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Those au thors  who have made  a pa r t i cu l a r  s t u d y  of the  s t ruc ture  of t he  
in t ra rena]  vessels in  chronic pye lonephr i t i s  seem to  agree t h a t  th icken ing  of 
the  walls of the  pre -g lomeru la r  vessels of ten cons t i tu tes  a p rominen t  fea ture  
of the  rena l  morphology .  There  is, however ,  considerable  u n c e r t a i n t y  as to  
the  cause of these  vascu la r  changes and  the i r  func t iona l  significance. 

:LINDER (1937) pointed out that the changes in the vessel walls in the chronic pyelo- 
nephritic kidney varied in severity with the intensity of the renal inflammation. In a com- 
prehensive study, W~Iss and PARKER (1939) went further and ascribed the vascular changes 
to the chronic inflammation. K~'CAID-SMITX (1955) suggested that the vessels had been 
damaged by acute inflammation, with consequent thrombosis or scarring of their walls. 
HOLLE (1959), on the other hand, found no signs of arteritis in the pye]onephritic kidney, 
and attributed the wall changes to deficient nutrition, resulting from fibrotic obliteration 
of the perivascular lymphatics. 

W~Iss and P A ~ x ~  (1939) and KI~eAID-SMIT~ (1955) suggested that the narrowing 
of the intrarenal arteries and arterioles in chronic pyelonephritis gives rise to cortical ischaemia 
and hence to the hypertension that also others have found to be a common complication 
of the disease (e. g. BVTL]S]~ 1937, Lo~GcoP]~ 1937, RAASCgOV 1948, BROD 1957, SArmR 
and Co~N 1959, KnE~S~A~ et al. 1960). This explanation of the hypertension has not been 
generally accepted, since severe vascular changes have been noted also in normotensives 
(B~on 1957, Kn~MA~ et al. 1960) ; it  has even been suggested that the occurrence of hyper- 
tension in chronic pyelonephritis is merely coincidental (BELn 1950, GLoox~ 1961). 

The contraction of the chronic pyelonephritic kidney was considered by K~CAID-S~ITH 
to be mainly of ischaemie origin, and she suggested that chronic inflammation developed 
in the ischaemic areas as a secondary feature. H~PTI~STALL et al. (1960) found such a 
mechanism unlikely and demonstrated experimentally that vascular changes may be very 
mild even in severely contracted kidneys. They ascribed the contraction solely to the in- 
flammation. 

HEPTINSTALL et  al. based  the i r  opinion on gross angiograms of the  af fec ted 
kidneys ,  which d i sp layed  some i r r egu la r i ty  in the  vascu la r  p a t t e r n  of the  in- 
f lamed areas. Previous  histologic inves t iga t ions  have shown, however,  t h a t  t he  
ma in  changes occur in the  finer i n t r a rena l  ar ter ies ,  b u t  no in jec t ion  s tudies  of 
these vascu la r  changes have  been performed.  I n  the  presen t  s t u d y  the  anglo- 
graphic  technique  is ex t ended  to  the  microscopic  level  and  combined  wi th  h i s to .  
logic examina t i on  of the  in jec ted  specimens.  The  f indings are  compared  wi th  
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those obta ined in combined micro-angiographic and  histologic examinat ions  of 

the normal  and  hyper tensive  vascular  pa t te rns  of the h u m a n  k idney  (LJuNG- 
QVIST and  LAGERORE.W 1962, LJUSrGQVIST). 

Material and methods 
The study was performed on 15 kidneys from as many patients with histologically verified 

chronic non-specific pyelonephritis. Eight of the kidneys were obtained at operation (cases 1 
and 3--9, Table), and the others at autopsy. In all cases urine samples indicated infection 
of the urinary tract. The age and sex distributions and the presence of hypertension and 
hydronephrosis are given in the Table. In those eases where no ophthalmoscopy had been 

Case . . . . .  

S e x  . . . . .  

Age ..... 

Hypertension . 
Hydronephrosis 

34 34 

4 

37 

Table 

46 50 52 56 
+ ;  

60 65 

11 12 1• 14 

73 73 
+ - -  

15 

76 
§ 

performed, hypertension was considered to exist if repeated blood pressure recordings showed 
a minimum diastolic value of 100 mm ttg. Hydronephrosis was diagnosed on the basis of 
radiographic, postmortem and miero-angiographie findings. 

The arterial tree of the kidney was filled with a 7.5 per cent aqueous suspension of fine 
grain barium sulphate (Micropaque) under pressure control, after which a radiographic 
examination was made down to microscopic level by a procedure described elsewhere (LJUNG- 
QVIST and LAGERGRE~ " 1962). After fixation in 10 per cent neutral formalin the kidney 
was cut into slices, 2--4 mm in thickness. On the basis of radiographs of these an average 
of seven pieces were selected from each kidney. These pieces, each of which comprised one 
whole lobe with the surrounding renal columns, were embedded and cut into serial blocks 
200--1500 # thick for stereo-miero-angiography. The mieroradiographed blocks were re- 
embedded and sectioned at 5 # for histologie examination. Blocks from nine kidneys were 
serially sectioned. The sections were stained by the usual methods. 

R e s u l t s  

The findings in the present  s tudy  are in agreement  with those of previous 
authors  insofar as the pyelonephri t ic  a l terat ions were found to va ry  even in a 
par t icular  k idney  and  as such changes a l te rna ted  with un inf lamed regions. As 
in the s tudy  by  STAEMMLER and  DOP~IDE (1930) the al terat ions are divided 
into types, bu t  since these occurred concomi tan t ly  in  the kidneys and t rans i t ional  
forms were seen, this grouping is, apar t  from certain types of thyroid-l ike tissue, 
schematical  and  is used ma in ly  to simplify the description of the renal  morphology 
in chronic pyelonephrit is .  The histologie alterations,  with the exception of those 
displayed by  the vessel walls, are described under  Histology, and  the histologic 
and  micro-angiographie al terat ions of the vessels under  Vascular morphology. 

H i s t o l o g y  

Type I.  The chief features of this type were a moderate a t rophy  of the cortical 
tubules,  with indis t inc t  s ta in ing of cells and  nuclei, and a more p rominent  inter- 
stitiM connective tissue t h a n  normally,  which contained a moderate  number  
of f ibroblasts and was inf i l t ra ted by  lymphocytes  and plasma cells to a vary ing  
degree. The glomeruli  were densely distr ibuted.  Most of them were intact ,  
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but some showed slight periglomerular fibrosis. Streaks of lymphoeytes and 
plasma cells extended to the papilla. In these streaks the tubules displayed 
atrophy, some of which contained chronic inflammatory cells. 
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Type 2. This type differed from the foregoing chiefly in respect of pro- 
nounced periglomerular fibrosis, which involved all glomeruli in the area. This 
fibrosis was particularly marked around the vascular pole of the glomerulus 
where it was seen as a cushion-like swelling (Fig. l b). A few glomeruli were 
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completely fibrotic or hyMinized. Both in cortex and medulla the interstitial 
tissue was richer in collagen and inflammatory cells than in type 1 (Fig. 3b), 
and in some kidneys the cellular infiltration had the character of lymph follicles. 
Over the involved regions of the cortex the renal capsule disp]ayed fibrotic 
thickening. In  some eases 
deposits of mineral salts 
were observed in a few 
collecting ducts. In two 
kidneys (cases 4 and 10) the 
papillary region of some 
medullary pyramids contai- 
ned small areas of necrosis, 
with few inflammatory cells 
and not involving the mu- 
eosa of the renal pelvis. 

Type 3. Regions dis- 
playing this type of change 
were characterized by  prac- 
tically total atrophy of the 
cortical tubules, which were 
replaced by a dense con- 
neetive tissue. This was 
infiltrated by moderate 
numbers of lymphoeytes 
and plasma cells. The 
glomeruli in these areas were 
as a rule totally degenerated, 
bu~ some contained open 
capillaries and showed ad- 
vanced periglomerular fibro- 
sis. The renal capsule over 
the corresponding region 
usually displayed marked 

fibrotic thickening. The Fig. 1 c. The medu l l a ry  arteriole indica ted  in Fig. l a  is wide 
interstitial fibrosis and cellu- wi th  mllscular  h y p e r t r o p h y  of the wall. Van Gieson. • 

lar infiltration extended 
into the medulla where the tubules were atrophic. A few collecting ducts con- 
tained mineral salt deposits. 

Type 4. In contrast to type 3, extensive glomerular degeneration was 
combined with closely distributed, small dilated tubules with flat epithelium, 
which were filled with a colloid-like substance. In addition to the glomerular 
scars, the interstitial tissue of these thyroid-like areas displayed moderate 
fibrosis with local infiltration by chronic inflammatory cells. The thyroid- 
like change extended into the juxtacortical segment of the medulla. Towards 
the pelvis the medulla showed prominent interstitiM fibrosis with some hyalini- 
zation and infiltration by lymphocytes and plasma cells. The renal capsule 
covering the thyroid-like cortical tissue was fibrotieally thickened. 

Virchows Arch. path. Anat., Bd. 335 39 



588 CURT LAGERGREN and ARNE LJUNGQVIST: 

Type 5. As in type 4, the renal tissue had a thyroid-like appearance but  
the colloid-filled tubules were as a rule e6nsiderably larger, and the inter- 
stitial tissue sparser with glomeruli in different stages of degeneration. How- 
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ever, even completely degenerated glomeruli had an open capillary loop in the 
vascular pole (Fig. 5b). In the medulla the dilatation of the tubules was less 
marked than in the cortex, and the interstitial tissue was severely fibrotic, with 
some hyalinization and pronounced infiltration by chronic h~flammatory cells, 
even intratubularly. The renal capsule displayed fibrotic thickening over the 
altered regions. 
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as a rule pronounced subepithelial fibrosis in the pelvis wail, and mild or moderate 
infiltration by inflammatory cells. 

In the hydronephrotic specimens the alterations in the wall of the renal 
pelvis were largely as described above. The medullary changes of the respective 
types included, however, a larger component of fibrosis. 

Fig. ~. Micro-angiogram f rom a hyper tens ive  k idney showing na r row and  slender cortical  vessels 
and medlfl lary vessels of the arteriolae rec tae  ve rae  type .  Most cortical arterioles end blindly.  The  
cortical a rea  has histologically a thyroid-l ike appearance  of t ype  4, the  vessel walls are  th ickened 

by  a cellular proliferation. Case 8. • 35 

Vascular morphology 
Type 1. The micro-angiograms showed mostly the interlobular arteries and 

afferent arterioles to be of normal width, with intense spiralling, and to follow 
a largely normal direction. The larger of these vessels displayed mild intimal 
fibrosis and the smaller ones were histologically normal. In some cases the pre- 
glomerular vessels were remarkably narrow and the histologic sections revealed 
advanced wall changes. In the areuate and interlobular arteries these consisted 
of intimal fibrosis rich in elastic fibres, and in the afferent arterioles, of alternate 
cellular and hyaline thickening. 
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Most of the glomeruli were normal in appearance, while others were small, 
with fine capillaries and mild periglomerular fibrosis. Some arterioles ended 
blindly (Fig. 4), and the histologic sections showed hyalinization of their walls 
and total degeneration of their glomeruli. Most of the visualized cortical glomeruli 
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~.~ ~ 

gave off an efferent arteriole, which was, however, abnormally narrow as were 
the peritubular capillaries. These post-glomerular vessels were devoid of wall 
changes. 

The miero-angiographie pattern of the medulla was unremarkable and the 
distribution of arteriolae rectae spuriae and verae was normal for the respective 
ages. The former emerged from the efferent arterioles of juxtamedullary glomeruli, 
while the latter constituted ramifications of arterioles that passed through totally 
degenerated jnxtamedullary glomeruli (Figs. 2a and b). 
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Type 2. In these regions the pre-glomerular vessels in some of the kidneys 
were of normal width and displayed only minor wall changes (Fig. 2), while 
in others they were extremely narrow (Fig. 3). The walls of the latter vessels 
were markedly thickened; the larger branches displayed cellular intimal fibrosis 
and the smaller ones cellular thickening of the whole cross-section, resulting 
in an onion-peel appearance. Whatever their calibre, the vessels displayed 
intense spiralling (Figs. l a and 3a). The renal capsule covering these areas 
contained numerous wide and tortuous vessels, the walls of which were thin, 
resembling those of capillaries. 

In the cortex the number of blindly ending, hyalinized vessels leading to 
degenerated glomeruli was larger than in type 1. Most glomeruli visualized 
were small and their capillaries were fine. These glomeruli displayed the typical 
periglomerular fibrosis, with cushion-like swelling around the vascular pole 
(Fig. l b). The efferent arteriole was often not visualized, and as regards the 
juxtamedullary zone, this feature was particularly marked in those renal lobes 
the medullary pyramids of which contained areas of necrosis. In these pyramids 
some bundles of otherwise normal arteriolae rectae contained one or more vessels 
that  were remarkably wide, and displayed intense spiralling and muscular hyper- 
t rophy of their walls (Figs. 1 a and c). 

Type 3. The cortical vessels in this type of change displayed less intense 
spiralling than in the foregoing ones, and they often deviated from their normal 
direction in irregular kinks. All were narrow, and the thickened walls resembled 
in appearance those of the narrow vessels of type 2. Most of the arterioles were 
aglomerular, the cortical ones ending blindly and the juxtamedullary ones forming 
thin arteriolae rectae verae. The few glomeruli visualized were small and no 
post-glomerular vessels were evident. Vessels of the thickened renal capsule 
resembling those of type 2 were observed. 

Type 4. The vessels visualized in these areas displayed irregular spiralling, 
and, often, wide departures from their normal direction (Fig. 4). These devia- 
tions, however, were less abrupt  than in type 3. All the pre-glomerular vessels 
were thin and the thickening of the walls was marked. In the larger branches 
this was due to intimal fibrosis and in the smaller ones to cellular proliferation. 
Most of the visualized glomeruli gave off efferent vessels, devoid of wall changes. 
The medulla was mainly supplied by arterio]ae rectae verae, but  these were rather 
sparse and as a rule abnormally thin. 

Type 5. This type was characterized micro-angiographically by networks 
of vessels of uniform, arteriolar calibre, which coursed in irregular loops and 
gentle curves through the cortex (Fig. 5a). Occasional glomeruli either inter- 
rupted the course of these vessels or were attached to off-shoots. In the serial 
histologic sections many of the vessels were followed through the vascular poles 
of totally degenerated glomeruli (Fig. 5b). The networks thus were found to 
be composed of interlobular arteries, afferent and efferent arterioles and dilated 
loops of peritubular capri]aries. The walls of the interlobular arteries were greatly 
thickened by intimal fibrosis, and those of the arterioles and capillaries dis- 
played moderate hyaline thickening. As in type 4, the medulla was supplied 
mainly by arterio]ae reetae verae, which were rather sparse and thin. 
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Additional findings. In the ten kidneys obtained from normotensive patients, 
the uninflamed areas were normal for the respective ages, whereas in the five 
hypertensive kidneys they displayed micro-angiographic and histologic changes 
resembling those in essential hypertension (LJtT~GQVlST). In the inflamed areas, 
on the other hand, the vascular patterns were qualitatively similar in the 
normotensive and hypertensive kidneys. 

In all the specimens the arterioles were constricted at their site of origin 
from the arcuate and interlobular arteries. As in the kidney of essential 
hypertension (LJUNGQVIST), they were most marked in areas of severe vascular 
change, but they were also seen in intact tissue, a feature that  is normal for the 
kidney (Mot~ISO~ 1926, DbMI~I 1959, LJU~GQVlST and LAGEI~G~EN 1962). 

In the six kidneys where there was also hydronephrosis the changes in the 
micro-angiographic pattern that  were due to this condition were easily distin- 
guished, for they occurred throughout the organ, even in the regions devoid of 
inflammation, and were characterized by the stretching of those vessels that  
ran parallel to the surface of the kidney, while the vessels perpendicular thereto 
deviated from their normal direction. This feature was particularly marked in 
the case of the arteriolae rectae of the medulla. These findings are in agreement 
with those reported in experimental hydronephrosis (Do~I~I 1959). 

Discussion 
I t  is evident tha t  the intrarenal arterial pattern in chronic pyelonephritis 

has certain characteristic features which distinguish it from that  in normal 
aging and essential hypertension. Whereas the latter patterns were uniform 
throughout a particular kidney, the pattern of chronic pyelonephritis displayed 
sharply demarcated regions of altered vessels corresponding to the pyelonephritic 
fool. In some of the kidneys these foei were more or less normally vascularized 
and the vessel walls were without pathologic features. This is in contradiction 
to the theory presented by KINCAID-SMITtt (1955) that  the contraction of the 
kidney and the inflammation are due to ischaemia resulting from primary vas- 
cular damage. The findings are more consistent with the view of HEeTISSTALL 
et al. (1960) that  pyelonephritic scarring is not ascribable in the main to ischaemia 
caused by narrowing of the arteries, but is rather a manifestation of the inflam- 
marion per se. 

Of the various alterations of the renal parenchyma that  may occur in chronic 
pyelonephritis, the thyroid-like tissue has received particular attention. This 
tissue is generally regarded as a late manifestation of the disease, but it has been 
suggested that  it may not necessarily be of inflammatory origin but  rather consti- 
tute a congenital malformation of the renal tubules (AsK-UPMARK 1929, F A ~  1938, 
VoTg 1949). The present findings suggest that  the thyroid-like tissue may originate 
in two different ways - -  either as the result of pyelonephritie damage to nor- 
mal renal tissue (type 4), or as the result of such damage to abnormal tissue 
(type 5). In the latter case the change was characterized by a higher degree of 
tubular dilatation and by an entirely different vascular pattern. In type 4 this 
pattern bore a close resemblance to that  of types 1--3, whereas in type 5 it 
included networks in the cortex not found in the other types. These networks 
were formed by direct continuity between the afferent and efferent arterioles 
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through the vascular pole of degenerated glomeruli throughout the cortex. 
Aglomerular arterioles formed in this way are normally found only in the juxta- 
medullary zone as a result of a degeneration of its glomernli (LJv~GQVIST and 
LAGE~G~E~ 1962). Such aglomerular juxtamednllary arterioles were also noted 
in the present material. The occurrence of aglomerular arterioles of juxtamedullary 
type also at other levels of the cortex would seem to indicate that  juxtamedullary 
tissue occurred there cetopically, and the type 5 changes may therefore be regarded 
as a malformation. As the continuity is maintained throughout the degeneration 
of the glomcruli, these may function until they are completely destroyed. This 
persistent functioning of large numbers of degenerating glomeruli would explain 
the pronounced dilatation of the tubules, which were obstructed through the 
parallel fibrosis of the medulla. In type 4, on the other hand, there was no 
structural evidence of such a continuation of the glomerular function in degenera- 
tion of the arteriole-glomerular units, and the obstructed tubules were con- 
sequently less dilated. 

In  areas of pyelonephritis the pre-glomerular vessels displayed considerably 
more intense spiralling than under normal conditions of aging (LJu~GQWST 
and LAG~RGR]~ 1962) and in essential hypertension (LJuNGQVIST). In the 
previous studies the spiralling has been tentatively ascribed to three factors: 
(i) growth of the vessels during their adaptation as collaterals to occluded vessels, 
(if) shrinkage of the interstitial tissue, which shortens the distance between 
the ends of the vessels, and (iii) disturbed flow through the spiralled vessels 
which retains the spiralling and, if the intravasal pressure is high, possibly 
accentuates it. Many pyelonephritie regions were well supplied by interlobutar 
arteries and arterioles having no evidence of wall changes, but  the spiralling 
was no less marked. This suggests that  the spiralling was not a feature of collateral 
adaptation. Since the normo- and hypertensive kidneys displayed no clear 
difference in the degree of spiralling of the vessels in pyelonephritic areas, it is 
unlikely that  hypertension had any significant bearing on this change. The 
considerably more intense spkralling of the intrarenal arteries in chronic pyelo- 
nephritis than under normal conditions of aging and in essential hypertension 
is therefore probably to be attributed mainly to the more intense contraction 
of the interstitial tissue. 

The micro-angiographic picture was characterized, moreover, by absence of 
post-glomerular vessels even when the glomeruli were apparently normal, ttisto- 
logic examination of the micro-angiographed specimens established that  this 
feature was not due to artefactually incomplete filling of the vessels by contrast 
medium: These specimens disclosed a typical periglomerular fibrosis, which was 
particularly marked around the vascular pole. PFnIFrnR (1932) considered that  
this thickening could lead to obstruction of the arterioles in the pole. I t  would 
be expected that  the efferent arteriole would be closed off first, since it has a 
lower intravasal pressure and a thinner wall than the afferent vessel. The present 
findings suggest that  this mechanism is the main cause of the loss of the post- 
glomerular vessels. This might, however, also be due to direct inflammatory 
damage, but such a mechanism would probably be of secondary significance 
since in pyelonephritic tissue with no evidence of periglomerular fibrosis, as in 
type 1, the post-glomerular vessels were clearly visualized. 
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In two kidneys there were small areas of necrosis in the papillary region 
of some medullary pyramids. Since the medulla is unusually susceptible to 
inf lammatory agents (FuE~DMAN and BE~SON 1958, GUZ~ 1960), a bacterial or 
toxic genesis of the necrosis cannot be ruled out. However, the inf lammatory 
reaction in the necrotic areas was very mild and there were definite signs of 
severely disturbed blood supply to these areas, which indicated tha t  ischaemia 
played an essential role in the formation of the necrosis. Thus, the renal lobes 
involved displayed periglomerular fibrosis of the juxtamedullary glomeruli, a 
large number of which had no post-glomerular vessels. Of the arteriolae rectae 
visualized some were remarkably  wide with hypertrophic walls and intense 
spiralling. Since such vessels occurred in bundles of normal arteriolae rectae, 
the spiralling could not be due to shrinkage of the surrounding tissue. The vas- 
cular change is, however, identical with that  observed by  W~YRAucI~ and 
D~ GAuIs (1937) in areas of vascular occlusion where unoccluded vessels undergo 
collateral adapta, tion. I t  is probable tha t  the formation of collateral vessels in 
the medulla was due to the considerable loss of post-glomerular juxtamedullary 
vessels and tha t  the necrosis was a manifestation of the inadequacy of this 
adaptation. That  necrosis occurred only in the medulla in spite of a loss of 
post-glomerular vessels also in the cortex seems to indicate tha t  a reduced blood 
supply is more deleterious to the medulla than to the cortex. This is consistent 
with the findings by PAPPES~EI~SU and KINT~u (1956) and LILLIESFIELD et al. 
(1958) tha t  the haematocri t  value of the papillary region is considerably less 
than tha t  of the cortex. In  parallel micro-angiographic and histologic studies 
of renal papillary necrosis in cases of pyelonephritis, evidence of collateral vascular 
adaptat ion was noted in pyramids having necrotic papillae (LAGE~O~E~ and 
LJuso~wsw).  I t  is probable tha t  also in this condition local medullary ischaemia 
resulting from loss of post-glomerular ]uxtamedullary vessels plays sn essential 
r61e in the formation of the necrosis. The medullary necrosis observed in the 
present material  perhaps represents an early stage of renal papillary necrosis, 
beginning centrally in the papillary region. 

I t  seems to be generally accepted tha t  renal hypertension is caused by  cortical 
isehaemia. From the aspect of vascular morphology, this can be due to vascular 
changes tha t  will either reduce the cortical, and/or improve the medullary circu- 
lation. I t  has been shown tha t  in advanced stages of essential hypertension 
there is an anatomic basis for both these mechanisms, namely a narrowing 
of the cortical vessels and an increase in arteriolae rectae verae (LJuzccQwsw 
]962). Whether  these vascular changes are, in fact, a cause or an effect of the 
hypertension is obscure. Largely similar vascular features were observed in 
the pyelonephritic regions in the kidneys of the present material. Since pyelo- 
nephritis precedes the hypertension and probably gives rise to the vascular 
changes occurring in this condition it is conceivable tha t  these are responsible 
for the hypertension. Whether  or not cortical areas affected by pyelonephritis 
will be ischaemic, with consequent development of hypertension, will depend 
on the degree of impairment of the cortical vessels, and the extent to which 
juxtamedullary arteriole-glomerular units in the area are converted arteriolae 
rectae verae. The severity of the hypertension would then depend on the balance 
between cortical and medullary circulation in the areas affected by pyelonephritis 
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and the amount of cortical tissue thereby rendered ischaemic, and not solely 
on the degree of thickening of the walls of the cortical vessels as W~Iss and 
PAI~KEI~ (1939) and KINCAID-SMITIg (1955) supposed. This argument is supported 
by the fact that  in the present material, as in ones previously reported (BtCOD 
1957, KL~E~AN et al. 1960), there were cases with severe changes in the vessel 
walls and no hypertension, and also eases with hypertension where the wall 
changes were relatively mild. 

Summary 
Comparative micro-angiographic and histologic studies have been performed 

on 15 kidneys with chronic pyelonephritis. 
The vascular changes included intense spiralling of the pre-glomerular cortical 

vessels and loss of the post-glomcrular ones. The spiralling was due mainly 
to the damage to and consequent contraction of the interstitial tissue, the loss 
of post-glomerular vessels to their occlusion at the vascular pole of the glomeruli 
by periglomerular fibrosis. Two kidneys displayed medullary necrosis, which 
was ascribed to the loss of post-glomeru]ar juxtamedullary vessels with con- 
sequent ischeamia of the medulla. 

The walls of the pre-glomerular cortical vessels were o~ten greatly thickened 
and the lamina narrowed. These changes were not correlated to hypertension. 
In the pyelonephritic areas some juxtamedullary arteriole-glomerular units were 
converted to aglomerular arterioles forming arteriolae rectae verae. Whether 
or not cortical ischaemia will appear in a pyelonephritic area, with consequent 
development of hypertension will depend on the balance between the cortical 
circulation, hampered by  the wall changes, and the medullary circulation, en- 
hanced by the formation of arteriolae rectae verae. 

Zusammenfassung 
Vergleiehende mikro-angiographische und histologische Untersuchungen war- 

den an 15 menschlichen 1Nieren mit chronischer Pyelonephritis durchgeffihrt. 
Gemeinsam ist allen pyelonephritischen Ver~nderungen eine intensive Spirali- 
siernng der pr~glomeruls l%indengef~Be und ein Verlust der postglomerul~ren 
Rindengef~l~e: Die Spiralisierung geht hauptss zurfick auf eine Schs 
mit nachfolgender Schrumpfung des interstitiellen Gewebes, der Verlust der post- 
glomeruliiren Gef~l~e auf cinen Verschlul~ am Gef~l~pol der Glomeruli durch 
periglomerul~re Fibrose. In zwei Nieren fanden sich kleine Marknekrosen, die 
auf diesen Verlust der postglomeruls Gef~l~e mit nachfolgender Isch~mie 
des Markes zuriickgefiihrt wird. 

Die Wand der pri~glomerul~ren Rindengefs ist oft stark verdickt, die Lich- 
tung eingeengt. Diese Ver~nderungen zeigten keine Beziehung zur Hypertension. 
In den pyelonephritisch vers Gebieten waren einzelne juxtamedulli~re 
Arteriolen mit zugehSrigen Glomeruli zu aglomerul~ren Arteriolen umgewandelt, 
die dann in dem Mark in Arteriolae rectae verae fibergehen. Ob eine Iseh~mie 
der Rinde und damit Hypertension sieh einstellt oder nieht, wird abhi~ngen 
yon dem Verh~ltnis zwischen der durch die Gefi~l~wandver~nderungen beein- 
tri~chtigten Zirkulation der Rinde und der durch die Bildung der Arteriolae 
rectae verae verst~rkten Zirkulation im Mark. 
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