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A m ong th e  in v estig a tio n s in to  th e  p a th o lo g y  o f th e  k idneys few  h a v e  
d e a lt w ith  th e  h is to lo g y  an d  physio logy  o f  th e  re n a l py ram ids. M ost o f  th e  
re c e n t w orks to u ch  u p o n  th is  su b jec t on ly  in  co n n ec tio n  w ith  th e  p a th o g en esis  
o f n e p h ro lith s . A lthough  p ro found  h is to lo g ica l changes are  w ell-k n o w n  
to  occu r in  th e  ren a l p y ram id s especially  o f  o ld  people , th e  n a tu re  a n d  p a th o -  
m ech an ism  o f th e se  changes are m o stly  o b scu re .

Fig. 1. Age distribution  of the m aterial, and in ten sity  o f  pyram idal sclerosis in the age groups. 
The num ber of cases is indicated on the ord inate , the age on the abscissa

W ith  a view  to  s tu d y in g  g eria tric  chan g es in  th e  renal p y ram id s  89 k id ­
neys from  n ecro p sy  m a te ria l w ere ex am in ed . T h e  cadavers be longed  to  all 
age g ro u p s, th e  m a jo rity  to  th a t  o f over 50 y e a rs . T he age d is tr ib u tio n  is show n 
in F ig . 1. K id n ey s  o f cadavers necropsied  m ore  th a n  24 hours a fte r  d e a th  w ere 
n o t in c lu d ed  in  th e  m a te ria l.
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Material and m ethods

A s a rule, 2 or 3 pyram ids, together w ith  th e  co rtex , were excised from  b o th  k id neys. 
Two sections were fix ed  in  10 per cent form alin, one in  Carnoy’s fluid. Frozen preparations were 
m ade from  one o f the form alin-fixed sections, 59 in num ber; these were stained w ith  Sudan III. 
The other sections w ere em bedded in paraffin  and sta ined  w ith haem atoxylin -eosin , van  
G ieson’s and for elastic  fibers, som e im pregnated w ith  silver  according to Gomori. Y on  K ossa ’s 
reaction  was perform ed in  31 cases, when gross ex a m in a tio n  had revealed greyish  str ipes in  
the pyram ids or if  th e  m icroscopic exam ination o f  sec tio n  stained w ith other m eth ods had  
revealed  the presence o f  calcium . The follow ing h istochem ical reactions were perform ed in  
special cases: PAS, R itter-O leson; acetylated  PAS; S c h iff’s alloxan; tétrazolium  benzidine; 
M illons’ reaction . T hus, o f  59 cadavers we exam ined at lea st 4 , and of 30 at least 3, section s from  
pyram ids. These figures do not include some selected  cases treated with special m ethods. These  
cases either showed p ictures characteristic o f certain age groups or else pyram ids obta ined  m ost­
ly  from  old persons w ith  exceptionally  grave changes.

M orphology

The collecting tub u les o f the m edulla converge tow ards the renal pelv is, and th e  pap il­
lary  du cts open in to  the m inor calyces in the area cribrosa. The tubules are lined d ista lly  w ith  
high ep ithelium , w hile colum nar epithelium  is found in  th e  papillary ducts. The form er are 
surrounded by a connective  tissue of collagen fibres. M ost o f  the connective tissue is in the so- 
called vascular zone. M ost o f  the interstitium  is found in th e  m edulla, especially in its  inner zone, 
where th e  bulk of connective  tissue is interlobar.

Arterial blood is supplied to the m edullary su bstance  b y  the true and spurious straight 
arterioles. The former issue partly from the interlobar and partly from the arciform  arteries, 
the la tter  consist o f juxtaglom erular efferent vesse ls. A rterial blood flow s from  th e  base to  
the apex  o f the pyram ids, venous blood takes the opp osite  course and flow s into  th e  in terlob ­
ular and the arciform veins. The renal papillae appear, therefore, to be less supplied w ith  b lood  
th an  the other parts o f  th e  pyram ids. In general, th e  course of the lym phatics corresponds to  
th a t o f th e  blood vessels.

Physiology

Literature seem s to  contain hardly any data  concerning the physiology o f the renal m e­
dulla. R eabsorption o f w ater and recovery o f e lectro ly tes  occur in the distal portions o f the  
tubules and, according to  certain authors, in the pap illary  ducts. This process is governed by  
the antid iuretic  horm one.

Results

R en a l p y ra m id s  m ay , accord ing  to  th e  l i te ra tu re , undergo  th re e  k in d s 
o f ch an g e : p ro life ra tio n  of th e  in te rs t i t ia l  tis s u e  an d  the  g ro u n d  su b s ta n c e ; 
a c c u m u la tio n  o f f a t ;  d ep osition  o f calc ium . T h e  f i r s t  we tr ied  to  a sc e r ta in  w as 
th e  n a tu re  of h is to lo g ica l changes in  th e  re n a l p y ra m id s  due to  ageing  a n d  to  
d e te rm in e  w h e th e r th e y  w ere physio logical c h a n g e s , or changes c o rre la ted  w ith  
a th ero sc le ro sis .

T h e  h is to lo g ica l s tru c tu re  o f th e  re n a l p y ra m id s  undergoes co n sid e rab le  
a lte ra tio n s  d u rin g  life . In te rs ti t ia l  co n n ec tiv e  tissu e , rich in  cells, fills  th e  
space  b e tw een  th e  d en se ly  p acked  co llec tin g  tu b u le s  in  the  n ew born  a n d  th e  
in fa n t  (F ig . 2). T h e  a m o u n t o f in te rce llu la r  su b s ta n c e  increases g ra d u a lly  from  
ch ild h o o d  an d  becom es p red o m in an t a t  a b o u t th e  age of 50. I t  is red  an d  a p p a r ­
e n tly  hom ogeneous in  sections s ta in ed  w ith  h aem ato x y lin -eo sin , v a n  G ieson ’s, 
an d  e la s tic  s ta in . I t  m a y  accu m u la te  to  su ch  a n  e x te n t th a t  H e l p a p  [4] is
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ju s tif ie d  in  suggesting  th e  te rm  “ m ed u lla ry  sclerosis” . To c h a ra c te r iz e  th e  
a p p e a ra n ce  an d  g ra v ity  o f  th is  p h en o m en o n , we e stab lish ed  d iffe ren t degrees 
on th e  ev idence o f  3 to  4 sections p e r case. Zero rep resen ted  th e  s ta g e  a t  w hich 
th e  p y ra m id s  co n ta in ed  no in te rce llu la r su b s ta n c e ; th e  am o u n t of su ch  su b s ta n c e  
w as in d ic a te d  b y  1, 2, 3 and  4 crosses. W h en  m ak in g  th is  scale, w e to o k  in to  
ac c o u n t th e  co n d itio n  of th e  co llecting  tu b u le s  an d  th e  ap p ea ran ce  o f  lim e 
g ran u les  in  th e  in te rs t i t ia l  tissue.

F ig . 1 show s th e  re su lts  o f o u r o b se rv a tio n s . I t  can  be seen t h a t  in te r ­
ce llu la r su b s ta n c e  ap p eared  in  a b o u t 50 p e r c en t o f our m a te ria l as e a r ly  as th e  
f i r s t  y e a r  o f  life, w hile its  am o u n t increased  m ark ed ly  in  young a d u lts . I t  becam e

Fig. 2.  Cell-rich interstitia l tissue in  the pyram id of a m iddle-aged subject. H E . X 200  
(Male, 38 years; u lcerative tbc, coecal cancer, + )

so ex ten s iv e  from  th e  5 0 th  y ear as to  d o m in a te  th e  h isto log ical p ic tu re , w hile 
its  g ra v e s t form  becam e increasing ly  fre q u e n t above 65 years. In c re a se  of 
in te rc e llu la r  su b stan ce  seem ed to  go h a n d  in  h a n d  w ith  a decrease in  th e  n u m b e r 
o f cells, a lth o u g h  sc a tte re d  co n nec tive-tissue  cells were s till p re sen t ev e n  w ith  
th e  g ra v e s t sclerosis. T he n u m b er o f collagen fib res  in  th e  in te r s t i t ia l  tissu e  
seem ed to  increase  w ith  advanc ing  sclerosis. W e also found  sligh tly  a rg y ro p h ile , 
f ra g m e n ta ry  som ew hat u n d u la tin g  fib res . E la s tic  fib res were n o te d  in  th e  
m ucosa o f  th e  ren a l pelvis only . W ith  v a n  G ieson’s s ta in , th e  a c c u m u la te d  
h o m ogeneous su b stan ce  becam e u n ev en ly  red  in  pa tch es, in te n s iv e ly  in  th e  
p a p illa ry  region.

S ta in in g  w ith  S udan  I I I  rev ea led  f in e ly  d is tr ib u ted  p a tc h e s  o f  fa t 
in  th e  in te rs ti t ia l  tissu e  of m ost o f th e  sclerosed  py ram ids (F ig . 3). T he 
a m o u n t o f  S u d an-positive  f a t ty  su b s ta n c e  seem ed to  be p ro p o r tio n a te  
w ith  th e  degree o f p y ram id a l sclerosis an d  w as alm ost in v a ria b ly  p re se n t
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in  an d  +  +  -)- cases, a lthough  in  som e o f th e se  th e  p y ram id s c o n ta in e d
no  o r h a rd ly  a n y  fa t .  T h e re  was only  o n e  case of in c ip ien t sclerosis 
( +  ) d isp lay ing  a consid erab le  am o u n t o f  S u d an -p o sitiv e  su b s ta n c e ; th e  
m a jo r i ty  of such  specim ens d id  no t ta k e  f a t  s ta in s. The p resence  o f  
su d an o p h ile  m a tte r  in  th e  in te rs titia l tissue  is n o t  connected  w ith  f a t ty  d eg e n ­
e ra t io n  in  th e  ep ith e liu m  o f th e  collecting tu b u le s . T here  were severa l in s ta n c e s  
o f  g ra v e  tu b u la r  f a t ty  d eg en era tio n  w ith o u t d ep o sits  of f a t  in  th e  in te r s t i t ia l  
tis su e . F a t  ap p ea red  in  th e  fo rm  of fine d ro p le ts  o r pale, diffuse su d a n o p h ilia ; 
as a ru le  no large d ro p s  o ccu rred . O ccasionally  th e re  were m ark ed  f a t  d ep o sits

Fig.  3. D eposit o f fa t in  the in terstitia l intercellular su bstance. Sudan III-haem alum . X 100 
(M ale, 74 years; cerebral haem orrhage, + + + + )

in  th e  b asem en t m e m b ra n e  o f th e  tubu les (F ig . 4) w hen th e re  was no f a t  in  
th e  in te rs t i t ia l  tissue .

H isto ch em ica l reac tio n s  w ere p erfo rm ed  in  a few selected  cases in  w hich  
a co n sid e rab le  a c c u m u la tio n  o f in te rs titia l tis su e  w as no ted . T he PA S re a c tio n  
w as s lig h tly  po sitiv e  in  a few occasional a reas  o f  th e  hom ogeneous su b s ta n c e ; 
R i t te r  — O leson’s re a c tio n  gave a blue focal co lo u rin g  in  all sections; a c e ty la tio n  
e lim in a te d  th e  PA S p o s itiv ity ;  th e  té tra z o liu m  b en z id in e  reac tio n  was d iffu se ly  
p o s itiv e , w ith  m ore in ten s iv e  foci in th e  hom ogeneous area ; S ch iff’s a llo x an  
re a c tio n  y ielded  sm all, p a le , irreg u la r p o sitiv e  sp o ts  in the  in te rs ti t ia l  tissu e ; 
M illon’s te s t gave a s lig h t d iffusely  positive  re a c tio n . Calcium  deposits  w ere 
fo u n d  in  th e  p y ra m id s  in  34 cases ou t o f 89. W e reg ard ed  a case as c a lc iu m ­
p o s itiv e  even i f  on ly  a single sm all focus o f lim e  w as p resen t. G ranules o f c a l­
c iu m  in  th e  ep ith e liu m  o f th e  collecting tu b u le s , in  th e  basem en t m em b ran e , 
o r th e  in te rs ti t ia l  tis su e  w ere n o ted  in 32.3 p e r  c e n t  o f th e  cases below  50 y e a rs
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Fig. 4. D eposit o f fat in the basem ent membrane of collecting tubules, indicated by dark 
lines in  the picture. Sudan III-haem alum . X 100 (Fem ale, 56 years; m itral stenosis, +  +  )

of age an d  in  41.8 p er cen t o f these  above th a t  age (F ig . 5). R are ly  also  ca lc iu m  
casts  occurred . D eposition  o f ca lc ium  an d  p y ra m id a l sclerosis m u s t n o t  be 
reg a rd ed  as p a ra lle l processes: deposits  o f ca lcium  w ere observed  in  an  in fa n t  
7 m o n th s o f  age w ho h ad  d ied  o f  su b d u ra l h aem o rrh ag e , as also in  30 to  40 
y ear-o ld  persons w ith  -f- p y ra m id a l sclerosis or in  th e  k id n ey  o f old persons 
w ith  +  +  +  +  sclerosis. O ld age and  grave sclerosis a re , no d o u b t, m ore

Fig. 5. E xtensive calcium  deposit in  the interstitial tissue o f  a pyram id. HE. X 100 (F em ale,
53 years; ineningeoma; -+* +  + )
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f r e q u e n tly  associated  w ith  nephrocalc inosis. T h e  calcium  foci w ere sc a tte re d ; 
th e y  w ere w idely sp re a d  in  tw o  cases o f re n a l d am age due to  sh ock , an d  p ro ­
n o u n c e d  in  the k id n e y  o f  a n  8 y ear-o ld  ch ild  w ho h ad  succu m b ed  to  m ilia ry  
tu b e rc u lo s is . In  our o p in io n  th e y  h av e  no specia l sign ificance . T he presence o f  
c a lc iu m  did no t seem  to  be  co rre la ted  w ith  n ep h ro lith iasis : re n a l calcu li or 
s a n d  w ere found in  n o  case . G rey ish -w h ite  s trip es  on th e  p y ra m id s  u sua lly  
te r m e d  calcium  in fa rc tio n , w ere visibile in  14 in stan ces, b u t  in  5 o f th em  
c a lc if ic a tio n  could be  d e te c te d  in  none o f  several sections. T he te rm  calcium  
in fa rc t io n  seems to  be  in c o rre c t;  th e  pale  g rey ish  colour m a y  be due  to  ischae­
m ia , since the a p p e a ra n ce  o f  th e  s tr ip e s  show ed  no close c o rre la tio n  w ith  th e  
d e g re e  o f pyram idal sc lerosis . F ix a tio n  in  C arn o y ’s flu id  for 3 to  4 h o u rs  or th e  
p re p a ra t io n  of th ick  fro z e n  sections a f te r  a sh o r t  f ix a tio n  in  fo rm a lin  ap p ear 
to  b e  th e  m ethods o f  cho ice  fo r th e  d e m o n s tra tio n  of ca lc ifica tio n .

A  co m para tive ly  r ic h  v a sc u la riz a tio n  o f th e  p y ram id s  an d  th e ir  apexes 
a p p e a re d  also in cases o f  serious p y ra m id a l sclerosis. D y stro p h ic  processes in  
th is  a re a  are obv iously  d u e  to  in su ffic ien t b lood  supp ly  r a th e r  th a n  v ascu la r 
o cc lu sio n . The vessels a re  o f  th e  cap illa ry  ty p e , f re q u e n tly  d ila te d  an d  well 
s u p p lie d  w ith  b lood. W e saw  no o b s tru c te d  vessels b u t  e n c o u n te re d  th e  re m ­
n a n ts  o f  the  b asem en t m e m b ra n e  of d is in te g ra te d  tu b u les  in  th e  hom ogeneous 
in te r s t i t i a l  tissue also in  cases of sclerosis (F ig . 6).

W ith  a view to  a sc e r ta in in g  w h e th e r th e re  ex isted  a co n n ec tio n  betw een  
nephrosclerosis  and  p y ra m id a l  sclerosis, w e s tu d ie d  m icroscopical changes in  
t h e  co rtic a l vessels a n d  a lw ay s to o k  in to  acco u n t general a therosc le rosis  i f  i t  
f ig u re d  in  the  au to p sy  re c o rd . O ur m a te ria l com prised  55 cases o f th e  age group 
o v e r  50 years; m ost o f  th e m  show ed +  -K  +  +  +  and  +  +  +  +  p y ra m id a l 
sc le ro s is , and p ro n o u n ced  nephrosclerosis w as ab sen t in  only  10 of th e m . On th e  
o th e r  h an d , grave n ep h ro sc le ro sis  is a lw ays accom pan ied  b y  g rave  p y ra m id a l 
sc le ro sis . Slight p y ra m id a l sclerosis o ccu rred  in  th e  age g roup  u n d e r  50 years 
e v e n  w h en  there  w ere n o  signs of nephrosclerosis . C areful e x a m in a tio n  o f th e  
r e n a l  pelv is disclosed no  c o rre la tio n  be tw een  its  h isto log ica l co n d itio n  an d  the  
c h a n g e s  in  the  p y ra m id s .

T h e  renal p y ra m id s  seem  to  undergo  a physio logical change in  th e  course 
o f  life : th e  in te rs titia l co n n ec tiv e  tissue  is f i r s t  rich , and  becom es g rad u a lly  
p o o r , in  cells; the  a m o u n t o f  in te rce llu la r su b s ta n c e  increases; th e  n u m b e r of 
tu b u le s  becomes less a n d  th e  d is tan ce  b e tw een  th em  increases. T h is process is 
m o re  pronounced  i f  th e  v a sc u la r  a p p a ra tu s  of k id n ey  is a th e ro sc le ro tic , and  
m a y  assum e a grave fo rm  also  owing to  o th e r  —  p re su m ab ly  m etab o lic  —  fac ­
to r s .  T h e  renal p y ra m id  is , as regards b lood  su p p ly , a re la tiv e ly  b ra d y tro p h ic  
t is s u e  in  w hich d y s tro p h ic  ca lc ification  is fre q u e n t. (P a th o lo g ic  changes due 
to  d is tu rb e d  calcium  m e ta b o lism  did  n o t occur in  our m a te ria l.)  W e fo u n d  the  
m a t t e r  deposited in  th e  in te r s t i t ia l  tissu e  to  consist o f a co n siderab le  a m o u n t 
o f  c h ie f ly  acid m u co p o ly sacch arid es , c e rta in  p ro te in s  and  lip id s. T h e  p ro te in
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co m p o n en t co n ta in ed  m uch h is tid in e  and  a lesser a m o u n t of ty ro sin e  a n d  t r y p ­
to p h an .

V ery  g rav e  p y ra m id a l sclerosis m ay  be acco m p an ied  by a cystic  d i la ta t io n  
or a tro p h y  o f th e  co llecting  tu b u les . The s tru c tu re  o f  th e  pyram ids is c o m p le te ly  
d iso rgan ized  in  such  cases, a phenom enon  th a t  h a s  been  term ed  by  us “ p h th is is  
py ram id is  re n is”  (Fig. 7). I t  should  be n o ted  t h a t  we saw  several cases o f  g rav e  
p y ra m id a l sclerosis in  w hich th e  co rtica l su b s ta n c e  w as well p reserv ed  so t h a t  
th e  process need  n o t lead  to  le th a l ren a l d am ag e . I n  some in stan ces, c a rd ia c

Fig. 6. R em nants o f the basem ent membrane o f disin tegrated collecting tubules in th e  accum u­
lated acellular interstitia l tissue. PAS. X 100 (Male, 74 years; cerebral haemorrhage; -f-+  d-d-

in su ffic iency  did  n o t ind u ce  grave p y ra m id a l sclerosis. Som etim es in  o ld  p e r ­
sons th e re  is scarce ly  an y  in te rce llu la r su b s ta n c e  in  th e  pyram ids. S clerosis  is 
usually  d iffuse  b u t  m ay  occur in  foci. T he ap ex  o f  g ravely  sclerotic p y ra m id s  
m ay be ta p e r in g  or re tra c te d  (F ig. 8). C a lc ifica tion  is m ost frequen t in  sc le ro tic  
p y ram id s, b u t  does n o t necessarily  depend  on th e  degree of sclerosis a n d  m a y  
occur a t  a n y  age, p re su m ab ly  as a consequence o f  m etabo lic  d is tu rb a n c e s  an d  
som etim es o f  th e ra p e u tic  in te rv en tio n s . In  a n ew b o rn  child who h ad  d ie d  w ith  
u ra tic  in fa rc tio n , th e  collecting  tu b u les  w ere o cc lu d ed  b y  casts, w hile th e  in te r ­
s ti t ia l  tissu e  seem ed to  be u n im paired . T he a c c u m u la tio n  of in te rc e llu la r  s u b ­
stan ce  in  th e  in te rs ti t ia l  tissue  of th e  p y ra m id s  seem ed to  be preceded  u su a lly  
b y  a th ic k e n in g  o f th e  b asem en t m em b ran e  in  th e  tubu les (as d e m o n s tra te d  
b y  th e  PA S reac tio n ) an d  its lipo id  in f il tra tio n .
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Fig.  7. D ilated  co llecting  tubules. H E. M icrotar. (M ale, 75 years; em physem a, bronchiec­
tasis; +  +  +  + )

Fig. 8. Atrophied pyram id. Y on K ossá. Mikrotar. (M ale, 75 years; cancer of stom ach; +  +  +  +  )
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D iscussion

In te r s t i t ia l  h y p erp lasia  is reg a rd ed  by  P r y m  [7] as a physio logical p rocess 
w hich p rog resses w ith  adv an c in g  age. H e observed  i t  in  persons above 40  y ea rs , 
an d  his f in d in g  agrees w ith  ou r re su lts . H e l p a p  [4] found  th e  in te rm e d u lla ry  
tissue  so m u ch  ex ten d ed  a t  c e r ta in  p o in ts  th a t  i t  h a d  induced  tu b u la r  a t ro p h y  
an d  led  to  ascend ing  nephrosclerosis. R e ly ing  on earlie r d a ta , he re v iv e d  th e  
id ea  of a con n ec tio n  betw een m e d u lla ry  sclerosis an d  arteriosclerosis b u t  could  
n o t accep t i t  as a reg u la r p h enom enon  on th e  ev idence of his own o b se rv a tio n s . 
W e, to o , fa iled  to  fin d  an  u n eq u iv o ca l connec tion  betw een  th e  tw o  k in d s  of 
sclerosis, a lth o u g h  its  ex istence  o ften  seem ed to  be ev id en t. S t a e m m l e r  [9] 
described  oedem a an d  su b seq u en t m ed u lla ry  sclerosis in  a tro p h ie d  k id n ey s . 
Z o l l i n g e r  [13] suggests th a t  in te rs ti t ia l  sca rrin g  m ay  be induced  b y  th e  a b so rp ­
tio n  o f u ra te s  from  o b stru c ted  u r in a ry  channels in to  th e  in te rs ti t ia l  tissu e  an d  
th e  ly m p h  vessels of th e  m edu lla . H e regards arteriosclerosis as a s ig n if ic a n t 
fac to r in  th e  pathogenesis o f in te rs t i t ia l  changes.

P r y m  [7] ascribed  th e  ap p ea ran ce  o f fa t  in  th e  m ed u lla ry  in te r s t i t ia l  
tissue  to  c irc u la to ry  d is tu rb an ces ; th e  th e o ry  is su p p o rted  by  th e  fa c t t h a t  it  
is a ro u n d  th e  capillaries th a t  fa t  d ep osition  begins. H e l p a p  [4] o b se rv ed  fa t  
in  th e  re n a l m edulla  m ostly  in  associa tion  w ith  arteriosc lerosis; in  sp ite  o f  th is  
he fo u n d  no  co rre la tio n  betw een  arteriosc lerosis  an d  th e  deposition  o f  f a t .  F a t  
in fa rc tio n  is th e  te rm  app lied  b y  S t a e m m l e r  [9] to  th e  fa t ty  in f il tra tio n  o f  th e  
co n n ec tiv e  tissu e  of renal p ap illae . W e en co u n te red  p a tch es o f fa t  in  th e  in te r ­
s titia l tis su e  o f  stro n g ly  sclerosed p y ram id s , an d  th e  phenom enon seem ed to  be 
in d e p e n d e n t o f  tu b u la r  f a t ty  d eg en e ra tio n . N o tew o rth y  was th e  occasio n a l 
f a t ty  d eg e n e ra tio n  of th e  b a sem en t m em b ran e . S udanoph ilia  w as in v a r ia b ly  
ob se rv ab le  in  th e  sclerosed p y ram id s  o f  y o ung  persons; from  th e  in te n s i ty  an d  
fine  d is tr ib u tio n  of th e  s ta in in g  we concluded  th a t  lip ids, before being  d ep o sited , 
are  b o u n d  to  som e o th e r su b stan ce , p e rh ap s  to  p ro te in . This p ro b lem  re q u ire s  
fu r th e r  in v es tig a tio n .

P re c ip ita tio n  of calcium  in  th e  p y ram id s  is connected  w ith  a ch an g e  of 
th e  g ro u n d  su b stan ce  as also w ith  f a t ty  in f il tra tio n . C alcification  b eg ins, a cco rd ­
ing  to  S t a e m m l e r  [9], w ith  th e  p re c ip ita tio n  o f phosphorus and  ca rb o n ic  lim e 
sa lts  in  th e  b asem en t m em branes a n d  th e  in te rs ti t ia l  tissu e ; he a t t r ib u te d  th e  
process to  h y a lin e  degenera tion . C o inc iden ta lly , calcareous casts a p p e a r  in  th e  
tu b u le s . C hronic  serous and  in f la m m a to ry  processes ascending from  th e  ren a l 
pelv is m a y  lead  to  la te n t m ed u lla ry  oedem a an d  th e n  to  sclerosis w h ich  p ro ­
m otes th e  p re c ip ita tio n  o f calcium . G o l d s c h m id  [3] found  calcium  in fa rc tio n  
in  th e  k id n e y s  in  44 ou t of 48 cases o f  h e p a tic  c irrhosis; he su g g ested , on th e  
s tre n g th  o f  li te ra ry  d a ta , th e  p o ssib ility  o f a co rre la tio n  betw een d is tu rb e d  p ro ­
te in  m e tab o lism  an d  ca lc ification . K ühn [6] re jec ted  th is  possib ility , a t ta c h in g  
im p o rta n c e  to  local ren a l lesions an d  d is tu rb an ces  in  calcium  m e tab o lism .
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S t o u t  e t al. [10], to o , a t t r ib u te  ca lc ifica tion  to  loca l processes. J a c c o t t e t  [5] 
d is tin g u ish ed  tw o ty p e s  o f  ren a l ca lc ification , (i) nephrocalcinosis w hich  includes 
m e ta s ta t ic  ca lc ifica tio n s in  th e  w idest sense o f  th e  te rm ; (ii) calcium  nephrosis , 
a co llec tive  te rm  fo r d y s tro p h ic  ca lc ifica tio n s , w here  th e  process is m a in ly  
l im ite d  to  th e  c o rte x . S t o u t  e t al. [10], Y e r m o o t e n  [12] an d  R a n d a l l  [8] 
re g a rd  calcification  o f  th e  re n a l py ram ids as a f a c to r  o f nephro lith iasis . T a k a c s - 
N a g y  an d  E n d e s  [11], fu r th e r  St o u t  e t al. [10] re p e a te d ly  observed  a s ta te  of 
sh o ck  in  cases o f  n ep h ro ca lc in o sis . T he la t t e r  a u th o rs  hold  th a t  a d am age of 
th e  low er nephron  is a p re lim in a ry  co n d itio n  o f  nephrocalc inosis. O ur m a te ria l 
in c lu d e d  tow  cases w h ich  confirm ed th is  v iew .

I t  is know n t h a t  hy p erca lcaem ia  is acco m p an ied  b y  th e  presence o f m ark ed  
c a lc iu m  deposits in  th e  k id n ey . B a k e r  e t  al. [2] observed  th a t  a dep o ly m eri­
s a t io n  o f th e  g ro u n d  su b s ta n c e  was n ecessa ry  fo r  calcium  to  be p re c ip ita te d . 
B y  b lo ck ing  th e  re a c tiv e  g roups w ith  to lu id in e  b lu e , th e y  succeeded in  p re v e n t­
in g  ca lc ifica tion ; th e y  suggested  th a t  in f la m m a tio n s , ren a l tra u m a , tu b u la r  
in ju r y  in  h y d ro n ep h ro sis , p ro longed a d m in is tra tio n  o f u ric  acid  in  cases of 
g o u t, ce rta in  h o rm o n es (p a ra th o rm o n e , co rtiso n e) an d  pro longed d e h y d ra tio n  
m a y  depolym erise th e  g ro u n d  su b stance . K ü h n  [6] a tta c h e d  im p o rta n c e  to  
th e  accu m u la tio n  o f  f a t  as a fo rerunner o f  c a lc ific a tio n . A ccording to  A n d e r ­
s o n  a t  al. [1] th e  c o n c e n tra tio n  of calcium  is u su a lly  h igher in  th e  m ed u lla ry  
in te r s t i t ia l  tissue th a n  elsew here. W e o b se rv ed  in te rs ti t ia l  ca lc ifica tio n  b u t  
d id  n o t  regard  i t  as b e in g  connected  w ith  p y ra m id a l sclerosis, a lth o u g h  th e  
p ro cess  m ig h t develop  w ith  advancing  age. W e fa iled  to  estab lish  its  co rre la tio n  
w ith  n ep h ro lith iasis . T h e  precense o f ca lc iu m  in  ren a l p y ram ids is connected  
w ith  th e  re la tiv e ly  b ra d y tro p h ic  c h a ra c te r  o f  th e  tissu e  and  genera lly  show s 
th e  p ic tu re  of d y s tro p h ic  calcification .

Summary

The renal pyram ids in  89 kidneys obtained from  cadavers have been studied . In  agree­
m en t w ith  the data in  th e  literatu re it  has been found th a t th e  renal pyram ids undergo essential 
structural changes in  th e  course o f  life, in the form  o f a “ sclerotic”  transform ation of the in ter­
s t it ia l  tissue. The process is  characterized by a hyperplasia  o f the intercellular substance; this 
con ta in s few  fibers, and con sists m ostly  o f acid m ucopolysaccharides in addition to  fat and pro­
te in s. These com ponents seem ed to occur in the form  o f com plexes. The process need not be 
accom panied by atherosclerosis o f renal vessels and even  its grave form do not essentia lly  
im pair  renal functions.
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ГИСТОЛОГИЧЕСКОЕ И С С Л ЕДО ВА Н И Е П О Ч Е Ч Н Ы Х  ПИРАМ ИД С ОСОБЫ М  
ВН ИМ АН И ЕМ  НА В О ЗРА С Т Н Ы Е  И ЗМ Е Н Е Н И Я

Ш. КЕРЕСТУРИ и Л. МЕДЬЕРИ

На 89 случаях вскрытия трупов, авторы исследовали почечные пирамиды. Они 
установили, что в полном согласовании с литературными данными, почечные пирамиды 
в течение жизни подвергаются значительным структурным изменениям, состоящим из 
«склеротического» преобразования интерстиция. Последний процесс характеризуется 
значительным размножением межклеточного состава. Размножающееся вещество содер­
жит сравнительно мало волокон, и большое количество гомогенного внутриклеточного 
вещества, в котором при помощи гистологического метода исследования удалось выявить 
много — преимущественно кислых — мукополисахаридов, жиров и белков. Вышеназван­
ные компоненты присутствуют предположительно в виде комплексных соединений. 
Этот процесс может наступать также без атеросклеротического изменения почечных 
сосудов, и, вероятно, даже его тяжелые формы не обусловливают значительного пора­
жения почечной функции.

Ü B E R  D IE  HISTOLOGIE D E R  N IE R E N P Y R A M ID E N , MIT B E SO N D E R E R  B E R Ü C K ­
SICHTIGUNG D E R  A L T E R V E R Ä N D E R U N G E N

S. KERESZTURY und L. MEGYERI

D ie Pyram iden von  89 Nieren aus Sektionsm aterial wurden untersucht. E s w u rd e fest­
gestellt, daß in  Ü bereinstim m ung m it den literarischen D aten  die Nierenpyram iden im  Laufe 
des Lebens eine wesentliche strukturelle Veränderung durchm achen, die in eine “ sk lerotisch en” 
U m w andlung des Interstitium s besteht. Der letztere Prozeß wird durch eine bedeu ten d e Ver­
m ehrung der interzellulären Substanz gekennzeichnet. D as verm ehrte Gewebe hält v erh ä ltn is­
m äßig w enig Fasern. In der hom ogenen interzellulären Substanz konnten h istochem isch  h au p t­
sächlich saure M ukopolysaccharide, F ett und Eiweiß nachgew iesen werden. D iese B estan d teile  
sind aller W ahrscheinlichkeit nach in der K om plexverbindungen anwesend. Der V organg kann  
ohne der atherosklerotischen Veränderung der N ierenarterien Zustandekommen, un d  wahr­
schein lich fü hren  auch schwere Form en zu keiner bedeutenden  funktionellen N ierenschädigung.

D r. S án d o r K e r e s z t ú r y  
D r. L ászló  M e g y e r i

D ebrecen , 12. K ó rb o n c ta n i In t. H u n g a ry

4 Aria Morphologica XI/2.
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