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NORDSTOGA, KNUT: The sequence of events in the development 
of bilateral renal cortical necrosis accompanying the generalized 
Shwartzman reaction. Acta vet. scand. 1977, 18, 522-531. - The 
generalized Shwartzman reaction, or Shwartzman-like conditions, 
were induced in a variety of experimental mammalian species by 
systemic injections of disintegrated cells of Gram negative bacteria, 
hve Salmonella cholerae-suis or Liquoid. A comparative study of the 
renal lesions showed that the initial step in the development of bi
lateral cortical necrosis is stagnation and disintegration of red cells 
in glomerular capillaries. The glomerular "microthrombi" consist 
mainly of erythrocytic debris, which frequently has staining prop
erties akin to those of fibrin; even wide-spread glomerular "throm
bosis" is not accompanied by obvious destruction of renal paren
chyma. A second step is necrotic mural lesions in afferent arteries, 
with ensuing thrombosis. These vascular lesions lead to the formation 
of individual infarcts which fuse to form total bilateral cortical necro
sis in fulminant cases of the generalized Shwartzman reaction. 

bilateral cortical necros.is; renal infarcts; 
erythrocytes; microthrombosis; thrombosis; 
g e n e r a 1 i z e d S h w a rt z m a n r e a c t i o n. 

The first description of bilateral renal cortical necrosis (BCN) 
was given in man by Friedlander (1883). This peculiar renal 
lesion seems, however, to have received relatively little attention 
until BCN was associated with the experimental generalized 
Shwartzman reaction (GSR) many years later. At present most 
workers seem to interpret BCN as a morphological criterion of 
the GSR, a condition which is best known from experiments in 
rabbits, and is most commonly induced by intravenous injec
tions of bacterial endotoxins (Thomas & Good 1952, McKay 
1965). 
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Tab 1 e 1. Treatment, animal species and maximal renal involvement. 

Method 

Systemic injections of 
crushed cells of Gram 
negative bacteria 

Intravenous 
inoculation 
of live 
S. cholerae
suis 

Intravenous 
injections 
of Liquoid 

Species 

pigs 
(Sus scrofa) 

rabbits 
(Oryctolagus cuniculus) 

ferrets 
(Mustela putorius furo) 

mink 
(Mustela vison) 

blue foxes 
(Alopex lagopus) 

pigs 

pigs 
rabbits 
blue foxes 

Renal changes 

BCN 

BCN 
multiple 
infarcts 

-,,-
scattered cortical 
haemorrhages 

haemorrhagic 
cortical tissue 

multiple infarcts 

BCN 
uneven colour of 
external surfaces 

demonstrated in the early stage of porcine salmonellosis, and in 
blue foxes injected intravenously with Liquoid (Fig. 6). 

Electron microscopic findings 
Electron microscopic examinations of kidney material of 

mink injected with disintegrated cells of E. coli, and of pigs 
inoculated with live S. cholerae-suis, showed that the glomerular 
"microthrombi" consisted predominantly of red cells and red 
cell debris (Figs. 7-9). 

DISCUSSION 
It became apparent from our studies that the necrotizing 

mural lesions with thrombotic complications, in cortical arteries 
play a decisive role in the pathogenesis of BCN; they are actually 
a prerequisite for its development. This is contradictory to the 
current view on the pathogenetic mechanism of the renal 
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Shwartzman damage, as this phenomenon is, at present attri
buted to disseminated intravascular coagulation by most authors 
(Thomas & Good 1952, McKay 1965, Urizar et al. 1975), but in 
accordance with the older conception of the development of 
human BCN, in which such lesions were given considerable 
attention as a pathogenetic factor (Duff & More 1941). After 
having given a comprehensive review of human cases of BCN, 
with detailed macroscopic and microscopic descriptions, Duff 
& More state in their excellent paper: "This can only lead to 
the conclusion, which seems self-evident, that any mechanism 
capable of causing more or less simultaneous and prolonged 
interruption of bloodflow through a large number of the cortical 
arteries will produce the picture of symmetrical necrosis of the 
renal cortex". The same opinion was expressed some years earlier 
by Rohrer (1932), who was the first to describe BCN in domestic 
animals (pigs). According to this view, the BCN represents a 
massive infarction of the renal cortex, following the coalescence 
of numerous small infarcts. This is a concept which also seems 
"self-evident" to morbid anatomists, as renal infarcts, in general, 
develop after occlusions of arcuate or interlobular arteries. It 
seems peculiar that the changes in the renal arteries, which were 
so commonly included in somewhat older descriptions of human 
BCN, and experimentally induced GSR in rabbits (Stoeckenius 
1921, Geipel 1925, Scriver & Oertel 1930, Ash 1933, von Zalka 
1933, De Navasguez 1935, Gaspar 1938, French 1940, Duff & 

More, More & Kobernick 1951), have only exceptionally been 
mentioned by other recent authors (Lambert et al. 1969) in con
nection with the experimental BCN, after this condition was 
associated with disseminated intravascular coagulation. It has 
been claimed that the terminal arteries in the renal cortex are 
extremely vulnerable to hypersensitive damage (Duff & More), 
and it seems that the necrotizing lesions in the walls of the 
cortical arteries are morphologically very similar to those de
scribed as hypersensitivity angiitis or allergic vasculitis (Zeek 
et al. 1948, Zeek 1952). Both endotoxin (Hoff et al. 1967, Gaynor 
et al. 1970, Stewart & Anderson 1971, Gerrity et al. 1975) and 
Liquoid (Evensen & Shepro 1973) damage vascular endothelium; 
heparinization does not protect against endotoxin-induced endo
thelial injury (Gaynor et al.), and the well documented pro
tection of the renal Shwartzman reaction by anticoagulants 
(Good & 'Thomas 1953, Shapiro & McKay 1958) may, in our 
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opinion, rather depend on the prevention of secondary throm
bosis in arcuate and interlobular arteries, following endothelial 
lesions, than on disseminated intravascular coagulation, pri
marily provoked by the injected material. It has been suggested 
that transient adherence of platelet aggregates to the vascular 
lining may lead to mural lesions (Hughes & Tonks 1962, JrjJr
gensen et al. 1970); thus an early endothelial injury could be 
thought to start the development of the widespread arterial 
lesions, including occlusive complications, which occur in the 
terminal renal arteries in fulminant cases of BCN. It has also 
been demonstrated that vasomotor factors with vasodilatation, 
play an important pathogenetic role in the renal Shwartzman 
phenomenon (Gilbert 1960, Lambert et al., Collins et al. 1972), 
and it seems possible that the mural lesions may contribute to 
the excessive vasodilatation and circulatory collapse in renal 
vessels, even in the absence of thrombotic occlusions. 

Older reports of human BCN, or experimental BCN in ani
mals, frequently contained descriptions of "conglutinated red 
cells", "conglutination thrombi'', "deposit of damaged red cell 
corpuscles" or "stasis" in glomerular capillaries (Geipel, Scriver 
& Oertel, De Navasguez, Gaspar, Duff & More, More & Kober
nick), in contrast to recent papers, in which red cell thrombi in 
glomerular capillaries have rarely been described from other 
laboratories (Lambert et al.). Our investigations indicate that, 
although cortical necrotic lesions do not develop until the necro
tizing mural arterial lesions are manifest, the primary event, 
observable in the light microscope, is stagnation of erythrocytes 
within the glomerular capillaries which are frequently exces
sively dilated; the stagnant red cells necrotize successively, to 
form hyaline masses which often stain as fibrin (Nordstoga 
1974). The formation of hyaline "thrombi'', representing erythro
cytic debris, is a process which has long been recognized in asso
ciation with the phenomenon known as true stasis (Kreyberg 
1929, 1963). Erythrocytes contain large amounts of adenosine 
diphosphate, a substance which initiates platelet aggregation 
(Gaarder et al. 1961), and it seems possible that local release of 
adenosine diphosphate from stagnant, disintegrating red cells 
could accentuate platelet adherence to a damaged arterial lining. 

The routine fibrin staining methods are by no means specific. 
Necrotic substances, of varying origin, may frequently show 
staining properties similar to fibrin in extravascular sites (Len-
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drum et al. 1962, Nordstoga 1974), and if it is accepted that 
necrotic material may also be present intravascularly, it is prob
able that such deposits, within vessel lumina, may also exhibit 
tinctorial characteristics akin to those of fibrin. It is evident 
from our electron microscopic investigation, in which porcine 
salmonellosis was used as an experimental model, that the bulk 
of the fibrinoid material was derived from disintegrating erythro
cytes (Nordstoga 1974). Other workers have, however, shown 
that, under other experimental conditions, true fibrin may be 
incorporated in the "fibrin thrombi" in GSR (Bohle et al. 1957, 
Still & Scott 1966). In our opinion, in seems clear that even 
apparently unchanged red cells constitute an essential compo
nent of the micro-circulatory "thrombi", since erythrocytes were 
often found trapped in the hyaline or fibrinoid material. After 
re-examination of sections from our previous experiments, based 
on several experimental models, we feel that this may be demon
strated even in light microscopic material. From this point of 
view, it seems, under any circumstance, and regardless of the 
origin of the fibrinoid material, inadequate to describe the 
occlusive deposits in the glomerular capillaries as pure "fibrin 
thrombi". 

Leakage of fluid from minute vessels is considered to be an 
important event in the development of stasis (Kreyberg 1963); 
in the renal lesions of the GSR, this phenomenon can be thought 
to be caused by a disturbance in glomerular filtration, with an 
increased escape of fluid to the capsular space, followed by 
packing of red cells and cessation of blood flow in the glomerular 
capillaries. It seems that obstruction of glomerular circulation, 
induced in this way, is a necessary step in the elicitation of the 
renal damage, as it has been shown that the experimental BCN 
is prevented by repression of glomerular filtration (Wat chi & 

Altman 1972). 
As discussed above, the mutual interrelationship between 

glomerular stasis and the necrotizing and thrombotic lesions in 
the afferent arterial system remains obscure, but it is evident 
that the former precedes the latter. 

To summarize, our investigations have shown that one can 
distinguish between at least 2 stages in the development of the 
experimental BCN: 

In the first stage, observable in the light microscope, there 
is stagnation and disintegration of red cells in the glomerular 
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capillaries, with formation of fibrinoid thrombi, but no obvious 
cortical alterations. 

The second stage is characterized by necrotizing lesions in 
the walls of interlobular arteries and afferent glomerular capil
laries, accompanied by thrombosis. If these vascular changes are 
diffusely distributed, complete BCN occurs; if the arterial lesions 
only occur in scattered areas, the kidney damage has the appear
ance of isolated infarcts. Total BCN occurs when the individual 
infarcts coalesce to form diffuse necrotic lesions in the cortical 
tissue. 
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F i g u r e 1. A renal infarct in a ferret injected twice intracardially 
with disintegrated cells of Escherichia coli. H & E, x 17. 

Figure 2. A thrombosed interlobular artery in a ferret injected 
twice intracardially with crushed cells of Escherichia coli. The throm
botic lesion is indicated by an arrow; there is perivascular accumu
lation of mononuclear inflammatory cells around an arcuate artery 
with unchanged wall. H & E, X 425. 



F i g u r e 3. Necrotizing lesion in an interlobular artery of a rabbit 
injected intravenously with Liquoid. There is incipient thrombosis, 
and slight infiltration of mononuclear cells and eosinophils in the 
necrotic wall. H & E, x 425. 

Figure 4. Necrotizing changes in the wall of an interlobular artery 
of a pig injected twice with disintegrating cells of Haemophilus para
influenzae. There is pronounced infiltration of inflammatory cells in 
the necrotic wall. H & E, x 170. 



F i g u re 5. A thrombosed interlobular artery of a mink which was 
injected twice intracardially with disintegrated cells of Escherichia 
coli. There is heavy infiltration of inflammatory cells around the 
partly destroyed vessel. H & E, X 425. 

Figure 6. Glomerular "thrombosis" in a blue fox injected intra
venously with Liquoid. There are incipient necrotic lesions in an 
afferent glomerular arteriole (arrow). There were no gross lesions in 
the kidneys of this animal, except for somewhat mottled external sur
faces. H & E, X 425. 



Figure 7. A "thrombus", consisting of erythrocytes and erythro
cytic debris, occludes a distended glomerular capillary. Septicaemic 
salmonellosis, pig. X 800.0. 

Fi g u re 8. A dilated glomerular capillary occluded by red cells and 
a mass with somewhat varying electron density. Septicaemic salmo
nellosis, pig. X 1200-0. 

F i g u r e 9. Higher magnification of the framed part of Fig. 8. 
Erythrocytic membranes are visible in some parts of the figure. The 
mass in the lower left of the picture has an ultrastructure which is 
very similar to that of the erythrocytes. x 600-00. 
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SAMMENDRAG 
Rekkef plgen i utviklingen av de patologisk-anatomiske f orandringer 
ved dobbeltsidig nyrebarknekrose og den generaliserte Shwartzman's 

reaksjon. 
Generalisert Shwartzman's reaksjon, eller Shwartzman's lignende 

tilstander, hie framkalt hos en rekke arter av pattedyr ved injeksjon 
av disintegrerte Gram negative bakterier, levende Salmonella cholerae
suis, eller Liquoid. En komparativ studie av nyreskaden viste at de 
fjl)rst registrerbare forandringer i glomeruli er stase og disintegrering 
av rjl)de blodlegemer i kapillrerene i glomeruli. ,,Mikrotrombene" i 
glomeruli bestar vesentlig av henfallende erytrocytter; dette materialet 
bar ofte samme fargeegenskaper som fibrin. Selv uttalte ,, tromboser
inger" i glomeruli er ikke ledsaget av tydelige makroskopiske hen
fallsprosesser i nyreparenchymet. Et neste skritt er utvikling av nekro
tiserende forandringer i veggen av afferente arterier; disse karveggs
forandringene er ofte ledsaget av tromboseringer. Karforandringene 
f(Jrer til dannelse av infarkter som sa flyter sammen og gir total nyre
barknekrose i fulminante tilfeller av den generaliserte Shwartzman's 
reaksjon. 
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