 

6.1.3. Vitamin Ds Metabolism 

These observations made it likely that vitamin D plays a role in renal 
bone disease. Renal osteomalacia cannot be morphologically separated from 
classical osteomalacia, due to lack of vitamin D, and can be detected early 
in the course of chronic renal failure before the development of azotemia. 
It seems to be unrelated to the level of the serum calcium concentration and 
the calcium-phosphate product in the blood. It is caused by a blocked min
eralization of the osteoid which is resistant to physiologic doses of vitamin D 
[72, 84, 85, 100, 116]. The vitamin D serum level is normal in uremic indi
viduals [13, 98]. The degree of osteomalacia correlates with the duration of 
chronic renal failure. LIU and CHU [84 J were the first to show that the ab
normalities of calcium metabolism in uremia can be corrected by high doses 
of vitamin D. This was confirmed later on by several other investigators [19, 
115, 117J. HESCH et at. found the intestinal calcium absorption to be diminished 
at an early stage of renal failure when serum phosphate levels were still 
normal [59, 60]. There was no correlation seen between serum creatinine 
concentration and the degree of decrease in calcium absorption. An under
standing of the complex role of vitamin D in renal bone disease began when 
radioactive vitamin D was synthesised. DE LUCA, AVIOLI et at. [4, 5,6,28, 30J 
could demonstrate for the first time multiple metabolites of vitamin D in 
men by the use of 1,2-sH vitamin Ds. BLUNT and his group were able to 
isolate the first biologically potent metabolite of vitamin Ds and identified 
it as 25-hydroxycholecalciferol [13]. This metabolite is the circulating form 
of vitamin Ds and stimulates intestinal calcium resorption and the mobilization 
of calcium from bone [8,23,24,53,63,101,116]. The 25-hydroxycholecalciferol 
seems to be formed mainly in the liver [98, 99J although the kidney is able 
to form this metabolite of vitamin Ds [52, 53J as well. 

During the following period of intensive investigation of vitamin D meta
bolism, other metabolites were found which were even more potent than 
25-hydroxycholecalciferol. FASER and KODICEK [36, 73J in 1970 and, at the 
same time, LAWSON et at. [81J found 1,25-dihydroxycholecalciferol to be a 
very potent metabolite of vitamin Ds. It was found in the kidneys of chicken 
and derives mainly from mitochondria of the renal cortex [73]. The kidney 
therefore can be considered an endocrine organ which forms and secretes 
1,25-hydroxycholecalciferol [29, 45, 46, 73, 90J-the biologically active form 
of vitamin D, especially for the mucosa of the gut [14, 15, 40, 41, 64, 65, 91, 
129J. This metabolite also plays a role in the calcium mobilization from the 
bone, as it is highly concentrated in the nucleus of bone cells [54, 104, 114]. 

The formation of 1,25-dihydroxycholecalciferol correlates with the serum 
level of parathyroid hormone. A decrease of serum calcium concentration is 
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Fig. 5. Relationship between serum calcium level and vitamin Da-metabolites 1,2S-dihydr
oxycholecalciferol and 24,25-dihydroxycholecalciferol (DELuCA et al. [13J) 

followed by an increased secretion of parathyroid hormone, which in turn 
causes an increased gastrointestinal calcium resorption induced by an increased 
rate of 1,25-dihydroxycholecalciferol formation. The rate of formation of 
1,25-dihydroxycholecalciferol is reduced at elevated serum calcium levels [31]. 

The amount of calcium in the diet also seems to playa role in the regulation 
of 1,25-dihydroxycholecalciferol formation. DE LUCA et al. [31] found that a 
low-calcium diet increases the rate of intestinal calcium resorption, and that 
diet rich in calcium causes a reduction of enteral calcium resorption. 

At the same time the formation of 1,25-dihydroxycholecalciferol is in
creased or decreased. During reduction of 1,25-dihydroxycholecalciferol forma
tion, 24,25-dihydroxycholecalciferol is produced at an increased rate. The 
biological activity of the latter metabolite has not yet been clarified [15, 31, 
92] (Fig. 5). 

The regulation of 1,25 -dihydroxycholecalciferol formation is closely related 
to the parathyroid gland [42, 106]. In the experimental animal, the 1,25-
dihydroxycholecalciferol formation ceases within 48 hours after parathyroid
ectomy even when the animal is fed a low-calcium diet [42] (Fig. 6). At the 
same time the production of 24,25-dihydroxycholecalciferol increases. The 
application of parathyroid hormone promptly stimulates 1,25-dihydroxychole
calciferol in these animals. Thus, the parathyroid hormone can be considered 
a tropic hormone for the 1,25-dihydroxycholecalciferol formation [26, 29]. 

The serum phosphate level also plays an important role in the regulation 
of 1,25-dihydroxycholecalciferol formation. Hypophosphatemia in some way 
independently of parathyroid hormone stimulates the formation of this meta
bolite. The ability to form 1,25-dihydroxycholecalciferol correlates with the 
concentration of anorganic phosphate in the renal cortex. A low concentration 
of anorganic phosphates in the kidneys stimulates 1,25-dihydroxycholecalci
ferol formation, whereas high phosphate concentration seems to stimulate the 
formation of 24,25-dihydroxycholecalciferol [31] (Fig. 7). 
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Fig. 6. Effect of thyroparathyroidectomy (TPTX) and therapy with parathyroid extract 
(PTE) on the rate of production of 1,25-dihydroxycholecalciferol (---) and 24,25-di
hydroxycholecalciferol (-) in rats. TPTX results in a rapid fall of the serum concen
tration of 1,25-dihydroxycholecalciferol while the concentration of 24,25-dihydroxy-

cholecalciferol rises. This effect can be reversed by the administration of PTE 

Whether or not the mineral content of bone itself has some influence on the 
regulation of intestinal calcium absorption and 1,25-dihydroxycholecalciferol 
formation is still an open question [114]. 

The intestinal calcium resorption depends on a carrier, the calcium binding 
protein, which is built by the mucosa of the ileum under the influence of 
1,25-dihydroxycholecalciferol and a calcium dependent ATP-ase [22, 33, 75, 
87,93,97, 127, 128, 130, 134, 135, 136]. All these findings show that vitamin D 
metabolism is regulated by a complex mechanism in which the amount of 
ionized calcium in the extracellular fluid, the phosphate concentration in the 
renal cortex, and the parathyroid hormone play important roles. Due to the 
key position of the kidneys in vitamin Da metabolism no 1,25-dihydroxy
cholecalciferol can be detected in the serum after bilateral nephrectomy [88, 
89J. Also, individuals with far-advanced renal failure show a significantly 
reduced transformation of 25-hydroxycholecalciferol into 1,25-dihydroxy
cholecalciferol [51]. Some formation of 1,25-dihydroxycholecalciferol has been 
found down to a glomerular filtration rate of about 3 mlJmin [58, 114, 116]. 
There also exists a resistance of the tissues against 1,25 -dihydroxycholecalci
ferol in chronic uremic patients [61]. Uremia by itself seems to cause a dis
turbance of intestinal calcium absorption [108, 114, 115]. 

6.1.4. Parathyroid Hormone 

The serum parathyroid hormone level is already elevated when renal 
function is impaired only slightly. The parathyroid hormone level in chronic 
renal disease is higher on the average than in primary hyperparathyroidism 
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Fig. 7. Relationship between serum phosphorus level and the serum concentration of 
vitamin Ds-metabolites 1,25 - and 24,25-dihydroxycholecalciferol (DELuCA et al. [31J) 

[11, 26, 100, 107]. In the earlier stages of chronic renal failure there is a cor
relation between serum parathyroid hormone concentration and the serum 
creatinine concentration [37, 107]. No close correlation could be found between 
serum parathyroid hormone level and the degree of bone disease in patients 
with chronic renal disease [54]. 

The increased parathyroid hormone production accompanies hyperplasia 
of the parathyroid gland [112]. Parathyroid hormone synthesis and secretion 
is controlled by the level of the ionized serum calcium [120]. This is true also 
of uremic patients. To a small degree parathyroid hormone synthesis and 
secretion also depend on magnesium concentration in the serum. RAISZ et al. 
[104] were able to show that hyperphosphatemia does not, as has been postu
lated, stimulate the secretion of parathyroid hormone since hyperphosphatemia 
lowers the serum calcium level [111]. Many patients with chronic renal in
sufficiency seem to be resistant to parathyroid hormone [123]. This resistance 
to parathyroid hormone in uremia probably is due to the lack of biological 
active metabolites of vitamin Da, as has been described before [105]. Para
thyroid hormone can affect the bone only in the presence of normal vitamin D 
activity. This probably explains why in uremic patients, in spite of the very 
high parathyroid hormone levels, the serum calcium level remains low and 
cannot be elevated by mobilization of calcium from the bone, the so-called 
"hypocalcemic hyperparathyroidism" [124]. 

From all these details the fact emerges that reduced formation of 1,25-
dihydroxycholecalciferol is the basic disturbance in the pathogenesis of renal 
bone disease. The reduction of formation of this vitamin D metabolite is not 
only due to a loss of renal parenchyma but is also caused by an inhibited 
synthesis due to hyperphosphatemia early in renal failure. Because of the 
lack of 1,25-dihydroxycholecalciferol, intestinal calcium resorption and calcium 
mobilization from the bone are reduced, and the ability of parathyroid hor
mone to elevate the serum calcium level is impaired. 
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6.2. Bone Disease Under Chronic Hemodialysis Treatment 
The frequency of bone disease among patients under chronic hemodialysis 

seems to depend mainly upon the skill of the physician in checking patients 
for symptoms of this complication. As a rule uremic bone disease is not com
pletely corrected by regular hemodialysis treatment. RITZ et al. [111 J studied 
300 hemodialysis patients and found in 47% symptoms of a pathologic calcium 
metabolism. The degree of bone disease correlated to the duration of dialysis 
treatment. In an early observation by DRUKKER [34J, 30% of chronic uremic 
patients show a decrease of bone disease under chronic dialysis treatment, 
in 33 % symptoms remained unchanged and in 37% bone disease was pro
gressive. Experimental data make it unlikely that hemodialysis treatment can 
change the disturbance of the vitamin D function on the tissues [121]. But 
it could be expected that along with the reduction of the serum phosphate 
level the resistence of bone against parathyroid hormone is reduced and that 
the elevation of the serum calcium level reduces parathyroid hormone secre
tion [111]. 

6.3. The Influence of Dialysis Treatment Itself on Renal 
Bone Disease 

If the water used for the dialysis fluid is softened only and not com
pletely demineralized, the possibility for fluorine intoxication exists [109]. 
Some investigators found high fluorine concentrations in the bone of dialysis 
patients. It has also been discussed whether the chronic use of aluminium 
hydroxide, which is taken by all patients under chronic dialysis to minimize 
phosphate resorption from the intestine, leads to an accummulation of this 
metal in the bone [109]. 

Heparin, which is used during each hemodialysis treatment, causes a 
mobilization of calcium and phosphate, and increases the calcium-phosphate 
product in the serum [74]. 

The role of magnesium in the pathogenesis of renal bone disease is not 
precisely known. If magnesium, as postulated by some authors, suppresses 
parathyroid hormone secretion, the magnesium level in the dialysis fluid used 
at the present should be raised [18]. 

The level of calcium concentration in the dialysis fluid is an important 
factor. It should be high enough to allow the serum calcium level of the 
patient to become normaL It should also be high enough to stop negative 
calcium balance in chronic uremic patients. If too high, on the other hand, 
it causes hypercalcemia and tissue calcification [9, 10, 17, 44, 56, 79, 102J. 
The highest serum dialysate concentration of 4 mvalJI is proposed by a group 
of the Mayo Clinic who observed a normalization of the parathyroid hormone 
level and a reduction of the serum phosphate level in patients under regular 
dialysis with high dialysate calcium concentration [111]. 

The remarkably elevated serum phosphate level in dialysis patients is 
not only due to reduced renal elimination but also to the reduced formation 
of energy-rich phosphate compositions resulting from toxic disturbance of the 
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metabolism [55]. Phosphate elimination through hemodialysis and reduced 
resorption resulting from the use of oral aluminium hydroxide lead to a 
negative phosphate balance, which decreases the resistence of bone to para
thyroid hormone and reduces the chance of tissue calcification. 

6.4. The Clinical Syndrome of Renal Bone Disease 
The patient suffers from bone pain, especially in the pelvic area and the 

heels, if he has any complaints related to renal bone disease at all. Periarticular 
deposits of hydroxylapatite can cause sudden joint pain, especially in the 
hands, the elbows, and the shoulders (Fig. 8). This occurs when the calcium 
phosphate product is significantly elevated. Calcium hydroxylapatite can be 
deposited in the human tissues only when the calcium phosphate product 
in the serum supercedes an upper normal limit of 40. Uremic patients tolerate 
a calcium phosphate product up to 75 [122]. This is probably due to renal 
acidosis. This arthritis-resembling clinically acute gouty arthritis-is caused 
by the deposition of calcium phosphate microcrystals in the synovial fluid 
and the periarticular tissue. Calcium phosphate deposition in the conjunctivae 
causes the so-called It red-eye" syndrome. Beside these massive calcium phos
phate depositions, metastatic calcifications are also found in other tissues, 
extracellular (especially along the basement membrane) and intracellular, 
extra- and intramitochondrial [109]. A well-known phenomenon in dialysis 
patients is a homogenous calcification of the vessels. Different from arthero
sclerosis, the calcification of the vessels seen in dialysis patients begins in 
the peripheral vessels of the fingers and toes independent of blood pressure 
and calcium phosphate product in the serum. Histologically, these calcifica
tions are found primarily in the media of the vessel wall [79, 82, 95, 96]. 

6.5. Roentgenological Appearence of Renal Bone Disease 
In the early stage of renal insufficiency, x-ray examination of the hands 

shows a longitudinal separation of the cortical bone of the phalanges, the 
skull shows multiple small holes of osteolysis which, on the roentgenogram, 
gives the appearance of the so-called It pepper and salt" skull. A typical 
finding is the acroosteolysis of the lateral end of the clavicle. The finger bones 
characteristically show resorption of the subperiosteal bone, mainly along 
the radial side of the middle phalanx of the second finger (Fig. 8). Relatively 
rarely, the spine shows osteosclerosis of the upper and lower layer of the 
vertebrae, known by the roentgenologist as Itrugger jersey" spine. LOOSER'S 

zones as a specific finding related to osteomalacia are seen only rarely. The 
roentgenograms of the extremities characteristically show vessel calcification. 

6.6. Other Diagnostic Procedures 
Beside the roentgenological examination, the histologic examination of 

the bone is the most specific method to diagnose renal bone disease. J OWSEY 
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Fig. 8. A. Xeroradiogram of the index finger of a patient with renal bone disease showing 
severe osteoclasia, especially subperiosteal bone resorption, the typical appearance of the 
skeletal changes of hyperparathyroidism with kind permission of Dr. PETERS, Radiolo
gische Klinik, University of Mi.inster. B. Radiogram of the thumb of a patient under 
regular hemodialysis treatment with metastatic periarticular calcification due to a high 

serum phosphate level 

et at., INGHAM et at., KUHLENCORDT et at., DELLING, SCHULTZ et at. [27, 66, 67, 
68, 76, 77, 118J have investigated the histologic appearance of renal bone 
disease and have proposed a histologic classification of renal bone disease. 

Biochemical methods and the diagnosis of renal bone disease include the 
estimation of the parathyroid hormone with a radioimmuno assay and the 
estimation of intestinal calcium absorption [59, 60]. Routine procedures are 
the estimation of serum calcium phosphate and alkaline phosphatase levels. 
The alkaline phosphatase is elevated in renal bone disease as a result of in
creased osteoblastic activity. 

6.7. Therapy of Renal Bone Disease 
According to what is now known about the pathogenesis of renal bone 

disease, successful therapy must eliminate the vitamin D resistence and the 
stimulation of the parathyroid hormone. The effect of such therapy is best 
when started early in the course of renal disease [59,115,116). 

All patients under chronic hemodialysis and with chronic renal failure 
before regular dialysis treatment should be given aluminium hydroxide 
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orally which binds phosphate of the food resulting in a decreased serum 
phosphate level. This in turn causes a decrease of the parathyroid hormone 
level. An overdose of aluminium hydroxide can cause hypophosphatemia 
resulting in an undermineralisation of the bone similar to osteomalacia, and 
should therefore be avoided. 

High doses of oral calcium gluconate (1.5 to 2 g per day) can com
pensate for the reduced calcium resorption rate of the intestine [20]. 

Fluorine has a positive effect on bone formation. This effect diminishes 
after several months [78J. Whether fluorine is also useful in renal bone disease 
has not yet been studied. Side effects of fluorine therapy are nausea, abdo
minal pain, joint pain-especially in the feet and knees-and transient osteo
malacia. 

It has been shown that in order to prevent calcium loss through dialysis 
a calcium concentration in the dialysis bath of 3 or more mvalJl is necessary. 
The dialysate calcium concentration primarily used in Germany today is 
3.5 mvalJl. It has not yet been established whether this calcium concentration 
has a positive effect on renal bone disease. 

Treatment of renal osteodystrophy with vitamin D3 and vitamin D3 
metabolites (or analogues thereof) has not yet been established. High doses 
of vitamin D3 can raise the intestinal calcium absorption in hemodialysis 
patients [57, 114]. The administration of vitamin D3, however, can only be 
useful as long as sufficient amounts of 1,25-dihydroxycholecalciferol can be 
synthesized by the diseased kidneys. It has been shown that 25-hydroxy
cholecalciferol in high doses can be effective in the intestines and in bone 
without being transformed into 1,25-dihydroxycholecalciferol [31, 32, 132]. 
But uncertainty exists whether or not it also heals bone disease. As 25-hydroxy
cholecalciferol is less toxic than vitamin D3, it seems to be advantageous to 
vitamin D3 itself. The best results were obtained with 1,25-dihydroxychole
calciferol after it had been synthesized. In very small doses, it normalizes 
calcium absorption of the intestine. Vitamin D3 analogues like 5,6-trans
cholecalciferol and 5,6-trans-25-hydroxycholecalciferol are under investigation, 
But their therapeutic value has not been established yet. The disadvantage 
of vitamin D3 is the small range between therapeutic doses and toxic doses 
[80, 86, 94, 114J. Clinically, vitamin D intoxication is identical with the 
hypercalcemia syndrome. This consisty of renal, intestinal, cardial, neuro
logical, and psychic symptoms [138J. In the future, it is likely that the less 
toxic vitamin D metabolites will be used exclusively in the treatment of renal 
osteodystrophy [2, 113]. 

A new possibility to treat renal bone disease has been introduced by 
KAYE etal. [69,70, 71J, SUDA etal. [126J, HARRISON etal. [48,49, 50J, and 
HALLIK et al. [47J, who have used dihydrotachysterol and observed an im
provement of the intestinal calcium resorption and a regression of uremic 
bone disease in their dialysis patients. Dihydrotachysterol is hydroxylated 
in the liver to form 25-hydroxydihydrotachysterol, which is active without 
being metabolized in the kidney. Dihydrotachysterol has the advantage over 
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vitamin D in being less toxic because it cummulates less. Older patients seem 
to be more sensitive to dihydrotachysterol [138J during long-time therapy 
with this drug. As with any other vitamin D-like substance, patients must 
be watched closely [119, 137J. 

Severe secondary hyperparathyroidism can probably only be treated by 
parathyroidectomy. DELLING et al. [118J have seen a significant effect on the 
bone after successful subtotal parathyroidectomy. Parathyroidectomy seems 
to be indicated only if there is severe progressive osteoclasia with hyper
calcemia or hyperphosphatemia causing recurrent calcium-phosphate deposits 
in the tissues. 

7. Anemia 
E. HEILMANN 

7.1. Introduction 

Since BRIGHT'S report of 1835 [12J, anemia is known as one of the earliest 
and most characteristic manifestations of chronic renal disease. Prior to the 
widespread therapeutic use of hemodialysis, anemia was a minor problem 
for patients suffering from renal failure and azotemia. Intermittent hemo
dialysis was introduced some 15 years ago as a new therapeutic method in 
chronic renal failure [90J, but anemia is still an important problem menacing 
the patient's life expectancy. Recovery of physical ability will always depend 
on the improvement of anemia [95]. Long-term effects of anemia on the 
myocardium-such as fatty degeneration [14J and increased cardiac output 
[82J-have a substantial influence on the prognosis of dialysis patients. 

Anemia occurs eventually in every patient with chronic renal failure. 
Although many studies [61, 62, 67, 71, 72J point to a correlation between 
the degree of uremia and the severity of anemia, there is a wide variation 
in time of onset and progression of anemia in patients on intermittent hemo
dialysis. But no relationship seems to exist between intensity of anemia and 
the etiology of renal disease [6]. In a state of chronic renal failure the hemato
crit will not fall below a certain minimum. Patients on intermittent hemo
dialysis show a hematocrit between 14 and 38%, with an average of 23 %, 
which is quite independent of the creatinine level [48]. 

This review intends to cover the present knowledge about pathogenesis 
of anemia in patients on regular hemodialysis and to discuss the currently 
available and the prospective methods of therapy. 

7.2. Pathogenesis 
Anemia in patients on intermittent hemodialysis has a complex patho

genesis influenced by various factors. The most important causes seem to 
be a toxic influence on erythropoiesis, an accelerated red cell loss due to 
hemolysis and bleeding, deficiency of iron, folic acid, vitamin B12, pyridoxine, 
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aminoacids, and erythropoietin. The main cause of renal anemia lies in the 
relative failure of the bone marrow to respond to anemia in the manner of 
an organism with normal kidney functions. Prior to the discovery of erythro
poietin, BRIGHT [12] and VOLHARD [97] had believed that urea and certain 
other substances, normally excreted in the urine but now retained, were 
responsible for toxic damage of the bone marrow, and for the resulting im
pairment of erythropoiesis. But is was proved by BECKER [5], BOCK [9], 
and KELLER [63] that neither urea nor creatinine are causing toxic bone 
marrow depression. RENNER [87] found various substances in the dialysis 
fluid after extracorporeal hemodialysis, among them phenole derivatives, 
guanidine, and aromatic amines, and he was able to demonstrate their toxic 
effect. 

ADAMSON [1] and ESCHBACH [32] proved that uremic toxines could damage 
the bone marrow, but that their role in the pathogenesis of anemia was quantita
tively negligible. 

Various investigators [6, 19, 34, 49, 76, 94, 96] have demonstrated in
creased hemolysis in patients with renal insufficiency; there seems to be, 
however, no relation between the degree of azotemia and the amount of 
hemolysis. When azotemia is controlled by intermittent hemodialysis, some 
hemolytic component will still remain. 

Several characteristic signs of hemolysis-such as increased indirect bili
rubin, increased lactate-dehydrogenase in the serum, and reticulocytosis
were not demonstrated in this context, a slight hemolysis can be detected 
by chrom-51-tagging of erythrocytes [46, 60]. Some investigators have reported 
a shorter erythrocyte life-span in patients on regular hemodialysis. KELLER 
[63], ESCHBACH et al. [32], GIOVANETTI [42], SHAW [94], ESSERS [34], and 
DESFORGES [19] found the survival time of erythrocytes reduced to one-half 
or two-thirds of the normal values. According to BLUMBERG [7], the average 
life-span, as measured by chrom-51-tagging, would be 19 days. Our studies 
showed a medium span of 20 days [49]. 

Different results were obtained in studies of the role attributed to red 
cell enzymes in correlation to hemolysis in patients with renal failure [10, 41, 
55, 81]. Erythrocytic enzymes in patients on intermittent hemodialysis were 
evaluated in the hematology laboratories of Freiburg University [49]*. The 
calculations yielded normal or slightly elevated values (Fig. 9). Higher values 
are characteristic of a young erythrocyte popUlation associated with increased 
hemolysis [54, 84, 89]; they show, however, no features typical for renal 
anemia. Impairment of glycolysis seems improbable, according to studies of 
BLUMBERG [6], since concentration of organic phosphates is not increased 
in general. 

* Hexokinase; phosphoglucomutase; aldolase; 2,3-diphosphoglyceratmutase; 6-P-gluco
natdehydrogenase; P-fructokinase; glutathionreductase; glucose-6-p-dehydrogenase; 
pyruvatkinase; enolase; mono-p-glyceratmutase; glucose-P-isomerase; glycerinaldehyd-
3-P-dehydrogenase; lactat-dehydrogenase; 3-P-glycerat-t-kinase; reduced glutathion; 
triose-P-isomerase; adenylatkinase. 
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Fig. 9. Erythrocytic enzymes in patients on mtermittent hemodialysis 

To evaluate the red blood cell trauma caused by the hemodialyser, the 
free hemoglobin was determined in the plasma before and after dialysis. 
HYDE and SATTLER [56J have found by means of plasma-hemoglobin evalua
tion, a slight hemolysis in the closed system of artificial kidneys of various 
types (Kiil, Klung, Miniklung, Twin Coil). The extent of hemolysis was 
not correlated to the membrane surface area. Our observations [52J starting 
from normal values, showed a rising amount of free hemoglobin in the plasma 
after treatment with different methods of hemodialysis (Fig. 10). The hemo
lytic component of renal anemia must be due to the uremic environment, but 
not to a primary cellular defect or mechanical destruction. Of all uremic to
xines recently investigated for their potential hemolytic activity, guanidine 
derivates are most likely to act as hemolytic agents [87J. 

Until now, iron deficiency has been regarded as a minor cause of renal 
anemia [6, 10, 63 J. But in regular hemodialysis, iron deficiency seems in fact 
to play an important role in the development of anemia. Frequent blood 
sampling, dialysis itself and gastrointestinal bleeding, reduced iron resorption, 
and low intake of iron are suspected as the responsible factors. BLUMBERG [6J 
calculated a loss of 2 to 5 liters of blood per annum caused by dialysis and 
blood sampling for routine laboratory investigations. We must add blood 
loss by puncture of the A-V-fistulas, and by occult bleeding from the gastro-
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Fig. 10. Plasma hemoglobin in patients with renal insufficiency before and after an 8 hour 
hemodialysis 

intestinal tract. KOCH and other authors [30, 98J found a mean annual iron 
loss of 2.13 ±0.92 g by exploring data from 59 Fe whole-body measurements. 
EDWARDS et al. [22J estimated a daily iron loss between 5 and 6 mg. A reduced 
iron resorption by dialysis patients was proven by BLUMBERG [8J and BODDY 
et al. [11]. ESCHBACH et al. [28J demonstrated that iron re-absorption in the 
dialysis patient is subject to the influence of iron balance depending on iron 
stores in the bone marrow. 

Our central European diet has a normal iron content of 5.5 mg/1 000 cal 
[75 J; compared with this, many dialysis patients living on a low meat diet 
without iron supplementation, will certainly suffer from severe iron deficiency. 
For diagnosis of this defect, no reliable criteria can be found in the determina
tion of serum iron. 

The resulting values oscillate between higher and lower rates and do not 
reflect the iron stores in the bone marrow [52]. A reliable parameter of the 
actual iron level of the organism, can be found in the amount of iron deposits 
within the reticulum cells of the bone marrow. Histologic or cytologic evalua
tion of iliac creast biopsies after staining with prussian blue allows exact 
definition of these values. The increase in total iron binding capacity of the 
serum provides a chemical evidence of iron deficiency in the blood (Fig. 11) 

[51 J. 
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Fig. 11. Correlation between serum iron (Fe), total iron bindung capacity (TIBC) and 
iron contents (hemosiderin in bone marrow (bm) in patients on permanent hemodialysis 

Pyridoxine, which is necessary for hemosynthesis, may be lost in the dia
lysis fluid [26J. 

GIORDANO [41 J had found a certain deficit in aminoacids, especially 
histidine, in his dialysis patients; but substitution of these substances failed 
to promote a convincing improvement in hematopoiesis. 

Folic acid is a dialysable co-enzyme needed for normal red cell production. 
In 1963 LASKER et al. [68J were first to report lower levels of folic acid in 
the plasma of dialysis patients. HAMPERS et al. [47J reported about 10 patients, 
of whom five showed megaloblastic changes in the bone marrow, while nine 
of them had lowered levels of folic acid in the plasma. He recommended that 
patients on long-term hemodialysis should receive folic acid supplementation. 
WHITEHEAD [99J, JOIST [59J and MACKENZIE et al. [70J conclude from their 
studies that in adequately dialysed patients lowered folic acid will normally 
have no decisive influence on the pathogenesis of renal anemia. 

No symptoms are found in patients on intermittent dialysis of deficiency 
of vitamin B12 , which is tightly bound to plasma proteins, and which is for
tunately not dialysable. Vitamin B12 values in the serum were reported as 
normal by MACKENZIE [70J and HAMPERS [47J in their patients on inter
mittent hemodialysis. We performed a radioimmunoassay for vitamin B12, 
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before and after an 8 hours dialysis. The levels were within the normal range, 
without lowering during dialysis. 

Whereas the excretory function of the kidney and its role in regulating 
fluid volume and blood pressure is clearly defined and explained, recent 
investigations have shown the importance of endocrinous renal influence on 
erythropoiesis. In 1906, CARNOT and DEFLANDRE [15 J were the first to assume 
a humoral factor regulating the amount of red cells, which they called hemato
poietin. 

Some fifty years later REISSMANN [85J and ERSLEV [23, 24J investigated 
the humoral mechanism destined to regulate erythropoiesis. JACOBSON et al. 
[57J associated this erythropoietin production with the kidney. GORDON et al. 
[16, 17, 43, 44J described a small mitochondrial fraction of the kidney con
taining a factor REF-the renal erythropoietic factor which is inactive in 
itself, but distinctively capable of promoting erythropoiesis after incubation 
with a globuline in the plasma. REF is clearly distinguished from renin [101J. 
Several investigators [80, 86J presumed that REF acts like an enzyme 
upon a liver-derived globulin fraction of the plasma, thereby producing an 
erythropoiesis-stimulating factor (ESF) called erythropoietin. 

Deficient or reduced production of erythropoietin by the damaged or 
impaired kidney has been identified as the major cause of anemia [6, 7, 25, 
27,28,34,40,43,45,50,57,70,73,76,80, 100, 101]' Patients on maintenance 
hemodialysis are not able to produce a normal red cell mass; this failure is 
primarily the result of severe damage to the site of erythropoietin or REF 
production. Production of renal erythropoietin is suppressed either partially 
or completely, therefore stimulation of erythropoiesis will depend mainly upon 
erythropoietin provided by extrarenal sites [39, 73, 75, 78, 79J in order to 
maintain at least a subnormal level. 

After bilateral nephrectomy, renal erythropoietin production is destroyed 
completely, while basic erythropoiesis maintains a hematocrit of about 10% 
[6, 25, 48]. This insufficient production of erythropoietin will explain the 
diminished erythropoiesis observed in dialysis patients by means of ferro
kinetic studies [30]. Erythropoietin inhibitors are discussed as responsible 
agents in erythropoietin deficiency; FISHER et al. [36J supposed them to block 
the effect of the hormone. In accordance with ESSERS et at. [35J, we have 
found no erythropoietin inhibitors in the blood of patients with renal in
sufficiency. Clinical findings in bilaterally nephrectomized patients who are 
actually unable to produce renal inhibitors may help to explain the declining 
curves of hemoglobin and hematocrit as a result of primary erythropoietin 
deficiency. 

It has been shown that kidney transplantation is followed by recovery 
of erythropoietin production and that, consequently, red cell production re
turns to its normal rate. DENNY et at. [18J and other authors [53, 74, 79J 
have shown in repeated tests that a transplanted kidney is capable of erythro
poietin production as early as 1 to 40 days after transplantation. 
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7.3. Treatment 
The first and most urgent step in preventing anemia in patients on inter

mittent dialysis should be to reduce blood sampling to the inevitable minimum. 
Investigations of several authors [6, 26, 34J agree on estimates that some 
1.4 to 3.1 1 of blood are taken yearly from dialysis patients for the sole reason 
of diagnosis and research. This means a loss of blood easily comparable 
to the amount donated by regular blood donors. Such an artificial deprivation 
could be kept, however, at the inevitable minimum by taking samples only 
from the plasma with re-transfusion of cellular components. 

Considering the hemolytic component of anemia in dialysis patients, splenec
tomy might appear as a potential remedy for anemia even without splenomegaly. 
But lowered immunologic activity after splenectomy would never justify such 
a drastic method simply to prolong the lifespan of red cells. Therefore, the 
decision in favour of surgery is called for by very few indications: spleno
megaly or splenic destruction of 51 Cr labeled red cells combined with an 
extremely short red cell life. The result of splenectomy is rarely spectacular 
or even satisfactory. 

In the current management of anemia in patients on chronic intermittent 
dialysis, this procedure must always remain in the center of attention. A 
number of reports [6, 64, 65] have shown that an intensified regimen in 
dialysis may help to improve red cell production. Improvement of hematocrit 
appears as a result of increased erythropoiesis, and also of reduced hemolysis. 
This effect was demonstrated in ferro kinetic studies, but the mechanism of 
the improvement is not quite clear. In theory, the cause of improved marrow 
activity should be seen in the removal of uremic toxines. Toxines of medium 
molecular size seem to have an important influence on the pathogenesis of 
the uremic syndrome. This concept was subjected to clinical trials by BABB 
et al. [4J, but the results failed to definitely localize anemia-specific toxines 
in this medium molecular range. 

We shall have to await further observations regarding the use of highly 
permeable membranes to find out whether this therapeutic method will help 
dialysis patients to recover from anemia. 

In this modified management of anemia, transfusion therapy is reduced 
as far as possible by providing an optimal environment for red cell production 
and by stimulating the bone marrow to a certain extra-activity. Moreover, 
chronic transfusion therapy of anemia in patients on permanent dialysis is 
associated with problems of hemosiderosis, depressed bone marrow activity, 
sensitization and immunologic response to isoantigens of blood cells and 
plasma proteins. It is essential that only washed and packed red blood cells 
are used. Frozen blood may permit a more liberal management of transfusion, 
but this is still not certain [83]. Most dialysis centers insist on reserving 
transfusion for cases with a very low hematocrit level, i.e. 10%, or when 
emergency signs of cardio-respiratory failure or cerebral hypoxia are present. 

Until 1971, routine preparation of dialysis patients for transplantation 
would always include bilateral nephrectomy. But in view of the resulting 
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Fig. 12. Hematocrit and total iron binding capacity (TIBC) in 18 patients on permanent 
hemodialysis with iron deficiency, before and after administration of 1000mg Fe-III i.v. 

severe impairment of hematocrit it should be recommended that no other 
indication for nephrectomy be accepted than severe hypertension resisting any 
other treatment. Even malfunctioning kidneys are capable of producing a small 
amount of erythropoietin; therefore nephrectomy should be delayed until the 
moment of the actual transplantation. 

As long as renal anemia had been treated with transfusion, iron substitu
tion was unnecessary. But in the present dialysis system, loss of blood provokes 
a significant iron deficiency in almost every dialysed patient. Considering 
an average daily blood loss of 10 ml [6, 64J, that would mean an extra loss 
of 2 mg iron which must be substituted. Since the normal iron loss is about 
1-2 mg a day, the iron requirement is doubled and supplement iron is needed. 
Investigations of the dialysis patient's capacity to reabsorb iron have given 
different results, but most of them showed a decrease in iron absorption. 
The use of parenteral iron may be indicated to replenish depleted iron stores, 
or when patients claim oral iron intolerance. Administration of a total amount 
of 1 g iron resulted in a significant rise of hematocrit with simultaneous 
decrease of the total iron binding capacity in the serum (Fig. 12). 

As a rule, supplementation of vitamin B12 is not required in dialysis patients 
because this vitamin is protein-bound and therefore not dialysable. 

Folic acid is a dialysable co-enzyme needed for normal red cell production; 
its loss via dialysis fluid provoking severe folic acid deficiency has been de
scribed. A routine dietary supplement of 1 mg of folic acid seems to be usefuL 

Supplemental pyroxidine has not been recommended. But a supplement 
of histidine was recommended for patients on a strict low-protein diet [41]. 
There are, however, no convincing observations about the hematologic effects 
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of these supplements. We want to emphasize that the restriction of protein 
intake should be relieved. The diet of dialysis patients should include high
quality proteins at the rate of 70 to 80 g a day. 

In the specific erythropoiesis defect resulting from insufficient erythro
poietin production, treatment is at present still unsatisfactory because purified 
human or animal erythropoietin is not available. On the other hand, it has 
been demonstrated that erythropoiesis is promoted by certain androgens 
capable of increasing renal and extrarenal erythropoietin production [38, 39, 
73, 75, 76, 78]. The results of recent investigations have shown that androgens 
increase erythropoietin activity also in anephric patients [6, 93, 100]. Dis
cussion continues about whether the stimulation might be caused by induction 
of stem cells. 

A number of oral and parenteral androgen preparations are currently used 
in the treatment of anemia in dialysis patients, and impressive results have 
been reported from several renal centers [28, 37, 45, 50, 66, 88, 92, 93]. In 
anephric patients the effect is not as positive as in patients with kidney 
remnants. The use of androgens for treatment of aplastic anemia [91 J is 
often associated with certain side effects, such as cholestasis, fluid retention, 
acne, hirsutism, and skin rash; but these symptoms fail to appear in patients 
with chronic renal disease. Nevertheless, in view of potential virilization in 
females [6J, priapism in males [64, 65J, hyperlipidemia [20, 69J, and develop
ment of hepatocellular carcinoma [58J, the therapeutic use of androgens should 
be strictly reserved to male patients with hematocrit below 15 %, and to 
bilaterally nephrectomized patients. 

Therapeutic replacement of exogenous erythropoietin seems to be the 
treatment of choice. Owing to the general shortage of erythropoietin, not 
more than a few clinical trials have been published until the present [21]. 
It was shown that 20-50 units of erythropoietin/kg per day will provoke 
reticulocyte production and a rise in hematocrit and red cell mass. Biochemical 
synthesis might offer a potential direct approach to mass production of 
erythropoietin [33]. We hope that the future will bring the development of 
natural or synthetic erythropoietin productions suited to human therapy. 

7.4. Summary 

Various factors are involved in the pathogenesis of anemia in dialysis 
patients. Reduced erythropoiesis is mainly attributed to erythropoietin defi
ciency. Stimulation of erythropoiesis may be promoted by androgens. 

Parenteral substitution of iron is recommended in case of iron deficiency. 
As a rule, supplementation of vitamin B12 is not necessary, but administration 
of folic acid is recommended. Treatment of anemia in renal failure is rendered 
more effective by increased technical efficiency in hemodialysis permitting a 
relatively protein-rich diet. Blood transfusions are not necessary during routine 
treatment of dialysis anemia. Since bilateral nephrectomy will always provoke 
severe anemia, it should be reserved to special cases of severe hypertension. 
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Until now, no conservative therapy has been developed which would allow 
optimal treatment of anemia in dialysis patients. Successful renal transplanta
tion still is, and will be, the best therapeutic intervention. 
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