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Renal necrosis
J. F. SMITH
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Renal necrosis due to ischaemia with a brief mention
of lesions produced by some chemical poisons,
particularly those which may act on renal blood
vessels and thereby have an ischaemic action, will be
the main considerations in this article. Such causes
of renal necrosis have no clinical relevance even if
they exist: there is no evidence, for example, of acute
or chronic lesions in the kidney due to carbon
monoxide or cyanide poisoning or nitrous oxide
anaesthetic accidents comparable to those seen in the
brain. It is probable that the kidney epithelial cells,
even those of the metabolically active proximal
tubule, can survive severe hypoxia although their
function may be impaired.

In assessing the effects of ischaemia it is necessary
to recollect a few anatomical facts: the branches of
the renal arteries from the arcuates onwards are
virtual end arteries and the infarct following occlu-
sion of one is familiar to all from early studies in
pathology. It is easy to forget, however, that such
infarcts often spare the medullary pyramids whose
blood supply is derived from the vasa recta, except
for their papillae which are supplied also by a
pericalyceal artery (Baker, 1959). The fact that scars
of infarcts following arterial emboli spare the
medulla and thereby do not cause calyceal deformity
is a further illustration of this fact (Smith, 1962) and
useful in differential diagnosis.

Ischaemic cortical necrosis can vary in degree from
focal, through minor and patchy, to gross as
documented in the thorough study by Sheehan and
Moore (1952) of lesions associated with pregnancy.
In all there is some degree of tubular necrosis, and
in all except the minor, some degree of vascular
occlusion. Whether the vascular occlusion develops
from an initial intravascular coagulation or as the
result of arterial and arteriolar spasm is undecided
and need not concern us here. However, the associa-
tion with tubular damage and in particular with
proximal tubular damage should be stressed. The
effects of such occlusion can be contrasted with that
seen in the kidney lesion associated with excessive
excretion of pigment as in incompatible transfusion,
the crush syndrome and what was at the time referred
to as the kidney of septic abortion, now known to

have been the consequence of intravascular haemoly-
sis following the entrance of soap solution into the
vessels from the placental site. We now know that
the renal tubular necrosis in such conditions is not a
lower nephron necrosis, the term invented by
Balduin Lucke (1946) after the initial observations of
Dunn et al, in 1941, but it is certainly not a pre-
dominantly proximal tubular necrosis as occurs in
ischaemia.

Perhaps it is as well to look at this matter in an
historical way. Until 1940 most pathologists had
accepted that the oliguria following incompatible
blood transfusion was the result of the blockage of
tubules by pigment casts. This hypothesis was given
experimental support by the work of Baker and
Dodds (1925). When he examined the kidneys of
those who had died from renal failure following
crushing injuries of the limbs Shaw Dunn (Dunn et
al, 1941) was impressed not only by the myohaemo-
globin pigment casts in the lumina of tubules but by
damage to tubular epithelium and focal disruption of
epithelium. He thought that the damage was in the
broad ascending limb of Henle and he was influenced
in this view by an experimental uric acid lesion he
had studied in rabbits with Polson (Dunn and
Poison, 1926). In looking at those old experiments,
which were the foundation stone of the concept of
lower nephron nephrosis, one must remember two
things. In the first place the dose of uric acid was
high (2 g/kg) and it is probable that its action on the
tubular epithelium was a mechanical traumatic
effect as it came out of solution, rather than a
cytotoxic lesion. Secondly, although Shaw Dunn
took a lot of trouble to localize the experimental
lesion to the ascending limb of Henle he was not cor-
rect in so doing, as the microdissection studies carried
out by Smith and Lee (1957) show that the damage
is actually in the collecting tubules.

There is no experimental support for the concept
of a 'lower nephron nephrosis' and it is largely
abandoned. It is, however, in my view unfortunate
that the concept of 'shock kidney' has taken its place
(Oliver et al, 1951) which has its bedrock in the
demonstration by the technique of microdissection
that the lesions are scattered in the cortex and
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medulla and the view that such scattered lesions in
the kidney and other organs are characteristic of
ischaemia consequent to shock. However, there is no
evidence that shock as such causes a patchy ischaemia
and considerable evidence that ischaemia causes
more severe damage to proximal cortical tubules
than elsewhere. I subscribe to the Bywaters doctrine
(1948) that in the great majority of cases of renal
failure following excessive pigment secretion are the
result of a raised interstitial pressure following
tubular disruption at points of sheering stress in
nephrons. The stress is produced by lumina being
blocked by pigment casts and damaged epithelium in
lower parts of scattered nephrons.

In cases where there has been selective necrosis of
proximal tubular epithelium the possibility of an
ischaemic aetiology is more likely. Although this may
happen following cardiac arrest or a fall in blood
pressure, it is rare. When observed one must always
enquire carefully into the possibility of a tubular
poison. It is the characteristic lesion of inorganic
mercury poisoning, fortunately now rare, but may
occur with some antibiotics, and in experimental
animals can be produced by paracetamol.
An important practical point in the diagnosis of

tubular necrosis, particularly in human disease, is
that in histological sections one may find the regen-
erative stage. It is important to recognize that
epithelium with flattened basophilic cells with large
nuclei and sometimes with nuclear crowding is
indicative of regeneration following necrosis.
Necrotic cells may no longer be present and even the
stage of mitotic activity may have passed.

In considering necrosis of the renal medulla it is
noteworthy that the florid type complicating severe
pyelonephritis in diabetics or following obstruction
of the lower urinary tract now attracts less attention
than the papillary necrosis associated with analgesic
nephropathy. The exact pathogenesis of both forms
is still uncertain but it is likely that interference with
the blood supply is the important factor. In the florid
lesion in diabetics it is postulated that the exudate in
the intermediate zone compresses the vasa recta and
with loss of the major blood supply to the medulla
extensive necrosis follows. The naked-eye appearance
is that of a typical anaemic infarct which involves
much of the pyramid, is not shrunken, and therefore
easily detected.

In the kidney of analgesic nephropathy the
ischaemic process is probably slower, the necrotic
lesions have often shrunk by the time of necropsy
and may appear as shrivelled, greenish-brown
structures. Kincaid-Smith (1967) has drawn attention
to the association of atrophic cortex over such
shrunken non-functional pyramids and to the fact
that the resultant cortical scars may alternate with
areas of bulging hypertrophy where the cortical
tissue can still drain effectively into the superolateral
and non-necrotic parts of the pyramids. The experi-
mental work she has reported with other colleagues
(Kincaid-Smith et al, 1968) indicates that the
ischaemic necrosis here may be due to a toxic action
of the analgesics on the walls of the vasa recta.
However, it must be recognized that the snag in
accepting both forms of medullary necrosis as
ischaemic is the absence of recent or organized
thrombus in the vasa recta in nearly all cases.
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