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Summary. It is not clear whether tubular cell necrosis is present or not 
in acute renal failure (ARF) of ischaemic type ("acute tubular necro- 
sis"). In order to get quantitative data, using precisely defined criteria 
for tubular cell necrosis, 25 renal biopsies from 24 patients with ARF 
(11 obtained in the active phase, 14 in the early recovery period) were 
compared with 12 control biopsies. In all 1959 proximal cells and 1603 
distal cells were analysed by electron microscopy. Cellular disintegration 
was very rare in all groups. Shrinkage necrosis (apoptosis) was not pres- 
ent in the proximal tubules of  the controls and was rare in ARF 
(1.6-2.1%). In the distal tubules of controls 2.7% of all cells showed 
shrinkage necrosis. The incidence in ARF was not significantly increased. 
"Non-replacement sites" in distal tubules (probably loci where cells have 
recently been desquamated) were significantly increased in number 
(5.2%) in the active phase in ARF compared to controls and recovery. 
The relative number of  regenerating cells was not increased. 

These data show that there is no widespread necrosis of  tubular 
ceils in ARF. The increased incidence in distal tubules of focal, denuded 
areas of the basement membrane in the active phase of  ARF indicates 
a slightly increased desquamation of  cells and/or a failure to cover such 
sites by adjacent cells. This process is not restricted to the brief induction 
phase of ARF but continues during the whole active phase. 

Key words" Acute renal failure - Renal tubules - Necrosis - Electron 
microscopy. 

Electron microscopic studies of renal biopsies from patients with acute renal 
failure (ARF) are rare and only a small number of biopsies has been studied 
using non-systematic methods (Dalgaard and Pedersen 1961; Olsen 1967; 
Olsen and Skjoldborg 1967; Dunnill and Jerrome 1976). These studies have 
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not contributed decisively to our understanding of the pathogenesis of ARF 
in man. A recent report by Jones (1982) (combining transmission electron 
microscopy (TEM) with scanning electron microscopy (SEM)) has increased 
our knowledge of renal ultrastructure in ARF but there is still the need 
for a systematic TEM investigation of a larger series of patients. 

The data presented in this paper concern epithelial necrosis and regenera- 
tion occurring in the convoluted proximal and distal tubules in a series 
of patients with (or in early recovery from) ARF of ischaemic type (" shock- 
kidney", "acute tubular necrosis"). Other articles in this series present a 
semiquantitative study of cell surface alterations (brush border and basolat- 
eral infoldings) and other tubular lesions in ischemic ARF, as well as the 
ultrastructural pathology of ARF in patients with acute interstitial nephritis 
(Olsen et al. 1985 a-c). A preliminary report of data from these studies has 
recently been published (Olsen, T.S. and Olsen, H.S. 1984a). 

Material and methods 

Control biopsies (Group A). Six biopsies were obtained from 6 patients without signs or symp- 
toms of renal disease. Five of these biopsies came from patients at surgery for appendicitis 
or gall stone and were made with the consent of the patients. Serum creatinine was available 
at the time of renal biopsy from four patients (133, 53, 88, 88 gmol/1). In 2 of these the 
creatinine clearance was also determined (135 ml/min, 88 ml/min). One biopsy was obtained 
just after death from a patient who died from a severe head injury. None of the patients 
had oliguria, all had a negative test for protein in the urine. On light microscopy (LM) these 
biopsies were normal. 

Six biopsies were from 6 patients with minor change glomerulopathy or glomerulonephritis. 
Renal function measured by creatinine clearance was normal (90-125 ml/min) in the 4 patients 
in which it was determined. Two other had serum creatinine values of 80 and 100 lamol/1. 
All patients had proteinuria. On LM there were normal glomeruli or slight to moderate glomer- 
ular mesangial hypercellularity. The vessels, tubules and interstitium were normal on LM. 

Patients. Twenty-five biopsies from 24 patients were studied (Table 1). The biopsies were col- 
lected during the period 1963-1983. The only criterion for selection was the presence of well- 
preserved, non-traumatized cortical tubules in the part of the biopsy fixed for electron microsco- 
py (EM) judged from the semithin plastic sections studied by LM before the section of the 
blocks on the ultramicrotome. 

As with other series the biopsies represent only a minor fraction of patients with parenchym- 
atous ARF of non-glomerular origin admitted to the department during the period of collection 
and the series is not a random sample since (according to usual practice in our own and 
in other clinical departments) diagnostically uncomplicated A R F  were not biopsied. Biopsies 
from patients with prerenal and postrenal ARF were excluded as were also transplant biopsies. 

All patients had, or were in early recovery from, A R F  of ischaemic type at the time 
of biopsy. ARF was defined as a sudden decrease of renal function to a degree not compatible 
with conservation of normal serum creatinine. Consequently all patients had rapidly increasing 
serum creatinine necessitating dialysis treatment in 16 patients. Eleven biopsies from 10 patients 
were taken in the active phase of ARF defined as the period when creatinine clearance was 
5 ml/min or lower (Group B). Most of the patients were anuric at the time of biopsy, the 
rest had oliguria. Thus, no biopsies were from patients in the active phase of non-oliguric 
ARF.  Fourteen biopsies from 14 patients were taken in the early recovery period after ARF 
(Group C). This group differed from group B not only by the fact that the biopsy had been 
provided during recovery and not active ARF,  but the group also included cases of less 
severity. Thus 6 patients had suffered from A R F  of the non-oliguric type (urine output > 500 
ml/day at peak of the disease) and had a minimum creatinine clearance at 5-30 ml/min. 
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On LM, 19 biopsies showed the picture characteristic for ARF (Olsen 1984b): slightly 
to moderately dilated tubules, presence of scattered casts, often of hem-type and a slight 
interstitial mononuclear cell infiltration. Two biopsies had prominent doubly refracting crystals 
in the distal tubules and collecting ducts (FR and NS). Two others had a few focal small 
interstitial granulomas (BR and IA). Two biopsies had normal structure by LM (PA and 
PP). 

Biopsies with heavy interstitial mononuclear cell infiltration (acute, interstitial nephritis) 
were not included. An analysis of the ultrastructure of these is reported separately (Olsen 
et al. 1985c). 

Technical procedures. Five renal biopsies from the control group were taken with an Iversen- 
Roholm needle from the kidney exposed under operation (appendectomy, cholecystectomy). 
All other biopsies were taken percutaneously with the Iversen-Roholm needle. Tissue for LM 
was processed according to the routine of our laboratory (Brun and Olsen 1981). 

Preparation for electron microscopy. Tissue from each end of the biopsy was put into 2% 
glutaraldehyde and carefully cut with a pair of razor blades into small one millimeter cubes. 
They were transferred to a new vial containing 2% glutaraldehyde, fixed for 2 h, postfixed 
in 1% OsO 4 for one hour, dehydrated and embedded in Vestopal W or Araldite. The specimens 
were stained en bloc with 2% uranyl acetate and at the grid with lead citrate. 

Using LM on semithin sections, blocks were selected that were judged to come from 
the cortical labyrinth due to the presence of glomeruli in the sections. Blocks with signs of 
mechanical damage were excluded, but no other selection criteria were used. This method 
permits exclusion of tissue that has been grossly damaged by the biopsy needle or on cutting. 
It also makes it possible to avoid tissue from the medulla or cortical medullary rays. Since 
there is variation of the ultrastructure in different segments of the tubules, it is important 
to be able to identify the tubular section under investigation. Thus the present study concerns 
contorted proximal and distal tubules. 

Electron micrographs covering each tubular profile in one or more pictures were studied 
at a magnification of 3,525 x.  These were supplemented by randomly selected series covering 
1/3-1/2 of the tubular circumference at a magnification of 11,175 x.  Only tubular cells with 
their nucleus represented in the plane of section were counted. 

The total number of tubular profiles investigated was 171 proximal and 66 distal in the 
control groups, 196 proximal and 133 distal in the ARF groups. The number of cells investi- 
gated is apparent from Table 2. 

Results 

A l m o s t  al l  t u b u l a r  cells  o n l y  d i s p l a y e d  m i n o r  d e v i a t i o n s  ( such  as  i n c r e a s e  
in  the  n u m b e r  o f  l y s o s o m e s  o r  v a c u o l e s )  f r o m  n o r m a l  s t r u c t u r e  as  d e s c r i b e d  
b y  E r i c s s o n  et  al.  (1965) a n d  T i s h e r  et  al.  (1966 a n d  1968). O n e  e x c e p t i o n  
were  the  a l t e r a t i o n s  o f  t u b u l a r  b r u s h  b o r d e r  a n d  b a s o l a t e r a l  i n f o l d i n g s  re-  
p o r t e d  in  a c o m p a n i o n  p a p e r  (Ol sen  et  al.  1985a) .  T h e  m a j o r i t y  o f  cel ls  
were ,  t h e r e f o r e ,  j u d g e d  as  b e i n g  v i t a l  b y  u s u a l  u l t r a s t r u c t u r a l  c r i t e r i a .  T h r e e  
t y p e s  o f  nec ros i s  c o u l d  be  d i s t i n g u i s h e d .  

1. Shrinkage necrosis ( ce l lu l a r  d e h y d r a t i o n )  (F ig .  1). Th i s  a l t e r a t i o n  a p p e a r e d  
as  c o n d e n s a t i o n  a n d  i n c r e a s e d  e l e c t r o n  d e n s i t y  o f  the  cell  s ap  w i t h  d e n s e l y  
p a c k e d  o rgane l l e s .  V a c u o l e s  a n d  c i s t e rns  we re  d i s t e n d e d .  S o m e  m i t o c h o n -  
d r i a  s h o w e d  c r i s t a l  d i s t e n s i o n .  T h e  n u c l e u s  s h o w e d  c l u m p i n g  a n d  m a r g i n a -  
t i on  o f  t he  c h r o m a t i n .  I t s  m e m b r a n e  w a s  m a r k e d l y  f o l d e d  a n d  the  n u c l e a r  
v o l u m e  a p p e a r e d  d e c r e a s e d .  I n  the  p r e s e n t  m a t e r i a l ,  th is  t y p e  a l m o s t  a l w a y s  
a f f e c t e d  s ingle  cells,  w h i c h  c o n t r a s t e d  s t r o n g l y  w i t h  the  a d j a c e n t  n o r m a l  
e p i t h e l i u m .  



78 

0 
,.o 

o 

< 8 g 

O 

$ 

~ <  

O ~ t'xl t"4 t"q 

o o ~ eq 

eq 

~ ° o 

T. Steen Olsen et al. 

' ,~  O ~ t",l tt3 ee~ 
t"q t",l 

4 ~  

O O O 

< < < < < 

s ~  

< 

Z 

< < < < < o 

-6 

I £  
O 



Tubular ultrastructure in acute renal failure in man:  Epithelial necrosis and regeneration 79 

e~ 

• -~ o 

/ 1 <  I I < l o  ~ < ~ o <  

. . . .  ~ ~ =  o ~  

..= 

"~" '~" t"q 



80 T. Steen Olsen et al. 

Table 2. Cellular necrosis in biopsies from patients with ischemic ARF.  Cell. disint., Shrink 
necr., Non-replac. : Number of cells displaying signs of three forms of necrosis as defined 
in the section of results. * significantly different from control value (2p < 0.001, Z 2 test). 

No No Cell. % Shrink. % Non- % Regen. % 
biop. cells disint, necr. replac, cells 

Proximal tubules 
Control biopsies 12 956 
ARF,  active phase 11 351 
Recovery after 14 652 

A R F  

Distal tubules 
Control biopsies 12 517 
ARF,  active phase 11 344 
Recovery after 14 742 

A R F  

0 0 0 0 0 0 10 1.0 
0 0 6 1.6 3 0.8 6 1.6 
1 0.2 14 2.1 6 0.9 6 0.9 

0 0 14 2.7 4 0.7 13 2.5 
0 0 4 1.2 18" 5.2* 11 3.2 
2 0.3 21 2.8 5 0.6 30 4.0 

Fig. 1. Shrinkage necrosis of distal tubular cell from a biopsy belonging to the control group. 
The nucleus (N) is angular, heavily shrunken, with clumping of the chromatin. The cell sap 
is dense, the vacuoles and intercellular spaces distended (arrows). The cell to the right is 
probably in a transition between regeneration and full maturity. There are many polyribosomes, 
but an appreciable (although not normal) number of mitochondria is a sign of maturity. 
x 8,100 
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Fig. 2. Part of a tubular cell with disruption of the cell membranes (left). To the right a 
cell with increased density of the cell sap. BM: basement membrane; L: lumen x 12,500 

2. Cellular disintegration (Fig. 2). Disintegrated cells usually had a very hyd- 
topic cell sap. The p lasmalemma as well as the membranes  o f  nuclei and 
organelles, were disrupted. 

3. "Non-replacement" phenomenon (Fig. 3). As suggested by Solez et al. 
(1979) on the L M  level, this change is defined as the presence of  defects 
in the epithelial covering of  the tubular  basement  membrane  (BM). On 
EM, denuded BM areas (probably the site o f  a desquamated cell) were 
present focally and usually corresponded to no more than  the size o f  one 
tubular  cell. The denuded BM was always intact  and breaks did not  occur 
either in any other parts of  the tubular  profiles studied. The adjacent cells 
were almost  always normal.  Rarely a group of  epithelial cells was seen 
in the process of  desquamat ion  (Fig. 4). 
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A 

Fig. 3A, B. Non-replacement site in a distended distal tubule from a patient with ischaemic 
ARF. There is a gap in the row of tubular cells (arrow). The adjacent cells are vital. L: 
lumen. BM: basement membrane. A x 2,800; B x 11,100 

Besides these types, a four th  type o f  cellular change  was noted :  
4. The regenerating cell (Fig. 5). This cell type was g loboid  in form,  its 
cell sap was electron lucent, the organelles ex t remely  few, and  there was 
no g ranu la r  endop lasmic  ret iculum. A large n u m b e r  o f  po ly r ibosomes  were 
dispersed over  the cy top lasm.  

The  occurrence  o f  the three categories  o f  cellular d a m a g e  appea r s  in 
Tab le  2. 
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Fig. 4, The cellular desquamation may rarely involve several adjacent tubular cells. Cells 
number 1, 3 and 6 are still in place although partially loosened from the basement membrane. 
No. 2 seems to be in the act of desquamation and nos. 4 and 5 are situated free in the 
lumen (they may, however, have their origin in another part of the nephron). Asterisks at 
denuded basement membrane. A picture as this suggests that desquamation of cells without 
morphological evidence of necrosis may take place. From a patient with ischaemic ARF.  
x 4,500 

Cellular disintegration was very rare in this material, occurring in only 
three cells investigated. Shrinkage necrosis (apoptosis) was not seen in any 
of the almost 1,000 proximal cells investigated in the control biopsies. It 
occurred in the proximal tubules of biopsies from patients with ARF or 
in recovery with very low frequency (1.6-2.1%). In the distal tubules the 
frequency of this type of necrosis was 2.7% in the controls and in the 
same level in patients. Non-replacement sites were not observed in normal 
proximal tubules, and rarely in the patients. In the distal tubules the fre- 
quency of these sites was (although rather low) significantly increased in 
the active phase of ARF compared with the controls and with the recovery 
period (2p <0.001, X2-test). The frequency of regenerating cells was within 
the range of 0.9%-4.0%. There were no significant differences between 
patients and controls or between ARF and recovery. Very early biopsies 
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Fig. 5. Regenerative cell (RC) in a proximal tubule. There are very few organelles, no granular 
reticulum but plenty of polyribosomes. The nucleus is globoid with diffusely destributed chro- 
matin. Most or all of the microvilli have probably their origin in the adjacent cells. BM: 
basement membrane, x 11,200 

(1-3 days after onset of the ARF) often had low values and the highest 
value in a single biopsy (17%, distal tubules) occurred in a biopsy taken 
11 days after the onset of the disease. Clusters of regenerative cells were 
seen, indicating that a focal distribution was responsible for the great range 
(0-17%) of the figures for single biopsies. Only one mitosis was seen in 
the total of 3562 cells examined. 

Discussion 

An extensive literature on the ultrastructure of necrosis and degeneration 
has been published, mainly based upon experimental studies. Papers of par- 
ticular relevance for the renal tubular epithelium are the careful studies 
performed by Trump and coworkers (for a review and references see Trump 
1982) as well as important contributions by Venkatachalam et al. (1978), 
Donohoe et al. (1978), Dobyan et al. (1977), Reimer et al. (1972), Davis 
etal. (1983) and Ormos etal. (1973). Trump and coworkers divided 
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ischaemic cell injury into a sequence of changes ranging from the normal 
cellular substructure to the necrotic cell. The initial stages (I-III) are charac- 
terized by dilatation of the endoplasmic reticulum (cisternae), surface pro- 
trusions and hydropia of the cell sap. The mitochondria appear dense with 
condensation of the inner compartment and enlargement of the intracristal 
space as well as the space between the inner and outer membrane. The 
nucleus shows clumping of the chromatin. The lysosomes are often swollen. 
In stage IV some of the mitochondria swell, others remain condensed. Some 
mitochondria contain tiny dense aggregates. These stages are all considered 
to be potentially reversible. 

In stages V and VI, irreversible cell death is heralded. All mitochondria 
exhibit massive swelling and large flocculent densities appear in the inner 
compartment. The membrane system begins to dissolve or fragment, includ- 
ing the nuclear membrane and dissolution of the chromatin (karyolysis) 
takes place. In stage VII, cell degradation is prominent. 

The 4 stages of Reimer et al. (1972) correspond rather well to the se- 
quence described by Trump's groups, although a dehydrated cell type is 
more apparent in their study. This type is possibly identical with the shrink- 
age necrosis described by Kerr (1971), Kerr et al. (1972) and Searle et al. 
(1982) under the designation of apoptosis. This latter type of cellular injury, 
however, is distinct from ordinary necrosis by several traits: apoptosis af- 
fects scattered, single cells situated between other cells without signs of 
degeneration or necrosis. Typical for the apoptotic cell is a rapid condensa- 
tion of nucleus and cytoplasm followed by nuclear fragmentation. The cell 
is quickly engulfed by macrophages and even by adjacent epithelial cells 
and is broken down within hours with formation of large phagolysosomes. 
Apoptosis occurs under physiological conditions as part of normal cell turn- 
over, and it may be increased by several types of injury (anoxic, chemical, 
radiation). 

The concept of "non-replacement" was introduced on the LM level 
by Solez et al. (1979). These authors described focal, denuded areas of the 
tubular BM, probably the site of necrotic and desquamated cells. The scat- 
tered denuded BM-areas, seen by EM, correspond to this LM observation. 
The adjacent cells were usually normal in structure. 

Regenerating proximal tubular cells were studied by Ormos et al. (1973) 
in a rat model of hormone-induced necrosis. Regenerating cells were ex- 
tremely rich in free ribosomes which were often arranged in rosettes. The 
early phase of regeneration was characterized by simplified cell structure 
and no organelles other than polyribosomes. These cells were thin and situ- 
ated at the BM, beneath necrotic cells. At 48 h the content of polyribosomes 
reached a maximum and at 72 h the first rough surfaced endoplasmic reticu- 
lure began to occur. After one week the ribosome richness had regressed, 
while other organelles appeared in larger quantity and the brush border 
began to develop, even between adjacent cells. The basal labyrinth was 
still missing at this stage. At 2 weeks the regenerated cells had reached 
normal height with a well developed brush border and apical vesiculation. 
At 4 weeks the basal labyrinth began to appear in a primitive state and 
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at 6 weeks it was well developed. Parts of the tubules remained, however, 
still lined by an epithelium of incomplete maturation. The chromatin in 
the nuclei of regenerating cells is diffusely distributed (euchromatin) without 
heterochromatin clumps. 

The alterations of epithelial cells seen in the present material were similar 
to some of the forms described above. Alterations pertaining to Trump's 
stages II-IV occcurred sporadically but not to a severe degree, and without 
special frequency in any of the patient groups. Since they also occurred 
in the control biopsies and as it is well known that they may be mimicked 
by artefacts due to fixation or other technical causes (particularly apt to 
occur in biopsy material which must be fixed by immersion), they were 
not regarded as significant. Into this category are included cells with slight 
to moderate changes in the density of the cell sap which may occur in 
normal controls as well as biopsies from patients suffering from ARF. 

Shrinkage necrosis may resemble fixation artefacts due to hypertonic 
fixation media (Maunsbach 1973). Since, however, the fixation fluid was 
isosmotic with cortical tissue, and this cellular alteration invariably involved 
a whole cell and usually only one, the adjacent cells being normal, fixation 
artefacts could be ruled out. The fact, that this type of necrosis occur almost 
always in single cells is characteristic of the apoptosis of Kerr et al. (1972), 
although nuclear disintegration as seen in the final phase of apoptosis was 
rare. 

In the preliminary analysis of some of the biopsies of the present material 
(Olsen and Olsen 1984a), ischaemic ARF and acute interstitial nephritis 
were pooled, and the analysis did not discriminate between different types 
of cellular damage. The frequency of severe damage was found to be low, 
and no consistent pattern of difference between controls, ARF and recovery 
was found. The present definitive analysis of ARF of ischaemic type using 
the presicely described categories of cellular damage of allegedly irreversible 
character described above, confirmed the general low frequency of cellular 
necroses. Only one value was significantly increased against the controls: 
the slight, but highly significant increase in frequency of non-replacement 
sites in distal tubules. 

The occurrence of apoptotic cells and non-replacement sites in normal 
distal tubules can be interpreted as stages in normal cell turnover. Since 
these cell types were not present in proximal tubules from controls, it must 
be assumed that dying cells in this part of the nephron are desquamated 
quickly, possibly in advance of manifest morphological changes, and the 
gap filled almost immediately by adjacent cells. 

From the experimental models cited above, it is known that severe ultra- 
structural damage takes place within a few hours or at most 1-2 days after 
the responsible insult. If, in human ARF, severely damaged cells are rapidly 
desquamated, and defects in the row of epithelial cells are quickly covered 
by the adjacent cells, irreversible injury to a comparatively large part of 
the cell population might happen at the onset of ARF without an appreci- 
able increase in the number of necrotic cells or non-replacement sites in 
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biopsies taken days to several weeks after the injury. The fact that the 
number of regenerating cells was low also in very early biopsies speaks, 
however, against the occurrence of extensive necrosis in the initiating phase. 
That the main part of the tubular epithelium should be made up of regener- 
ating cells (as suggested by Solez et al. (1983)) is contradicted by the general- 
ly mature appearance of the cells together with the fact that differentiation 
of a regenerating cell demands more than 2 weeks (Ormos et al. 1973). 
Attention should especially be directed to the observation of these authors 
that actin bundles were not formed in regenerating cells until about 14 
days after the ischaemic injury. Actin bundles are, however, very frequent 
and hypertrophic in the tubular epithelium from patients with ARF (Olsen 
et al. 1985b), also in early biopsies. 

The former concept of widespread tubular necrosis in ischaemic ARF, 
reflected by the name still in general use: "acute tubular necrosis" (Bull 
et al. 1950), was based on investigations of autopsy material, among these 
also the microdissections of Oliver (1951), where a technique was used which 
strongly increases the possibility of artificial damage. The concept was chal- 
lenged by investigators studying renal biopsies by LM (Brun 1954; Brun 
and Munck 1957) and later by EM (Olsen 1967). These biopsy studies 
made it clear that no widespread necrosis could be detected in the renal 
tubules. A recent study by Solez et al. (1979) has revived the possibility 
of the presence of  focal necroses. These authors, working with LM demon- 
strated the presence of scattered denuded areas of the BM, probably the 
sites of desquamation of necrotic epithelial cells. Indeed this lesion was 
one of only two out of 10 basic lesions studied, which did not persist in 
the recovery period, the other being disappearance of the proximal brush 
border. 

Thus, while the occurrence of widespread tubular necroses must be ex- 
cluded by the present study as argued above, we regard it as possible that 
an increased cellular desquamation takes place in ARF in the distal tubules 
or that ARF is associated with a failure or a reduction in the ability of 
adjacent cells to cover the defects following cell desquamation. Why this 
is a continuing process and not confined to the brief phase of induction 
is difficult to explain, but it might conceivably be a consequence of the 
decreased cortical blood flow characteristic of AP,2F. 

Among the proposed pathogenetic hypotheses of ARF, back-leak o f  
urine is still held as a possible cause of anuria or oliguria (Solez 1983) 
mostly on the basis of experimental data. As mentioned above, extensive 
tubular necrosis making profuse back-leak possible can be ruled out by 
the ultrastructural data. There remains, however, the possibility of focal 
back-leak through the approximately 5% denuded area of BM in the distal 
tubules found in the present study. Considering the relatively small part 
of the tubular wall which is deprived of epithelial covering, and since no 
BM ruptures were seen at all, it is improbable that tubular back-leak through 
the distal tubules should account for a substantial fraction of the reduction 
of renal function and other factors must be of greater importance. The 
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severe reduction of tubular cell surface areas, recently detected (Jones 
(1982); Olsen, T. and Olsen, H. (1984a), Olsen et al. (1985a)) may appear 
to provide a clue for pathogenesis of ischaemic ARF. 
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