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PREFACE

Tats account of the renal lesions which follow concealed accidental haemors-
hage is based to a great extent on the study of a series of cases at Glasgow
Royal Maternity Hospital during the years 1935 to 1945. Very sincere thanks
are due to my assistants there (Dr. M. D. Crawford and Dr. A, M, Stewart)
who carried out some of these autopsies, and to all the clinical staff of the
Hospital for therr friendly and willing co-operation.

Though the analysis of these cases was pnmanly directed to the under-
standing of renal cortical necrosis, 1t has raised many problems on the broader
subject of ischaemic damage to tissues. We have found that our own previous
1deas on vartous aspects of general pathology were in need of considerable
clarification, and sometimes of revision Among these aspects may be
mentioned the autolytic changes that occur in dead nssues, the factors which
control that autolysis, and the development of the different types of thrombosis.
The conclusions reached here on these questions of general pathology are
founded essentially on the study of the human material, but they are strongly
supported by the results of a large series of animal experiments which we have
carried out and which will be reported elsewhere.

The hterature has been reviewed as fully as possible up to March 1952.
Since the completion of this book, two excellent general textbooks on the
kidney have been published: one by H. W Smith, T#e Aiduep, Structure and
Function 1n Health and Disease, New York, 1951; the other by A C. Allen,
The Kudney, Medical and Surgical Diseases, London, 1952. These two authors
do not deal n great detail with renal cortical necrosts nor with the hustological
effects of ischaemia on the kidney, but they give a full discussion of various
other aspects of acute renal failure, and their conclusions mernit serious study.

H. L Suzenan.
H. C. Moore.
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CHAPTER I
SCOPE OF THE INVESTIGATION

- s B e e . T 1883
ons ork of
Jar . : > more

cases have been reported, and good recent reviews of the subject have been
gwen by Ash (1933), Gaspar (1938). Duff and More (19¢1), Dumn and
Montgomery {1941), and Polayes (1941) The precise actiology is still a matter
of much debate, and there has been relatively hittle study of the early stages of
the development of the lesion

Mast cases of renal cortical necrosis follow the obstetric catastrophe which
15 known by various names: — concealed or mxed accidental haemorrhage,
prerature separanon of the placents, abruptio placentae, or uteroplacental
apoplexy. (from this point on, the obstetric condition will be referred to as
U.P.A, and renal cortical necrosis will be abbreviated to R CN.) The
pattents who develop R.C.N. usually die several days later, when the kidney
lesion 15 1 an advanced stage. In order to find the early histological stages of
R CN,, it is necessary to search among the kidneys of patents who dic within
the first day or twa after the U.P.A., i.e. hefore there 15 any clinical evidence
to mdicate whether or not the renal cortex has been severely damaged

From such a study of the Xidneys of 2 number of patients who have died at
intervals from a few hours to several days after the U.P A, it 1s not difficult to
recognise the early and the late examples of R.C.N , and to identify the vartous
stages of the development of this lesion,

In addition, such a studv reveals that, n those patients who do not develop
classieal R C N., there are a number of other acute renal lesions; the various

stages of development of each of these lesions can also be identified These form
the lesser eeadec af 1 camac af lastnne whish o Dy e amae B st T

tubular
grades
which 1

The present analyss of the pathology is based mainly on 67 patients who
died following U P A, In addition, for purposes of generat analysis, the records
of 00 chucal cases of U.P.A. have been studied. The deaths among these
700 cases overlap to a great extent with the 67 autopsied cases, but 1t is
umportant that the two series should not be confused




CHAPTER II
CONCEALED ACCIDENTAL HAEMORRHAGE; (U.P.A.)
GENERAL CLINICAL CONSIDERATIONS

It 15 necessary to give here a short summary of what is meant in this paper
by the term U P.A . This condition varies greatly in incidence in different
countries, and, n places where it is uncommon, some of the obstetricians do
not distinguish it very clearly from “external accidental haemorrhage™.
Recent reviews have been given by Irving (1g38), Young (1g42a), McCain
and Poliakoff (1949), Sexton et al. (1950), and Crichton {1950). A historical
review was made by Holmes (1g01)

In the present paper, the term is used in a strict sense. At some time during
the last third of gestation, or very rarely a little earlier, the patient has a sudden
onset of lower abdommal pamn with a tense “woody” tender uterus. In most
cases there is subsequently some external haemorrhage, which may be ejther
bloody flurd or pure blood; the amount varies. The patient becomes shocked.
There is a partial or complete suppression of urine, usually for only a short
time but sometimes lasting several hours and occasionally much longer. The
first urine which is secreted after the U.P A 1s heavily loaded with albumen.
The foctus 1s stillhorn, and there is massive retroplacental clot. Subperitoneal
haemorrhages are present over the surface of the uterus, varying from
small areas near the cornua up to gross lesions meriting the description of a
“Couvelarre” uterus.

As with any disease process, there can be minor degrees which show less
than the full picture. Such lesser cases are usually associated with only partial
abruption of the placenta. They are basically similar to severe U.P.A., and
differ from it only in quantitative aspects However, for the present study,
no case has been accepted unless the clinical history followed the typical
course and three pathological criteria were satisfied: — the death of the
foetus, the occurrence of gross retroplacental clot, and, in all cases examined
pathologically, the presence of subperitoneal haemorrhages over the uterus.
In addition, every case where there was anything to suggest placenta praevia
or rupture of the lower segment has been rejected.

Sthock and haemorrhage The “shock™ is severe and is quite commonly !:at::l.
Itis associated with considerable ante-partum blood loss; some of these patients
have over 1000 gm. of retroplacental clot, which would correspond to 2 Titres
of whole blood. Atonic post-partum haemorrhage occurs in some of the cases,
and can be a fatal complication In the present scries of autopsied cases (@)

z
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15 patients died undelivered; (b} 23 patients died within the first 12 hours
after delwery, and among these there were 4 cases of moderate and 3 of very
severe post-partum haemorrhage; this blood loss probably played some part in
the fatal issue; (c) 29 patients died later m the puerperium; one of these
patients had had a severe post-partum haemorrhage but had recovered from
this blood loss. Sexton et al. (1950) did not have any deaths from atonic post-
partum haemorrhage 1n their sertes of 476 cases of premature separation of
“toxic” and “non-toxic” types

It 15 of interest that the blood pressure is usually well maintained during the
stage of shock. Records are available in g8 cases from the present series; most
of these cases were fatal within a few hours after the readings were taken.
The blood pressure of these patients, while they were in a chinical condition of
shock, ranged from 230/130 to go/6o, with a mean of 137/88. Dieckmann
(1936) noted similar levels in non-fatal cases.

Aetology and ¢ffects In nearly all the cases, the UP.A has a sudden chnical
onset without any local exciting factor. The condition is commonly treated by
artificial rupture of the membranes, but this procedure does not appear to
influence the pathologrcal changes in the kidney mn any way.

1t 15 not clear how the U P.A. is related to the renal disturbance. It has been
suggested (Browne, 1931; Young, 1942a) that the retention of retroplacental
clot may be the direct cause. There are so many variable factors that 1t 15
difficult to get reliable evidence bearing on this explanation. An analysis of the
present sertes of cases does not show any clear relation of the severity of the
renal lesions to the duration of the retention of the retroplacental clot (the
period from the onset of clinical symptoms to the delvery), nor to the amount
of the retroplacental clot or of the other uterine haemorrhages. These negative
findings can however not be pted as of great signifi €

There are occasional cases where the retroplacental haemorrhage appears
to be produced purely by trauma and yet leads to severe renal damage. In the
present scries there were 3 patients who had version or bougie induction for
oedema and shght hypertension. These three patients developed U.P.A after
the obstetric interference and, though the chnical symptoms were relatively
shght, there was retroplacental clot and subperitoneal haemorrhage over the
uterus 1 all of them. The kidney lesions were wndistinguishable from those
following spontaneous U P.A ; one case had albuminunia casts and the other
twohadR GN The U P A. 1n these cases may have bheen caused directly by
the mterference, or may have been merely precipitated by the trauma. No
defimie deductions can be drawn from these three cases as to the possible rote
of retroplacental clot in causing renal damage.

In 4 of the pattents, a shght external haemorrhage had occurred 10 to 26

days before the sudden onset of the U.P.A.. Tt seems possible that this may
have had the same basis as the ultimate haemorrhage It was however not




4 RENAL CORTICAL NECROSIS

accompanied by any significant clinical symptoms, and the kidneys in these
cases showed no lesions sufficiently advanced to suggest an origin at the time
of the preliminary haemorrhage.

CLINICAL STATISTICS OF U.P.A.
INCIDENCE

There were 700 cases of U.P.A. admitted to the hospital during the 12 year
period 1932 to 1943. The total deliveries inside the hospital during that period
numbered 38,600. The hospital admitted as emergencies all the complicated
obstetric cases from 1ts own district practice and very many of those from other
parts of the town; calculations about various other obstetric complications
indicate that each delivery in the hospital corresponded to about three deliveries
in the region as a whole. The 700 cases of U.P.A. may therefore be taken
as occurning in a gross total of about 115,000 deliveries; an incidence of 0.6
per cent 1n the region, Sexton et al (1950) record an incidence of 0.5 per cent
of “toxic placental separation” mn 40,000 deliveries in Boston.

The cases of U.P.A_ showed a high incidence among multiparae, as will be
seen from Table 1. This is in agreement with most previous observations in the
[iterature. Batizfalvy (1937) recorded that 20 per cent of his cases occurred in
the first pregnancy, 24 per cent in the second to the fourth, and 56 per cent in
the fifth or subsequent pregnancy The corresponding percentages in the
present series are 19, 32 and 49. The same aspect is reflected in the age of the
patients, which m the present cases averaged 36 years. This is considerably
higher than that of the general admissions to the hospital.

TasLe 1. Relation of UP.4. lo panly

peensy | TORENGS | BN | R
I 15,300 132 0.87
2 and 3 12,600 177 1.40
4 and 5 5,600 121 2.16
6 and over 5,100 270 5.30 J

The peniod of gestation at which the U.P.A. occurred is shown in Table 2.
There 1s a high incidence as early as 28 to g1 weeks,
MATERNAL MORTALITY

There were 75 maternal deaths among these 700 cases; a maternal qwrmlil)’
of 10.7 per cent. As has been indicated earlier, all the foetuses died.
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TasLe 2. Relatwn of UF 4. to gestation

e Cases of
o UPA
a3 to 27 10
28 to 31 123
32 to 35 189
36 t0 39 236
Term 142

1In the literature on accidental hacmorrhage, the maternal mortality given
by vanious authors ranges from 3 to 6o per cent. The discrepancy 1 the figures
is the result of two factors:

{a) There are differences in the criteria of what consututes U.P.A or
premature separation of the placenta Some authors, as in the present paper,
accept for analysis only those cases where the foetus dies, Crichton {rg50)
recorded a maternal martality of 1o 8 per cent 1 120 cases of this type Other
authors include m their caloulations not enly cases of severe U.P.A. as defined
here, but also mmider ples of this ph 1, and even a number of
cases which would commonly be classed as external or revealed accidental
haemorrhage; a condition which carries 2 negligible maternal mortahty and a
relatively low foetal mortality Thus Bland and Rakoff (1938) analysed 2319
cases of various types of acadental haemorrhage with 1539 foetal deaths
and 146 maternal deaths; Crichton {1950} tabulated Boy cases by other
authors with 468 fostal deaths and 48 maternal deaths, Sexton et al. (1g950)
recorded 200 cases of toxic placental separation with so4 foetal deaths and
12 maternal deaths; Browne (1951} amalysed 655 cases at the Rotunda
Hospital wath 508 foetal deaths and 42 maternal deaths. If the maternal
mortalities 30 cach of these sertes are caleulated against the foetal deaths,
figures of 95, 103, 11.5 and 83 per cent are obtaned. The average
(95 per cent) 15 10 reasonable agrecment with the maternal mortality m
the present series

(b) Drastic surgery considerably mereased the maternal mortality in the
penod before modern methods of treatment were introduced, as 15 shown by
Crichton {1950) This accounts for the hugh death rates given by some authors
reporting small senes of cases There are however not sufficrent Caesarean
seetion or hysterectomy deaths from that period to produce a significant
alteration of the statisties from large senes of cases,

1t may therefore be concluded that the maternal mortality m the present

group of cases 15 quite representative of that i cases of the same type m other
climcs
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INCIDENCE OF RENAL FAILURE

An analysis of the 75 maternal deaths in the series of 700 clinical cases reveals
certamn ponts of importance. The primary division s into 52 cases dying from
shock or haemorrhage during the first day after the U.P.A,, and 23 cases dying
later in the puerperium. The 52 early deaths may be subdivided on pathological
grounds into (a) 27 where the kidneys showed no lesions or quite minor ones, (b)
25 with early but severe renal lesions. The puerperal deaths may be subdivided
into (a) 17 due to renal failure, (b) 6 due to sepsis, pulmonary embolism or other
cause, and in which the kidneys were not significantly damaged.

For the subdivision of the 52 early deaths, the kidneys of only 36 are
available for histological examination Half of these showed either no lesions or
such munor ones that there would presumably not have been any significant
renal nsufficiency 1n the puerperium. The other half had gross destructive
lestons 1n the renal cortex which would probably have led to serious or fatal
renal msufficiency in the puerperium if the patient had survived the first day;
at least 7 of these had progressed to the early stage of R.C.N.. These 36 cases
have been analysed according to the parity and gestation of the patients, and
the results applied to the whole group of 52 early deaths. Though the figures
for these 52 cases are based only on calculations, they are belteved to give 2
reasonably correct representation of the true state of affairs. The ﬁgures’for the
23 late deaths are those actually observed, and involve no calculations.

Table 3 shows the 75 maternal deaths analysed in this manner according to

parity and gestation. The parity includes the pregnancy in which the U.P A
occurred, even if the patient died undelivered.

TasLe 3 Relaton of maternal deaths to party and gestation

Deaths
Dunng first day During pucrperium
Total cases Py Severe Reml Other
Kidney kidney farlure causes
damage | damage
Panty
' 132 3 4 8 i
2 and 3 177 n 3 8 .
4and 5 121 5 3 5
6 and over 270 5 5 2 *
Gestation wweeks 4
23 to 31 133 3 5 9 1
32 to 35 189 6 7 3
36 to 39 236 8 o 3 ‘3
Term 142 o 3 ° b
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There are two salient features with regard to the late deaths from renal failure;
i.e. after the first day of the puerperium.

{a) These deaths occurred mainly in 2 to 5 parae. The maternal mortahity
from this cause in primiparae was 1.5 per cent, in 2 to § parae was 4.4 per cent,
and in 6 parae and over was o7 per cent.

{b) These deaths were more frequent when the U.P.A, occurred relatively
carly mn the pregnancy than when it occurred near term. The maternal
mortality in the late puerperium from this cause was 6.8 per cent when the
U.P A. occurred at 23 to 31 weeks, 2.6 per cent at 32 to 35 weeks, 1.3 per cent
at 36 to 39 weeks, and fell to zero at term.

These two features require more detailed consideration

Parity. The death rate from shock and haemorrhage during the first day
after the U.P.A. is greater in the grand multiparae, The mortality on the first
day is 5 3 per cent in primiparae, 4.0 per cent in 2 and 3 parae, 6.6 per cent in
4 and 5 parae, and 11.1 per cent 1n 6 parae and over.

As explained above, and shown in Table g, in many of these early deaths
there is pathological evidence of gross damage to the kidney, which would
probably have led to death from renal failure in the puerperium if the patient
had not died during the first day, When these cases are added to the actual
deaths from renal failure in the puerperium, the total incidence of very severe
damage to the kidney is 4.5 per cent in primiparae, and 6.2 to 6.6 per cent at
all other parities.

The conclusions may therefore be reached (a) that parity has no significant
influence on the incidence of gross renal damage, (b) that patients of 6 or
greater parity are very liable to die of shock during the first day, and that, as a
result, most of the grand multiparae who would have developed clinical
evidence of R.C N. died too early to show this, (c) that a high proportion of the
patients of 2 to 5 parity, who had severe damage to the kidneys, survived the
first day and thus showed renal failure in the puerperium.

It will be clear that, if all the deaths during the first day could be prevented,
the overall mortality from renal failure in the puerperium, which is at present
2 4 per cent, would rise to about double that figure.

Gestation. Similar considerations, applied to the period of gestation, show
however that this factor has a real infl on the incidence of damage to the
kidney

The mortality from shock during the first day rises gradually from 6 o per
cent in patients at 23 to 31 weeks gestation up to 9.1 per cent in patients at
term. When the cases with severe renal damage, whether dying in the first day
or later, are taken together, 1t will be seen that the incidence of this renal
damage 15 10.5 per cent in patients at 23 to 31 weehs, 6.3 per cent at 32 to 35
weeks, 5 5 per cent at 36 to 39 weeks, and only 2.1 per cent at term. No satis-
factory explanation can be offered as to why the liability of the Lidney to be
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damaged in cases of U.P.A should be greater at 6 or 7 months gestation than
at term.

In the literature there are about 70 maternal deaths which occurred after
the first day, and in which clinical and pathological details are recorded. These
cases are detailed in the subsequent chapters. The great majority of them are
cases of R.C N.. The parities and gestations of these fatal cases are given in
Table 4; there is no information as to the parity and gestation of the whole
series of cases of U.P.A. from which they were drawn.

The parities show a similar distribution to that among the 00 cases of
U.P A. discussed here; the high early mortality from shock among grand
multiparae, which obscures this in the present series of fatal cases, appears not
to have been operative. In general, the cases in the literature support the
conclusion from the present series that there is no correlation between parity
and kidney damage.

These cases of fatal renal failure in the literature show a very great
preponderance among patients whose U.P.A occurred at 23 to 31 weeks.
This is even more marked than 1n the present series, and emphasises the great
danger to the kidney resulting from U.PA. at 6 or 7 months gestation.

TaBLE 4. Maternal deaths from renad farlure after first day of prerperium recorded tn the iteratere

Number of Gestation, Number of
Panity Ceases eeks " cases
1 16 23 to 3t 35
2 and 3 13 32 to 35 13
4 and 5 10 36 to 39 5
6 and over 20 Term 1

PRE-EXISTENT HYPERTENSION AND TOXAEMIA

From this point onwards, consideration is given only to the autopsy groupl.
In some of these cases there are adequate clinical records of ante:nz;tn
invesugations. Many of the patients were however admitted lro ho;pv;a 52:
emergencies, and ther clinical conditifm had not been studied before t i c::mc
of the U.P.A., though there are admission notes about the presence or a ; pan
of cedema, and of any obvious symptoms suggesting toxaemia. How;z\ er, i
post-mortem examination was made in every casc, so thfxt. the concl usmnl ar
in some ways more reliable than in a series based on clinical evidence alone.

CHRONIC HYPERTENSION

There was evidence of previous hypertension of some standing in 16 ()Jfat:;
patients. The heart was increased in weight (range of 360 to 500 gm
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showed hypertrophy of the left ventricle. There was usually gross fibrous
thickening of the intima of large and small arteries in the kidney In 7 of these
cases the blood pressure was taken during the stage of shock soon after the
U P.A had occurred, and the systolic pressures were found to be 140, 150,
190, 200, 210, 210, and 220 mm. Hg Most of the patients had considerable
ocdema on admission, and some gave a characteristic history of the recent
development of dyspnoea on exertion. Four of them had some pre-cclamptic
symptoms, and their Iivers showed small periportal lesions of eclamptic type
(Sheehan, 1950}, Records of urine examination during the week before the
U P A. are available in only two of the cases; both of these patients had
albuminuria at that time.

PREGNANCY TOXAEMIA

Twelve patients had definite pregnancy toxaemta without any evidence of
pre-existing chronic hypertension. These patients had hearts in the normat
weight-range of 230 to 330 gm., and there was no unusual thickening of arteries
1 the kidneys In all of them the liver had periportal lesions of eclamptic type,
though these were usually small and very scanty. Five of the patients had
eclamptic convulsions; one had symptoms of pre-eclampsia; three had some
hypertension and oedema and had had albuminuria during the week before
the U.P.A , the remaining two had normal blood pressures and no oedema on
admassion  Five of these patients had minor changes in the glomeruli of the
type which 15 seen in eclampsia These eclamptic lesions will not be constdered
any further in the present paper

MINOR DISTURBANCES

Thirteen patients had some oedema on admussion Five of these patients had
been exammed within two weeks before the U.P.A. and had been found to
have slight to moderate hypertension, but only one had albuminuria None of
this group of patients had any pathclogical evidence of hypertension or
toxaemta, as judged from the heart, liver and kidney.

NORMAL

In the rematwing 26 patients there was nothing to suggest any previous
toxaemia or cardio-vasculo-renal disorder A few of the clinical records have
mcomplete data, but as far as can be ascertained, this group were free from
previous oedema or other symptoms.

From this analysts 1t 1s clear that there are a large proportion of cases with
no evidence of toxaemia or hypertension before the occurrence of the U.P A .
Nevertheless these two conditions appear to be associated with U.P.A. rather
commonly The occurrence of chronic hypertension in t6 patients out of 67
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obstEtr.iC autopsies is very much higher than its incidence in routine obstetric
autopsies, and must be accepted as significant.

The association of U.P.A. with pregnancy toxaemia is more debatable. The
diagnosis of pregnancy toxaemia is primarily based here on the finding of
peniportal Liver lesions of the type seen m eclampsia. It is, of course, open to
argument whether these lesions do, in fact, necessarily indicate pregnancy
toxaemia; this argument will not be pursued as it leads into the further
discussion of the meaning of the phrase “pregnarncy toxaemia”. It may however
be pointed out that, of the 16 cases of U.P.A. with these liver lesions, 5 had
eclamptic convulsions and 5 had had previous symptoms of pre-eclampsia.

A more important consideration is whether this association of U.P.A. and
pregnancy toxaemia is a chance one. In the routine obstetric autopsies of the
hospital, about 8 or 10 per cent of the patients had died of eclampsia. The
incidence of eclamptic convulsions 1n the fatal cases of U.P.A. (5 out of 67)
was thus no higher than in the whole group of the fatal cases in the hospital.
On the other hand the incidence of the liver lesions in U.P.A. is twice as great
as in the routine obstetric autopstes. It would appear therefore that the
association of pregnancy toxaemia with U.P.A. is too high to be merely
coincidental. The reason for the association between the two conditions can
only be a matter for speculation at present.

The relation between pregnancy toxaemia and U.P.A. has been stressed by
many authors (Bartholomew et al., 194g). Premature separation was noted by
Sexton et al. (1950) in 3 per cent of mild pre-eclampsias, in 14 per cent of
severe pre-eclampsias, and 1n 37 per cent of cases of eclampsia. This raises the
possbility that many of the cases of R.C.N which are recorded as following
eclampsia have, 1n fact, followed U.P.A, associated with eclampsia. It may be
noted in this connection that many cases of eclampsia have some subperitoneal
haemorrhages at the cornua of the uterus; they have presumably had a vascular
disturbance mn the uterus similar to that which occurs in U.P.A., even though

- - A e T T L ey,

" minor

i R sle that

these renal lesions were really from cases of U.P.A. associated with
eclampsia. .

In the present scries, eclamptic lesions in the liver are relatively frequent
in the patients who died during the first day or two after the U.P.A.,‘and
particularly in those who had early R.C.N . The reason for this is that patients
who die early do so because of a combination of fact_oxs, of “'hl'Ch severe
toxaema is certainly a common and important one. Patients who die later in
the puerperium usuzlly do not show these eclamptic lesions in the liver; if
such lesions had developed, the toxaemia would have been so severe as to
render unlikely the patient’s survival until the late puerperium.
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CHRONIC NEPHRITIS

In the literature 1t is frequently maintained, on the chnical grounds of
previous hyperiension and albuminuria, that many of the patients with U.P.A.
have an antecedent chronic nephritis.

The pathological diagnosis of chronic nephntis requires that there shall be
significant focal or diffuse scarring of the renal cortex, leading to the destruction
of many nephrons. For the diagnosis of chronic glomerulonephritis there should,
1n addition, be evidence of glomerular lesions of some standing In the present
series there was not a single case which could be accepted pathologrcally
as an example of chronic nephntis. A detailed examination of the hidneys
showed 1n 3 a few very small areas of reticular fibrosts in the outer cortex; this
lesion was quite trivial, and could easily have been overlooked on ordinary
examination One of these three patients had a chronic hypertension, one had
a toxaemia, and the other had no clmical evidence of either condition. In
addition there were 12 cases with occasional mmute fibrous areas immediately
beneath the renal capsule, representing the scars of surface nephrons which
had been lost earlier i Iife. These are the ordinary changes which develop
the hadney with advancing years, and are no more than would be expected in
any group of adult patients such as the present seres.

A survey of the hiterature does not show any acceptable histological reports
of chronic nephritis in cases of U.P A, Ivens (1928) recorded an early case
e Tomm then Tea b A b ISR = detanls.

N es 2 and

! . . 5), and

Urichton (1950, ¢ cases) Nonc of these accounts have any histological data to
support the diagnosis.

Several authors have recorded as “acute” or “subacute nephnitts” the lestons
which are seen m the healing stage around an area of R C.N., and which are
described later in this paper. In some of these reports 1t was recognised that
the lestons were purely secondary to the R.C N.; in others 1t was assumed that
the lesions were pre-exsstent (Griffith and Herringham, 1906; Cruichshank,
1923: Davidson and Turner, 1930, Case 4, Dalrymple, 1930; Dingle, 1943,
Case 1) Other authors have reported what appears to be the healing stage of
proximal convoluted tubule necross or focal R.C N. under various titles, such
as diffuse interstitial nephnts, nephrosclerosis, etc (Jardine and Kennedy,
1920, Case 11; Bauswetler, 1933, Case 2; Batizfalvy, 1937, Case 7; Adam, 1945,
Case 6) In certain of these reports the histological descriptions are very
meagre, so that 1t 1s possible that an occastonal case may have been misinter-
preted in the present analysis. It is not inconcervable that a patent with true
chronic nephntis nught develop U P.A. but, as far as pathological evidence is
available, the association must be considered as an extreme ranty.
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obstetric autopsies is very much higher than its incidence 1n routine obstetric
autopsies, and must be accepted as significant.

The association of U.P.A. with pregnancy toxaemia is more debatable. The
diagnosis of pregnancy toxaemia is primarily based here on the finding of
periportal liver lesions of the type seen in eclampsia. It is, of course, open to
argument whether these lesions do, in fact, necessarily indicate pregnancy
toxaemia; this argument will not be pursued as it leads into the further
discussion of the meaning of the phrase “pregnancy toxaemia”. It may however
be pointed out that, of the 16 cases of U.P,A. with these liver lesions, 5 had
eclamptic convulsions and 5 had had previous symptoms of pre-eclampsia.

A more important consideration is whether this association of U.P.A. and
pregnancy toxaemia is a chance one. In the routine obstetric autopsies of the
hospital, about 8 or 1o per cent of the patients had died of eclampsia. The
incidence of eclamptic convulsions in the fatal cases of U.P.A. (5 out of 67)
was thus no higher than in the whole group of the fatal cases in the hospital.
On the other hand the incidence of the liver lesions in U.P.A. is twice as great
as mn the routine obstetric autopsies. It would appear therefore that the
association of pregnancy toxaemia with UP.A. is too high to be merch
coincidental. The reason for the association between the two conditions ¢
only be a matter for speculation at present.

The relanon between pregnancy toxaemia and U.P.A. has been stre-
many authors {Bartholomew et al., 1949). Premature separation was *

Sexton et al. (1950) in g per cent of mild pre-eclampsias, in 14 »
severe pre-eclampsias, and in 37 per cent of cases of eclampsia T
possibility that many of the cases of R.C N. which are reco’
eclampsia have, in fact, followed U.P.A. associated with ¢!
noted in this connection that many cases of eclampsia h»
haemorrhages at the cornua of the uterus; they have pr

disturbance 1n the uterus similar to that which o

retroplacental haemorrhage be absent. The dese

types 2 and 3, by Lubarsch (1896) is clear?

or patchy extent, he gives no clinical de

these renal lesions were really fico

eclampsia.

In the present series, eclamptic '
in the patients who died duin
particularly in those who had «,
who die early do so becau-
toxaemia is certainly a com N
the puerperium usuallv d
such lesions had devele
render unlikely the pa.
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CHRONIC NEPHRITIS

In the hterature it is frequently maintained, on the clinical grounds of
previous hypertension and albuminura, that many of the patients with U.P.A.
have an antecedent chronic nephritis.

. )
1n addition, be evidence of glomerular lesions of some standing. In the present
series there was not a single case which could be accepted pathologically
as an example of chronic nephritis A detailed cxa.m.in;mon of the kidneys
showed 1n 3 a few very small areas of re.ticular fibrosis in the outer cortex; this
leston was quite trivial, and could casily have been overlooked on ordinary
examination. One of these three patients had a chronic hypertension, one had
a toxaemia, and the other had no clinical evidence of either condition. In
addition there were 12 cases with occasional minute fibrous areas immediately
beneath the renal capsule, representing the scars of surface nephrons which
had been lost earlier m life. These are the ordinary changes which develop in
the lidney with advancing years, and are no more than would be expected in
any group of adult patients such as the present series

A survey of the literature does not show any acceptable histological reports
of chromic nephntis in cases of U P.A.. Ivens (1928) recorded an early case
where the kidney showed some chronic fibrosis, but she gives no further details
Naked-eye reports of chronic nephrtis are given by Knauer (1903, Cases 2 and
3), Pulvirentt (1908, Case 5), Frankl and Hiess (1921, Cases 4 and 5), and
Crichton (1950, 4 cases). None of these accounts have any histolegical data to
support the diagnosis

Several authors have recorded as “acute” or “subacute nephntis” the lesions
which are seen in the healing stage around an area of R.C.N., and which are
described later in this paper In some of these reports it was recognised that
the lesions were purely secondary to the R.C.N., in others it was assumed that
the lesions were pre-existent (Gnffith and Herningham, 1906; Cruickshank,
1923; Davidson and Turner, 1930, Case 4, Dalrymple, 1g930; Dingle, 1943,
Case 1). Other authors have reported what appears to be the healing stage of
proximal convoluted tubule necrosis or focal R C.N under various titles, such
as diffuse interstitial nephritis, nephrosclerosis, etc, (Jardine and Kennedy,
1920, Case 11; Batsweiler, 1933, Case 2; Batizfalvy, 1937, Case 7; Adam, 1945,
Case 6). In certan of these reports the histological descriptions are very
meagre, so that it 1s possible that an occasional case may have been misinter-
preted in the present analysis It is not inconceivable that a patient with true
chronic nephrutis might develop U.P.A. but, as far as pathological evidence is
available, the association must be considered as an extreme rarity.
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GENERAL PATHOLOGICAL LESIONS OF U.P.A.

This section does not include the renal lesions, as they are considered in
detail later.
UTERUS AND APPENDAGES

In patients who were undelivered, the retroplacental clot remained in sitn.
Subperitoneal haemorrhages were observed over the uterus in every case. These
haemorrhages were most marked near the cornua but, in the most extensive
examples, they were scattered over any part of the upper segment. There was
usually some haemorrhage into the muscle 1 the region of these haemorrhages,
though often quite superficial There was no relationship between the site of
the retroplacental haemorrhage and that of the subpenitoneal haemorrhages.

Haemorrhages had occurred into both broad hgaments in 10 cases and into
one broad ligament in 5 In 4 cases subperitoneal haemorrhage was present
over the Fallopian tubes and round hgaments, and in 2 cases into the substance
of the ovaries. A spread of the haemorrhage under the peritoneum of the
postersor wall of the pelvis had occurred in 3 cases; in 2 of these it had extended
out of the pelvis mto the fumbar region. In 8 patients there was a small or
moderate amount of free blood in the peritoneal cavity. Multiple splits of the
perttoneum over the posterior surface of the upper segment of the uterus were
present in 5 cases, and over both anterior and posterior surfaces in one, Oederma
fluid, which was commonly blood-stained, was present in the parametna and
broad ligaments in 14 cases. There was some ascitic fluid in 8 patients.

The condition of the placenta will not be considered here, as it has been
amply described by numerous other authors.

SHOCK LESIONS

When the patient had died in shock, the pathological lesions usually
assocated with this condition were found (Sheehan, 1g48a and 1g48b).
The subendocardial hacmorrhages were usually prominent, but the f]ares 'le
congestion near the centres of the liver lobules were rather more varxaplc in
incidence. The pituitaries of 24 of these cases have been examined histologically,
but only 6 were later than 12 hours after the U.P.A.; i.e. at a time when pitut-
tary lesions are sofficiently advanced to be recognissble. Necrosis of the
anterior Jobe was presentin g of them It may be noted that R.C.N. was present
1n the g cases without pituitary necrosss, and n one of the cases that showed
this lesion. Pitustary necrosis in association with R.C.N. has bcen.nnted by
Young (r942b), Sheldon and Hertig (1942), Tomlmson (1g45), Hugin (1946),
Doniach and Walker {1916), Grasby (1047), Joekes and Bull {1948), qﬂd
MacGillivray {1950). It appears to be purely a result of the shock which
develops after the U.P.A.



CONCEALED ACCIDENTAL HAEMORRHAGE

LIVER

As mentioned above, small periportal liver lesions of eclamptic type were
observed m 16 patients. Eclamptic lesions in the fiver have been recorded in
cases of RCN by Jardine and Kennedy (1913), Fordyce and Johnstane
{1gz1), Matthras and Pinesohn {1g25), Loures (1526), Reyna (1436}, Vilk
(1938}, Young (1942b), and Bryce-Smth et al (1949)

Very early hver lesmns of a different kinel o ~—- d
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"There were however three types of lesions which appear to be more directlv
related to the U PA:
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the nme of the U oten (1g06),
(b} In two case . small focal
necyoses about 2 0 -« st were pale and had red margins.

{c) Five cases had various stages of gross centrolobular necrosis, from the
early changes at 12 hours up ta healing lesions at 7 and 13 days These necroses
all appeared to have begun at about the time of the U.P.A.. This lesion has
been recorded by Bar and Kervily {1906}, Bamforth (1923), Davidson and
Turner {1930}, Zalka (1933), Gaspir (1938), Garvin and Wezel ([938),
Weaver and Haam (1939), Dieckmann (1942), Sheldon and Herhe (2=e-?
Brown and Crane (1943), and Joekes andt P
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factor that produced the UPA
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Necrosis of the suprarenal cortex was observed in only one case of the
present series; a case of proximal conveluted tubule necrosis. This suprarenal
lesion 15 found in a variety of obstetric conditions (Crawford, 1951; Dewhurst,
1951); 1t has been recorded i cases of R,C N, by several authors: Chirié¢
(1908), Jardine and Teacher (1911), Fahr (1934), Reyna (1936), Evans and
Gilbert (1936), Weaver and Haam (193g), Sheldon and Hertig (1942),
Diechmann (1942), Brown and Crane (1943), Hertig and Mallory (1946),
and Bryce-Smith et al (1949).

There were no examples of mnfarction of the spleen in the present obstetric
serics, but this condition was present in Case 72. It has also been recorded
by Gepel (1925), Scriver and Oertel (1930), Hunt (1939), and Tuta and
Vander-Kloot (1940).

Acute pancreatitis 15 seen occasionally in obstetric autopsies, especially in
association with the toxaemias; it was recorded by French (1940) in a case of
a man with R.C.N, but it was not observed in the present serics.

Ulceration of the mucosa of the large intestine was observed in a few of the
present cases, and has been recorded by some other authors. It may be uraemic,
or it may be related to a vascular disturbance similar to that which causes the
renal damage. The latter possibility is suggested by the frequency with which
abdominal pain and diarrhoea herald the onset of R.C.N. in non-obstetric
patients

In some of the present cases, foa1 of softening were observed in the basal
ganglia or white matter of the cerebral hemispheres. These were similar to the
Jesions which are scen in some cases of hypertensive toxacmia, and the
aetiology is presumably similar. These cercbral lesions may be responsible
for the convulsions which sometimes develop early in the puerperium
after U.P A,



CHAPTER Il
GENERAL ASPECTS OF THE RENAL PATHOLOGY

Before the detailed description of the renal pathology is given, a few general
considerations which apply to all the cases will be discussed here.

TECHNICAL METHODS

Clearly, in a study such as the present which deals with the death of tissues
and with the subsequent necrosis-changes of these tissues, 1t is essential to
avard the complication of post-mortem autolysis This latter change occurs
raprdly in the kidney, and leads to the swelling of epithelal cells and karyolysis
which is frequently descnibed as “cloudy swelling” For this reasoh, the present
histological descriptions are based essentially on cases with early autopsy, i e.
usually within 1 hour or, at most, within 2 hours after death There were
however 21 cases w here autopsy was delayed until 2 to 5 hours after death, and
18 cases with autopsy later than 5 hours after death. The histological sections
from these delayed autopsies have been used only to provide confirmatory
evidenice about gross lesions which are less subject to post-mortem autolysis

The kidneys were removed with the greatest gentleness, only the peri-renal
tissues being directly handled. Any part of the kidney which had even been
ightly held during the cutting of the organ was not used for histology. This1s
ymportant, because “sleeve-scparation” or dissociation of tubular epithelium
can be simulated by squeezing of the tissues.

Fresh kidney tissue which 15 sull warm 15 grossly distorted by formahn
fixation The tissues were therefore fixed in saturated mercunic chlorde
solutton, followed by post-chromation Satisfactory frozen sections for fat
stamung can be made 1f the block 15 treated with 10dine 1 50 per cent sprrit
before cutting

GROUPING OF THE CASES

The kidneys of the 67 fatal cases show a vartety of Iesions which can be
arranged m groups of ascending severity. A short summary of the grouping may
make this clear

(1) At the lower end of the series are the cases which show no recogmisable
lesions

{2) Next are a group of cases with changes which are usually of a minor
nature and mdicative only of proteinuna. In a few of the cases, this leads to the
formation of protein casts in the collecting tubules.

(3) The third group comprises two lesions: (a) A degenerative change in the

15



CHAPTER IV
RENAL LESIONS LESS SEVERE THAN CORTICAL NECROSIS
NO LESIONS

In some cases the kidney shows no histological abnormality. When the
patient dies very soon after the U P A, the negative findings in the kidney
may be explicable in two ways. There are a few cases where death occurs
so carly that there is not sufficient time for the development of histological
changes, even such slight ones as the escape of protein through the glomeruli.
In other cases, any minor renal changes which have occurred may be
obscured by post-mortem autolysts and thus not be identifiable. Nevertheless,
in view of the invariable occurrence of albuminuria in clinical cases, it must
be accepted that the total absence of any renal disturbance in these rapidly
fatal cases must be very rare

In patients who die later in the puerperium from some incidental
complication, it is quite understandable that kidneys, which have had only
trivial lesions after the U.P.A,, should have completely recovered and thus
show no histological abnormahty at this late stage.

In the present group there are five patients who died during the first day
after the U.P A. as a result of shock or blood loss, and two patients who died in
the late puerperium as a result of pulmonary embolism. The kidneys micro-
scoprcally showed no pathological lesions; in particular the tubular epithelium
appeared healthy (Fig. 1). In three of the five patients who died early, the
kidneys showed some post-mortem autolysis so that any minor pathological
changes in the tubular epithelium would not be recognisable, but there were
at any rate no 1dentifiable lesions.

One of the other patients happened to have many multinucleated cells
in the epithelum of the proximal convoluted tubules. This histological
appearance is not very uncommon in middle-aged or old patients (Harman
and Hogan, 1949); 1t has no relation at all to U.P.A.

Macroscopically the kidneys in this group appeared normal, with a mean
weight of 150 gm.

CASE NOTES

In all the following case summaries, the details of the U.P.A itself are
omitted. The parity includes the pregnancy at which the U.P.A. _occgrrcd,
even in the cases where the patient died undelivered. The duration is the

period from U.PA to death
18
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Case 1. Age 35, para 1, gestation 40 weeks, duration 6 hours. Very severe shock.
No external haemorrhage. Delivered at 5 hours Moderate p p h. Dred of shock t hr. p.p

CasE 2. Age 39, para 12, gestation 40 wecks, duration g hours. Shock and much
external haemorrhage at 1 hour. Died undelivered. Complete anuria to death

Case 3. Age 37, para 3, ggstatign‘ 38 \zeeks, duration 12 hours. Shght external

No external

»stons mn hver,

lema for one

. 1 at 6 hours.

Placenta Temoved MANUALY 10 1UULS PP UICd W suven <3 uuws p po Complete
anuna from ante-partum haemorrhage to death

Case 6. Age 36, para 5, gestation 38 weeks, duration g days. Shght external

haemorrhage and small retroplacental clot, Died of pulmonary embolism g days p p

Case 7. Age 30, para 10, gestation 36 weeks, duration 27 days. Oedema and

hypertenston for 5 days previously. Some external haemorrhage. Died of pulmonary

embolism 26 days p.p.

LITERATURE

In the literature there are a few reports where the kidneys of patients dymg
after U.P.A, were said to be normal apart from anaemia In some of these
cases 1t 1s doubtful whether there was a detatled histological examination Such
records of normal kidneys are given by Desmond (1857) who, it is interesting
to note, gave his patient a blood transfusion, Fraipont (1914), Shaw (1916,
Case 1), Lieven (1920, Case 1), Frankl and Hiess (1921, Case 1), Williams
(rg2s, Case 2) and Ware, Winn and Schelin {1g44, Case 2).

ALBUMINURIA AND COLLECTING TUBULE CASTS

Following U.P.A. there 15 almost always some proteinuria, and this can be
1dentified histologically in the vast majonty of cases. The protein may remain
in solution in the lumen of the tubules during life, but, after the patient dies, it
can be 1dentified in sections as a fine deposit in the lumen due to precipitation

third of the patients of the whole series.

The casts in the collecting tubules are seldom scen as early as 8 hours, but
are more fully developed from 13 hours onwards In the carly cases they are
very small, merely forming a thin column 1n the centre of the tubular lumen.
In the later cases they may still be small, or they may have become so large
that they occlude all the lumen. They vary in number; sometimes they are
found only on careful search, and sometimes every tubule appears to be
obstructed The structure s finely granular or fused to a hyaline appearance,
similar to the protein casts which are ordinarily seen in nephritis. Though the
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RENAL LESIONS LESS SEVERE THAN CORTICAL NECROSIS
NO LESIONS

In some cases the kidney shows no histological abnormality. When the
patient dies very soon after the U.P A., the negative findings in the kidney
may be explicable in two ways. There are a few cases where death occurs
so carly that there is not sufficient time for the development of histological
changes, even such slight ones as the escape of protein through the glomeruli.
In other cases, any minor renal changes which have occurred may be
obscured by post-mortem autolysis and thus not be identifiable, Nevertheless,
n view of the invanable occurrence of albuminuna in clinical cases, it must
be accepted that the total absence of any renal disturbance in these rapidly
fatal cases must be very rare.

In patients who die later in the puerperium from some incidental
complication, it 15 quite understandable that kidneys, which have had only
trivial lesions after the U.P A., should have completely recovered and thus
show no histological abnormality at this late stage.

In the present group there are five patients who died during the first day
after the U.P.A. as a result of shock or blood loss, and two patients who died in
the late puerperium as a result of pulmonary embolism. The kidneys micro-
scopically showed no pathological lesions; in particular the tubular epithelium
appeared healthy (Fig 1) In three of the five patients who died early, the
kidneys showed some post-mortem autolysis so that any minor pathological
changes in the tubular epithelium would not be recognisable, but there were
at any rate no identifiable lesions

One of the other patients happened to have many multinucleated cells
in the cpithelum of the proximal convoluted tubules. This histological
appearance is not very uncommon in middle-aged or old patients (Harman
and Hogan, 1949); it has no relation at alt 10 U.P.A.
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weight of 150 gm.
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omitted. The panty includes the pregnancy at which the U.P.A. .occgrred,
even in the cases where the patient died undelivered. The duration is the
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also in other places where the appearances strongly suggest that casts have
pressed previously. The flattened epithelium has a heavy eosinophil staining
of its cytoplasm, and marked pyknosis and crushing of the nuclei (Fig. 3) In
a number of places the epithelium has disappeared as a result of the pressure,
so that the cast lies in contact with the basement membrane Tn later cases
there is some regeneration of the epithelum at these sites

In these, as 1 all pathological conditions where there 15 occlusion of the
lumen or damage 1o the epithelium of the collecting tubules in the medulla,
large monocytes appear 1 thin vessels in certain parts of the intermediate zone
atabout 3 to 5 days. During the next few days these cells are gradually replaced
by lymphocytes, which form ill-defined foci in the intermediate zone or
occasionally in the neighbouring cortes or medulla (Hutchison et al, 1946)

Sirmlar casts are sometimes seen in the distal convoluted tubules in the
cortex in the cases which are not developing R C.N' They appear first at 8 to
12 hours, as a small shrunken deposit m the lumen of a few tubules. This
deposit may ncrease rapidly, so that i some cases the majonty of the distal
convoluted tubules contain large solid casts by about 24 hours; other cases may
have none whatsoever. There 1s no direct relationship between the presence of
casts 1 the distal convoluted tubules of the cortex and their presence in the
collecting tubules of the medulla; in fact there 15 often some suggestion that
their inadence 1 the two sites is inversely related

The distal convoluted tubules do not show any characteristic epithelial
change, whether they contain casts or not Mallory (1947) has emphasised that,
1n the early stage of the haemoglobin Lidney, these tubules become fatty In
any pregnant patient there is usually some lipord in these tubules, demon-
strable more easily by Sudan Black than by the Sudan Reds. It 1s possible that
this lipoid may be increased in amount 1n toxaemuas, though the evidence m
support of this is rather slender Sumilar amounts of lipoid are seen m these
tubules 1n cases of U P.A, but not obviously more than mn patients without
UPA Thereis no discernible relationship between the amount of this lipoid
and the occurrence of any of the renal lesions described 1 this paper The
only obvious epithehal change in the present group 1s a late effect; n Case 11 at
13 days, which had gross albuminuria casts in the collecting tubules, the
epithelium of the distal convoluted tubules was excessively nucleated.

The proximal convoluted tubules were dilated in two cases, but were ather-
wise healthy

To the naked ey, the kidneys of this group may be rather enlarged (mean
weight 185 gm.). The cortex is pale and broad, and the medulla sometmes
appears congested
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Fig. 1 Renal cortex of “No lesion” type No sigmficant abnormality
of glomerul or tubules 12 hours after '
(All photomicrographs are « 160, except where otherwise stated).
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Fio 2 Alburmnura, showing as a protein preaipitate i the proximal
convoluted tubules 13 hours after UP A
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protein casts following U.P.A. are not as coarse as those of haemoglobin ongin,
they can produce a similar damage to the epithelium of the collecting tubules
This epithelium 1s flattened in places where 1t is pressed upon by the casts, and
also m other places where the appearances strongly suggest that casts have
pressed previously. The flattened epithelivm has a heavy cosinophil staining
B f VT el L (Fig. g) In
“the pressure,
In later cases

there 15 some regeneration of the epithelium at these sites
In these, as in all pathological conditions where there 1s occlusion of the
lumen or damage to the epithelium of the collecting tubules in the medulla,
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occastonally 1n the neighbouring cortex or medalla (Hutchison et al, 1946)

Sumilar casts are sometimes seen m the distal convoluted tubules in the
cortex in the caseswhich are not developing R.C.N.. They appear first at 8 to
12 hours, as a small shrunken deposit in the lumen of a few tubules This
depostt may increase rapidly, so that in some cases the majority of the distal
convoluted tubules contam large solid casts by about 24 hours, other cases may
have none whatsoever. There 1s no direct relationship between the presence of
casts m the distal convoluted tubules of the cortex and therr presence 1n the
collecting tubules of the medulla, in fact there is often some suggestion that
their mncidence 1n the two sites is nversely related

The distal comvoluted tubules do not show any characteristic epithelial
change, whether they contamn casts or not Mallory (1g47) has emphasised that,
m the early stage of the haemoglobin kidney, these tubules become fatty. In
any pregnant patient there s usually some lipoid m these tubules, demon-
strable more easily by Sudan Black than by the Sudan Reds It s possible that
this ipoid may be increased 1n amount in toxaemias, though the cvidence in
support of this 13 rather slender Similar amounts of lipotd are seen n these
tubules i cases of U P A, but not obviously more than mn patients without
UPA Therets no discernible relationship between the amount of this lipeid
and the occurrence of any of the renal lestons described in this paper The
only obvious epithelial change in the present group 1s a late effect; in Case 11 at
13 days, which had gross albuminuria casts 1 the collecting tubules, the
epithclium of the distal convoluted tubules was excesstvely nucleated.

The proximal convoluted tubules were dilated 11 two cases, but were other-
wise healthy

To the naked eve, the kidneys of this group may be rather enlarged (mean
werght 185 gm.). The cortex 1s pale and broad, and the medulla sometimes
appears congested
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CASE NOTES

In the entire series of fatal cases, as mentioned above, nearly all the
kidneys show albuminuria precipitate in some tubules, and about one-third
of them have albuminuria casts in the collecting tubules There are only
four cases which show these lesions without any other complicating renal
pathology.

The two late cases had masstve casts in practically every collecting
tubule at some point or other 1n the medulla. These casts appeared
histologically to be completely occlusive and there was very severe damage
to the hning epithellum of these tubules. Both patients had severe oliguria
and renal insufficiency

Case 8. Age 35, para 8, gestation 22 weeks, duration 13 hours. Severe external
haemorrhage " Delivered at 5 hours, Sudden collapse 5 hours p.p. and died of shock
8 hours p.p

Case 9 Age 18, para 1, gestation 38 weeks, duration 24 hours. Toxaemia for 3 weeks
previously Eclampsia, followed 6 hours later by U.P.A.. Eclamptic fits continued to
delivery at 15 hours. Died 1n coma g hours p.p.. 600 cc. of urine passed since U.P.A.
Eclamptic lesions 1n liver.

Case 10. Age 35, para 2, gestation 35 weeks, duration 5 days Toxaemua for 5 days
previously. No external haemorrhage. Delivered at 6 hours Became comatose at
2 days, and died m coma 5 days p p. Mean urine output 100 cc. per day. Gross
wnfarction of liver Glucose lesions 1 kidney.

Case 11. Age 24, para 3, gestatton 37 weeks, duration 13 days. Previously had
’ Tt o " mnuria Induction, followed by U.P.A.

a few days, followed by normal volume
mg. per 100 cc. Died with gross septic

endometritis at 13 days pp
LITERATURE
This is considered in detail i Chapter XII.

GLUCOSE KIDNEY

In Cases 10 and 57, which had been treated intravenously with hypertonic
glucose solution, many of the proximal convoluted tubules, whm}g hnc}
apparently remained healthy previously, developed the gross bloating o
epithelial cytoplasm accompanted by pyknosis of the nucler, which 152
charactenstic result of this treatment. In the literature there are certain case
reports which appear to fall into this category (Batsweiler, 1933, Case 2i
Peters, 1945; Govan and MacGillivray, 1950). The leston is probably analogous
to the bullous cedema which occurs 1n the mucosa of the bladdel: of patients
who have been given this therapy. It is irrelevant to the consideration o
renal lesions associated with U.P.A.
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HYALINE DROPLET FORMATION

This lesion consists of the presence of hyaline droplets in the epithelium of
the proximal convoluted tubules, and particularly in the spiral segments.
Occasional proximal convoluted tubules in the cortex are packed with droplets,
but many of them are not involved at all

In the mild early lesions, the droplets are small and may be little more than
granules In the more advanced cases, they occupy most of the cytoplasm and
are large, particularly in the luminal half of the cell (Fig. 4). They are strongly
eosinophil but, even in a single cell, they give a very variable reaction with
fibrin stains. They do not stain with Sudan. The epithelium is usually swollen,
and its mutochondrial zone may show a foaminess which is not due to lipoids.
The nuclei invariably remain healthy, and histologically the cells may be
Judged capable of continued function

This droplet change is first seen in cases at 6 hours, and increases in
frequency up to about 18 or 24 hours after the U.P.A.. It seems probable
that the droplets may disappear from an individual tubule within a day or two
Nevertheless there appears to be some new droplet formation several days
later in otherwise normal nephrons around areas of R.G.N.

Hyaline droplet formation is sometimes seen m cases of albuminuria or
toxaemia of pregnancy without U.P A.. In the present series there is no clear
relation to previous albuminuria, oedema or eclampsia, but the figures are
insufficient for valid conclusions

At autopsy, the kidneys of this group are of about normal size (mean wt.
155 gm.) and have a rather pale cortex.

CASE NOTES

This is a common lesion, occurring in about half the cases of the entire series,
and it is seen frequently in association with colloid degeneration There are
only 3 cases where the condition is not complicated by any other lesion in the
kidney

Cask 12. Age 36, para 7, gestation 32 weeks, duration 7 hours. Eclamptic convulsions
10 days a.p and 1 day a.p. Bougte induction External haemorrhage. Dehwered at
2 hours Sudden collapse and death 5 hours pp Heart 460 gm 1

CasE 13 Age 41, para 6, gestation 33 weeks, duration 1o hours Moderatc eterna
haemorrhage. Became blind. Died undelvered, !

Case 14. Age 46, para 15, gestation 3g weeks, duration 12 hours. Moderate externa
haemorrhage. Severc shock. Died undehvered

LITERATURE

Hyaline droplet formation occurs in many types of kidney disease unrelated
to pregnancy, and is a complication of most of the renal lesions w}u'ch are seen
after U.P.A. In the literature, the only pure example of hyaline droplet
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formation following U.P.A. seems to be that recorded as Case 24 by Ahlstrom
(1919) However, the condition is a common ane, and there must be many
unrecorded cases.

COLLOID DEGENERATION

The term ““colloid degeneration™ is used here merely as a convement hitle
for a gamut of lesions which develop in the proximal convoluted tubules,
These lesions are sometimes scanty, sometimes extremely extensive The
condrtion appears to develop very quickly after the U.P.A

At 6 20 12 howrs the epithchum of these tubules 15 uwsually considerably
swollen In the mildest cases, it has a foamy cytoplasm containing a number
of small hyaline droplets. In the next grade, the epithelum has a frothy
colloid appearance but still contains a few hyaline droplets, The nuclei are
pushed to the base of the cell and are usually darkly-stamning and misshapen.
The luminal margin of the epithelium 15 indistinct, and the Jumen is usvally
filled by a bubbly glutinous material in which there may be free hyahne
droplets (Fig. 5). Those tubules which are more severely affected have an
apparent partial disintegration of the epithehal cytoplasm into the lumen, so
that the tubule seens to consist of 2 homogencous mass of glutinous debris
with warped nuclei at its peniphery. No droplets are seen 1n this or the neat
grade In the most severe lesions, the lumen of the tubule 1s fifled by a colloid
materal which 1s partly fused with the epithelurm at its periphery. The
epithelium 1s less foamy and 15 more distinet from the luminal colloid than in
the previous grades, 1ts nucler are more pyknotic

A variant of this epithelial change occurs in the spiral segments It is closely
assoctated with intermediate zone collowd casts, and s mare suitably considered
i that connection,

In some of the severe cases of colloid degencration, particularly at about
12 hours, there 15 a tangle of coarse threads of fibrin filling the lumen of the
upper part of the affected proximal convoluted tubules.

At 12 1o 24 hours the lestons begin to follow one of two courses In the
teast damaged tubules, the colloid degeneration begins to regress, and the
eptthelium probably returns to normal quite soon. It is very difficult to
rdentify the steps of this recos ery process, but kidneys, which on ather grounds
may be presumed to have had colloid degeneration, have normal tubules
within two or three days.

In the tubules which were originally more severely damaged, the Jesions
progress steadily, so that at 24 hours the epithelium has disintegrated to a
foarmy glutinaus debris with fading of its nucler {Fig. 6). Thus debris fuses with
the sumilar matertal 1n the lumen to form a mass which fills the entire space
inside the basement membrane When the original degeneranon hasbeen of a
particularly colloid type, the final necrotic debtis 15 of correspondingly coliord
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appearance. These types of epithelial death are referred to in this paper as
collord necrosis

The later stages of colloid necrosis are not easily distinguishable from those of
simple proximal convoluted tubule necrosis. The presence of mtermediate zone
colloid casts in a kidney 1s presumptive evidence that the proximal convoluted
tubules may have suffered some degree of colloid degeneration or colloid
necrosis Some of the later cases in the series show an assoctation of R C.N.
with intermediate zone colloid casts. When, as in Case 46, the RCN is of
focal or minor degree, there are many areas of cortical parenchyma unaffected
by the R CN, and in these it is possible to follow the apparent course of
reparr of colloid necrosis. In addition, Case 23, which 1s uncomplicated by
R.CN, shows extensive intermediate zone colloid casts and a healing
proximal convoluted tubule lesion which is presumably healng colloid
necrosts, The following descrniption of the late stages 15 tentative, as it is based
only on these few examples

At about 3 or 4 days, regenerating epithelial cells appear, and spread as a
layer between the basement membrane and the debris in the lumen. During
the next few days the debris disappears The tubule at 7 days 1s lned by a flat
epithelium very simular to that seen in the repair of proximal convoluted
tubule necrosis. The cytoplasm may however be mare eosinophil than 1n that
condion, and appears to be nearer in histological character to functional
tubular epithebum It 1s probable that a number of these tubules return
finally to near normality, but in other nephrons intertubular fibrosis occurs
and the regenerated tubules atrophy

Dustribution of the lestons. Colloid degeneration and colloid necrosis are
always uneven insevenity and extent. In any affected hidney some tubules may
show colloid necrosis, others show various types of colloid degeneration, others
show hyaline droplet formation, others merely have a little protemn in their
lumen, and others appear quite healthy. The condition may on the other hand
be associated with more severe lesions, either proximal convoluted tubule
necrosis or early R.C.N. It is very difficult to delineate with any accuracy the
extent of the collord lesions, because they merge so gradually into the normal
areas of the cortex After about 15 hours there are usually complications such
as R CN. which further obscure the picture. Despite these difficulties 1t is
possible 1o make a rough subdiviston of the cases as follows:

Cases 16 and 17 show a few smali lesions affecting only occasional nephrons
scattered anywhere m the outer two-thirds of the cortex The condition 1s
rarely more than a colloid degeneration

Cases 18 and 22 show lestons affecting much Jarger areas, mamly in the
outer two-thirds of the cortex. The juxtameduilary nephrens are not involved,
and there are a considerable number of undamaged nephrons near the surface
of the kidney and also in broad radal segments of the cortex. In the large
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areas of affected cortex, the lesion tends to be of greater ses erity; many tubules
still show only a colloid degeneration, but there are small areas of colloid
necrosis mainly localised to small patches in the outer half of the cortex

Cases 15, 19, 20, 21, 23, 36 and 37 show widespread lesions involving most
of the outer three-quarters of the cortex and affecting even a few of the
Juxtamedullary nephrons. The undamaged nephrons are distributed mainly
under the renal capsule, in the juxtamedullary region, and in a few narrow
radial segments of the cortex. Colloid necrosis of tubules is seen commonly
m these cases, either as numerous small foci in the outer two-thirds of the
cortex, or sometimes as rather larger areas nearer the surface of the kidney.
A few small areas of simple proximal convoluted tubule necrosis are also
present in Case 21.

Macroscopically the kidneys with colloid degencration during the first day
are slightly enlarged (mean wt. 170 gm.) and have a pale cortex. The condition
later is usually complicated by other lesions.

The case records and the literature on this subject will be discussed at the
end of the section on mtermediate zone colloid casts.

INTERMEDIATE ZONE COLLOID CASTS

This itle describes the accumulation of a peculiar type of colloid filling the
entire lumen of almost all tubules which traverse the intermediate zone
between the cortex and the medulla (Fig. 7). The colloid has a solid
appearance similar to the colloid in thyroid acini (Fig. 8).

This leston develops remarkably early; 1t reaches its maximum development
usually within 6 hours, and always within 12 hours, after the U.P.A.. Howe»"er
the staining reactions suggest that there are, within this time, two successie
depositions of colloid The first is quite solid, is strongly eosinophil, and gives
a positive reaction with fibrin stains; it is laid down within the .ﬁrst 6 hours.
The second is less eosinophil and usually does not react with fibrin stains; 1t is
deposited at 6 to 12 hours. Neither type gives any reaction for iron.

It 15 not always easy to identify the individual tubules which are a(.fcc!ed in
the mntermediate zone, because their epithelium undergoes alteration. The
epithelium of some spiral tubules and broad ascending limbs of Henle develops
a swollen clear cytoplasm resembling that of collecting tubule epithelium
Other tubules have considerable flattening of their epithelium by the pressure
of the colloid, so that they can only be identified by following thcm”l"
longitudmnal section to their unaffected portions in the cortex or the medu ad
Assistance in the identification is provided by the fact that some of the broa f
ascending limbs of Henle contain golden yellow droplets in the cymplasrg?n
their epithelium; much more in these cases of U.P.A. than is usually {our}: 13
other human kidneys. Despite the difficulties, detailed examination show
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Fic 7 Collod casts (darkly stained) 1n mter-
mediate’ zone n a case of cxtensne R C.N
9 days after UP.A  (Magmfication x 4).

Fic 8 Collod casts m ntermediate zone, filling nearly all tubules
32 hovrs alter UP.A
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quite clearly that the tubules affected are (a) the lower end of the spiral
tubule and the upper end of the thin descending limb of Henle, (b) the broad
ascending limb of Henle.

This distribution is constant in the condition, and sometimes there are no
colloid casts 1n any other tubules in the kidney. In most cases, however, colloid
is deposited in other parts of the nephron. Usually after about g hours there
are colloid casts throughout the loops of Henle in the medulla. A lesser degree
of colloid cast formation is often present in the distal convoluted tubules in the
cortex, and, when this is prominent, some deposition of similar casts is usually
seen in the collecting tubules m the medulla. Furthermore, in about half the
cases there is a deposition of the same colloid material in the capsular space of
a few glomeruli. This is variable 1n amount but may be so great that it distends
the capsule, though the glomerular tuft always appears normal. The colloid
from the capsular space may extend into the first few loops of the proximal
convoluted tubule, but it does not continue into the lower loops and, in
particular, not into the spiral segments

In consistency the colloid varies somewhat from place to place In the thin
descending limbs and the broad ascending limbs of Henle in the intermediate
zone, in the loops of Henle in the medulla, and in the distal convoluted tubules in
the cortex, it appears very solid, though it may have some marginal scalloping.
In the upper part of the spiral tubules the colloid is very frothy and rather
weakly staming Further down this segment 1t becomes more solid, though
with bubbles around its periphery, and at the lower end of the segment it
15 solid throughout. The colloid in the glomerular capsules is sometimes
diffusely vacuolated but, in the cases where the whole capsule is distended, it is
a completely solid gel. In the upper loops of the proximal convoluted tubules
it is always foamy

Some of the changes in the epithelum of the affected tubules have already
been mentioned. The epithelium of the broad ascending limbs of Henle may
be flattened, but its nuclei are normal The spiral tubules show a transient
foaminess of the cytoplasm with hyperchromatism and warping of nuclei; this
disappears by 24 hours although the colloid still remains in the Jumen. T}lc
upper loops of the proximal convoluted tubules which communicate with
colloid-filled glomerular capsules usually show heavy deposition of hyaline
droplets in their cytoplasm from about 12 hours onwards. These hyaline
droplets may also be seen mn the spiral tubules which lie in the medullary rays.

There 15 no increase in the amount of cast formation after 12 hours. The
- ES - RS - oot
P : hey
s 1ts healthy

they are remarkably non-irritant; the tubular epithelium regain: ;
S,

appearance quite soon, and there is no local infiltration of inflammatory cel
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In cases without R C.N., intermediate zone colloid casts are associated
invariably with some degree of colloid degeneration or colloid necrosis _of
proximal convoluted tubules, though there is no quantitative relationship
between these condrtions The colloid casts are not found in association with
albuminuna casts i collecting tubules, or with sunple necrosis of proximal
convoluted tubules, but they are seen in about one-third of the casesof R C N..
There is no relationship between the amount of collond cast formation in the
intermedrate zone and the severity of the R.C N, which may vary in extent
from focal to gross. It 1s important to point out that in cases of gross R CN.,
where practically the whole cortex is destroyed, nearly every tubule in the
mtermediate zone may be plugged by colloid casts without any trace of such
casts in cortical tubules m the necrosed area.

Macroscopically the presence of these colloid casts can be recogmsed
some cases by a translucent brown appearance of the intermediate zone

CASE NOTES

As has been imdicated above, colloid degeneration of proximal convoluted
tubules 1s nearly always associated with intermed:ate zone colloid casts. In the
present sertes there are g cases which show both these conditions without the
comphication of any other lesions These cases are usually of less duration than
24 hours Most of the cases with the colloid casts which are observed 1n the
later puerpentum have an associated R.C.N

Case 15 Age 20, para 3, gestation 34 weeks, duration 6 hours. Delivered at 2 hours
Severe atomc pph Died 4 hours pp

Case 16. Age 29, para 4, gestation 4o weeks, duration g hours. UP A during
spontancous labour Delisered at 4 hours. Atomc pph Died 5 hours pp

Case 17 Acge 38, para 7, gestation 30 weeks, duration g hours Toxaemra for 2 weeks
Erevmualy UPA durmg premature labour. Moderate p.p h. Died 4 hours p.p

«lamptic lestons n hiver.

Case 18 Age 44, para 15, gestation 28 weeks, duration 10 hours Severe external
haemorrhage. Delivered at g hours. Died 1 hour pp. Heart 300 gm

Case 19 Age 41, para 2, gestation $2 weeks, duration 12 hours. Tovaemia for 2
months previously. Delivered at 11 hours. Some p p h Died 1 hour p.p. Heart 430 gm,
Eclamptic lesions m lver.

Case 20 Age 30, para 2, gestation 32 weehs, duration 12 hours. Toxaemia for
1 weck previously, Severe external haemorrhage and became blind Died undelvered.
Ldlamptic lesions m Iner

Case 21 Age 41, para 12, gestation 38 weeks, duration 12 hours. No external
haemorrhage Severe shoch Died undelivered Heart 500 gm.

Case 22 Age 41, para 4, gestation 36 weeks, duration 15 hours. Scterc external
haemorrhage and much shock. Died undehivered

Cast 23 Age 36, para 2, gestation 30 weelks, duration 7 days. Toxaemia for 1 week
previously. U P.A. during labour. Olguria duning puerperium, improving to 8oo cc.
on last day. Termunal sudden collapse
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LITERATURE

In the literature on U.P.A, there are a number of tubular lesions recorded
which might be descriptions of colloid degeneration or colloid casts, but the
details are usually inadequate for any definite conclusions. Among these
records may be mentioned Bar and Kervily (1906), Louros (1926, Case 1),
Batisweiler (1933, Case 2), Fauvet (1934, Case 1), de Snoo {1936, Case 2),
and Young (1942 b, Case 1).

White (1919) reported, as Case 8.0., a 2 para who had induction at 27
weeks for albuminuria, and developed puerperal oliguria. He performed a
renal biopsy on the 17th day of the puerperium and has kindly allowed us to
examine his histological slide and to report from it. This showed two conditions
The distal convoluted tubules 1n the cortex were dilated and their lumen was
filled with typical colloid casts; the intermediate zone was not included in the
bropsy. In a few of these tubules there was a httle proliferation of epithelium
mto the surface of the casts. In numerous small areas, the proximal convoluted
tubules were 1n a condition of advanced regeneration corresponding to about
17 days; many of these tubules were atrophic and were separated by interstitial
fibrosis. The spiral segments had a peculiar development of club-shaped pro-
cesses of their luminal surface, very similar to what is seen in apocrine glands,
and their cytoplasm contained many fine hyaline droplets. This case 1s
interpreted here as the late stage of a kidney which had had (a) extensive
colloid degeneration, now recovered, (b) small areas of colloid necrosis, now
healed, and (c) numerous colloid casts, showing the early stage of their removal.

PROXIMAL CONVOLUTED TUBULE NECROSIS

The condition to be described under this heading is a necrosis, of the type
traditionally called “coagulative” necrosis, which involves the pronflma]
convoluted tubules ncluding their spiral segments. There is no associated
damage to the distal convoluted or collecting tubules. .

The terminology used here requires a little explanation. The word necrosis
imples two distinct steps (a) the death of the cell, (b) the subsequent structural
changes in the dead cell. These structural changes are referred to in this paper
as “necrosis-changes™. It 15 only when they have occurred, that necrosis is
histologically recognisable; before they have occurred, the dead cell retains the
appearances it had when 1t was alive, and the word “necrosis” is not apphed to
1t. The necrosis-changes progress rather quickly for a day or two and then morc{
slowly; the rate of their development varies under the influence of a number ol
factors which will be considered in detail in Chapter XI.

The following description is based primarily on the cases of the present
group. Further information has however been obtained from the groups o
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R.C.N. to be described subsequently; in such cases there are usually some
areas of pure prosimal convoluted tubule necrosis at a distance from the lesions
of R.C.N . The present description does not include any tubular lesions in
areas which are considered to be probably the early stage of R C.N

EARLY STAGES

At about 6 hours early necrosis can be scen in the neck and the first two or
three loops of the proximal convoluted tubules of a few nephrons (Fig. g). The
mitochondnal zone of the epithelium becomes highly eosinophil, dense and
shightly granular, while all the luminal part of the cytoplasm becomes foamy
and weakly staming. The nuclei show hyperchromatism and then shrink quite
evenly to small round or oval masses. The epithelium of the tubule becomes
shghtly separated as a continuous loose sleeve inside the basement membrane.
Thus slees e-separation s characteristic, and is presumably due to a stripping-up
of the epithelum by fluid, which may well be glomerular filtrate. It is not an
artefact. Firstly, it is observed in kidneys removed without any handhng at all,
and fixed in various ways within 20 minutes after the death of the patient.
Secondly, 1n cases of early R.C.N. a glomerulus may bleed 1nto such a necrosed
wbule, and the red corpuscles are then seen not only in the lumen but alse
between thesleeve of necrosed epithelium and the basement membrane Thirdly,
this sleeve-separation becomes a more prominent feature 1n the later cases,
and can still be observed 1n the special case of R C N. as late as 8 or 10 days.

The remainder of the proximal convoluted tubules, even those 1n immediate
contact with necrosed tubules, show as yet no recognisable histological
abnormality. In parucular, their nuclei remaimn leptochromatic and there is
no evidence of colloid degeneration Nevertheless, as will be explained in the
discussion, these apparently normal tubules may in fact be dead; the absence
of cytological alteration in them being merely due to the fact that necrosis-
changes have not occurred.

At 12 hours the eosinophil band of the mitochondrial zone appears more
condensed, and the foamy luminal half of the cell is disintegrating and disap-
pearing. The nuclei are still decply pyknotic The scparation of the epithelium
as a contuous sleeve is much more prominent, and this sleeve often shows
radial fractures at one or two points en its arcumference (Fig. 10).

The necrosis tends, at this stage, to become more extensive in two ways;
more loops of the affected nephrons are necrosed, and the necrosis affects a
greater number of nephrons, though still in a patchy manner.

The spiral segments usually show some pyknosis and warping of their nuclei,
which are pushed to the base of the cell; their cytoplasm is foamy and granular
SR ot i A *  egment, leaving some 1nter-

Therce are no colloid casts in
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At 24 hours the mam difference 15 in the much greater extent of the lesions.
Most of the proximal convoluted tubules are affected along their whole length,
and show considerable sleeve-separation. The nuclet are deeply pyknotic or
are fading In addition, sone tubules show necrosis of epithelrum which is of
normal height and has not passed through the stage of dense eosinophil
staining of the mitochondrial zone. .

At this ttme most of the tubules have reached the same stage of necrosis,
and the lack of uniformity which was seen in some of the earlier cases is now
less evident. Nevertheless 1t is nearly always possible to find, in the necrosed
loops, isolated cells or occastonal small groups of cells which remain alive and
firmly attached to the basement membrane. Some of these remain healthy,
and are destined to be the source of the subsequent repair of the tubule. Other
isolated cells which have survived to this time develop a diffuse granularity at
24 hours and show necrosis-changes shortly afterwards, but they remain
attached to the basement membrane.

The spiral tubules appear much the same as at 12 hours

At 36 hours the majornty of the tubules are necrosed and have lost their
nuclei {Fig 11). In some tubules the loose sleeve of necrosed epithelium is
still present, the fractures are more obvious. In other tubules the fragments
of the sleeve have disappeared, leaving only a naked basement membrane
around an empty lumen. The tubules whose epithelium has necrosed without
passing through the stage of condensation of the cytoplasm are now represented
by a mass of granular debrs

Many of the loaps which lie under the renal capsule undergo the full pracess
of necrosts, but not uncommonly the epithelium becomes necrosed on the
decper side of the loop and survives on the side which is 1n direct contact with
the renal capsule This surviving part of the epithelium becomes very fatty
within 2 days, and this appearance remains for at least 10 days.

The mterstitial tissue between the necrosed tubules appears normal at this
time, and there 15 no mfiltration of inflammatory cells Nevertheless, fat stains
show smail patches where there is a fine deposit of lipoid in the intertubular
wnterstitial tissue and 1n the base of the eptthelial cells around them. It 1s
chfficult to ascertamn, in frozen sections, whether the deposit is in relation to
dead or live tubules

1
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~ At 1 -
other places the epitheltum forms a granular necrotic ‘m:lss which occludes the
lumen There 1s never any formation of continuous slecves of dead epithelum
1n these tubules. As far as can be judged from their situation and number, the
spiral tubules which become necrosed seem to be those of nephrons whose
proximal comoluted tubules are necrosed.
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Distribution of the lesions. The extent and distribution of this proximal
convoluted tubule necrosis is variable and, as indicated previously, may be
difficult to assess in the early cases. The pattern is much the same as that of
colloid degeneration:

(a) When there are only a few small lesions, these involve occasional
nephrons scattered anywhere in the outer two-thirds of the cortex. The lesions
may easily be mssed i early cases unless the sections are studied carefully.
(Cases 24, 25, 26 and 30)

(b) Sometimes there are lesions involving small groups of nephrons in
various parts of the cortex, but in general not affecting those near the surface
of the kidney or near the medulla. (Cases 27, 28 and 31)

(c) Morewidespread lesions may occur, distributed in large patches through-
out most of the outer two-thirds of the cortex, and affecting some nephrons
directly under the surface of the kidney. (Case 32)

(d) Very extensive lesjons are sometimes seen. These destroy almost all the
nephrons in the outer three-quarters of the cortex. The unaffected nephrons
lie in patches under the renal capsule, in the juxtamedullary region, and in a
few radial segments of the cortex. (Cases 29 and 33)

REPAIR STAGES FROM 2} TO 7 DAYS

Proximal convoluted tubules. The first signs of repair are seen in very
occasional tubules at 66 to 72 hours A flat sheet of basophil cytoplasm spreads
over the surface of the denuded basement membrane. This cytoplasm contains
a few nuclei, which may be in mitosis. As mentioned above, this new
epithelum probably originates from the isolated epithelial cells which have
survived in the otherwise necrotic tubules.

At 4 days extensive healing is 1n progress, and most of the tubules are
relined by a very thin basophil epithelium The lumen may be filled by
granular debris, or may contam the remains of the sleeve of necrosed
epithelium, or may be quite empty; this depends on the different forms that
were taken by the necrosis in its development. The new epithelium nearly always
spreads between the basement membrane and the debris, but occasionally,
when the debris 15 pressed against the side of the tubule, the regenerating
epithelum climbs as a layer over the surface of the mass. In this way, large or
small fragments of the debris may be included in the new epithelium. In the
special case of the 1solated cells which had remained alive for the first day but
had subsequently died, the remains of these cells can be identified as large
round eosinophil masses engulfed in the new epithelium. 3

Some of the regenerating cells become rounded-off and desquamated into
the lumen of the tubule. These cells may contain the eosinophil masses just
described, or their cytoplasm may be pale and rather fatty or foamy. Their
nuclei are sometimes lobulated or double.
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By the 5th day every proximal convoluted tubule has been relined in this
manner (Fig. 12). The new epithelium slowly becomes more neutrophil and
thicker, so that by the 7th day it has reached a low cuboidal form. During the
same period the remaining debris is removed, and at 7 days most of the tubules
have an empty lumen, though some of them still contain cells which have
rounded-off and become desquamated.

At 3 to 4 days a little oedema is evident between the regenerating tubules,
and the interstitial cells have unusually large nuclei and appear to be more
numerous than is normal. During the period from the 4th to the 7th day the
intertubular oedema becomes greater, but the endothelial cells return to
normal in number and appearance However by the 6th or 7th day 2 few small
monocytes have appeared, and there are occasional fusiform nuclei suggesting
fibroblasts.

Spiral segments Despite the relatively large number of live cells remaining
in the spiral segments, regeneration begins there a little later than in the upper
loops of the proximal convoluted tubules. The early stages of this repair are
seen in very occasional spiral segments at 4 days. A thin sheet of basophil
cytoplasm creeps between the basement membrane and the debris in theJumen,
and by about the 6th day almost every spiral segment has been relined, though
the new epithelium remains very thin.

The interstitial tissue between these regenerating spiral segments never
shows any oedema, cellular infiltration or other reaction.

LATER STAGES

The development of the lesion has been studied up to 13 days, but not later.
During this period the regenerated proximal convoluted tubules follow one of
two courses: .

(a) In some patches, the tubules remain of good size, and their epithelium
becomes more cosinophil though not yet of normal thickness. The interstitial
tissue between them is stull oedematous and rather fibrillary at ro days, but the
oedema is less at 13 days A few small monocytes are present between the
tubules at 10 days, and can still be seen at 13 days (Fig. 13). Presumably,
number of these regenerated tubules finally return to normal structure and
function.

(b) In other patches, many of the regenerated tubules begin to atrophy and
disappear. This is evidenced at 10 days by a reduction in size of these tubules,
some of which are represented only by small groups of cells. At 13 days there
are few or no regenerated tubules remaining in these areas; the interstitial
tissue here is excessive and shows, not only a coarse fibrillary appearance, but
also what appears to be a true fibroblastic reaction (Fig. 14).

It is not easy to identify regenerated spiral segments during this late phase,
and their position in the kidney provides the main clue for their recognition.
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The cpithelum is of cuboidal type and is only weakly eosinophil; the nuclei
are in excessive numbers and still show some mitoses. The interstitial tissue
betw een these regenerated spiral segments does not show any significant change,

Macroscoprc appearances. During the first day, the kidney is of about normal
size (mean weight 160 gm ) and has a rather pale cortex (Fig. 15). From 2 days
omwards, the cortex is broad and pale, and the mean weight of each kidney is
185 gm. (Fig. 16).

Fic 15 Kidney nvolved by Fic 16 Kidney showng later
early proximal convoluted tubule stage of provtmal convoluted
necrosis No_macroscopic_abnor- tubule necrosis Thecortex s broad
mality 14 hours after UP A and pale as a result of mterstitial

(4 natural size) oedema 4] days after U.P.

(4 natural size}

CASE NOTES

There are 10 cases i the present series which show an uncomplicated
necrosis of the proximal convoluted tubules

Case 24 Age 35, para 4, gestation 40 weeks, duration 5 hours. No external
haemarrhage Delivered at 4 hours Severe pp h. Dhed 1 hour p.p

CasE 25. Age 34, para 8, gestation 32 weeks, duration 7 hours. Very scvere external
haemorrhage. Died undelivered. .

Case 26. Age 42, para 13, ion 40 weeks, d hours. Toxac for 2
months previously. Severe external haemorrhage Delivered at 6 hours. Died t hour
p-p. Anuria from U.P.A, to death Heart 450 gm Eclamptic lesions m lrver.

Case 27 Age 36, para g, gestation 40 weeks, duration 8 hours P psia 1 d:;lY
previously No external haemorrhage. Died undelivered. Anuria from U.P.A. to death.

Case. 28 Age 33, para 5, gestation go wecks, duration 10 hours. Toxaemia fm‘k’-‘
months previously. Shght external h hage, Delp d at 4 hours. Scyvere shock.

Died 6 hours p p.
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Case 29 Age 46, para 13, gesation 4o weeks, duration ¥z hours No external
haemorrhage. Severe shock. Died undehvered. Heart 480 gm. N

Case 30 Age 27, para 3, gostation 36 weceks, duration t4 hours. U.P.A. during
tabour. Delivered at 4 hours. Sudden collapse and death 10 hours p %

Casr 3t. Age 23, pard 1, gestation 35 weels, duration 22 hours. Toxaemia for
1 month previously, Vomitig followed U.P.A . Delivered at 20 hours One eclamptic
convulsion, and death 2 hours p.p. ’

Case 32 Age 30, para 12, gestation 4o weeks, duration 36 hours Qedema for 432
months previously Induction Sudden collapse 7 hours p p. and died Bilateral supra-
renal nccrosis.

Cast 33 Age 32, para 5, gestation 30 weeks, duration 43; days Some external
haemorrhage. Deltvered at 12 hours Oliguna m puerperium  Sudden collapse and
death 4 days pp.

LITERATURE

In the Interature there are many descriptions suggestive of proximal
convoluted tubule necrosis following U P.A., but very little reliable information.
It is often impossible to distinguish from the whether there 1 true

o ) . © " e of post-mortem
Cases 3, 4and5),
. ' Case 3}, Fordyce
and Johnstone (1921), Ley (1921, Cases A3, A2 and 3), Willson {1g22),
Wilhams (1925, Case 1}, and Bauzfalvy (1937, Case 1) One case recorded by
Banzfalvy (1937, Case 7) may be a healing tubular necrosis

BENIGN GLOMERULAR THROMBOSIS

As a further development in kidneys which are the scat of ordinary proximal
convaluted tubule necrosis, there may be a number of glomeruli which have
small foose thrombu in their capiffanes or in the stafk afferent vessel, i e in the
blood vessel in the trunk of the glomerntar tuft which forms the termination
of the afferent artertole, and from which the glomerular capillanies ansc.

The thrombi i the glomerular capillanies have not actually been seen m
this condstion before 14 hours but, from the time of origin of similar thrombi

Comoenr o O e B f PR

must be attached to the endothelium at some pont, it always appears in
sections to be quite free 1n the centre of the lumen and not adherent to the
" - . .o - PR v - -

moderately dilated. The thrombus has the same structure as the c.xpﬂl;u"v
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Fic_17 Benign glomerular thrombosis affecting only one capillary
loop The proximal convoluted tubules are necrosed, but the glomerulus
and the distal convoluted tubules remain alive 2 days after UPA

Fic. 18 Bemgn glomerular thrombosis involving the stalk afferent
vessel. There 1s much necrosis of proximal convoluted tubules but not of
distal convoluted tubules g days after UP.A.
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thrombi, and forms at about the same time. It ltes quite frec in the lumen, as if
it had been moulded there and had then shrunk to about two-thirds of its
origmnal size (Fig. 18). Tt has a smooth clove-shaped outline with 2 rounded
narrow provimal end where it reaches into the afferent arteriole, and a butbous
upper end which sometimes bifurcates a short distance into the capillary loops.
The endothehum of the stalk afferent vessel is normal, and the entire
glomerular tuft 1s healthy. The thrombus remains unchanged for at least 12
days and excites no reaction dunng that tme, either in the stalk afferent
vessel or 1 the glomerulus,

This bemgn glomerular thrombosis is not associated with any necrosis of
glomeruli, interstitial tissue or distal convoluted tubules [t is harmless sn dtself
because it does not obstruct the vessels, but it must be considered as related to
the more severe thrombosis which is seen in the focal varietes of R.C N, and
which occludes the stalk afferent vessel in dead glomeruli.

Benign glomerular thrombosis forms a link between simple proximal
convoluted tubule necrosis and R C.N . If a kidney shows extensive provimal
convoluted tubule necrosis with benign glomerular thrombosis, a careful
search will almost always reveal some small areas of R.C.N. elsewhere i the
kidney In the present series there are several cases of R.C N, 1n which benign
glom- * - 0 o : af the cortex, but there
are x thrombosis, although
ther i

In the literature, there are numerous descriptions of thrombosts in glomeruli,
nearly always in association with R.C.N.. It does not appear however that any
clear differentiation has been made between this benign glomervlar
thrombosis and the more severe glomerular thrombasis which will be described
m the next Chapter.



CHAPTER TV
THE EARLY STAGES OF RENAL CORTICAL NECROSIS

The early stages of R.C.N. are in some ways not very easy to distinguish
from the early stages of widespread proximal convoluted tubule necrosis.
At this stage the areas which are destined to become completely necrosed
are not clearly outlined but they can be recogmsed by various criteria; these
have been established by following three lines of evidence, each of which
leads to the same conclusions.

(1) In certain of the groups of R.C.N., the cases are at such time intervals
that it is possible to trace back a clear histological series of changes from the
latest to the earliest cases of the group. In other groups of R.C.N., there are
insufficient intermediate cases to establish all the steps of the series, but there
is an obvious agreement between those steps which are represented and the
corresponding steps in the other groups.

(2) In advanced R.C.N., the renal parenchyma in the centre dead areas
undergoes only a very slow type of necrosis-change, and thus remains “fixed”
with the same pattern that it had in its early stages. All the steps in the
development of this pattern can be observed in the series of cases which
are classed as early R.C.N.

(3) One case of the present series (Case 64) was examined by biopsy at
36 hours after the U.P.A.. This 1s of importance for two reasons: (a) it shows
the 36 hour stage of a kidney which at autopsy at 84 days was found to have
gross R.C N (the earliest biopsy recorded in the previous literature on R.GN.
was at 55 hours); (b) it shows the intermediate stage between the 4 autopsy
cases at 22 to 27 hours (Cases 36, 37, 39 and 41) and the 3 autopsy cases at
48 hours (Cases 48, 59 and 6o). 3

At the operation there was a slightly blood-tinged oedema of the petirenal
tissue. Externally the surface of the kidney appeared damson-coloured. When
the kidney was incised, there was no bleeding at all until the incision reached
to about the intermeduate zone, when bright arterial blood appeared. The
spectmen of cortex removed showed a rather streaky appearance of dull red
areas about 1 mm. in diameter on a damson-coloured background (Fig. IQ)~
This same kidney at autopsy showed the classical picture of gross RCN.,
the cortex being opaque white with a congested juxtamedullary margin and
patchy areas of subcapsular congestion (Fig. 20).

Histologically the biopsy specimen showed (a) the
those features on which the examples of early R.C.N.
have been difterentiated from less severe lesions, (b) the early stages 0

44

fully developed stage of
in the present series
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arterial thrombosis and of the other lesions which are fullv developed in the
later cases. The histological appearances will be described in the appropriate
parts of the next two Chapters.

The very deep purple colour of this R G.N. kidney at 36 hours is 1n striking
contrast to the pale pink kidney observed in a decapsulation (without biopsy)
at 36 hours by Groen and Lindeboom (1940) It seems probable that the
renal lesion 1n their case was mainly a necrosis of proximal convoluted tubules,
though there was presumably a scanty focal R.C.N 1 addition.

}ic 19 Biopsy of renal cortex in gros RGN
36 hours after UPA  (Magnification x 4)

Fie 20 Renal cortex at autopsy (m same case as Fig. 19
8} days after UPA  (Magmfication « 1)

DETAILS OF STAGLS UP TO 36 HOURS

The following description of the course of the changes is a gencral one which
15 applicable to all cases of carly R G N.. The extent of the early changes is
of course vanable; the early cases of focal R C.N show correspondingly
small lesions, whereas the carly cases of gross R.C.N. show the widespread
distribution of the lesion at this stage.
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8 to 12 hours. The first recognisable stages of R.C.N. can be seen in Cases
42 and 43, at 8 and 12 hours respectively after the U.P.A.. Throughout large
ill-defined areas, the epithelium of all the proximal convoluted tubules has
small, round and very dark nuclei. Some of these tubules have epithelium of
normal height, but loosened slightly from the basement membrane. Other
tubules show the early stages of a necrosis, which has as yet advanced only to
the stage of eosinophil cytoplasm and small fading crumpled nuclei, with a
little sleeve-separation of the dead epithelium in a varying number of loops
(Fig. 21). The spiral tubules show some pyknosis of their nuclei, and their
cells tend to split away from one another though remaining still attached to the
basement membrane. A few of the distal convoluted tubules have some loosen-
ing of their epithelium, with an eosinophil or foamy cytoplasm and darkening
of occasional nuclei. This change is of considerable importance because it is
not seen in the cases classified as simple proximal convoluted tubule necrosis

Some of the ° [ .- LU L el i cvantTe fras in
their capillary
thrombosis. Thee o veees . Lot 3
27 hours, though the thrombi are sometimes scanty and hard to find. There is
no ddatation or congestion of the capillary loops, and no alteration of their
endothelial nuclei. Some of these capillaries contain a few red corpuscles, but
no more than are seen 1 sections of normal kidneys. The stalk afferent \.'esscls
are not dilated or thrombosed. Occasional fibrin thrombi are present in the
intertubular capillaries, but the interstitial tissue appears otherwise nom!-ﬂ-
The arteries look quite healthy; they sometimes contain a little blood which
stains normally. .

14 to 18 hours. At this perniod the pyknosis of nuclei in the proximal
convoluted tubules is more marked, but the necrosis-changes are clearly
lagging behind what would be seen in a case of simple proximal com’olultd'
tubule necrosis. The epithelial cells of the distal convoluted tubules usually
show disintegration of the cytoplasm at their cell boundaries, thqugh the
nuclei and perinuclear cytoplasm remain; this gives rise to dissociation o
the cells from each other. These tubular changes may be almost umvcrs-’l}
throughout the cortex, as 1 the early stages of gross R.C.N., or they may
affect smaller areas, as in the less severe types of R.C.N.

The small thromb are still present in some glomerular and imettu.bulal;_
capillaries. In addition, certain of the glomeruli have moderate dilatation o
the stalk afferent vessel with a fine dusting of fat in its wall. In the early cases
of extensive R.C.N. this vessel remains empty, but in the cases of minor of
focal R.C.N. it may be occluded by a thrombus similar in structure to t}IIC
benign thrombosis which has been described earlier. In these cases of Cﬂ‘;‘i
R C.N., however, the thrombus occludes the lumen and is adherent to ¢
walls of the vessel (Fig. 22). Occasionally it has a small rat-tail prolongation

LN )



EARLY STAGES OF R.C.N.

g Ter 0 p 4
B RCAROC SN

N

e Rty

RV

e (W \?/
SRR

Fio 21 Larly stage of gros RGN showng
provimal convoluted tubules

widespread pyknosis 1n
12 hours after UPA.

AN

3

.o

v,
s

SR

R

Fic, 13, Solid ceclusive thrombi 1n stalk aflerent vessels of glomeruli m
carly focal RCN The distal convoluted tubules semain alnve
3 days after UP A

47



48 RENAL CORTICAL NECROSIS

for a short distance down the centre of the lumen of the afferent arteriole.
Small groups of glomeruli show congestion of their tufts; this particular lesion
1s more obvious at 22 to 27 hours, and will be described under that heading.

In some of these cases, individual small intralobular arteries and their
branches are dilated, and fine droplets of fat are present in their media.
Usually the lumen is empty or contains a little blood, but occasionally, in
what appear to be early cases of minor R.C.N., these small arteries may be
occluded by a finely granular solid thrombus. The interstitial tissue shows
no significant changes

22 to 27 hours The proximal convoluted tubules show little or no difference
from the earlier appearances; in particular, the necrosis-changes in individual
nephrons have not progressed, and are usually arrested at an early stage of
their development The spiral segments show breaking-up of their epithelum
into large polyhedral cells which lie free in the lumen of the tubule. These
spiral tubules with dissociated epithelium are easily distinguishable from distal
convoluted tubules with dissociated epithelium, because the cells of the former
are of larger size and have poorly staining nuclel

In many places, groups of glomeruli show considerable congestion, which
is interpreted here as indicative of stasis. Ths lesion is first seen at about 14
to 18 hours and there is no evidence, in the present series of cases of R.CN.
following U.P.A, that 1t begins 1n any glomeruli later than 27 hours. The

* : Tttt ' capillaries are distended with
rc powdered with fine lipoid
R .. 14 to 18 hours, and are flat-
tened to thin crescents by about 22 hours. Usually the whole tuft is congested,
sometimes so much that it 1s herniated 1nto the tubule, but occasionally only
two or threc capillary loops are involved. The packed red corpuscles may
extend through the efferent arteriole into the neighbouring intertubular
capillaries, which then have an appearance of haemorrhage or great congestion.
Fibrin thrombt may also be scen in some of the capillary loops, in the s.tﬂl
afferent vessels, and in occasional efferent arterioles There is no clear relation-
ship between the stasis-congestion of glomeruli and this thrombosis; the two
conditions may occur together or mdependently of each other.

This stasis lesion 1s an important one, but the identification ofézs very early
stages may be difficult The histological problem is to differentiate between
(a) a congested but living tuft in which the circulation may be very slow, or
may have become temporarily arrested but will subsequently open up agait,
and (b) a congested dead tuft where the bloodflow is perm_anemly.arrcS(Cd'
The former type occurs at a later stage in the zone of partial survival The
1dentification of the true stasis glomerulus (type b) in the early stages of R.C N.
depends upon certain lines of evidence. Firstly, t.he glomgrular e.ndothell.l'lm
is dead and quite soon develops the characteristic flattening of its nuclei; 2
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about 12 to 20 hours later, show dehaemoglobimsation of the red corpuscles
in the stasis-tufts; as will be explained 1n the next section, this indicates that
the blood in these tufts has been stationary for about 12 to 20 hours There
are thus good grounds for believing that, in the corresponding early cases,
many if not all of the glomeruli which appear congested are in fact in a
condition of permanent stasis

Sometimes the congested glomerulus bleeds into its proximal convoluted
tubule, filling three or four of the upper Joops with a mass of red corpuscles.
In the absence of such haemorrhage, there 1s usually little or no evidence of
exudation from the tuft; neither protein deposit nor collord 1s seen n the
capsular space,

In some cases a few of the arterioles are moderately dilated but the artenes
show no lesions. In other cases many of the arteries and arterioles are dilated
at 22 to 27 hours, so that they become very prominent in histological sections,
In contrast to what is seen 1n the normal hidney. Their walls show a variety
of changes The internal elastic lamina 1s stretched flat and may be fractured
in a few places In the media, the muscle cells have obvious pyknosis of
their nucler and a shrinkage of their cytopk both longitudinall
and laterally, to a thin but densely eosinophil band lymg widely separated
from its collagenous framework. (In cross section, these muscle fibres
may be difficult to differentiate from red corpuscles } Fine droplets of fat are
usually present in these cells A few arteries appear to have lost therr media
entirely 1n smail areas or even 1n long segments, and therr wall is represented
only by the internal elastic lamina and the adventitia, with a space between
them. This space may be empty, or it may contarn scattered globules of fat or
some fibrin or a few polymorphs, or 1t may be packed with red corpuscles
(Fig 24). Any remaining muscle nuclei arc so warped that they can easily
be confused with palymorphs. In general these lesions arc more prominent in
small arteries, and may occur in them earlier than 22 hours The larger vessels
rarely have red corpuscles mn their media, though they undergo full necrosis.

When occasional small intralobular artertes have been occluded by sohid
thrombus in cases of mmor R G N., the related afferent arterioles may contain
alooser thrombus which extends up mto the stalk afferent vcssel. On the other
hand, 1n cases which show the mciptent stages of patchy or gross R CN., the
arteries and arterioles are not thrombosed They may contain a hitle blood 1n
their lumen, but there 15 no packing together of the red corpuscles

The intertubular capillaries now show much pyknosis of their nucler. Spmc
of them contain the small fibnn thrombi previously mentioned There is no
significant infiltranion of polvmorphs between the damaged tubules.




50

RENAL CORTICAL NECROSIS

T T T
f‘f‘:ﬂ,l}‘%‘ )3
e

[52

&

N e ey,

o DR e SN S Y 30
haly, ﬁ‘

.

ey
am

"\

¥y
sk

£

Fic 24 Nectosss of small artery with replacement of 1ts medsa by red
corpuscles, m carly mmnor RCN.. 22 hours after U.P.A.
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DEHAEMOGLOBINISATION

Towards the end of this period the red corpuscles in certain areas begin to
lose therr haemoglobin, though their outhne remains unchanged From
experimental and other evidence, 1t may be stated at this point that dehaemo-
globinisation occurs wi red corpuscles remain stationary in an area
of ischaemic parenchyma. Tlus process develops in the course of about 10 or 12
hours after the cessation of the bloodflow. The dehaemoglobinised corpuscles
retain their outline for about a further 10 hours, and then disintegrate rather
rapidly into a trivial amount of fine debns

Dehaemoglobimsation of stationary red corpuscles 1s a much slower process
in tissues where there 15 a continuing blood supply For example, the subpento-
nealhaemorrhages over the uterus in cases of U.P.A. show quite well-staining red
corpuscles when the patient dies several days after the haemorrhage occurred.

The process described here is apparently the same as that which leads to
the disappearance of all red corpuscles in a simple infarct of the kidney more
than one day old (Ribbert, 1899). It may be simulated by artefacts due to
fixation or by post-mortem autolysis, and consequently care must be taken in
the histological diagnosis

REMAINDER OF THE CORTEX

As has been explained, 1t 1s difficult to determine at 12 hours which parts of
the cortex are involved by incipient R.C N and which parts have only lesser
damage A more definite opinion can be formed at 24 hours, and by 2 days the
ifferentiation is clear.

The parts of the cortex which are not involved by R CN show healthy
distal convoluted tubules, and the nuclei of the interstitial tissue remamn
n?p:\rcntly normal, but the proximal convoluted tubules in these areas are
A o ) o e D R R

. .-
tubules show hyaline droplet formation. The juxtamedullary nephions may
be involved by these lesions but, not infrequently, they show only a simple
albuminuna precipitate in the lumen of their tubules.

Colloid casts 1n the intermediate zone are present 1n some of the cases at
quite an early stage, alburmnuria casts in colieccting tubules in the medulla
may be seen, particularly at 24 hours or [ater.

CASE NOTES OF CARLY R.C.N

The following cases of early R.C.N,, from 8 to 27 hours after the U.P.A,,
have been observed in the present series. They are classified here according
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to the apparent extent of the R,C.N. which was developing; this classification
cannot be of a lugh degree of accuracy in the early stages of the lesion, but
probably gives a fairly true picture of the condition. The cases recorded as
focal and as minor R.C N had lesions in the stalk afferent vessels and small
arteries respectively; this is in agreement with the findings in the later cases
of these grades. The cases recorded as patchy and as gross R.C N. showed much
less developed lesions and had not yet reached the stage of arterial thrombosis.

It may be mentioned at this point that the lesions recorded here as repre-
sentative of early R.C.N. are in many ways similar to those of confluent focal
R.C.N. This latter condition, which will be described in Chapter X, is not
represented in the cases following U.P.A.. The points of difference between
the two conditions will be dealt with in Chapter XIIL

FOCAL R C.N.

Case 34. Age 22, para 1, gestation 34 weeks, duration 17 hours. Oedema for 7 weeks
previously. Delivered at 13 hours. Became comatose 3 hours pp. and died 6 hours
p p- Eclampuc lesions in hver, X X

Case 35 Age unknown, para 1, gestation 36 weeks, duration 18 hours, Pre-eclampsia
for a few days previously. Eclamptic convulsion 12 hours after U P.A. and delnered
one hour later. Died 5 hours p p. Passed 6o cc. urme shortly before delivery and
Go cc. shortly before death. Eclampuc lesions n liver,

Case 36. Agie 32, para 3, gestation 25 weeks, duration 24 hours Qedema for 2 weehs
previously, Shght external hacmorrhage. Sudden collapse at 24 hours and died
undehvered. Complete anunia after U.P.A. 5

Caske 37 Age 27, para 1, gestation 36 weeks, duration 24 hours, Severe prc-cclamp;xs
previously Became comatose as a result of a large cerebral haemorrhage. Dict
undelivered

MINOR R.CN.

CasE 38. Age 43, para 15, gestation é‘,ﬁ weeks, duration 14 hours. No external
haemorrhage. Delivered at 4 hours, Died m shock 10 hours p p. X :

Case 39 Age 30, para 1, gestation 37 weeks, duration 22 hours. Slight cxlllcrn:\
haemorrhage and much vominng. Became comatose, and died undelvered at 22 hours.
Eclamptic lesions in liver,

PATCHY R.C.N.

Case 40 Age 41, para g, gestation weehs, duration 18 hours. Ocdema for one
month ;;*rcvmﬁslf. blc)hvcrgdgnt 13 hog;*s. Erythroblastosis foetals. Became shocked,
and died 5 hours p.p.

Case 41.5Age unl\l:ux;\vn, para 1, gestation g5 weehs, duration 27 hours. Some clvlen:?cl
haemorrhage. Dehvered at 24 hours. Shock after delivery. Died 3 hours p p. Eclamp!
lesions 1n liver.

GROSS R.C.N. .

Case 42. Age 36, para estation 36 weeks, duration 8 hours, Slight externa
haemorrﬁage. gSugd;:npdcm% Endc]ivcrcd at 8 hours. Eclamptic lesions l}:l hyt:;ml

Case 43. Age 35, para g, gestation 36 weeks, duration 12 hours. Shlg t cha‘rt
haemorrhage. Died during labour at 12 hours. Eclamptic lesions 1 lIver.

370 gm.
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CAsE 44. Age 32, para 4, gestation 39 wecks, duration 14 hours. Some ocdema
previously Profuse external haemorrhage, Delivered at 11 hours. Much p.ph Died
3 hours pp Eclamptic lesions in liver.

LITERATURE ON EARLY R.CN

Kellar and Arnott (1933, Case 2) record a 3 para aged go who developed
U P.A. at 31 weeks. She died of eclampsia and cerebral haemorrhage 15 hours
after the onset of the U P A The kidney macroscopically showed much con-
gestion of the cortex. The secreting tubules showed advanced cloudy swelling
and m some areas had lost their nucier or were disintegrating; (this description
suggests a colloid degeneration with patches of proximal convoluted tubule
necrosts) The glomeruli showed marked congestion and haemorrhage and
there was much intertubular haemorrhage; (this description corresponds to a
stasis-congestion, their Fig 6 1s wrongly captioned and 1s really their Case 2)
The case can be accepted as an example of early R C.N., though probably not
one which would have been of gross extent,

Ivens (1928, Case 5) gives a report of an 8 para who died 16 hours after the
onset of U P.A . The kidney showed hyaline thrombr associated with sharply
defined areas of coagulation necrosis The pathological account 1s inadequate
to permit rehable conclusions; this may have been a case of minor R C.N
an carly stage, or merely an example of proximal convoluted tubule pecrosis
with bemgn glomerular thrombosis

Davidson and Turner (1930, Case 3) record the appearances of the kidnev
of a ¢ para aged 24, who had U P.A at 29 weeks and died 18 hours afterwards.
The outer three-quarters of the cortex was very congested. The tubules had
swollen granular cytoplasm and much loss of nuclei, more marked mn the
deeper half of the cortex. The glomeruli showed very marked congestion, and
10 certarn areas there was thrombosis of afferent vessels The case can certamnly
be accepted as an earlv stage of R C.N  From their Fig. 2, 1t scems that there
was an unusually earlv development of thin mural thrombosis.

Two further cases in the iterature may possibly be early examples of R.C N,
but the details are madequate for reliable diagnosis Sentz (tgo3. Case 1}
records a 5 para aged 28 who had eclampsia and accidental haemorrhage at
3t weehs and died 12 hours later. At autopsy there was an “acute haemorrhagic
parenchymatous nephnitis”. Franhl and Hiess (1921, Case 2) record a primi-
para who had eclampsia and accidental haemorrhage The ume of death 1s
not stated At autopsy there were many little haemorrhages in the renal cortey;
this description suggests a focal R CN.



CHAPTER VI

THE PARENCHYMA
IN DEVELOPED RENAL CORTICAL NECROSIS

Beginning at about 36 hours, and quite obvious at 48 hours, the area of
necrosis becomes differentiated from the surrounding tissue, and varions zones
can be identified at its margin. The complete picture is seen only if the total
area of necrosis is more than about 1.5 mm. in diameter; smaller areas will
consist almost entirely of marginal zones

When a large mass of cortex is deprived of its blood supply, the primary
lesion 1s death of all the tissues there. At the outer margin of the resulting
totally necrosed mass, there is a broad band of tissue where, as a consequence
of collateral capillary circulation, the ischaemia is only partial. This band
may be subdivided into an outer live margin zone and an inner zone of partial
surzial In the live margin zone there is necrosis of only the most sensitive
structures; in the zone of partial survival most of the parenchyma 1s dead
but certain resistant structures have survived.

As a secondary phenomenon, there is an invasion of polymorphs into the
dead mass of tissue at the centre. Because of the particular biochemucal
conditions there, these polymorphs form a band which lies about 200 microns
internal to the edge of the totally dead tissue. The dead tissue is thus divided
by this polymorph zone into a peripheral dead zone, external to the polymorph zone,
and a centre dead area, internal to it. The parenchymal changes n these latter
two zones and the centre dead area are essentially similar. .

In this way the centre dead area 1s surrounded by four concentric zomes.
Each of these zones merges gradually into the next one, and the live marginzone
similarly merges into the surviving tissue around. Though i the following
descriptions the appearance of each zone is described separately, it must be
made clear that there is no line of absolute demarcation between them except
at the inner margin of the polymorph zone, which is usually sharp.

The description of the processes of repair will be deferred to Chapter VIII.

Lve MARGIN zoNe (Fig. 25)

In this zone there is necrosis of all the proximal convoluted tubules. The
necrosis-changes progress at the same rate as those described under the heading
of proximal convoluted tubule necrosis. A few glomeruli may have benign
thrombosis of capillanes or stalk afferent vessels, or even dilatation and con-
gestion of some of their loops. From the time when this zone first becomes
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recognisable, at 36 hours, there is never any evidence of further necrosis in
1t, neither a necrosis of hitherto surviving tubules nor an extension of the area
of R.CN As will be discussed later, this last statement is in disagreement
with the views expressed by some previous authors. It is however based on a
meticulous examination of every kidney with R.C.N in the present series

ZONE OF PARTIAL survivaL (Fig. 26)

This zone is characterised by the necrosis of some structures of the paren-
chyma, and by the development of congestion of glomeruli and intertubular
capillaries. The zone varies from about 100 to 300 microns in depth.

The necrosis-changes in the proximal convoluted tubules are in general
rather similar to the necrosis-changes in * e -
but the nuclei disappear more slowly an
36 hours The distal convoluted tubules anu e coltecuny tubules remam
healthy, apart from sometimes a slight loosening of their epithelium from the
basement membrane.

The glomeruli show a variable congestion, sometimes of only part of the tuft
and sometimes of every capillary loop The endothelial nuclei in the congested
loops are flattened to thin crescents at 36 hours, and have disappeared within
2 or 3 days. The epithehal cells over the tuft sometimes disappear at about the
same time, but a few of these cells are usually left intact. The red corpuscles
in the congested loops have lost their haemoglobin by about 36 hours, and they
have degenerated within about g days to a little finely granular debris.

Deeper in the area, other glomeruli, which have not been .signiﬂc:mtly
congested, undergo 2 particular type of necrosis which usually involves the
whole tuft but may affect only some of the lobules. Most of the nuclei become
pyknotic and disappear, though some epithelial nuclei and occasional
endothelial nuclei survive. There is usually a fine dust of lipoid throughout the
tuft. The stalk afferent vessels are frequently dilated and sometimes thrombosed.
The necrosed glomeruli, or necrosed lobules of glomeruli, Jose their capillary
outlines at about 3 or 4 days and shrink down, soon after, to a rounded mass
of loosely granular debris on whose surface occasional epithelial cells remain.

A variant of this glomerular lesion is sometimes seen in the outer part of
the zone of partial survival That half of the tuft which faces the necrosed area
becomes congested and undergoes complete necrosis. The other half of the
glomerulus remains quite normal and is sharply demarcated from the necrosed
part of the tuft (Fig. 27) There is no recognisable thrombosis in !}le‘slek
afferent vessel or capillary loopsjito account for this very sharp division-

The intertubular capillaries are congested by fresh blood, in which the red
corpuscles stain normally and the leucocytes are cytologically quite healthy.
It seems probable that this blood is still slowly circulating from. and to t !;_
capillaries in the neighbouring live tissue. Most of the endothelial nuclei 0
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these intertubular capillaries in the zone remain fairly healthy, though a few
of them become flattened and darkly staining. In certain places there is an
extreme congestion of the mtertubular capillaries. This is related to a small
group of congested glomeruli whose efferent arterioles are packed with red
corpuscles and occasionally contain some fibrin; in the vicinity there is usually
a grossly congested vein.

There is not infrequently some haemorrhage into the lumen of the necrosed
proximal convoluted tubules in the area. This blood may be seen lying either
mstde or outside the stripped sleeve of necrosed epithelium. Sometimes it
pushes the necrosed epithelium down to plug the lumen below, and then the
upper loops of the tubules appear merely as lumina distended with red
corpuscles

In the early stages, the congestion is very diffuse and irregular. From 48
hours onwards it becomes more clearly confined to this zone, and is usually
more marked in the glomeruli than in the intertubular capillaries (Fig. 28).
The congestion remains recognisable in the subcapsular area until about 8
days, and in patches in the deep cortex for over 15 days. It is always very
prominent in the bands of partially surviving tissue which radiate in places
through the cortex.

At 36 to 48 hours there is usually a rather diffuse infiltration of polymorphs
throughout this zone, but subsequently these cells are less common and very
few are seen after about 5 days.

The arteries traversing this zone participate in the same changes as those in
the pentpheral dead zone; these lesions will be described in the next Chapter.

PERIPHERAL DEAD zONE (Fig. 29)

In this zone there is necrosis of all the parenchyma, The zone is about 100
to 200 microns in depth. R

All the tubules die, though their nuclei may take considerably over 36
hours to disappear The necrosis of the distal canvoluted tubules and, thle
collecting tubules differentiates this zone from the zone of partial survival.
The glomeruli lose all traces of their cpithelial and endothelial nuclei within
about 4 days, and the nucle: of the intertubular capillaries disappear 1 the
same period Some of the dead glomeruli retain their capillary pattern, bu;
m the more peripheral glomeruli the loops may be obscured by a genera
disintegration of the structure of the tuft. . ¢

There is a variable amount of congestion at 2 to 3 days, involving some o
the intertubular capillaries and a few of the ‘glumerun These red CDrpléSClCS
rapidly lose their haemoglobin and have disintegrated at 3 to 4 days. Omr:
polymaorph infiltration is present at 36 to 48 hours, but much of this disappea

within the next 2 or 3 days.
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POLYMORPH zONE (Fig. 30)

This zone formg th.e outer edge of tl}e centre dead area, and differs from this
area only in that its intertubular capillaries are packed with polymorphs. The
renal pa.renchyma and interstitial tissue is dead, but the rate of disappearance
of nuclei 15 slow: about the same rate as in the centre dead area to be described
m the next section

The zone is first recognisable at about 36 to 48 hours, when the polymorphs
that have been infiltrating diffusely through the outer zones penctrate further
into the dead tissue. Here they become concentrated as a band, whose internal
edge is quite sharp but whose outer edge merges into the diffusc polymorph
infiltration further out At 72 hours this band forms a well-defined zone about
100 to 250 microns in depth. The polymorphs here are mainly concentrated
in the intertubular capllarics, though they may extend a little into the necrosed
parenchyma.

For the first two or three days these cells appear relatively healthy, At 5
days the leucocytes at the inner margin of the polymorph zone disintegrate
to a dirty basophil debris. Within the next day or two the whole band
disappears, [eaving only this thin line of debris, which remains recognisable
for another day or so. These changes are paralleled by the alteration of the
lipoid staining reactions of the cells. During the first 48 hours the polymorph
granules stain in the normal way with Sudan Black but not with Sudan Red
(Sheehan, 1939; Shechan and Storey, 1947) During the next two days the
granufes change in character so that they take both stains equally well and,
when the leucocytes disimtegrate, they leave small globules with the ordinary
appearance and staining reactions of fat,

This general course is slightly modified according to the site in the renal
cortex. The subcapsular band of polymorphs is usually not more than 200
microns 1n depth, and has always disappeared completely at 8 days, The band
in the deeper cortex is usually rather wider and may vary up to 300 or 400
microns. In addition, in any area of gross R.C.N. there are, at irregular
mtervals, broad columns of polymorphs which radiate out from the juxta-
medullary edge of the necrosed area towards the surface of the kidney. These
appear to be mmor examples of the radial bands of partially surviving tissu¢
seen elsewhere in the cortex. In these radiating bands, and in the glceper part
of the cortex, the polymorph zone usually remans longer than in the su!v
capsular region, and is present, though patchy, in some cases as late as g days.

CENTRE DEAD ARFA

When the total arca of necrosis is lasge, all the marginal zones are prc'sIS:lnl
to their full depth, and enclose an area of dead tissue at the centre. \'t‘:
carliest stages of the death of this area have been described previousty, but i
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1s only from about 36 to 48 hours that the area becomes clearly delimited by
the inner margin of the polymorph zone.

The mam features are the total death of all structures and the slow rate of
ncerosis-changes in them. Red corpuscles and leucocytes are absent from the
arca

Provmal contoluted tubules At 36 hours these show the two appearances
described m Chapter V dealing with the early stages of RUC.N.t {a) Some
of the tubules hasve small and strongly staning nucler, and the epithelal cyto-
plasm, though rather faded, retains its notmat structure. (b} Other tubules
retain the charactenstic appearance of the arrested tubular necrosis. They
have the sk paration of dead epitheli with radial fracturing of the
sleeves Their nuclei are shrunken and pyhnotic but still stain exceflently

The nuclet begin to fade slowly at about 72 hours, At 5 or 6 days some of
them are no longer recogmisable, but the majorty still stan farrly well (Fig.
31) They cisappear one by onc until, at about 10 days, none remain The
¢y toplasm 1 so excellently preseried that at 1o days the structure 1s the same
as tt was at 36 hours, there is never any disintegration into amorphous debns
1Fig. 32) Some weakly basophil flud may be present in the lumen of the
tubufes between the grd and 7th days.

1t will be clear that these changes in totally sschaenuc ussue m the nng
bods are qunte different from those of post-mortem autahysisin the dead body In
addition, 1t should be noted that at no stage is there any recogrusable swetling
of the dead parenchyma leclls)by iminbiton of flnd, such as is commonly
postulated 25 an essential part of *“coagulative necrosis”  Calcification
drad tubules has not bren seen mn the present series, but was recorded by
fungano (1927} and Akerrén (1947).

Nearly all the spiral scgments have their lumen loosely filled by desquamated
epithehiat cefls The nucler of these cells have usually disappeared completely
bs about § or 6 davs, but the cellular owilines remam quite clear at 10 days

Dustal convoluted twbules A thin and weakly basophil gelaunous flunt appears
at about 36 hours between the desquamated epithelial cells of the distal con-
woluted tubules, partieularly near the edge of the eentre dead area. At about
this tume, the nuclo of these cells, though still well staining, become distorted
to a thorn-apple appearance At 5 days the nuclel begin to fade, bur the mter-
celhutar basophul flurd in the lumen is considerably increased in amount Most
of the mucler have disappeared at about 7 ot 8 days, but the basophu! flusd s
salt recogmsable up to abeut 10 days

Prevwous tubular lesions. 1t 1s ymportant 10 record that in the centre dead
arca there are no remams of albumsnuria casts, of collowd casts m the distal
<omvoluted tubules, nor of iy ahine droplets in the proximal cons oluged tubules.
1 these lestons had occured in the centre dead atea during the early stages of
s development, they cught certanly o be still recognisable, 1 view of the
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POLYMORPH zONE (Fig. 30)

"This zone forms the outer edge of the centre dead area, and differs from this
area only in that its intertubular capillaries are packed with polymorphs. The
renal parenchyma and interstitial tissue 1s dead, but the rate of disappearance
of nuclei 15 slow: about the same rate as m the centre dead area to be described
in the next section.

The zone 1s first recognisable at about 36 to 48 hours, when the polymorphs
that have been infiltrating diffusely through the outer zones penctrate further
into the dead tissue Here they become concentrated as a band, whose internal
edge 1s quite sharp but whose outer edge merges into the diffuse polymorph
infiltration further out. At 72 hours this band forms a well-defined zone about
100 to 250 microns in depth. The polymorphs here are mainly concentrated
in the intertubular capillaries, though they may extend a little into the necrosed
parenchyma.

For the first two or three days these cells appear relatively healthy. At 5
days the leucocytes at the inner margin of the polymorph zonc disintegrate
to a dirty basophil debris. Withm the next day or two the whole band
disappears, leaving only this thin line of debris, which remains recognisable
for another day or so. These changes are paralleled by the alteration of the
lipoid stamning reactions of the cells During the first 48 hours the polymorph
granules stain 1n the normal way with Sudan Black but not with Sudan Red
(Shechan, 1939, Sheehan and Storey, 1947). During the next two days the
granules change in character so that they take both stains equally wcll‘andy
when the leucocytes disintegrate, they leave small globules with the ordinary
appearance and staimng reactions of fat, L

This general course is shightly modified according to the site in the renal
cortex. The subcapsular band of polymorphs is usually not more than 200
microns 1n depth, and has always disappeared completely at 8 days. The band
in the deeper cortex is usually rather wider and may vary up to 300 or 400
microns In addition, in any area of gross R.C.N. there are, at u'rc_gulal'
intervals, broad columns of polymorphs which radiate out from the juxta-
medullary edge of the necrosed area towards the surface of the kidney. These
appear to be minor examples of the radial bands of partially surviving tissue
seen elsewhere in the cortex In these radiating bands, and in the ficcpcr Pﬂl:‘
of the cortex, the polymorph zone usually remains longer than in the sub-
capsular region, and is present, though patchy, in some cases aslate as 9 days.

CENTRE DEAD AREA
ones are present
he centre. The
viously, but it

When the total area of necrosis is large, all the mfxrginal z
to their full depth, and enclose an area of dead tissue at t
earliest stages of the death of this area have been described pre
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fact that the arrested carly stages of provimal convoluted tubule necross can
be identified so eamty. Nevertheless it is certainly possible that some of the
tubules may have passed through a phase of colloid degeneration which can
no longer be identified in the dead tubules. This is suggested by the biopsy
case {Case 64) which at 36 hours showed, in a few areas, tubules winch had
clearly suffered a eoffoid mecrosis, In the same kiddney at autopsy at 8¢
days, 1t could not be recogmsed that any tubules in the centre dead area had
undergone this particular type of necrosis, but a clue to such a previous course
was provided by the presence of colloid casts in the intermediate zone.

Interstitial tssue There is pyknosis and eardly fading of endothehal nuclei
from 36 hours onwards, and most of these nucler have disappeared at 6 10 8
days Any red corpuscles 1n the capillaries have lost their hacmoglobin by
46 hours, and haye disappeared completely at 48 hours. With formahn fixation,
formalin pgment may be preseat in considerable amount between the tubules
at about that time

Throughout the area, the mtertubular spaces are considerably widened by a
weahly hasophul oedema fluid, m which the eriginal site of the capiaries can
not casily be identified This begins at about 36 Rours, ncreases to about
5 or G days, and 1s still obvious at about 10 days. It s presumably a result of
seepage of flwd from the neighbouring lve tissue; a seepage which probably
accounts for the basophil gelatinous flued i the dustal comoluted tubules
This intertubular oedema 1 the cortex explums much of the great increase
sa waght of the kidney in R C N ; the possible ocenrrence of a similar oedema
s the medudla can nor be assessed very sansfactonly

Glomerult Most of the glomeruh show no evidence of previous congestion
Thewr capiflary foops are not difated. At 36 hours their endothelial nucler are
pybnotie and a httle flattened, but are not distorted mto a creseentic shape.
The epithehal nucler develop a smudgy chromatin but do not become pyknotic
At 72 hours many of the nuclei are fading, and 2 peculiar finely granufar and
weakly basophid materal 1s appearing sn the capillary loops This materat
wmereases 1o about § or 6 davs and then stowly disappears. Most of the nuctes
have fysed at 5 or 6 days, but the shrunken remains of occasional nucie: may
persist even longer than 1o days

In a small number of the glomeruls there appears to have been congestion
belore the complete necrosts dexeloped. At 36 hours these can be recognised
casily beeause the toops are distended by red corpuseles, whose haemoglobmn
has disappearcd but whose outlnes are mawntamed, The endothelial nuctes
of these loops show the ysual compression to a thin crescente shape and arc
deephy prhnotic. At 48 hours the remains of these red corpuscles have
disappeared, feasing a scarcely perceptibde trace of fine debns in the lumen
The capiilany Joops may remain dilated for another day or two The endothelal

nuclel retam therr flat crescentic shape and may still be stamed as late as 5
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Fic 31 Centre dead area in gross R €N, showing retention of nucler
in dead tubules, 63 days after UP A (Compare with Fig 21).

Fic. 32 Centre dead area 1 gross R CN, showing preservation of
fraclurf% sleeves of the proumal convoluted tubule necrosis which had
occurred duning the first few hours. 8} days after U P A.
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fact that the arrested eatly stages of proximal convoluted tubule necrosis can
be identified so easily Nevertheless it is certainly possible that some of the
tubnles may have passed through a phase of colloid degeneration which can
no longer be identified w the dead tubules. This is suggested by the biopsy
case {Case 64) which at 36 hours showed, in a few areas, tubules which had
clearly suffered 2 colloid necrosis. In the same kiduey at autopsy at 8}
days, it conld not be recognised that any tubules i the centre dead arca had
undergone this particular type of necrosis, but a chue to such a previous course
was provided by the presence of colloid casts m the mtermediate zone.

Interstital fissue There 15 pyknosis and early fading of endothelial nucler
from 36 hours onwards, and most of these nucler have disappeared at 6 ta §
days Any red corpuscles i the capillantes have lost their haemoglobn by
36 hours, and have disappeared completely at 48 hours. Wath formalin fixation,
formahin pigment may be present m considerable amount between the tbules
at about that time

Throughout the area, the intertubular spaces are considerably widened by a
weakly basophit cedema fhud, m which the original site of the capillaries can
not castly be identified Thas begins at about g6 hours, increases to abous
5 or 6 days, and 1 still obvious at about 10 days. It s presumably a result of
scepage of flmd from the neighbouring lne nssue, a seepage which probably
accounts for the basophil gelatinous fluid in the distal comoluted tubules
This wtertubular oedema s the cortex explatns much of the great increase
m weight of the kidney in R C N, the possible occurrence of a ssmilar oedema
in the medulia can not be assessed very satsfactonly.

Glomernh Mot of the glomeruh show no evidence of previous congestion.
Thewr capillary loops are ot dilated At 36 hours their endothehal nucles are
mkaoue and a hitle flattened, but are not distorted mnto a crescentic shape.
The eptheliat nucles develop a smudgy cf bt do not become pyknotic.
At 72 hours many of the nuclel are fading, and 1 peculiar finely granular and
weahly basophil material 1s appearing m the capllary loops This material
s reases to about 5 or 6 days and then stowly disappears. Most of the nuclel
have tvsed at 5 or 6 days, but the shrunken remans of occastonal nucler may
persist even longer than 1o days

In a small number of the glomerult there appears to have been congestion
before the complete necrosss developed At 36 hours these can be recognised
castly because the loops are distended by red corpuscles, whose haemoglobin
has duappearcd but whose outhnes are mantaned  The endothehal nuclei
of these loops show the wsual compression to a thin crescentic shape and are
deeph pyhnone At 48 hours the remains of these red corpuscles hune
disappeared, leaving a scarechy percepible trace of fine debns i the huimeys,

Ihecapllary foops may remaumn dilated for another day ortwo The endothetiag

nucier retamn therr flat crescentic shape and may sl be stuned as fate a4 A
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to 7 days When these nuclei have faded, there is no remaining clue to the
previous state of these glomeruli, apart from occasional herniation of the tuft
mto the mouth of the proximal convoluted tubule.

Some glomeruli were described in the account of the earlier stages in Chapter
V as showing thrombi in loops or fat deposition in the endothelium. These
appearances remam unaltered in the centre dead area for, at any rate, 15
days. In many glomerul, particularly those which have plaster thrombus in
the stalk afferent vessel ( an appearance to be described in the next Chapter),
there is a heavy powdering of fat in the dilated wall of that vessel and in the
endothelial cells of most of the capillary loops. This fat is present at 36 hours
and remamns unchanged for at least g days.

Pre-exstent cortical lesions A point of considerable interest is that in the
necrosed area there are never any old lesions such as hyalinised glomeruli or
areas of cortical scarring This may be because such scars are usually subcap-
sular, and also because their vascular supply is very different from the normal.
Furthermore, there are never any necrotic ghosts of glomerular crescents,
arterial changes, or other lesions suggestive of a pre-existent nephritis. Simlarly
there are never any necrotic ghosts of recently repaired parenchyma, such
as would be seen if the area of necrosis became more extensive several days
after 1ts oniginal occurrence

REMAINDER OF THE KIDNEY

There are always some areas of cortex remaining unaffected by the R.CJ..\I..
These arcas of remaining cortex show a variety of lesser lesions, some of which
are the same as those seen 1n the live margin zone. In fact the outer edge of the
live margin zone can sometimes only be delineated from the remaining cortex
by its situation around an area of cortical necrosis. . "

Most of the glomeruli in the remaining cortex are healthy but, in the tufts
where benign glomerular thrombosis had occurred in the early stages, these
thrombr are still recognisable several days later. . d

A high proportion of the nephrons show ordinary proximal convolute
tubule necrosis. As most of the patients have survived for 5 to 12 days, '!hESC
tubules are 1n process of repair, usually with much increase of interstitial tissue.
In cases of focal R.C.N. there is so much remaining cortex that the proximal
convoluted tubule necroms is a very prominent feature.

Any colloid degeneration which had occurred earlier 0 ¥
convoluted tubules has at this stage either proceeded to full necrosis an
repair, or has resolved completely. X

r"l"he, number of rc]atively};]cnlthy proximal convoluted tubul?s is always
small: about one-third of the nephrons in the remaining cortex in the cases
of focal R.C.N., and only a very small fraction of them in the cases of grosi
R.C.N.. However, even In the most extensive cases, a few surviving proxim

in proximal
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convoluted tubules can always be found; these lic mainly in the juxtamedullary
zone, but they are sometimes present under the capsule or in the radiating bands
through the cortex Their cpithelium may show hyaline droplet formation
and, alter a couple of weeks, they may become dilated. For a short period
at about 7 to g days, a basophil {luid i Dp m the lumen
of the first few loops of these tubules, In half of thesc cases the fluid is also seen
in the capsular space of the related glomeruh. Its aetiology and significance
are not clear.

The dstal convoluted tubules in this remaining cortex are unch d until
about 12 days, after which time their epithelial cells may prohfe s0 that
the tubules have twice as many nuclei as normal The subsequent eourse of
this prohferated cpithelium cannot be follawed in the present material,

As has been mentioned previously, about one-third of the cases of R.C.N.
show a considerable formation of colloid casts 1n the tubules of the inter-
mediate zone. These casts remain quite unattered in cases as late as 10 days.
In the hterature, there are frequent reports of hyaline casts in the medulla
or i the unaffected parts of the cortex in cases of R.C.N,, It is possible that
some of these were albuminuria casts in collecting tubules, but many were
probably colloid casts in the intermediate zone or m the loops of Henle 1n the
medutta The descriptions are almost always iadequate to decide thew true
nature: Bradford and Lawrence (18¢8), Zaaijer {igo3), Lloyd (1go6),
Gnffith and Herringham (1906), Schuppel (19144, Gepel (1914), Bowes
11934}, Brune {1941}, Adam (1945), Lowric and O'Counnell (tgso).

Aot Tt T oo ‘amn large numbers of
. * RGN is of onfy
. ' o usually smaller. The
intermediate zone m

' 1
cases where these collecting tubule casts are present

OTHFR CHANGES

1n cases at about 2 fo 4 days there is usually much perirenal oedema, which
may be hghtly hacmorrhagic. At about a week, the perirenal fatty tissue
becomes extremely tough and adlierent to the outer surface of the capsule,
thougl the capsule asclf can be strpped from the kidney without much
hificulty Micrascapically, the perirenal fat and the capsule usuatly show large
numbers of dilated and congested vessels, and sometimes contun numerpus
pal marphis

'he appearances may be further complicated by an incidental pelo-
nephrits, which sometmes results from the repeated catheterization of these
ahgunc patients Though this can be of considerable clinical sigmificance, n
15 arrelevant o the pathology of R C.N.



CHAPTER VII

THE ARTERIES
IN DEVELOPED RENAL CORTICAL NECROSIS

The early lesions m the arteries and glomeruli have been described in a
previous section:—thrombosis or stasis in glomeruli, necrosis of the walls of
arteries and dilatation of these vessels, and the formation of solid thrombi in
occasional small arteries in cases of minor R.G N.. The further developments
from 36 hours onwards consist of thrombosis of other arteries and certain
related lesions in the arterial walls, including a process which is described here
as basophil intimitis.

GENERAL CONSIDERATIONS OF THE THROMBOSIS

The structure of the arterial thrombi has been a matter of some debate.
Fibrin stains are notoriously fickle, and depend to some extent on fixation;
this probably accounts for many of the discordant reports in the literature.
In the present series, most thromb stain well by Weigert’s method for fibrin
but a few give negative results. Thin fibrillar thrombi usually stain excellently
by this method, but the central parts of some solid thrombi, such as in the
columns of trellis thrombus, may stain only a pale translucent green,

The more solid thrombi have either a hyaline or a finely granular
appearance similar to that seen in small vegetations on heart valves. This
type is usually referred to as a platelet thrombus. Platelets may well be one
of the main constituents, particularly at the proximal end of solid occlusive
thrombi, but it 1s impossible to identify the platelets at this stage. The thrombt
commonly show a fine powdering with fat; this may possibly derive from the
disintegration of leucocytes, but its exact origin has not been determined

A view that has been put forward by Navasquez (1935) is that the arterial
thrombi are formed by the conglutination of red corpuscles into a so.hd mass,
which remains unchanged for at any rate several days. This hypothesis cannot
be accepted. It has been explained previously that stagnant red corpuscles
in an area of 1schaemic parenchyma disintegrate within about a day after
they have become stationary; only a neghgible amount of stroma debris then
remains from a mass of red corpuscles which originally filled the lumen. This
objection does not apply to the continued survival of a mass of packed red
corpuscles in the presence of actively circulating blood, nor to the gr.ndual
formation of a type of thrombus from the debris of a very great series of
conglutination-disintegration sequences. Such explanations could however
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only apply to the proximal surface of solid occlusive thrombus in large arteries
and, in fact, no conglutination of red corpuscles is ever seen on this surface.

DETAILS OF ARTERIAL LESIdNS

From 36 hours onwards, the affected arteries show a uniform dilatation and
have a well developed necrosis of their walls, progressing at about the same
rate as the necrosis of the interstitial tissue around them. The layers of the
wall become blurred within 2 or 3 days, though the pyknotic nuclei of the
media can still be recognised for several days in the centre dead area. The
fine fat, which had previously appeared in the media, may also remain for
several days Any red corpuscles in the wall become dehaemoglobinised, and
disappear within about 2 days.

The development of the various types of thrombi may best be considered
in relation to the size of the artery affected. This order corresponds roughly
to the time of occurrence of the thrombosis and to the extent of the areas of

R.C.N. .
SOLID THROMBUS IN FOCAL AND mNoR R.C.N. (Figs. 33 and 34)

The thrombosss of stalk afferent vessels and afferent arterioles in focal R.C N,
and of small arteries 1 mmor R.C.N., 1s first observed at about 14 hours, as
has been described in detail in the Chapter on the early stages of R.C.N.
These thrombi appear firm and solid, and occlude the dilated lumen. They
remain visible for several days longer, and are finally submerged in the
organisation process which develops in these small areas of R C.N.

TRELLIS THROMBUS (Fig. 35)

This type of thrombus develops characteristically in cases of patchy R.G.N.,
butitisseen 1n some cases of gross R.C.N.. It involves the intralobular arteries
at about a quarter to half way from the medulla to the renal capsule, and may
obstruct the vessel for a distance of up to 500 microns. It is seen first at about
36 hours, and 1s present mn all cases after that time. .

The thrombus 1s built up as columns or septa of densely granular or hyaline
structure, forming a trellis across the entire lumen of the dilated artery. There
are numerous gaps between the columns, so that the lumen of the _ves.sel is not
obliterated. The bases of the columns are firmly adherent to thg intima, and
in many places there is a thick layer of thrombus along the entire. wall. The
material of the thrombus is usually well demonstrated by fibrin stains, except
in the centre of the columns near its proximal end.

In the early stages, at 36 hours, polymorphs are sometimes attached.to‘the
surface of the columns, The spaces between the columns are filled at this tlm?
by a coagulum consisting almost entirely of packed red corpuscles; some o
these corpuscles stain normally, while others are dehaemoglobinised.
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At 66 hours the polymorphs have disintegrated to a basophil debris which
outlines the clefts in the trellis, Most of the red corpuscles in the lumen have
now disappeared so that the coagulum is no longer recoguisable.

At various times after this, there may be a filling-out again of the spaces
of the trellis with red corpuscles, which are sometimes normally staining, some-
times dehaemoglobinised, and sometimes in process of disappearance. These
corpuscles may be so closely packed together, and the septa of the trellis so
widely separated, that it appears in certain transverse sections as if the artery
were entirely occluded by red corpuscles (Fig. 36); in other transverse sections
it seems to be entirely occluded by solid thrombus.

THICK MURAL THROMBUS (Fig. 37)

This type of thrombus is seen in arteries of moderate size in the dead area,
mainly in the peripheral dead zone and polymorph zone. In most cases it is
a distal prolongation from a trellis thrombus. In patchy R.C.N. it continues
for a considerable distance along the dead arterial tree, but in gross R.C.N.
it is usually much less extensive.

It consists of a layer of dense thrombus, about 15 to 40 microns deep,
forming a thick tube which is commonly adherent to the intima but may be
separated from it by a small gap. This reduces the lumen of the artery to about
one-half to two-thirds of the overall diameter. The thrombus always stains
well by Weigert’s fibrin method.

Thick mural thrombus occurs first in the present series at 36 hours, and
remains unchanged in the dead area for at least two weeks.

THIN MURAL THRoMBUs (Fig. 38)

This type of thrombus is characteristically seen in cases of gross R.C.N.; it
is confined to the centre dead area, the polymorph zone and the peripheral
dead zone. It occurs sometimes in patchy R.C.N., but naturally can not be
seen in the cases of less extensive R.C.N. where the lesions do not include a
centre dead area. .

The condition consists of the application of a thin lamina of loosc or fibrillar
fibrin thrombus to the endothelial surface throughout the dead arterial tree.
The thrombus is about § to 1o microns in thickness, so that it encloses 2 Mdé:
lumen. It may be closely applied to the endothelium or may be sepamfc"
from it by a space. In the arteries it tends to be loosely attached to the wal
until it reaches the mouth of an arteriole. Here it is more firmly adherent and :is
thicker, so that the two surfaces of the thrombus are almost in contact an
virtually occlude the entrance to the vessel. It continues as a rather Ioos;-‘}:
thrombus up the arteriole until it reaches the glomerulus (Fig. 39). At the sm't
afferent vessel, which is always dilated to a miniature bulbous ancl;:r.ysm, ;
forms a thick plaster closely applied to the inner surface of the wall (Fig. 40).
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Fic 309 Thin mural thrombus in intralobular artery and affe
arteriole in the centre dead atea of gross RGN~ 84 days after U PR
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Tal 3

Fic 40 Thin mural thrombus in afferent artcriole, and plaster
thrombus 1n the dilated stalk afferent vessel, in the centre dead area of
patchy R CN.. 2} days after UPA
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Sometimes there is a tubular process of the mural thrombus extending wnto
one or two capillary loops of the tult; these may be difficult to distinguish
from benign glomerular thrombi In the statk afferent vessel, the lumen inside
the plaster thrombus is neacly always filled with a looser shein of fibrin.

In most cases the thin mural thrombus involves the whole arterial tree
mcluding the stalk afferent vessels; sometimes it is scen only in the arterics
but not tn the glomeruli; occasionally it is scarcely formed at all, even in
the arteries.

It is not scen efore 36 hours, but is present in practically cvery case of gross
R.CN from this time ds, and easily rec ble for at least
50 days.

BASOPHIL INTIMITIS

This name describes the development in the arteries, inside an extensive
arca of R G N., of a sub-intimal polymorph infiltration which subscquently
degencrates 1nto a dirty basophil spongeworh. It is confined entirely to the
dead dilated arteries 1 the centre dead area of the R C.N.. This Jesion has
previously been recorded by Herzog (1913, Case 3) and Hugin (1946, Case 1),

Basophil sntinuts does not begin until there is an early polymorph zone
around the centre dead area The inital condinion, which 1s seen at 36 hours,
15 4 rawsig of the endothelum by an infiltration of inflammatory cells These
are mainky polymorphs but, 1n addition, there are a number of mononuclear
cells of undetermined type, possibly histiocytic (Fig 41} At this stage the
endothelium over the “blister’” 15 still recognisable and continuous The media
s necrosed, but usually contwns no polymorphs or red corpuscles.

By 48 hours there s a peeuliar vacuolation and swelling of the cytoplasm
of these 77 " et o -
nuclet . ' . . .
and be | . o e e
The nucter of all the cells become compressed to very thin erescents around the
perphery of the cell, and therr chromaun scems to diffuse out mnta the
tytoplasm, The resultant appearance is a sponge of coarse smudgy basophil
debris, containng the Nlattened or crescentic remnants of nuclei and a varable
amount of fatn fine droplets. This forms a fayer which may be even twice as
thick as the media, and hies completely on the lonunal side of the mternat
clastic lamina (Ng 42). [t has an ll-defined inner surface of no thrombosis
oteurs over 1 The lumen of the vessel remains widely patent owing w the
dilatanion of the wall

Alter the basophul sponge has developed, a layer of thin mural thrombus
s nearle alwavs deposited on s surface, and firmly attached to it by short
fibrin rootets, which pass down between the remams of the cells and may
penetrate thirough to the necrosed media Tig. 43}
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The condition affects the intralobular arteries and is occasionally seen to a
much slighter degree in afew afferent arterioles, but it only rarely reaches to the
stalk afferent vessels. It spreads along the branches of certain arterial trees,
leaving neighbouring arterial trees unaffected. Its distribution along an artery
tends to be patchy, sometimes involving the whole circumference of a long
segment, and sometimes scattered as poorly developed foci in small areas
along the wall

The basophil intimitis has the same duration as the polymorph zone. It
begins at about 36 hours; it can still be seen in a degenerate form at 5 to 6
days and, in one case, could be recognised as late as g days. Sometimes, 1n the
very late cases, what seems to be a simple thin mural thrombus may be
observed to have the fibrin rootlet pattern; this is presumably the site from
which an original basophil intimitis has disappeared.

OCCLUSIVE THROMBUS IN LARGE ARTERIES (Fig. 44)

When extensive R.CN has been present for a few days, the large
intralobular arteries become occluded by a solid plug of hyaline or granular
thrombus at the level where they pass from live into dead tissue. This fills
the whole lumen of the artery and is attached to the intima over most of its
circumference; it extends about 100 to 200 microns in length. In cases where
there has been a trellis thrombus in the artery, the occlusive thrombus is
built up directly on the proximal end of the trellis In other cases it is formed
de novo, and the distal parts of the artery show only thin mural thrombus.

Occlusive thrombosis has not been observed in cases of gross R.C.N at 2
and 34 days It 1s present in all cases of this severity from 5 days onwards, and
presumably develops 1n the interval between 31 and 5 days

SPECIAL LITERATURE

From this analysis of the arterial changes, an explanation can be.oﬂ"f:red
for the four charts of the distribution of arterial thrombosis and necrosis given
by Navasquez (1935). Most of his cases appear to have been gross RCN,
though his Case 2 was an early patchy R.C.N., and his Case g may have been
asevere patchy R.C.N. The arteries that he classified as necrosed and dilated
can be accepted as such without question. On the other hand he has a some-
what rigid concept of thromboss, and includes only what is called here trellis
thrombus and occlusive thrombus in large arteries. He did not find fibrin in
any of the thrombi, and appears to describe mural thrombosis as “hyaline
necrosis”. His charts, if interpreted 1n this way, can be brought into general
agreement with the findings in the present series.

OTHER CONTENTS OF DEAD ARTERIES
The stagnant blood 1 the lumen beyond an occlusive thrombus probably
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always undergoes simple coagulation, This occurs in the interstices of a trellis
thrombus or in a vessel with either variety of mural thrombus lining its wall.
The clot consists of very numerous red corpuscles and a few leucocytes,
entangled 1 a fine meshwork of fibrin. As the area ss 1schaemic, the corpuscles
become dehaemoglobinised at about 1o or 12 hours after the coagulation, and
dismtegrate withm another 1o or 12 hours At this stage, all that is Ielt of the
onigmal massit e elot is a fittle wispy tangle of fibrinous debris 1a the centre of
the jumen This scrap of debris can canly be overlooked, and thus an artery
may be considered empty which was in fact fitted wath clot 24 hours caclier.
Mot of the sumple coagutanen i arteries in R.CN  seems to occur at
about 18 to 36 hours, the clots have practically disappeared at 40 to 0 hours.

From 5 dys onwards, occanional red corpuscles or lencocytes may be seen
free m the himen of the arteries distal to the main thrombus, These cells may
be qpuute normal in stunng and general appearance, or there may be dehaemo-
globinisation of the corpuscles and obvious degeneration of the feucocy tes.
The accurrence of fresh red corpuscles in the distal parts of the dead artenes
and m neighbouring capiilanies may lead to some histological confusion with
the true congestron of the zone of partal survival, the condiion is easihy
recogiised by reference to the state of the surrounding parenchyma It
mav be accepted that this blood m the ncerosed area has oozed past the
wccdusine thrombus, and that the red corpuscles, bemng sill recogmisable,
nanst certamby have entered the vessel duning the day before the death of the
patent This coze of bload probably occurs at meervals 1n most cases, but
3 too trvial to bave any cffect on the parenchyma, and leads merely
to trappnug of the ved corpuscles i the deadd artery at ths stage. The e
se-establishment of a bloodflow at about 2 weeks will be deseribed n the
next Chapter

PANARTERITIS

At the pant where the thrombosed arteries pass through the polymorph
sone, there 1 not snfrequently some feucoes ue svasion from the surrounding
tssue inta the media Thrs 1s usualhy qunte shght, but i three cases i the
present series, at 5 to 5} davs, this snvasion wasven promnent around some
of the large wtralobular artenies Polymorphs accumatated heastly w the
wdventitia, penctrated the media at various places, and finally spread along
dlelts m the ocduan e thrombus, where they degencrated 1o the charactenstic
basoplul debns In places, ome blood had escaped through the disintearated
media and formed a zone of haemorrhage between the media and the zone of
hemvs devconvte mbtltrauon of the adventina It s of interest that there was
no severe hacmorthage from these artenies affected by panartenus. This
supposts the wdea that this late flow of blood 1o the artenes 1 not of great
volume and s at low pressure

¥
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VEINS

In rather over half of the cases of R C.N. before 36 hours, and in many cases
of the lesser lesions at any time, there is in histological sections a prominence
of some of the cortical vems, particularly those n the deep cortex. This
prommence appears to be due to failure of the particular vein to collapse
after the death of the patient. The lumen may be empty or may contain some
clot. Precisely the same appearances are seen commonly in normal kidneys,
and therefore can not be regarded as of pathological significance.

In R.CN. of over 36 hours duration, the veins are collapsed and difficult
to find in three-quarters of the cases. This is particularly so in the centre dead
area. In each of two cases of severe R C.N. of about 7 days’ duration, a single
cortical vein 1n the zone of partial survival was thrombosed and showed early
organisation The fact that these were the only venous lesions observed in the
whole series suggests that they were secondary and incidental

The differentiation of a dead and dilated artery from a vein can be difficult
It seems that, in a few of the older descriptions of R.C.N., the thrombosis of
arteries was in fact described as thrombosis of veins, but there can be no doubt
that some of the descriptions were reliable and that venous thrombosis was
actually present Ifseptic thrombosis of the left ovarian vein occurs, it sometimes
gives a retrograde thrombosis in the renal vemn. Among the following reports
of venous thrombosis in cases of R.C.N., there are examples of true thrombosis
of vemns and also of misinterpretation of dilated arteries:—Poten(1ga6),
Jardine and Teacher (1911, Cases 1 and 2), Torrens (1911), Rolleston
(1013), Jardme and Kennedy (1913, Case 1), Westman (1928, Casc 1),
Davidson and Turner (1930, Case 4), Lieu (1938), Weaver and Haam (1939),
Brown and Crane (1943). Reviews of other cases, where thrombosis of renal
veins gave a combmation of medullary and cortical necrosis of the kidney, have
been written by Herzog (1913), Swaab (1939), and Larson and Bennett {1939)-



CHAPTER VIII
HEALING STAGES OF RENAL CORTICAL NECROSIS
RLPAIR PROCESSES IN THE NECROSED AREA

Live MARGIN zoNE (Fig. 45)

The nntial stages of repair are scen at about 4 days in the live margin zone.
Regeneration occurs in the proximal consoluted tubules there, exactly as
described in Chapter IV 1n the section dealing with simple necrosis of
those tubules. Within another day or two, the tubules in this zone are well
regencrated; their lumina are sometimes filled by debris, and are sometimes
cmpty apart from desquamated new epithchial cells which often contain fat.
I'resh haemorrhage may be present even in thesc regenerating tubules

The interstitial tissue at 4 to 6 days has a fibrillary oedematous appearance,
and 15 considerably increased in amount. It contains endothelial nuclei and
some large mononuclear cells and fibroblasts, but no polymorphs.

Tt will be appreciated that the appearances at this stage are indistinguishable
from those of the repaired proximal con oluted tubule necrosis in neighbouring
parts ol the cortex.

ZONE OF PARTIAL SURVIVAL (Fig 46)

At about 5 days these repair processes spread into the zone of partal
sunvival The regencration of the proximal comvoluted tubules here is delayed
as compared with that in the live margin zone, The other tubules which had
remainedaintact in this area {viz. the distal comvoluted tubules and the cortical
segments of the collecting tubules) appear healthy, with good leptochromatic
nucler and basophil cytoplasm. In some of these tubules the epsthelium
appears to be proliferating, and there arc numerous nuclei packed closely
ade by side,

The specific case of the cortex immediately beneath the renal capsule
requires mention. As in the case of proximal convoluted tubule necrosis, the
cortical necrosis may extend practically to the capsule. The subcapsular region
15 then a zone of partial sunvival, and repair processes are seen there at 5 days.
The regenerated tissue which is thus formed can be distinguished casly from
the shallow islets of normal Ine parenchyma left undamaged by the original
necross

In the zone of partial sunival, the glomeruli show repair processes from
about 5 davs onwards. The necrosed tuft shrinks down to a small rounded
mass ol structureless debris, over whose surface there is a prohferation of

bt
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epithelial cells (Fig. 47). At the same time, a few spindle-shaped nuclei penetrate
from the stalk 1nto the necrosed centre of the tuft. At 10 to 15 days the tuft s
represented by this mass of amorphous material, which contains occasional
fibroblasts and is completely covered by a layer of regenerated cubical
epithelium, During the next few weeks the glomerulus gradually shrinks
The original site of the partial survival zone can then be recognised by the
row of scarred glomeruli of this type, in contrast to the undistorted dead
glomeruli of the zones internal to this (Fig. 48).

In those particular glomeruli where only half of the tuft was necrosed, this
half undergoes the same changes that have just been described. The half
which was not involved by the origmal necrosis remains quite unaffected,
and does not show any reactive change. In the outer part of the zone, certain
glomeruli, which had been only slightly damaged, recover almost completely
and finally have merely a few adhesions to the capsule

PERIPHERAL DEAD ZONE (Fig. 49)

From 7 days onwards, there is a gradual extension of the repair process
1nto the peripheral dead zone. Regeneration of the tubular epithelium 1s very
poor; most of the dead tubules disappear completely, leaving the oedematous
mtertubular stroma 1n which can be seen the old capillary spaces and scattered
fibroblasts and monocytes. In this tissue there are a few dilated tubules with
low basophil epithelium which are probably regenerating distal convolu?ed
tubules. There are also scattered narrow tubules or islets of epithehum \V"thh
appear to result from the atrophy of these regenerated tubules The proximal
convoluted tubules do not appear to regenerate here. Certain capillaries i this
area become large and sinusordal and are rather congested; this appearance
is seen particularly under the renal capsule. Occasional endothelial cells may
be seen spreading along the intertubular capillaries, but there 15 no regeneratton
of endothellum in the arteries.

Internal to the advancing edge of this repair, a zone of re-establishment of
crculation in the dead tissue is evident at 15 days, and can be seen for some
weeks later Fresh red corpuscles are present in large amount in many of the
glomeruli, and in lesser amount in a few of the neighbouring capillaries and
in the lumen of some of the dead arteries. This blood appears to be in free,
though not necessarily very active, circulation from the neighbouring Jwe
tissue. Thrombosis does not occur. The new circulation is particularly obvxou?
in the glomeruli which, though dead for 2 weeks or more, retain [I:ICIT genera
structure very well (in contrast to the destruction of glomerult in the 2‘0’;:
of partial survival), Their capillary loops are normally patent and dstin
from each other, but they have no endothelium or e;.nthchum remammg;
have no nuclei at all, and appear to consist merely of intact dead bascmt't?h
membrane. Nevertheless many of them are filled by quite fresh blood wif
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epithelial cells (Fig. 47). At the same time, a few spindle-shaped nuclei penetrate
from the stalk into the necrosed centre of the tuft. At 10 to 15 days the tuft is
represented by this mass of amorphous material, which contains occasional
fibroblasts and 1s completely covered by a layer of regenerated cubical
epithelium. During the next few weeks the glomerulus gradually shrinks.
The original site of the partial survival zone can then be recognised by the
row of scarred glomeruli of this type, in contrast to the undistorted dead
glomeruli of the zones internal to this (Fig. 48).

In those particular glomeruh where only half of the tuft was necrosed, this
half undergoes the same changes that have just been described. The half
which was not involved by the original necrosis remains quite unaffected,
and does not show any reactive change. In the outer part of the zone, certain
glomeruli, which had been only slightly damaged, recover almost completely
and finally have merely a few adhesions to the capsule,

PERIPHERAL DEAD zonE (Fig. 49)

From 7 days onwards, there is a gradual extension of the repair process
mnto the peripheral dead zone Regeneration of the tubular epithelium is very
poor; most of the dead tubules disappear completely, leaving the oedematous
intertubular stroma in which can be seen the old capillary spaces and scattered
fibroblasts and monocytes. In this tissue there are a few dilated tubules with
low basophil epithelium which are probably regenerating distal convoluted
tubules. There are also scattered narrow tubules or islets of epithellum \v]llch
appear to result from the atrophy of these regenerated tubules. The .pro'xlmz_ll
convoluted tubules do not appear to regenerate here. Gertain capillaries in this
area become large and sinusoidal and are rather congested; this appearance
is seen particularly under the renal capsule. Occasional endothelial cells may
be seen spreading along the intertubular capillaries, but there is no regeneration
of endothelium in the arteries . c

Internal to the advancing edge of this repair, a zone of re-establishment o
arrculation in the dead tissue 15 evident at 15 days, and can b(_: seen for some
weeks later. Fresh red corpuscles are present in large amount in many of th;
glomeruli, and in lesser amount in a few of the neighbouring capillaries an
in the lumen of some of the dead arteries. This blood appears to be in free,
though not necessarily very active, circulation from the nc'lghbourlr;)g Iine
tissue. Thrombosis does not occur. The new circulation 1s pam.cularl.y o woui
in the glomeruli which, though dead for 2 weeks or more, rctam't!lelrjgcnzl:c
structure very well (in contrast to the destruction of glomeruli in t::lc'stzinct
of partial survival). Their capillary loops are. normally.pa(gm and linin
from each other, but they have no endothelium or c;_mhehum rema meE;
have no nuclei at all, and appear to consist merely of intact dead ba(sjr s
membrane. Nevertheless many of them are filled by quite fresh bloo



SEUENIR St
TnE
AL

WM.._....J

LRI SR,

o c!.....c«..wwﬂ» ol
P N\wv«. ]
., Kv» < 2y

HEALING STAGES OF R.CN.

’
e

O

»

s

O e

8} davs afier UPA

heral dead zone of gross RGN Some

49 Healing stage of peripl
fresh biond 13 entering the area, and the intertubular capiliaries show new

endothelium A httle tubular repair  present

Fre

g dead glomerulus

50 Re-establishment of ctretlation throuch 2 lony
gapheral dead zone n gatchy RGN
PA

1 lae stage of
3 weeks after

Fie



84 RENAL CORTICAL NECROSIS

normally staining red corpuscles, and they seem to be functioning very well
as vascular channels (Fig. 50). It is of interest that precisely the same
re-establishment of circulation in dead glomeruli lying in completely dead par-
enchyma is seen near the edge of ordinary infarcts which are some weeks old.

FINAL STAGES

Only three examples of the late stage of R.C.N. have been studied. Case 70
of the present series shows the appearances of confluent focal R.C.N. at 34
days; this has no arteral lesions, Dr. Grasby has kindly allowed us to examine
shides of his Case 2 (1947) of patchy R.C.N. at 30 days, and we have also had
the privilege of seeing the slides of the case of patchy R.C.N. at 28 days
described by Joekes and Bull (1948).

The process of repair described in the last section continues to encroach on
the dead tissue at the centre during the third, fourth and fifth weeks. By the

[ RV

At the site of the original partial survival zone, the scarred glomeruli show
little alteration from what was seen at 15 days; they remain as fibrous masses
covered by epithelium The glomerular capsule does not show any alteration
or thickening of its basement membrane. A moderate number of regenerated
tubules are present here; they are rather small and are lined by a low basophil
epithelium containing many nuclei. These tubules are separated by a
considerable amount of connective tissue made up of condensed stroma and
new fibrous tissue.

Internal to this zone, there is a layer representing the peripheral dead zon,
the polymorph zone and the outer part of the centre dead area. Here the
glomerult remain as intact ghosts, sometimes containing fresh red corpuscles
indicative of a re-established circulation In a few of these glomeruli, occasional
fusiform nuclei are migrating into the tuft, The remainder of the parenchyma
is replaced by loose connective tissue, in which the remains of a few necrotic
tubules can be seen. A small number of large regenerated tubules are also
present here. These have a well-formed cubical epithelium which is lightly
cosinophil and has a sharp luminal surface; the nuclei are closely packed at the
base of this epithelium. Fresh blood is present in a number of the capillarics.
This zone of repair reaches a thickness of about 1 mm, within 4 or 5 weeks;
the thickness bemng measured from the line of scarred glomeruli to the edge of
the remaining dead tissue in the centre. 5

In the outer part of the remaining dead tissue at the centre, endothelial
nuclei are migrating along the original intertubular capillaries The large
multinucleated tubules, which were a prominent feature of the organised
layer, also extend in places into the outer part of the remaining centre dead
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arca. Occasionally it can be seen that these large tubules are giving nse to
a low cpithelium which is spreading to reline old necrosed tubules. Where this
happens, the debris of the dead epithelium is changed to small cosinophil
fragments. There is still an arca of quite unaltered necrosed cortex remaining
at the centre, 1ts size depending on that of the original mass of necrosis.

Clearly this repair process is identical with that which occurs in the repair
of an ordinary infarct of the hidney. The layer of connective tissue is formed
at the expense of the dead tissue; it is not a fibrosing reaction in the surrounding
parcnchyma,

Calcification. Certain authors have recorded the calcification of tubules and
sometimes of glomeruh in the neighbourhood of arcas of R.C.N., at various
times from 5} days to 18 davs after the onset of the necrosis (Klotz, 1908;
Jardme and Teacher, 1911, Case 1; Geipel, 1925; Scniver and Oertel, 1930,
Casc 1; Wolfson, 1932; Kellar and Arnott, 1933, Cases 1 and 3; Ash, 1933,
Case 1). This is quite an authentic lesion, butitis uncommon and has not been
seen in the present series. In Case 2 of Grasby (1947) it involves the remaining
dead tssue which lies in the subcapsular zone of organisation of the necrosed
area; there s little calcification in the justamedullary part.

SUBSEQUENT VASCULAR RLACTIONS NLAR THE MARGIN

The subjects to be discussed in this section are the organisation of the
arterjal thrombi in the repainng zones, the development of a fibrinoid
change 1n the arteries of the live margin zone, and a proliferative capsulttis
which sometimes occurs in glomerul: there.

ORGANISATION OF OCCLUSIVE THROMBUS IN LARGE ARTERIES

Repair begins at the lower end of the main thrombus in the intralobular
artery at G days, i e. at about the time when regeneration is occurring in the
uissues around A few endothehal cells appear, lining small clefts in the proximal
end of the thrombus (Fig. 51). This is scen n every case of the present series
after 6§ days By about 10 to 15 days the organisation has led to the replace-
ment of most of ths part of the thrombus by a loose connective tissue. At the

margin and partial survival zones is thus filled by a loose cellular connective
tissue which has been recanalized by a few large capillary sinuses The
proximal end of this ussue is denved from the endartentis obliterans, and
the distal part is denived from the organisation of the solid occlusive
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thrombus, but at this stage there is no morphological differcnce between the
tissue of the two parts. The media of the artery shows a gradual transition
from apparent normahty in the live margin zone to a thin fibrillary structure
with occasional nucler mn the zone of partial survival.

The distal segment of the artery shows a remarkable absence of repair in the
penpheral dead zone or in the outer part of the centre dead area. It remains as
a completely necrotic ghost running through the broad band of regenerating
tubules and organisation which is spreading into the centre dead arca. No new
endothelum can be observed in it even as late as go days, rarely there arc a
few flat nuclei on the outer surface of the dead media, but these are presumably
derved from the surrounding connective tissue. The mural thrombus which
had originally been formed in this segment of the artery remains unaltered
Nevertheless there is certamly some circulation of blood through these dead
artenes, as shown by the fact that they contain quite fresh red corpuscles. This
blood clearly comes through the recanalised endarteritis. The continuance of
arculation without any new formation of thrombi in these long-dead arteries
which have no endothelium is the same phenomenon as was observed in the
dead glomeruli in the region.

In the literature, organisation of the occlusive thrombus and obhiterative
endarterius at this site have been recorded at 7 days (Glynn and Briggs, 1914;
Stoeckenius, 1921; Geipel, 1925), at g to 11 days (Westman, 1928, Case 1;
Scriver and Oertel, 1930, Case 1; Dalrymple, 1930; Zalka, 1933, Case 1,
Davis, 1940 and 1949, Case 1), and later (Wolfson, 1932; Gaspdr, 1938,
Azevedo and Teixeira, 1938; Stening, 1939).

MEDIAL DEGENERATION

This process is a fibrinous or fibrinoid degeneration 1 artenes of the live
margin zone or outer part of the zone of partial survival It is most prominent
m thrombosed arterics, and affects the entire thickness of the arterial wall
over much or all of its circumference, particularly at the site where the
occlusive thrombus is most firmly adherent (Fig 53). When this change
occurs, the artenal wall develops precisely the same structureless appearance
as the thrombus and, as there is no line of demarcation between the two, it
g e . S e ' . s
a - .

, v i
non-thrombosed arteries in the live margin zone around the area of R.G.N., even
m cases of focal R.G.N. In these arteries and artenioles it involves the entire
arcumference and length of the vessel, replacing the whole media but leaving
the intima intact (Fig. 55). The lumen of these vessels is narrowed but remains
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open. The change sometimes reaches into the stalk afferent vessel, whose wall
then becomes a thick cosinophil structure with a patent lumen lined by
apparently normal endothelium (Fig. 56). In a few cases the process extends out
mto the capillary loops of the glomeruli or even along the capsular basement
membrane. There is neverany inflammatory reaction around the affected vessels

Soon after this fibrinoid change has occurred in the wall of the original
thrombosed artery, thereis irruption of fibroblasts into it from the surrounding
mterstitial tissue The entire mass is broken up quickly into small eosinophil
fragments lying between spokes of cellular fibrosis; at about 10 to 15 days 1t is
represented only by a star of loose granulation tissue. The same organisation
also occurs in some of the arterioles which have undergone the fibrinoid change.

This lesion has been described or illustrated by various authors in cases of
R.C.N with a duration of 5 to 17 days {Griffith and Herringham, 1906;
Scriver and Oertel, 1930, Case 1; Ash, 1933, Case 1; Gdspar, 1938; French,
1940; Hugin, 1946, Case 1; Donnelly and Thomas, 1946, and Mauzy and
Donnelly, 1949; Smith and Muirhead, 1951, Case 1).

PROLIFERATIVE CAPSULITIS

In certainkidneys at 7 to 10 days, some of the glomeruli of the live margin zone
show a proliferation of the capsular epithelium (Fig. 57). Even in the earliest
stages of this proliferation, the glomerular space is otherwise empty; there
1s never any evidence that there has been colloid or other protein or blood
in this space. Subsequently the proliferation proceeds to the formation of
typical epithelial crescents (Fig. 58). None of the patients had lived long
enough to develop fibrosis of the crescent. Proliferative capsulitis may be seen in
a glomerulus whose tuft and capsular basement membrane show the fibrinoid
change which has been described above; there is insufficient evidence to
determine whether these two processes are intimately related or merely
coincidental marginal phenomena.

The capsulitis was observed particularly in one case where there was a
continuous hypertension during the puerperium, but lesser degrees of it were
seen in 7 other patients, of whom 2 had slightly raised blood pressures and 2
had rather low blood pressures in the puerperium, The condition therefore
appears to be a purely local reaction in glomeruli around areas of R.C.N.

In the literature, proliferative capsulitis near the margin of the dead area
has been recorded in cases of R.C.N as early as 5 days (Davidson and Tul;ner,
1930, Case 4; Dunn and Montgomery, 1941, Case 6; Puumala and W glls,
1914; Smith and Muirhead, 1951, Case 1), and in later cases (Gareiss-Dollitz-
sturm, 1928; Scriver and Oertel, 1930, Case 1; Dalrymple, 1930; Azesedo
and Teixeira, 1938; Lieu, 1938; Hunt, 1939; Dunn and Montgomery, 1941,
Cases 6 and 8; Sheldon and Hertig, 1942, Case 1; Campbell and Henderson,

1949, Case 3).
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external haemorrhage, a stillborn baby, retroplacental clot, and subserosal
haemorrhages over the uterus. In other cases there is only a very incomplete
obstetric record, and it is impossible to determine whether U.P.A. had
occurred. This applies particularly to cases reported simply as “eclampsia”,
Nevertheless, the occurrence of premature stillbirth in a toxaemic multipara
is certainly suggestive of an unnoted U.P.A., especially when is it followed
by R.CN.

Hugin (1946, Case 2). Age 29, para 1, gestation 33 weeks, duration 5 days U P.A.
followed by eclamptic convulsions Anura to death.

Adam (1945, Case 6). Age 28, para 1, gestation unknown, duration g days. UPA.
Oliguria, with late rapid increase of urine output.

Bryce-Smuth et al. (1949). Age 21, para 1, gestation 35 weeks, duration 13 days.
No obstetric history, but extensive uterine haemorrhages at autopsy. Oliguria for
first week.

Donnelly and Thomas (1946} (also reported by Mauzy and Donnelly, 1949, Case 1).
Age 42, para 6, gestation 31 weeks, duration 13 days. U.P.A followed by severe
oliguna, Biopsy was performed at 55 hours after the accidental hacmorrhage, and
showed extensive necrosis of the epithelium of convoluted tubules, which was reduced
to pinkish granular debris. The capillary loops of scattered glomeruli were dilated
and filled with granular material, and some loops were necrosed. The arteroles
presented no histological abnormality. The pauent died at 13 days. The kidney then
showed lesions which are interpreted in the present paper as the healing stage of a
focal R C.N.. An occasional necrosed glomerulus was seen, and there was necrosis of
some arterioles and glomerular loops. The proximal convoluted tubules were dilated
and showed epithelial regeneration. There were granular casts in many collecting
tubules.

Crook (1926). Age 29, para 1, gestation 34 weeks, recovered No noteabout U P.A..
Scvere ohguria Biopsy was performed on the sth day and showed a focal R.C.N..
There was a healing’ proximal convoluted tubule necrosis with some polymorph
infiltration, but tn the tissue examned there were two areas of focal R C.N., each less
than 1 mm 1n diameter — ) ) . T R
of stalk afferent vessels. ’
tubules 1n these focr i
1nterstitial tissue remained ahive. Thus patient slowly developed a better urinary output,
and finally recovered.

MINOR RENAL CORTICAL NECROSIS

The lesions which characterise this group are small scattered areas of
necrosts, mainly in the outer half of the cortex, and varying up to 2 or 3 mm.
in diameter. These areas have a centre made up of peripheral dead zone,
usually with a rather diffuse polymorph infiltration. Around this are the
zones of partial survival and of live margin. 5 :

The arterial changes are present at 14 to 18 hours. They consist of (a) dilat-
ation and solid occlusive thrombosis of the small distal segments of the intra-
lobular arteries and of the aflerent arterioles in the areas, (5) necrosis of the



TYPES OF R.CN. 95

affected partions of the arterial tree, usually with red corpuscles or leucocytes
m the media. There are no lesions in the main intralobular arteries. The
remainder of the cortex always shows an extensive proximal convoluted tubuie
necrosts, sometimes associated with benign glomerular thrombosis.

B FE A o

et === greneral 1o those of focal R GN.
but are a variable number of small
sup , recognisable to the naked eye.

These arcas have whitish centres and congested margins (Fig 6o).

Fic 60 Hidneys showing minor RGN (§ natural size),

CASL NOTES
Three cases of the present series fall into this group

Case 48. Age 26, para 1, gestation 38 wecks, duration 2 days. Complete anuna
after U P A. One convulsion shortly before delivery Dehvered at 47 hours, and died
m coma 1 hour p

Case 40 Age 24, para 2, gestation 32 weeks, duration 3 days Some external
haemorrhage Dehvered ar 15 hours Complete anuna after dehivery One convalsion
nexy day, and died in coma 5% hours p.p

Case 50. Age 28, para 5, gestation 33 weeks, duration g days, External haemorrhage
1 day before delivery Developed puerperal pyresia and died ¢ days p.p.

LITERATURE
Bowes (1934). Age 32, para 2, gestation 31 weeks, duratian 4 days, Sullbirth but no
obstetric details Severe oliguna,

Portes {1535, Case §) Ane 32, para 2, gestation 51 weeks, duration 5 days UPA
followed by severe ohgurm
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Poten (1906). Age 26, para 1, gestation 31 weeks, duration 5% days. U.P.A. followed
by oliguna. .

Lowrie and O’Connell (1950). Age 36, para 14, gestation 26 weeks, duration 7 days.
U.P.A. followed by oliguria. Renal lesions very widespread. 7 caxs

Beneke (1894). Brief note. Died 10 days after eclampsia, No obstetric details.

PATCHY RENAL CORTICAL NECROSIS

In this group there are multiple rather large patches of R.C.N., which
destroy about one-third to two-thirds of the cortex. The individual Jesions
vary considerably in size, but many are large enough to show a centre dead
area with the complete series of zones around it. The remaining tissue shows
various grades of damage to proximal convoluted tubules, and there may be
benign glomerular thrombosis. The juxtamedullary nephrons are relatively
unaffected

The characteristic arterial lesion n the developed case is the formation of
thrombus in the intralobular arteries about midway along their course in the
cortex The proximal end is a short solid thrombus. The remainder is of trellis
type, which distally develops a central lumen and gradually opens out to
continue as a thick mural thrombus for some distance up the arterial tree.
All this distal part of the arterial tree is necrosed and dilated Towards its
periphery it may contain some thin mural thrombus, and there may be
fibrin plastering of dilated stalk afferent vessels, but this is not a prominent
feature. Basophil intimitis is very uncommon. Arterial lesions are not seen
before 36 hours, but are present 1n all cases after that time.

To the naked eye, the kidney during the first day shows a broad pale cortex
with patchy areas of congestion. In the later cases the kidneys are enlarged
(mean weight 245 gm ), and have very numerous patches of obvious coytl_cal
necrosis, chiefly in the outer part of the cortex (Fig. 61). In the remaining
parts of the cortex, there are multiple petechial haemorrhages on a congested
background. In some kidneys, the entire cortex seems to consist of ct.mﬂ.uem
haemorrhagic streaks in which there are small areas of white necrotic tissue
(Fig. 62). The columns of Bertini are relatively unaffected in most cases

These cases of patchy R.C.N raise a point of some interest in connection
with the arterial supply to the kidney as a whole. In patchy and in munor
R.C.N., there is a tendency for the necrosis to be much more extensive in the
mestal part of the kidney immediately above and below the renal pelvis (Figs.
60 and 62). In these regions the condition may be that of agrossR C.N., though

the lesions along the convexity of the kidney are relatively small. There has
. s e it nllaaen OON awithin

N ney
sed

areas of the columns of Bertini even more quickly than in the miar tegion.
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CASE NOTES
There are 8 late cases of patchy R.C.N. in the present series.

Case 51. Age 20, para 3, gestation 38 weeks, duration 2} days. Developed eclampsia
and, four hours later, U.P.A. Seven convulsions before delivery at 3 hours. Two
comvulsions soon after delivery. Died after coma of varying depth 2] days p.p
Details of urine output are given in the subscquent clinical section.

Case 52, Age 41, para 13, gestation 26 weeks, duration 5 days Accidental
haemorrhage also in twelfth pregnancy. Severe oliguna with maximum urine output
of 180 cc. on third day

Cask 53. Age 35, para 2, gestation 34 wecks, duration 6} days. Qedema for 2 weeks
previously. Delivered at g hours. Subsequent severe oligurta; maximum urine output
6o cc. per day.

Case 54. Age 41, para 5, gestation 33 weeks, duration 6} days. Gedema for § weeks
previously. Some external ﬁaemorrhagc. Delivered at 30 hours, Subsequent urine
output never over 100 cc. Heart 400 gm.

ASE 55. Age 40, para 10, gestation 33 weeks, duration 7} days. Some external
haemorrhage. Delivered at 12 hours Urine output 300 cc. per day for 3 days, and then
complete anuna. Sudden termunal collapse. Heart 390 gm.

Case 56. Age 34, para g, gestation 24 weeks, duration 10 days. Some external
haemorrhage Almost complete anuria afterwards

Case 57. Age 43, para 4, gestation 34 weeks, duration 1o} days, Severe external
haemorrgage. Delivered at g hours. Subsequent urine output about 200 cc. per day.
Given much hypertonic glucose intravenously Sudden terminal collapse with irregular

ulse.

P Case 58. Age 32, para 7, gestation 30 weehs, duration 11} days Slight external
haemorrhage Delivered at 15 hours Severe ohiguria for 4 days subsequently, improving
to about 800 cc per day. Sudden terminal collapse,

LITERATURE
Tvens (1922). Age 23, para I, gestation 32 weehs, duration 2} days, UP A 1} days

before delvery. R i

Courelarre (1912, Case 2). Age 23, para 1, gestation 31 weeks, duration 2} days
U.P.A. and cclampsia. . )

Fardine and Kennedy (1913, Case 2). (Also recorded by Jardine and Kennedy, 1920,
Case 8.) Age 38, para 2, gestation 40 weeks, duration 2} days. Twins born alse.
No mention of U.P.A, . .

Spickmann (1934, Case 3). Pre-eclampsia. No obstetric details Died 2} days p.p-

Ezans and Gilbert (1936). Age 39, para 8, gestation 31 weeks, duration 3 days.

Eclampsia. No obstetric details, but subserosal haemorr}.9gcs over uterus. N
Cutler (1895) Age 23, para 1, unknown, d 4 days. E No
mention of UPA,

O’ Sullivan and Spitzer (1946, Case 3). Age 45, para 1, gestation 24 weeks, duration

days. U.P.A,; severe ohguria. X R .

Cortese (1935). Age 23, para I, gestation 31 wecks, duration 5 days. U.P.A.; almost
anuria. . dave, UPA

de Snoo (1936, Case 4) Age 40, para 8, gestation 30 weeks, duration 5 days. U.£eA.;
ohguria. Hypertrophy of heart.

Smuth and Muirkead (1951, Case 1). Age 29,
5 days. U.P.A. and eclampsia.

para 4, gestation 31 weeks, duration
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Jardine and Teacker {1911, Case 1). (Also described by Jardime, 1906; Teacher,
1908, Case 1; Jardme and Teacher, 1910, Case 13 Jardine and Keanedy, 1620, Case 5},
Age 36, para 7, gestation 3t wechs, duration 5} days. Eclampsia. Stillbirth, No
obstetric data or desenption of uterus.

Donsirck and Walker (1046). Age 31, pata §, gestatian 51 weeks, duration 5} days.
UP.A. Sesere aliguria. )

Danidson and Turner {1930, Case 4). Age 33, para 6, gestation unknown, duration
over 5 days, Presectampsta. Stllbirth but no obstetne detals. .

v MaeGilheray (1953, Case 7). Age 28, para 1, gestation unknown, duration 6 days.

JPA

{Carmer and Hidbuts (1932) Age 26, para 1, gestation 26 weeks, duration 6§ days
U.P A 3} days before delivery
Sheldon oad Hermg (1942, Case's). Age 33, para §, gestation 33 weehs, duration 7 days.
UPA, severe ohguna
Seriver (1935, Case 4). Age unknown, para 1, gestation §1 weehs, duranon 7 days,
PA, anuna
Kelfar and dmott {1933, Gase 3). Age 20, para 3, gestation 23 wecks, duration 7 days
U PA ; almost anuria,
Cringkshank (1923). Age 23, para 10, gestation 22 weeks, duration 8 days. UP A,
anuna
Serirer and Oentel (1530, Case 1), (Also recorded by Scriver, 1935, Case 1) Age 34,
para 15, gostatian 27 weeks, durahon § days, Sullbirth and gross retroplacental ciot
Grasby (1947, Case 1}. Age 15, para I, gestanon 31 weeks, duraton g days
U P.A. folloned by tevere oliguria.
; Senzer (1995, Case §). Age 30, pars 4, gestatron 31 weebs, duration o days. UP A,
ohguna
Davedson ond Turner {1930, Case 2). Age 39, para 4, gestation 31 weehs, duration
1o} days Sullbirth No obsteinc data.
Lgyd (1906) Age 39, para 7, gestaton 37 weeks, duration 27 days U P.A, post-
partum eclampsia
Shetdon and Hertig (1942, Case 2). Age 4o, para 4, gestation 3t weeks, duration
1y days UPA,, almost anuria.
Manley land Khman (1927). Age 38, para 1, gestation 35 weeks, duratson 12 days
, olhigura,
Decidsan and Turner (1930, Case 1), Age 37, para 5, gestatran 28 weeks, duration
12} days Sullbirth and acodental haemorrhage.
Wolfson {1032} Age 35, para B, gestation 27 weeks, duration over 10 days, Accrdental
ha;morrhag% Heart 550 gm p a
oekes and Bull (1948) Age 24, parity unknown, gestation 29 weeks, duration 28 days
UPA. Trcmd(b?}a)mcfm ey # e, i
Grasky (1947, Case 2) Age 40, para 5, gestation 31 weeks, duration 30 days UPA.
Late dwress.

GROSS RENAL CORTICAL NECROSIS

This group includes the cases in which there is atmost total destruction of the
renal cortex, the only parts which are not involved are a few juxtamedullary
and subcapsul phrons, and an o 1 band of tissue radiating from
the intermediate zone out to the capsule. In these radial bands there are
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sometimes vessels running from the intermediate zone to unite with the vessels
of the capsule; they are prominent because of their dilatation. These areas
which are not mvolved in full R.C.N. show various grades of glomerular and
tubular damage and, in fact, much of the tissue consistsof live marginand partial
survival zones.

In Case 61 there were, in addition to the cortical lesions, tongues of necrosis
about 2 to 3 mm. in diameter running down from the necrosed cortex through
the intermediate zone into the outer part of the medulla. This condition has
also been noted by Scriver and Oertel (1930, Case 2) and Lowre and
O’Connell (1950). In some reports in the literature, such an extension into
the medulla has been diagnosed in cases which seem to have been really
pyelonephritic lesions in the medulla, or infarction of the medulla due to
thrombosis of the renal vein

The great mass of the cortex consists of centre dead area, framed by the
various zones previously described. The proximal end of the damage to the
intralobular artery is at the junction of the live margin zone with the zone of
partial survival, just above the juxtamedullary region. Here the artery suddenly
becomes dilated and 1ts lumen is occluded by solid thrombus. The media at this
point is rather fatty but its nucler appear healthy. At the junction of the zone
of partial survival with the peripheral dead zone, the arterial walls are clearly
necrosed; the solid thrombus may cease abruptly or may gradually merge
into trellis thrombus which continues about as far as the polymorph zone.
The whole length of the solid and trellis thrombus is thus about 500 microns.
More distally, the entire arterial tree is necrosed and dilated, and shows
extensive thin mural thrombosis throughout; this continues, to form a plaster
thrombus in nearly all the stalk afferent vessels. Basophil intimitis is usually
present. The trellis and thin mural thrombi and the basophil intimitis are
seen at 36 hours, but the solid occlusive thrombus probably does not develop
until about 3} to 5 days.

In one single case of gross R CN. at 10 days in the present series, the
vascular lesions were different from those described above. This case,
though unusual, is of considerable aetiological importance, The necrosis of
parenchyma and the formation of the marginal zones was of the usual type.
The solid occlusive thrombus was present near the origin of the intralobular
arteries However, though the distal part of the arterial tree in the arca of
R C N. was dead, it was not greatly dilated and it did not show thrombosis o
any type at all. A similar appearance may be seen in small segments of the
cortex in other kidneys with gross R.C.N.. This point will be discussed later.

Macroscopically, the kidney is always enlarged (mean weight 230 gm.)-
At 8 to 14 hours it is pale or rather congested, sometimes with punctatc
haemorrhages. At 36 to 50 hours it is intensely congested, and has a deep
damson colour with thin paler bands radiating out through the cortex. There
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are subcapsular and juxtamedullary arcas of haemorrhage or congestion At
5to 15 days the Mdney shows the typical appearance of gross R.C N! affecting
the entire depth of the cortex (Fig. 63). The necrosed cortex is now of an
opaque whitish-yellow colour, and is surrounded by a continuous irregular
red margin under the capsule and in the intermediate zone. This red margmn is
much less prominent in the later cascs. At various places there are radiating
bands, sometimes narrow and sometimes rather broad, of congested tissue
coursing across the cortex from the intermediate zone out to the capsule. On
the surface of the hdney these form reddish and apparently depressed areas
suggesting old scars Thesc areas are not in fact shrunken; they are really at
their original level, but the surrounding surface is raiscd because of the swelling
of the necrosed cortex

The columns of Bertim are usually mmvolved as severely as the remainder
of the cortex.

Fic 63 Kidneys showing classical gross RGN
(4 natural size)

CASE NOTES
There are 9 late cases of gross RCN 1n the present series

Case 59. Age 37, para g, gestation 29 weeks, duration 2 days Oedema and dyspnoea
for 3 weeks previously Version, followed 3 hours later by U P A, Delivered at 1g hours.

ed 29 hours pp Eclamptic lesions of hver,

Case60 Age 39, para 5, gestation 38 weeks, duration 2 days Ante-partum eclampua.
Dehivered at 20 hours Died 1n coma 28 hours p p Heart 460 gm Unine output 400 cc
on each day

Case 61 Age 27, para 2, gestation 25 weeks, duration 5 days, Some external
hacmorrhage. Delivered at 7 hours Sudden collapse followed by coma. Died 43 days p.p.

Case 62.” Age 34, para 7, gestaton 38 wecks, duration 5§ days. Pre-cclampua for
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3 days previously. U P.A. during labour. Delivered at 2 hours Urine output 50 cc
per day.

Case 63. Age 31, para 3. gestation 31 weeks, duration 6} days. Some oedema for
one month previously. Severe external haemorrhage. Delivered at 8 hours. Anuria
for 3 days, with improvement to 400 cc. urine on last day.

Case 64. Age 38, para 3, gestation 28 weeks, duration 84 days Severe external
haemorrhage. Delivered at 8 hours. Renal denervation and biopsy at 36 hours. Daily
urine output never exceeded 48 cc.

Cask 65. Age 33, para 4, gestation 22 weeks, duration g days. Delivered at 17 hours.
Almost complete anuria thereafter.

Case 66. Age 30, para 5, gestation 39 weeks, duration 10 days. Pre-eclampsia for
2 weeks previously U.P.A. during labour. 30 cc. urine on first day p p ; complete
anuna thereafter. Terminal convulsion. One healing eclamptic lesion found in Iner.

Case 67. Age 34, para 1o, gestation 24 weeks, duration 15 days. Severe ohguna
and persistent vomiting after delivery. Convulsions from 11 to 13 days p.p. Dred in
coma 15 days p.p

LITERATURE

Barrd and Dunn (1933, Case 11). Age 29, para 3, gestation unknown, duration 2} days.
Eclampsia; no obstetnic data.

Herzog (1913, Case 3). Age 22, para 1, gestation premature, duration 3} days.
Eclampsia. No haemorrhages over uterus. 5

Jardine and Kennedy (1913, Case 1). (Also recorded by Jardine and Kennedy, 1920,
Case 7). Age 34, para g, gestation 31 wechs, duration 43 days. U.P.A. followed by
complete anuria 3 }

Reyna (1936). Age 39, para 8, gestation 27 weeks, duration 43 days. U.P.A . Hyper-
trophy of left ventricle, N

Gapel (1914). Age 32, para 3, gestation 31 weeks, duration 44 days. U.P.A. followed

y complete anuna. i . g .

Bruno (1941). Age 35, para 2, gestation 27 weeks, duration 4} days. No obstetric
data, but uterine haemorrhages at autopsy. A .

Darts (1949, Case 3). Age 29, para 3, gestation 35 weeks, duration over 4 days.
U.P.A . Biopsy 4 days later showed R C.N wath thrombosis of practically all arterioles.
The medullary tissue was viable. 3 .

Puumala and Wells (1944). Age 49, para g, gestation 40 weeks, duration 5 days.
Pre-eclampsia; live baby. Complete anuna.

Fardine and Kennedy (1920, Case 10). Age 4
5% days. No obstetric data. Post-partum eclampsia. Ace 46

Stroink (1934, Case 2). (Also recorded by de Snoo, 1936, shsrehS)- ge 36, para 5,
gestation 36 weeks, duration 54 days. U.P.A.. }:Iypcrtroph? (:i eart. bout 5 davs.

Schippel (1914). Age 35, parity unknown, gestation 31 weeks, duration about 5 days.

8, para 7, gestation unknown, duration

Nof't[;l?szitgrg%)fia;;zc 25, para 2, gestation 36 weeks, duration 6 days Stillbirth; no

Obisigc( ldga;;, Case 2). Age 36, para 6, gestation 35 w ecks, duration 6 days, Eclampsia
d U.P.A. . .

anCamm and Rockiwood (1926). Age 36, para 7, gestation 27 weeks, duration 6 days.

. . ta. .
Sull\l});:gx‘ih::yt?::;?éig ?). Age 41, para 15, gestation unknown, duratien 6} days
Pre-eclampsia and U.P.A.
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Pritsker and Rose {1945) Age 28, para 4, gestation unknown, duration 7 days.
Sullbirth; no obstetric data,

HMuygin (1946, Case 1), Age 35, para 6, gestation 37 wecks, duration 7 days.
Pre-eclampsta and UP AL

Ghynn and Briges (1914) \ge 29, para 1, gestation 35 weeks, duration 7 days U.P.A.,
Almost_anuria,

Gapel (1925). Age 35, para 2, gestation unknown, duration 7 days Sulibirth, no
obstetnic data One eclamptic convubion.

Westman (1928, Case 1) (Also recorded by Bovin, 1927, Case 1) Age 29, para 2,
gestation 35 weehs, duration 8 days. Pre-eclampsia and U.P A . Biopsy of hidney at
al da - . L . - e - .

Sunodin with_much blood loss

Jardine and Teacher (1911, Case 2) (Also described by Teacher, 1908, Case 2, Jardine
and Teacher, 1910, Case 2, Jardine and Kennedy, 1920, Case 6). Age 22, para 1,
gestation unk , d days Eclamp Sullbirth, no obstetnic data,

Hirst (1926, Case 1} Age 30, para 2, gestation 33 weeks, duration g days. Sullbirth,
no obstetric data.

Serizer and Oertel (1930, Case 2). (Ako recorded by Scriver, 1935, Case 2) Age 33,
para 3, gestation unknown, duration g days U P A, Anuna subsequently

Gnffith and Hernngham (1906) Age 35, para over 5, gestation unhnown, duration
10 days UPA. Some urne from third to fifth day.

Dalpymple (1930). \ge 30, para 1, gestation 40 weeks, duration 11 days Placenta
praevia Stllbirth. Eclampsia post partum.

Rolleston (1913) Age 48, para 13, gestation 42 weeks, duration 11 days Stltbirth,
no obstetne data

Kaayer (1903) Age 30, para 6, gestation unknown, duration 11 days Stillbirth,
no obstetric data.

Dauts (1940). (Also recorded by Dawis, 1949, Case 1) Age 24, para 1, gestation
36 weeks, durauon 11 days. U.PA One eclamptic convulsion.

Stentng (1939) Age 35, para 4, 31 wecks, d 15 days Ecl
and UPA

Gdspdr (1’938) Age 38, para 11, gestation unknown, duration 15 days Placenta
Pracvaa, sulllarth  No uterine haemorrhages.

OTHER LITERATURE

There are a number of cases of R C.N of uncertain extentin patients who
have had defimite or possible U P.A . The climcal and pathological records
In many of these cases are very scanty.

Luchtenstn (1912) A case following eclampsia.
Bates (1927) A case following pregnancy.
Kurgrock (1930) UPA  Posably a patchy R.CN
wdan (1932) Twa cases wn pregrancy taxacmua
Mansens (1933) Two cases following UP A
]ghrume (1933, Case 2) UPA
Navasquez 1935) recorded twelve cases mn pregnancy but with no obstetric details
Rubin and Petry (1939) Two cases, one dymg 7 days and the other 10 days pp.
Dunn and Monsgomery (1941) mentioned seven cases of which six had U P.A.
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3 daéis previously. U.P.A. during labour. Delivered at 2 hours. Urine output 50 cc.
per day.

Case 63. Age 31, para 3. gestation 31 weeks, duration 6} days. Some oedema for
one month previously. Severe external haemorrhage. Delivered at 8 hours. Anuria
for 3 days, with improvement to 400 cc. urine on last day.

Case 64. Age 38, para 3, gestation 28 weeks, duration 8} days. Severe external
haemorrhage. Delvered at 8 hours. Renal denervation and biopsy at 36 hours. Daily
urine output never exceeded 48 cc.

Caske 65 Age 33, para 4, gestanon 22 weeks, duration g days. Delivered at 17 hours.
Almost complete anura thereafter.

Case 66 Age 30, para 5, gestation 39 weeks, duration 10 days Pre-eclampsia for
2 weeks previously U.P.A during Jabour 30 cc. urine on first day p p.; complete
anuna thereafter. Termmal convulsion. One healing eclamptic lesion found in liver.

Case 67. Age 34, para 10, gestation 24 weeks, duration 15 days. Severe oliguria
and persistent vomiting after delivery. Convulsions from 11 to 13 days p.p. Died n
coma 15 days p.p.

LITERATURE

Barrd and Dunn (1933, Case 11). Age 29, para 3, gestation unknown, duration 2} days.
Eclampsia; no obstetric data

Herzog (1913, Case 3). Age 22, para 1, gestation premature, duration 3} days.
Eclampsia. No haemorrhages over uterus,

Jardine and Kennedy (1913, Case 1). (Also recorded by Jardine and Kennedy, 1920,
Case 7). Age 34, para 9, gestation g1 weeks, duration 43 days. U.P.A. followed by

complete anurta, )
Reyna (1?36) Age 39, para 8, gestation 27 weeks, duration 44 days. U P.A.. Hyper-

trophy of left ventricle. .
Gepel (1914). Age 32, para 3, gestation 31 weeks, duration 44 days. U.P.A followed
by complete anuna. i . 3
Bruno (1941). Age 35, para 2, gestation 27 weeks, duration 43 days. No obstetric
data, but uterine haemorrhages at autopsy i
Dawns (1949, Case 3). Age 29, para 3, gestation 35 weeks, duration over 4 days.
U.P A.. Biopsy 4 days later showed R.C.N with thrombosis of practically all arterioles.
The medullary tissue was viable,

Puumala and Wells (1944) Agc 49, para 9, gestanon 40 weeks, duration 5 days.

Pre-eclampsia, hive baby. Complete anuria. .
Jardme and Kennedy (1920, Case 10). Age 48, para 7, gestation unknown, duration

51 days. No obstetric data Post-partum eclampsia.
). Age 36, para 5,

Stroink (1934, Case 2). {Also recorded by de Snoo, 1936, Case 3
gestation 36 weeks, duration 5} days. U P.A. Hypertmphy of heart. P
Schuppel (1914) Age 35, parity unknown, gestation 31 weeks, duration about 5 days.

No obstetric data. . o
OVzlk (1938). Age 25, para 2, gestation 36 weeks, duration 6 days. Sullbirth; no

obstetric data. !
Daris (1949, Case 2). Age 36, para 6, gestation 35 weeks, duration 6 days. Eclampsta
and U.P.A. .
nCnman and Rockwood (1926). Age 36, para 7, gestation 27 weeks, duration 6 days.
Stullbrrth; no obstetric data gestation unknown, duration 6 days.

MacGulliwray (1950, Case 1). Age 41, para 15,
Pre-eclampsia and U.P.A.



CHAPTER X

RENAL CORTICAL NECROSIS NOT ASSOCIATED
WITH ACCIDENTAL HAEMORRHAGE

Consideration has been given so far only to the cases of R.G.N which follow
U.P.A.. However there are many cases of R.C.N. which are not a sequel to
this abstetric complication, they may occur in males or non-pregnant females
of any age, and they sometimes occur in obstetric cases where therc has
certainly been no UP A,

These cases of R G N. which are unrelated to U.P.A. fall into three general
groups: children; abortions and certain other obstetric cases; adults and
adolescents They show the same general pathological picture as the cases
whichfollow U P.A Therc are a few ty pical cases of gross R.CN and a large
number of cases of patchy R C.N., all of which show the typrcal arteral lesions
The cases of focal R.C.N., on the other hand, are usually of a particular variety,
i that the focal lesions tend to be in such large numbers that they become
confluent.

CONFLUENT FQCAL R.C.N

The pathological appearances 1n this condition require description, because
they are rather different from those of other types of R.C N, and have led to
some confusion in the Iiterature The charactenstic features are (@) that there
are very widespread lestons of glomerult and tubules, (&) that this damage,
howesver extensive, retains a nephronic distribution, (¢) that the arteries are
essentially unaffected

There are two broad types. In the common type, a single istological section
of the cortex shows a great vanety of appearances, each nephron shows lestons
differing widely from those of its neighbours The differences are in the seventy
of the lesions and 1n their age, which may vary from about 6 hours up to 3
or 4 days old. Some prowimal convoluted tubules are normal, others have
colloid degeneration or hyaline droplet formation, and many show ordinary
necross in vanous stages of development A few of the glomerul: are normal,
some of them show gross congestion or stasis, some have bemgn thrombosis
of capillary loops or stalk afferent vessels, others have solid adherent thrombi
n these vessels, and many show partial or complete necrosis of the tuft
Haemorrhage from some of these damaged glomeruli 1s present 1n the lumen
of a vanable number of proximal convoluted tubules The distal convoluted
tubules and the interstitial tissues survive Thrombosis is seen 1n a few afferent
arterioles, and very occasionally in small artertes There are never any lesions

105
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Dieckmann (1942, Case 25). Pre-eclampsia but no obstetric data.

Dingle (1943, Gase 1), Pre-eclampsia but no obstetric data.

MeLetchie (1949, Cases 3 and 4). Eclampsia but no obstetric data,

Dodds {1949) Seven cases following U.P.A.

Miller (1949, Case 2) U.P.A.

IWerner, Muckerman and Allen (1950, Case 4) Primipara with pre-eclampsia and
stillbirth  Possible minor R.C.N. at 2 days.

Crichton (1950) mentioned four cases following U,P.A.

AMacGillirray (1950 and 1951) recorded eight cases of R.C N. in obstetric patients.
His Cases 1 and 7 are included in the literature survey here, but the other cases are
omitted as they form part of the series already studied in the present investigation.

Tennent and Starntt (1951) One case followmng U.P.A.

Prddle and Stevenson (1951, Case E.J ) A case dying 58 days after U.P.A.



CHAPTER X

RENAL CORTICAL NECROSIS NOT ASSOCIATED
WITH ACCIDENTAL HAEMORRHAGE

Consideration has been given so far only to the cases of R C.N. which follow
U P.A. However there are many cases of R.C.N wlich are not a sequel to
this obstetric complication; they may occur in males or non-pregnant femaies
of any age, and they somctimes occur n obstetric cases where there has
certamnly been no U P.A.

These cases of R.C N which are unrelated to U.P A fall into three general
groups: children; abortions and certain other obstetric cases; adults and
adolescents They show the same general pathological picture as the cases
whichfollow U P.A . There are a few typical cases of gross R.C.N and a large
number of cases of patchy R.C.N , all of which show the typical artcraal lestons
The cases of focal R.C.N , on the other hand, are usually ofa particular varety,
m that the focal lesions tend to be m such large numbers that they become
confluent

CONFLUENT FOCAL R.C.N

The pathological appearances in this condition require description, because
they are rather different from thosc of other types of R.C.N., and have led to
some confuston in the hiterature. The characteristic features are (a) that there
are very widespread lesions of glomeruli and tubules, (5) that this damage,
however extensive, retans a nephronic distrabution, (¢) that the arteries are
essentially unaflected

There are two broad types. In the common type, a single histological section
of the cortex shows a great variety of appearances; each nephron shows lesions
differing widely from those of its neighbours The differences are 1n the severity
of the lesions and 1n their age, which may vary from about 6 hours up to 3
or 4 days old Some prosimal convoluted tubules are normal, others have
colloid degeneration or hyaline droplet formation, and many show ordmary
necrosis 1n various stages of development A few of the glomeruli are normal,
some of them show gross congestion or stass, some have benign thrombosts
of capillary loops or stalk afferent vessels, others have sohd adherent thrombr
m these vessels, and many show partial or complete necrosis of the tuft,
Hacmorrhage from some of these damaged glomerul 1s present in the lumen
of a vaniable number of proximal convoluted tubules The distal consaluted
tubules and the interstitial tissues survive. Thrombosis 1s seen 1n a few afferent
arterioles, and very occasionally 1n small arteres. There are never any lestons
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in the main intralobular arteries. Thrombosis is sometimes seen in the veins,
and may be a prominent feature,

The less common type of confluent focal R.C.N. shows extensive lesions
with a2 more uniform appearance. The changes in the glomeruli and proximal
convoluted tubules are in general similar to those in the former type; the main
differences are () that the lesions appear to be all of about the same age,
(6) that the lesions appear to be of greater severity. In some areas there is
necrosis of distal convoluted tubules, dehaemoglobinisation of red corpuscles,
and a slowing-down of the necrosis-changes in the proximal convoluted
tubules The arteries are unaffected.

The repair stages of confluent focal R.C.N. are seldom described. As far as
can be ascertained from the present material, the process of repair begins in
numerous areas scattered throughout the cortex. The debris of the necrosed
tubules is removed and the epithelium regenerates, but many of these reparied
tubules subsequently atrophy. The necrosed glomeruli become replaced by
fibrous tissue, and gradually disappear. Within a few weeks the whole area
is replaced by a mass of connective tissue, made up of a condensation of the
orniginal stroma with the addition of some new fibrous tissue. In this connective
tissue there are a few regenerated tubules and a few scarred glomeruli, but
no remaining mass of necrosed tissue such as is seen in gross R.CG N . The most
striking appearance however is that the intralobular arteries appearnqrmal;
they run a rather sinuous course across the shrunken scarred cortex, with no
trace of organised thrombus, intimal proliferation, or alterations in the n}cdm.

Macroscopically, in the acute phase of confluent focal R.C.N., the kidney
has a red congested cortex, sometimes with punctate haemorrhages and some-
times with a diffuse paler mottling, but it does not show any appearance of
white infarcted areas.

CHILDREN

The majority of cases of R.C.N. in children are of confluent focal type. In
some cases the renal disturbance follows immediately after a sudden.attack'of
diarrhoea and abdominal pain, and cases in babies may follow an indefinite
time after gastro-enteritis. Another group originates at about 7 to g days after
an attack of tonsillitis. The remaining recorded cases developed a few days
after pneumococcal infections or peritonitis.

CASE NOTES
The following 3 cases, all examples of confluent focal R.(.].N., have been
examined in the present study; (for the first two, we are indebted to Dr.
E. G. Hall).
Cast 68. Male, age 4 years. Aprcndicius. with perforation. Laparotomy. Blood urea
normal 5 days later. Then complete anuria for 32 hours to death.
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The kidney showed a confluent focal R.C.N., so extensive that the entire
cortex was mvolved. There was thrombosis of some stalk afferent vessels and
glomerular capillaries, but no artenal lesions were present. The renal lesions were
of untform develog and were esti d histol lly to be of 30 to 36 hours’
duration,

Case 69 Female, age 7 months, Haemolytic anaemia. Diarrhoea and jaundice at
10 days before death Sheht haematunia at § days before death Anuria for, at any
:iat:,l the 1ast 48 hours. The blood urea was 500 mg. per 100 cc. at 24 hours before

leath

The hidney showed lesions of two distinct age-groups. The inner half of the cortex
showed the healed stage of an acute renal lesion. Here the glomerular tufts had old
thrombosis, partial necrosis, and [requent adhesions, and there was regencration of
tubules, many of which were dilated. The outer half of the cortex showed a confluent
focal R C N, with lestons histologically of various ages from about 1 up to 3 days.
There were no artenal lesions, A moderate number of colloid casts were present n
the distal convoluted tubules, and the collecting tubules were full of alburminuria casts,
The appearances are explicable on the view (a) that a confluent focal R.C.N had
occurred 1n the more mature deeper half of the cortex at some time previously, probably
more than 2 wecks before, and (b) that the outer half of the cortex had then become
more actively functioming, but had succumbed 1n the last few days to a recurrence
of the confluent focal R.C.N.

Case 70. Male, age 7 months Vorutmng and diarrhoca at 5 to 6 months, with an
acute attack 2 days before admisston at 6 months. Anuria for g days, and blood urea
of 300 mg per 100 cc, Then gradual resumption of unne secretion to a daily output
of about 300 cc. a day, but the blood urea remained about 300 mg , and he died 34 days
after the observed onset of anuria

Therenal cortexshowed very different
pathological appearances 1n 1ts outer
and 1ts nner parts. The outer three-
quarters of the cortex consisted merely
of scar tissue (Fig, 64) 1n which there
were scattered tubules which could be
ather distal convoluted tubules or

Fic 64 Healed stage of confluent focal R CN
The medulla reaches nearly to the cape = = === - - ¢ Mo e —ae o
parts 5 weeks alter the onset of the ar -

{(Magmfication x 4}

basophil epithelium, and there .

outer three-quarters of the corte = '

focal R CN' The mner quarter '

severe damage and also of compensatory hypertrophy 1he lesions in’both parts
of tcl!w cortex were so advanced that no histological assessment of their age could be
made
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LITERATURE

From the reports in the literature, it is often difficult to form any conclusion
as to the duration of the R.C.N.. For this reason the cases are given in date
order in each of the subsections.

CONFLUENT FOCAL R.C.N.

Herzog (1913, Case 2) Female, age 10. Peritonitis Duration unknown.

Fahr (1925, Case 1). Male, age 4 Dysentery. Duration unhnown.

Blackman and Rake (1932). g cases among g5 examples of pneumococcal mfections.

Bell (1937, Case 56). Female, age 5 months. Pneumococcal pentonitis,

Campbell Aand Henderson (1949). Case 1. Female, age 10}. Sudden vomiting and

PR SO e I AT S Ve
Gastro-enteritis for 1 month Very early renal lesions.

Kuelzer et al. (1951) Case 6. Female, age 6 weeks. Diarrhoea. Duration ? 18 hours.
Cask 7. Male, age 18 days Diarrhoea. Duration ? 2 days. Case 8. Male, age 6 weeks,
Diarrhoea. Duration ? 1 day. Case g. Male, age 2 days. Little more than tubular
necrosts of 12 hours duration € == = < * ot t
for 3 weeks At autopsy, tubul
age 12 years Tubular necrosi . T
Glomerular thrombosis of ? 2 days duration. CasE 13. Infant, age 7 months.
Pneumococcal septicaemia. Glomerular thrombosis of ? 24 hours duration.

PATCHY R.C.N.

Bell (1937, Case 35/730) Male, age g. Pneumonia followed by anuria. Duration
unknown., X

Dunn and Montgomery (1941) Case 5. Female, age 8. Sudden diarrhoea. Anuria
immediately after, continuing to death 4 days later. Case 8. Male, age 9 Tonsilhitis
(? scarlatina) Anuna began 7 days later. Died after 6 days anuria,

Akerrén (1947) Female, age 8}. Tonsilstis, Oliguna began 8 days later. Dred after
18 days ohgu'rm. A . e

OBSTETRIC CASES WITHOUT U.P.A.

R.C N. occurs in a small number of patients following criminal abort?n,

| y \g v
and 1n these cases it is almost always a confluent focal R.C.N.. Thtc.re;rzzcxf:;;
other cases of R.C.N. of more classical type which develop‘son:ic ll:l[ll Deon
delivery and sometimes in the puerperium, but are not associated with U2

or hypertensive toxaemia.
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CASE NOTES

Only one example of this condition has been examined in the course of the
present study.

Case 71, Young woman Crimnal abortion, with subsequent uterine sepsis. Anuria
for an unknown time before death.

The renal cortex was almost completely involied by confluent focal R.C N, Mostof
the glomerul showed thrombosis of capillary loops or stalk afferent vessels; others
showed gross stasis, and many were fully necrosed. Nearly all the proxtmal convoluted
tubules were necrosed, and epithehal regeneration was beginning, indicating a duration
of about g to 4 days. The artertes were normal

LITERATURE

This perticular sertes of cases is arranged according to the time after
delivery, but this is not necessarily the time of development of the R.C.N.,
which may have begun before or after the delivery.

CONFLUENT FOCAL R CN.
Tnllmlnn {1934, Case 2} Age 21, Hyperemesis Died undehnered Kidney pathology
atypica;
Immink (1930) Age 86, para 4, gestation 35 weehs Died 15 hours p p. Anunia for
2 days before delivery Section, live baby and no UP.A
Fakr (1934). Age 40. Abortion at 13 weeks Died 3 days pp
Hertrg and Mallory (1946). Age 23. Abortion at 15 weeks. Died 5 days pp
Jeddelok (1932, Case 2). Age 38 Abortion at 11 wecks. Died 6 days pp
Jardine and Kennedy (1913, Case 3} Age 23. Convubions at 20 weeks Surgical
mduction Anuria began 5 days pp Died 7 days pp.
Torrens (1911) Age 29 Aboruon at 17 weeks. Died 8 days p.p.
Jeddeloh (1932, Case 1} Age 1g Abortion at 17 weeks. Pentomtis, Anurta during
last day Died g days p p.
Atherton (1946) Age 23 Aboruon at 7 weeks, Died 26 days p.p.

MINOR R CN,

Landeboom and Bouwer (1950). Age 23 Dissccting aneurysm of aorta at 31 wechs
gestation, Died undelivered 14 days later,

PATCHY RCN.

Tomhnson (1945). Age 28, para 3, gestation 38 weeks. No eclampsia or U P.A.
Manual removal of placenta Died 6 days p p.

Klotz (1908) Age 25, para 1, gestation 35 wecks, Elective caesarean section for
oedema and albuminunia. No evidence of U.P A, Died 13 days

Rellar and Arnott {1933, Case 1) Age 26, para 1, gestation 22 weeks Hyperemesis
with anurta Hysterectomy No U.P.A. Died of pentonitts over 17 days p p

Gareiss-Dollitzsturm  (1928). Age 36, para 8, gestation unhnown Stapf\’ylococcal
septicaemta 5 days p p, and died 25 days pp R C N. appears about one week old.

H
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ADULTS AND ADOLESCENTS

This group includes adult men, non-pregnant women, and adolescents over
13 years old. It is of interest that the incidence is over twice as great in males
as in females. In many of the cases there 15 a sudden attack of abdominal pain,
vomiting and diarrhoea; anuria usually develops immediately afterwards, but
1t may be delayed a few days. Other cases have lumbar pain at the onset of
the clinical symptoms. Sometimes the R.CN. is a sequel to tonsillitis, which
may have occurred 7 to g days or even longer before the onset of the anuria.
A few cases follow upper abdominal catastrophes such as perforation of a
peptic ulcer, acute pancreatitis, or trauma in that region.

CASE NOTES

Three cases of this type have been personally studied; (for these we are
indebted to Dr R. Rawchffe, Dr. L. Wise and Dr. C. A. St. Hill).

Case 72. Female, age 26. No pregnancies. Nasal polyps producing much discharge.
Developed severe epistaxis and was 11l subsequently. Seven days later the nasal polyp
was removed under general anaesthesia Subsequently she developed bronchopneu-
moma, and died suddenly g days after the operation. No observations on urine.

To the naked eye, the kidneys were shghtly enlarged and showed occasional tiny

hd . o
fecrosed tubules These lesions were Judged histologically to be about 10 days old.
(b} Most of the remaining nephrons showed quite recent lesions; there was much bemgn
) o ) ' ' 4 o * 7 comvoluted
» old. There

. ' fluent focal
R C.N. which had developed m two episodes. a slight one about 10 days before death,
and a severe one 18 hours before death
The spleen showed a typical fleckmilz with innumerable areas of necrosis about the
size of peas. Histologically the necrosed arteries here showed the same dilatation
and thrombosis whichis seen in patchy cortical necrosis of the kidney. These arterial
lesions and the infarcted areas of the splemc pulp had an apparent histological age
f about 3 days.
° Case 7; Fc{nale, age 40. No pregnancies, Vomiting and frontal headache 3 days
before death, but no diarrhoea. Anuna for 2g hours before death. Twenty-four hours

before death she had an epileptiform attack followed by deep coma Two subsequent

d died suddenly. .
ﬁts’i‘oaxt]he nl:kcd eye, tg’c kidneys were enlarged and ll}c cortex showed - mcx(m}sllv\,:c

red streaks and pmn-head petechae. Hxstolo:'i* * '4!(:510“ was a o,
of about 30 hours’ duration. Most tubules m . iate zoncb i it
colloid casts Simlar casts were seen in a few sluted tubu o
The descending colon showed gross « shght u ,
estive of a haemorrhagic mfarction.
sugém 74. Male, age 15. Enteritis due to € Normal - for
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3 days. Then passed a little bloody urme and had anuria for next 4 days to death.
B.P. 140/100; blood N.P.N. 120 mg. per 100 cc. X

The kidney showed gross R.C.N of about 3} days duration, with mural thrombosis
and basopht! intrmitts in most mtralobular arteries. It 1s of interest that at this stage
there was no occlustve thrombosis in these arteries.

LITERATURE

In many of these cases the duration of the R,C.N. canunot be assessed from
the published accounts. The order in each of the following sub-sections is by
date of publication.

CONFLUENT FOCAL R.CN
Belf (1937, Case 57). Male, ace 13 Chmcally an acute nephritis, Died after 5 weeks”
tiness.
Liew (1938). Male, age 35. Abdominal pain and vomitmng Anuria followed
immediately Dred 6 days later.
Dunn and Montgomery (1941). Case 1, Female, age 32 Abdomunal symptoms Died
vt - M + Diarrhoca Duration unknown Case 3. Female,

7 days
i 54 Stohes-Adams syndrome treated by intra-
cardiac adrenalin Lied 3 days later
o - 77 e 59 Vomuting and anuna for 6 days Case g
4 or 5 days before death. Case 4. Male, age 64.
3 days.

MINOR R.CN

Penner and Bernheim (1940) Case 1 Male, age 49 Strangulated hernia and penitomitis,
Died 7 days later. Case 2 Male, age 68 Carctnama recturn. Died 11 days after
colostomy

Blaney (1952, Case 1) Male, age 1y Appendicrtis Vomiting began ta days later,
Died after 2 days,

PATCHY RCN

+ Reckhnghausen (1883) Case 1 Male Following transfuston of lamb’s blood for
bleeding gastric ulcer Complete anuria to death 2 days later Case 2 Died g days
after gunshot wound of lung,

Friedlander (1883) Female, age 36 Anuria commenced 18 days after scarlatina
Died 5 days after onset of anuna

Stoeckemus (1921), Male, age 46 Anura began g days after tonsifliis, Died 7 days
after onset of anuria,

Bamforth (1923) Male, age 37. Had dysentery, and died 10 days afterwards. Anuna
for tast ¢ days of Ufe

Salka (1933} Case 1 Female, age 13 Tonsihiis Anuria began g days later. Died
after 10 days’ anuna, with peritonttis. CASE 2, Male, age 64 Coronary thrombosis.
Olguna Died 4 days later.

Ash (1933) Case 1 Male, age 25 Sudden abdomnal pam, vormiung and diarrhoea,
More or less complete anuna to death at 17 days Case 2 Male, age 32. Sudden
abdominal pain and \omiting, followed at once by anuna, which was succeeded by
oligursa after first week. Died at 21 days.
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Garun and Wezel (1938). Case 1. Male, age 40. Died 23 days following drinking
of “almond extract” Centrolobular necrosis of hver. Cast 2, Female, age 53. Died
in 6 days, no details Centrolobular necrosis of liver. Cas 3. Male, age 24. Died at
5} days. No other details. Centrolobular necrosis of lrver,

Benson (1938) Male, age 35. Died 12 days after onset of lumbar pain and nausea.

Lanza (1938). Male, age 49 Died on 13th day of malarial therapy for syphils

Azevedo and Terxerra (1938) Male, age 15. Died on 26th day following snake bite,

Hunt (1939). Male, age 35. Thrombocytopenic purpura for months. Coryza for
4 days, followed by rigor and anuna. Died 81 days later,

Weaver and Haam (1939). Male, age 17. Tonsilhirs go days before death. Anuria
for 2 days before death. Heart 450 gm.

Tuta and Vander-Kloot (1940) Female, age 50. Died 9 days after onset of abdomimnal
symptoms, and 6 days after onset of anuna,

Dunn and Montgomery (1941) CasE 4. Female, age 67. Carcinoma of right ureter
with caleulus. Other hidney showed R.C N . Ohguria for 8 days. Cask 6. Male, soldrer.
Il a few days. Case 7. Male, soldier Lumbar pam and anuria for 6 days to death.

Polayes (1941) No clincal details,

McFarlane (1941) Male, age 65 Accident with much trauma, including injuries
to liver, spleen and left kidney. Died 36 hours after accident, Right kidney showed
an carly stage of R.C.N

Brown and Crane (1943). Female, age 32. Severe burns. Great ohguria to death

6 days later.
Brandt {1949). Male, age 6g. Died 4 days after drnking 3 litres of brandy.

GROSS R.G.N.

Juhel-Rénoy (1886). Female, age 16, Scarlatina. Anuria began on 8th day. Died
on 14th da

Aple*rl andanclx (1928). Male, age 13} Abdommal pain. Died 7 days later.

French (1940} Male, age 388. Anuna developed one day after onset of acute
pancreatitis. Died 10 days after onset of anuria, . i

Godwn and McCall (1941). Male, age 45. Perforated gastric ulcer. Anuria began
at 4} days Dicd at 6 days Peritomtis i ) -

Juzbatic and Sarre (1941) Male, age 28 Pains 1n loins, fever and anuria. ngsy 0}!:
grd day showed that the intralobular arteries were necrosed and some were ﬁIIed wnd
thrombus. The glomeruli somenmes showed stasis, somctimes were (hrom!:ios: N ax}“
sometimes completely necrosed. The tubules around were mostly necrose butcstllI
retamned pyknotic nucles. At autopsy, 2 days later, the hidneys showed gr?ss Rd o

Mallory (1948) Female, age 61. Addison’s disease with crsis on day t:ic ore eath.

AMuller (1939, Case 1) No climcal dctails. Biopsy of kidney after 5 days’ anuria
showed massive necrosis of cartex resembling an infarct. 5 .

TSerner, Aluckerman and Allen (1950). CASE 1. Fema[e, age 26, Virus pncum(:lma.
Died 10 days later Case 2. Female, age 29 Incompatible blood transfusion 10 days
after normal delivery.

OTHER CASES

A special series of cases of R.C.N. of varying degrees of severity have occurred
as a result of dioxan and of diethylene glycol poisoning: Barber (1934)_
5 cases; Hagebusch (1937) 4 cases; Ruprecht and Nelson (1937) 5 czfls‘t‘ﬂ,
Brindley and Kelsey {1938) 1 case; Geiling and Cannon (1938) 8 cases. The



R.CN. IN CHILDREN AND ADULTS g

lesions in these hidneys are the same as those in any spontaneous R,C.N., and
are collected herc only because of their distinctive aetiology.

Four cases commonly quoted as R.C.N cannot be accepted as unequivocal
examples of this condition. In the case described by Matthias and Pinesohn
(1925) the patient had heart disease and possibly a ruptured ancurysm of
the renal artery The nahed-eye description of the kidney does not agree
satisfactorily with the microscopic appearances. Iungano (1927) recorded
a case of embolism of the left renal artery and, 6 weeks later, of the right renal
artery; the Kidney appears to have been completely necrosed Furtwaengler
(1927) described a patient aged 22 who had traumatic rupture of the liver
and died 6o hours later. The macroscopic appearances were not those of
RCN and the histological lestons may have been due to autolysis In the
case recorded by Weber (1909) as early R.CN 1n a man, the description of
tubular necrosis is quite typical of post-mortem autolysis, even to the presence
of clumps of bacteria of post-mortem growth.

A few cases recorded as R.C N. have not been available for analysis in the
present review (Zanzig, 1915; Tecoz, 1912; Cocuzza and Silva, 1947,
Sanhueza and Valenzuela, 1948; Amoroso, 1949; Migone and Tardim, 1951;
Lucia, 1951).



CHAPTER XI
DISCUSSION OF GENERAL PATHOLOGY

The course of development of the various pathological lesions will be
discussed 1n two main parts. The present Chapter deals with the basic
circulatory disturbance which is responsible for all the lesions, and with the
general pathology of the effects of this disturbance. The next Chapter 15
concerned with the special pathology of each of the lesions in turn.

AETIOLOGY OF THE RENAL LESIONS

There can be no doubt, from the pathological appearances, that the
tissue death of R.C' N 1s ischaemic in origin; it is clearly a particular type of
mfarction,

The evidence with regard to the aetiology of the less severe lesions is however
somewhat indirect

(a) The renal lesions which follow U P.A. form a graded series exemplified
by the followine randitiane in ardar af dommantfe— —oste 1 AT R
convoluted tu
albuminuria. T At
and the severe degrees of proximal convoluted tubule necrosis. In a series of
kidneys which are involved mamly by extensive proximal convoluted tubule
necrosis, one may show no glomerular thrombi; another may show numerous
benign glomerular thrombi; another may show, in additron, small areas of focal
R CN Conversely, whenever 2 kidney shows R.C.N. in one part of the cortex,
the remaimming parts of the cortex always show extensive tubular lesions

It is reasonable to postulate therefore that all the lestons are due to one
common local aetiological factor, operating with different degrees of severity.

(8) The distribution pattern of the lesions in the cortex shows broad
strmilanties in R.C.N , 1n proximal convoluted tubule necrosis, and in colloid
degeneration. The distribution can not be identified 1n the case of uncomplicated
albuminuria, but there is no evidence that it has a different pattern from that
of the other lesions, This general similanty of the pattern suggests a common
aetiology related to the vascular architecture.

(¢) All the lesions can be produced experimentally by subjecting the kidney
to ischacmia. These experimental lesions form a severity-series corresponding
closely to the series observed in human kidneys, and the severity of the
experimental lesions depends on the duration of the ischaemia. The shor}est
ischaemia produces only an albuminuria, the longest produces cortical
necrosis. This subject will be discussed in another paper.

14
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(d) Tt must be admitted that the necrosis of the proximal convoluted tubl.xles
shows some similarity to that produced by chemical tubular nephrotoxins.
However, in the present cases the tubular necrosis can be satisfactonly
explained as a result of ischaemia alone (¢.f the tubular necross at the margin
of any embolic infarct). It is impossible to disprove that a tubular nephrotoxin
may also be present, but the postulation of any such synergistic factor appears
unnecessary.

The explanation that all the lesions, from R.CN down to simple
albuminuria, are due to varying degrees of ischaemia will be accepted for
the above reasons. There 15 a further line of evidence sometimes adduced to
prove the existence of ischaemia (Larson and Bennett, 1939; Solymoss, 1949,
De and Sengupta, 1951) which is however not valid. This consists of the
demonstration of the distribution of blood 1n the kidney after death, with the
inference that this represents the circulatory state 1n the Lidney during life.
It is necessary to phasise that, in histological sections of normal or
patholagical kidneys, the absence of blood from vessels which are not necrosed
or obstructed is no indication whatsoever as to the bloodflow in them during
Ife In the normal kidney the renal bloodflow 15 about 3 to 5 cc. per gram
per minute, and, by suitable stimuly, it can be varied in the range of o 2 cc.
up 10 10 Or 12 c¢ per gram per minute {Hernck, Mann and Sheehan, 1939)
There is much blood throughout the entire vascular system of the kidney
during Iife, and the cortex has a red colour After the death of the patient,
the intra-capillary pressure disappears Within a very short time the agonal
contraction of arteries and capillaries, and other factors such as tissue tension,
lead to a redsstribution of blood in the kidney, so that the cortex becomes pale

In the process of cutting and fixing the kidney, some of the blood remaining
1n the cortex 1s likely to escape As a result, the normal kidney when examined
histologically has little or no blood in the cortical arteries or capillaries, and
practically none in the glomeruli; on the other hand, the vessels in the
ntermediate Zone and to a less extent in the medulla usually contain blood
This 15 clearly not the pattern of the blood distribution during hfe. Histological
study 1s not on this account entirely valueless. In the pathological kidney,
reliable deductions as to the bloodflow during hfe can be drawn, and in fact
are drawn here, from the histological finding of acute ischaemic lesions of
parenchyma or vessels, or from the finding of stasis or thrombosis 1n vessels

. The histological appearances of arteries and capillaries in post-mortem
u‘s‘s"Jes can give\sor{xe indication of their functional condition before the death

the sudden fall m blood pressure at death, ‘the muscle cells in the walls con(ract
so that the lumen 15 considerably reduced Subsequently this agonal spasm
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relaxes, and the arteries take up a cadaveric position with the internal elastic
lamina showing its normal wavy appearance

The significance of the agonal contraction of arteries and capillaries is
well illustrated i the specific example of recirculation of blood through the
glomeruli of the centre dead area a few weeks after the R.C.N. has occurred.
The capillary loops of these ’ o v v *La
result, the blood which was in
them after death, giving the Lt L o0

There are three main conditions in which the agonal contraction fails to
oceur:

(a) Ina tissue where there has been an acute inflammatory reaction of some
standing. Here the capillaries remain in a fixed dilatation after death, and a
lesser degree of this phenomenon is seen in small arteries. It appears that
the muscle cells in the walls are paralysed, possibly as a result of prolonged
dilatation or of toxins.

(6) Inlocal lesions of arterial walls, either acute as in periarteritis nodosa or
chronic as in atheroma, there is frequently a loss of contractility of the arterial
wall at this site, so that the internal elastic lamina is seen as a straight line 1n
sections.

(¢) Where an artery has been in spasm for some time before the death of the
patient, this spasm can lead either to a paralysis or to death ofthe muscle cells.
The occurrence of paralysis without death of the arterial wall can be identified
1 small arteries of the kidney in a variety of pathological conditions. The
arterial wall 15 stretched but not disrupted and shows no necrosis of its walls,
though there may be some degenerative changes in the media. It is of interest
that in such cases there 1s usually no necrosis of renal parenchyma, th_oug.h
there may be lesser grades of 1schaemic damage. The probable explanation is
that there has been a very intermuttent spasm of the artery 'for several hours,
though it must be conceded that toxins or other factors might play a part.

What 1s of much more significance in the present connection is the occur-
rence of dilatation of arteries in R.C.N.. In the cases which are interpreted as
early R.C.N the arteries usually show acute lesions, such as blood cells in
their walls, similar to those which are scen in fully developed cases of R.C.N..
In the late cases of R C.N the artenal wall undergoes necrosis which proceeds
part passu with the necrosis-changes 1n the surrounding tissue. It appears there-
fore that the absence of agonal contraction in the carly cases of R.CN. is
indicative, not merely of paralysis, but of death of the medsa.

CAUSE OF THE ISCHAEMIA

As will be explained later in the discussion, the course of development of all
the different types of lesions during the first 12 hours gives clear evidence of the
following sequence:



DISCUSSTON OF GENERAL PATHOLOGY 1y

(a) There is an initial period of total or almost total ischaemia, This period
is of variable duration, lasting in some cases only a few minutes and 1n others
for as long as 6 or 7 hours, If it is of short duration, it damages the renal
parenchyma; if 1t is prolonged, it kills the tissue.

() Subsequently the ischaemia passes off, sometimes permanently but some-
times only temporarily. Following the period of ischaemia, there is a reflow
of blood through the area This occurs in all types of lesions, from mere
disturbances of glomerular filtration right up to R.C.

The proof of this sequence 15 too extensive to be given at this particular pomt
1n the discussion, but the concept 1s essential to the understanding of the whole
pathology. The various complications of this basic sequence need not be
considered at the present juncture.

This occurrence of 1schacmia followed by a reflow of blood can only be
satisfactonly explained by the occurrence of a spasm in the cortical arterial
tree, followed by a relaxation of the spasm. Differences in the duration and the
distribution of this spasm account fully for all the differences between the
resulting lesions

A great variety of other explanations have been given in the literature.
These require consideration.

Thrombosts Theschaemia which gives rise to all the less severe lesions, up to
and including proximal convoluted tubule necrosis, is never associated with
thrombosis of cortical vessels, either during the first 12 hours or subsequently,
and thus cannot be ascribed to thrombosis

In cases of R.C.N,, although thrombos:s is always found later, 1t 15 never
present before 14 hours Ar this time extensive tissuc necrosis has already
occurred. This necrosis can thus not be a result of thrombosis.

Glomerular stasis. Tt has been suggested that the primary lesion 1n R.C.N. is
a dilatation of glomerular capillaries with stasis in them (Cortese, 1935; Dunn
and Montgomery, 1941, McTFarlane, 1941; Heggie, 1949; Blainey, 1952) The
——— LI 1. AR A st N N

developed
Swelling of wwbular eprthelym Another theory is that, in the early stage of
C N, the tubular epithelium becomes greatly swollen and compresses the
intertubular capillaries, thus producing a mechanical arrest of the circulation
This explanation 15 not acceptable for two reasons. Firstly, in the early stages
of R.C.N or of proximal convoluted tubule necrosis, the Lidney is of normal
size and weight, and histological sections, using any technique, do not show
any swelling of the epithelium, Secondly, there are two conditions where an
acute and very great swelling of renal tubular epithelium does in fact occur,
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sufficient to produce a significant increase in the weight of the kidney: viz. in
patients treated with large amounts of intravenous hypertonic glucose solution,
and in rabbits after administration of dioxan or diethylene glycol. In neither
of these conditions does R.C.N. result.

Intertubular oedema A variant on the previous hypothesis is that intertubular
oedema is responsible for the arrest of the bloodflow. In fact, intertubular
oedema does not become recognisable, either histologically or by the increased
width of the cortex and increased weight of the kidney, until about 2 or
3 days after the renal lesions have developed. In extension of this view, it is
sometimes maintained that, even in this late stage, the renal circulation is
impaired by the intertubular oedema, so that the lesions in the kidney progress.
Against this, it may be pointed out that there is no evidence of any extension
of the necrosis after the oedema develops; on the contrary, there is active
repair of tubules in the oedematous cortex from that time onwards.

Lowering of general blood pressure. Several authors have postulated that
R.C.N. 15 caused by a reduction of renal bloedflow as a result of a fall of the
general blood pressure which occurs during the shock. In fact, as has been
shown 1n Chapter I1, the blood pressure 1s usually well maintained during the
phase of shock in these patients. A variant of the hypothesis is that, though the
blood pressure is not low by absolute measurements, it is low relative to what
it may have been before the U.P.A. occurred. The proponents of this theory
do not make it clear how this relative lowering would account for R.G.N..
However, the basic objection to this general explanation is that R.G.N. is
not a complication of retained placenta, post-partum haemorrhage, or other
obstetric conditions which lead to severe shock or great loss of blood

RESULTS OF THE ISCHAEMIA

Thus subject will be considered under two headings: first, the damage to or
death of the tissues as 2 result of the interruption of their blood supply; second,
the subsequent alterations in these dead or damaged tissues.

THE DIRECT EFFECT OF THE ISCHAEMIA
The severity of the damage to the kidney is related to two variable factors:
the duration of the ischaemia, and the sensitivity of the different structures to
ischaemia. . it
A very short period of ischaemia produces no obvious effects; a somewha
longer period damages but does not kill the most sensitive structures; a IongICr
period kills these sensitive structures and produc;s non-lethnl. damage to the
more resistant structures; a very long period kills all the tissues.
The gradient of sensitivity of the different structures in the renal cortex to
ischaemia can be assessed from two sources of evidence: (a) The identification
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of the carliest time after the U.P.A. at which each structure shows recognisable
necrosis. This time represents the period of sschaemia required to produce death
of the structure plus the subsequent period required to allow recogaisable
necross-changes 1o develop The duraton of this second period can be
assessed approvimately, from considerations & d in the next section. Thus
an estimate can be made of the actual time of 1schaemia required 1o kil each
type of tissue. Non-lethal damage to these structures presumably requires a
lesser duration of ischaemia. () The ather line of evidence is obtained from
experimental observations. These, though more accurate in themselves, have
to be interpreted from animal to human pathology

The estimates of duration of ischaemia given for each of the lesions in the
present study are only approximate; they are given here more as indications
of their proportions to one another than as absolute periods of time. In
particutar, the periods given in sections ¢ to g way be over-estimates.

Detorls of sensitwity The different structures in the renal cortex appear to
have the following gradient of sensitvity to ischaemia:

{a) Most scnsitive ts the integrity of the glomerular filtration mechanism,
with particular reference to its impermeabilsty to plasma proteins Dunng the
actual penod of the ischaemia there 1s no evidente of damage to this firation
mechanism, because there is a complete absence of filtration. Tt 15 only when
the arcufauen it re-opened subsequently that gross p 12 occurs, The
duration of ischaermua which is necessary to produce damage to the filter 15 in
the region of guarter to half an hour

() The epithetium of the proximal convoluted tubules The most senmtve
patt 15 the neck near the glomerulus; the remamnder of this tubule, mncluding
its spiral segment, shows a dimmishing sensttivity in relation to the distance
from the glomerulus, Lven in a single short segment of the tubule, where all
the epsthehum presumably suffers the same degree of ischaemia, most of the
cells may die while oceasional cells, aither solated or in small groups, may
survive There are also differences of sensitivity between one nephron and its
ueighbour, presumably dependent on dfferences in their functional activity
at the time when the ischaemia begins. Thus one proximal convoluted tubute
may be killed while the next one, lying beside the same capillary, is almost

& 1 duffx es in ity are however of histle importance
as compared with the differences in the amount of ischaemia suffered by the
tubules in neighbouring areas of cortex

The duratinn nf awsmtavecerard fonk 1arm
to these tubul
and cafloid d
rather more for the latter Death of these tubules probably results from about
2 to 3 hours of complete ischacmia This latter figure 1simportant, becanse it is
fasly well established, and because 1t forms a definite point of reference for the
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time-relationships of the less severe and the more severe lzsions. The precise
time required to produce death of the proximal convoluted tubules in the
human kidney is not known, but it may be assumed to be of somewhat the same
order of magnitude as in other mammalia. In rats (Koletsky and Gustafson,
1947) and in rabbits (Scarff and Keele, 1943) a complete ischaemia lasting
about 2 hours kills most of these tubules. In dogs the tubules are less sensitive,
and some of them may survive an ischaemia of nearly 4 hours (van Slyke ctal.,
1944). In the present discussion, an intermediate figure of 3 hours is arbitrarily
adopted for the human kidney.

(¢) The endothelium of the capillary loops and stalk afferent vessels of the
glomeruli, and the contractility of these structures. This endothelium seems to
suffer severe damage after a longer ischaemia, perhaps somewhere in the region
of 5 or 6 hours, though there are variations similar to those described in the
case of proximal convoluted tubules.

(d) The epithellum of the distal convoluted tubules and of their
continuation into e e ‘ex. The
collecting tubule tubule.
The duration of ischaema required 10 AL Lese suuctuLes idy e assessed at
somewhat longer than 6 hours. Whenever these structures are killed, the
area seems always to be in an early stage of R.C.N.

(¢) The endothelium of the imertubJulax; 'C_apillaries.

YR TN S el ratC ol
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insensitivity 15 particularly striking m view of the close relationship of the
epithelium of the glomerulus to the epithelium of the neck of the proximal
convoluted tubule Anischaemia lasting perhaps about 6 or 8 hours is necessary
to kill these cells .

(g) The walls of the arteries, includimg in particular the intima and the
media. Their sensitivity can be assessed from the time of development of
recognisable arterial lesions 1n minor R.C.N.. In general it may b:z estimated
that the arteries can withstand a period of about 8 to 12 hours’ ischaemia
before they die, though their contractility is probably lost earlier.

SUBSEQUENT CHANGES IN THE DAMAGED OR DEAD PARENCHYMA
As has already been mentioned, if the lSChﬂC}'nia is of only short duration
the tissues are damaged but not killed. Histologically they appear normal :{l
the end of the period of ischaemia, as is well known from ex;genmemal .\mrk.
However, when the ischaemia passes off and the_bloodﬂcw is re-established,
these damaged cells undergo various changes w}ucl? may be acccp(eq as tl ;
reactions of live cytoplasm. Within a few hours hyaline droplet formation a]n
colloid degeneration appear in some of the proximal convahsted tubules.



DISCUSSION OF GENERAL PATHOLOGY 121

When the tissues have been deprived of a blood supply for more than a
certain time, they are Ailled. During the conti of the ischaemia, the
dead tissues show remarkably little histological change for several hours
(Wieszeniewski, 1912). In experimental animals, the damaged and the dead
cells can be demonstrated at this time by their reaction to vital stains, but not
by ordinary fixation and staining. This latter method is the only one applicable
to human tissue at autopsy

It is @ truism that the histological identification of the process which is
described as “necrosis” consists of the recognition, not of the actual death of
the cell, but of the necrosis-changes which develop subsequently i the dead

cell \tht is lcss well known is that the mtc of such nccrosxs-changes in dcnd
POCTIP A B el N

paper, but the influence of the same factor can be observed equally well in the
present pathological material

The course of the necrosis-changes varies 1n certain particulars from one
tissue to another It can be studied most easily in the proximal convoluted
tubules, because there are many circumstances in which these tubules are
illed by ischaemia; in certain of these conditions there 1s subsequently a
good bloodflow around them, while in other conditions they recewve hittle or no
further bloodflow.

Provimal convoluted tubules Inan ordinary case of proximal convoluted tubule
necrosts, the initial period of 1schaemia lasts about g hours, and the reflow of
blood then begins After about 3 hours of reflow the dead tubular epithelium
shows recognisable early necrosis-changes, such as pyknosis of the nucler and
alteratons of the structure and staining properties of the cytoplasm. These
necrosis-changes progress fairly steadily in the presence of a continuing blood-
flow, so that, after 12 hours’ reflow, the nuclei are almost completely lysed
and the dead epithelium shows sleeveAsepamuon with radnl fracturing. With
experience, 1t 1s not difficult to make a r logical assess-
ment of how long the reflow must have continued to produce that degree of
development of the necrosis-changes which is observed mn any particular case.
Thas duration, plus the 3 hours allowed for the inutial ischaemia, always agrees
closely with the time which has elapsed from the onset of the U P A. to the
death of the patient

At the other end of the scale there are kidneys in which the other evidence
ndicates that, for all practical purposes, there has been no reflow of blood past
the dead proximal convoluted tubules. This 1s seen in some of the tubules in the
centre dead area of gross R C N. These tubules appear practically normal for
several hours after the onset of the ischaemia The nucler become pyknotic very
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E[l‘c;l\vly, and remain stainable for over 7 days and sometimes for 10 or 1o days.
e cytopl.asm undergoes little change in the early stages but, during the next
few days, it gradually becomes less solid in appearance and less cosinophil

Between these two extremes, there are a variety of other appearances of
dead proximal convoluted tubules, where the necrosis-changes have developed
only partially becm:lse of the inadequacy or the short duration of the reflow.
This is best exemplified by certain of the proximal convoluted tubules in the
centre dead area of gross R.C.N.; the necrosis-changes in these tubules have 2
different course from those mentioned in the last paragraph In this special
case, there is the imtial period of ischaemia which leads to death of these
tubules, and subsequently there is a short period of recirculation of blood,
which allows the usual necrosis-changes to begin in them. This reflow ceases
after a short time, and the necrosis-changes in the tubules are thus arrested
Subsequently these tubules remain relatively unchanged in appearance, though
they gradually undergo the very slow necrosis-changes which are characteristic
of completely ischaemic tissue.

Glomeruli The necrosis-changes in dead glomeruli are slower than those in
dead proximal convoluted tubules, but appear to depend on the recirculation
of blood in much the same way.

Thus, m a small focus of R.C N. where a collateral capillary circulation is
quickly established, the nuclei soon become pyknotic, and disappear within a
day or two. On the other hand, in the large centre dead area of gross R.C.N.,
there is only a poor and patchy recirculation of blood after the injtial ischaemia,
and this recirculation is very soon arrested. In such an area the glomerular
nuclei become pyknotic very slowly, and remain recognisable for a week or ten
days.

Distal convoluted tubules. The dead distal convoluted tubules show a different
course of necrosis-changes from those in the proximal convoluted tubules. It is
impossible to say how they would respond to a satisfactory recircutation of
blood around them; when' the ischaemia has lasted long enough to produce
death of these tubules, there is practically never any significant reflow of
blood through the area. However it is a striking fact that, in an area which
appears to have an almost uninterrupted ischacmia, these dead tubules can
undergo the dissociation into individual cells and the nuclear distortion which
have been described in Chapter V., The nuclei of these tubules disappear
finally after about a week to 10 days, as in the case of the other nuclei of the

area.

Intertubular capiflaries. The endothelium of intertubular capillarics is killed
a 15 prolonged and R.C.N. 1s developing. In
d transient refiow of blood before the final
flicient to produce
tinuous ischaemia

only in areas where the ischaerm
these areas there is only a poor an
and permanent ischaemia occurs. This short reflow is insu
much change in the endothelial nuclei. During the con
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which follows, these nuclei slowly become pyknotic, and disappear in the
course of about 7 to 1o days.

Arteries, The changes i dead arterics form a particolar case. Thrombosis
occurs very quichly after the blood re-cnters these dead vessels, and there is
thus a permanent arrest of the circulation very soon after the attempt a1 its
re-establishment. There are various effects during the short period when blood
flows back under pressure into the lumen of the dead artery, and these produce
a special series of changes which are discussed in detail in Chapter X1I.

Debaemoglobisation. One of the clearest indications of the absence of
recrrculation of blood in an area is the development of dehaemoglobinisation
of the red corpuscles which have been trapped there This subject has been
discussed 10 detail previously and will not be further considered here, apart
from mentioning two facts: (@) Dehaemoglobmnised red corpuscles indicate
that there was a bloodflow in the area 24 hours before, but that it ceased
over 12 hours before (b} The absence of any red corpuscles m the area (as a
result of therr disintegration) mdicates that no blood has flowed through the
arca during the past 24 hours.

Marginal zones The necrosis-changes at the edge of 2 large area of R CN.
provide a special example. Here a partial blood supply 1s obtained through
capillary from the surrounding tissue. In this instance, the rate
of the necrosis-changes 1n the dead cells depends on their proximity to tissue
where there 1s frcely circulating blood. Thus at the periphery of the area the
necrosis-changes occur raptdly, further i they occur more slowly, and at the
centre, where there 1s complete 1schaemia, they progress extremely slowly The
ptcture 1s of course further complicated, because the duration of the mutial
ischaemia has also varied

VASCULAR SPASM

In an carlv section of this discussion, it was pointed out that the ischaemia
vaned i duiaton in different cases, and that it was followed by a temporary
or permanent recircutation of blood through the area The generat conclusion
was reached that this particular course could only be explamed sansfactorty
by severe spasm 1n some part of the arterial tree. The details of this spasm wiil
be considered in the present section

NATURE OF THE SPASM

In this paper, the phrase “operative spasm™ is used to indicate a spasm which
results 1n observable ischaemic lesions This effect implies that there must have
been total or almost total closure of the lumen of the vessel for some minimum
period of time. It 15 possible that the less severe lesions may be the result of
incomplete or intermittent spasm For convenience, the duration of the spasm,
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whether complete or incomplete, is expressed in terms of the duration of total
and uninterrupted ischaemia which is known to produce the same lesions. For
example, the proximal convoluted tubules might conceivably be killed by an
ischaemia lasting 5 hours but remitting for 10 minutes at the end of each hour;
this would be considered here as representing 3 hours of complete ischaemia,
The occurrence of intermittence of the ischaemia will be discussed Jater,

When either the whole or part of a vessel is in operative spasm, the signifi-
cant site is the point where the bloodflow is arrested and, beyond which, the
1schaemic fesions develop The question of whether the spasm only affects a
short segment of the artery, or whether it also involves all the distal arterial
tree as well, is of purely academic interest in the present connection,

Site of the operative spasm. The position of the operative spasm can be
identified, in sufficiently advanced cases of R.C.N., by the site of the proximal
end of the necrosis of the arterjal walls and of the related thrombosis. In the
early cases of R.C N. and in the less severe conditions, neither of which are
accompanied by recognisable vascular lesions, the site of the operative spasm
can be inferred from the distribution of the parenchymal lesions.

In a fully developed case of gross R.C N., the proximal end of the arterial
damage 15 usually at about 0.5 to 1 mm. from the origin of the intralobular
artery; this spares the blood supply to the juxtamedullary nephrons and to the
medulla. In cases of patchy and of minor R.C.N., the vascular lesions occur
further out along the intralobular artery, and the site of the operative spasm
must therefore be placed at this more distal position. In cases of focal R.C N.
and of bemgn glomerular thrombosis, the vascular lesions occur only in the
afferent arteriole or in the stalk afferent vessel, and the site of the operative
spasm must be located there In the less severe glomerular lesions, the damage
involves only the capillary loops, and the site of the operative spasm appears
therefore to be at the origin of the glomerular capillaries from their stalk
afferent vessel, .

In the consideration of the lesions which are unassociated with vascular
damage, the outstanding fact 1s that the tubular damage is nephronic in
distribution. This can only be mterpreted as due to operatve spasm at
glomerular level, though whether this occurs in the arte!—lole or at the base ?f
the glomerular capillaries can not be decided. The thesis that the operafue
spasm 1s at glomerular level receives support from those shghtly more severe
cases where proximal convoluted tubule necrosis is accompanied by benign
glomerular thrombosis. .. !

In these conditions which are related to operative spasm at glomerular
level, there is a clear tendency for certain segments of the cortex to bc_mvoh:ed
much more than others. This 1s indicative of an operative spasm involving
many or all of the terminations of a particular intralobular arterial tree, while
sparing a neighbouring arterial tree. This involvement of all the terminations
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of one artery suggests a hypothesis which, though attractive, is not essential
to the main argument:—that there may have been an initiating focus of
irritation or partial contraction in the main trunk of the intralobular artery,
and that this contraction passes along, owing to the structural continuity of the
musculature of the arterial tree, to become an operative spasm in the terminal
branches at glomerular level. Such a deselopment of operative spasm might
occur only 1n certain glomeruli and not in others; this would account for the
less extensive lesions which involve only a few scattered nephrons.

This hypothesis explains some of the basic similarities in the distribution
pattern of all types of renal damage, ranging from tubular degenerations up to
gross R.C.N.. The most striking feature of this pattern is the immunity from
damage of the juxtamedullary nephrons, the occasional subcapsular nephrons,
and the radiating bands through the cortex In the cases of gross R.C.N,, it
has been explained that the operative spasm occurs sufficiently far out in the
mtralobular artery to spare the origins of the arterioles to the juxtamedullary
nephrons. In the cases of purely tubular lesions, the hypothetical focus of
writative contraction presumably occurs at about the same site in the
intralobular artery, and passes out to become an operative spasm only in
the termunations of the distal arterial tree; in this way, the terminations of the
arterjoles to the juxtamedullary nephrons would escape involvement 1 these
milder lestons. The reason for the survival of some subcapsular nephrons and
of the radiating bands of live tissue will be discussed in the section on the
distribution of the lesions in gross R.C N,

THE COURSE OF THE SPASM

When an ¢arly example of gross R.CN 1s studied, it is seen that there is
widespread necrosis of parenchyma without any vascular lesions at all.
Furthermore, there 1s clear evidence that some patchy reflow of blood has
occurred, and that it has been of nephronic distribution; some tubules have

SLALE LONESPURIUIIE 10 & U 01 § BUUT 16O, UL LG RLELIE DIOOUTIoW
can continue up to this time

The study of rather more advanced cases of gross R.C.N. shows that at about
6 to 12 hours there 1s a sudden cessatron of the progress of the necrosis-changes
in the dead tubules. This 1s exphcable only by a renewed arrest of the blood-
flow. The site of this arrest appears to be near the base of the intralobular
artery, though, as there is no bloodilow, no histologi id of damage
develops in the artery at this particular stage.

After this second ischaemia has lasted for 12 to 24 hours, the arterial spasm
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passes off and a second reflow of blood begins. This is evidenced by its effects
on that part of the artery which has been killed during the second 1schaemia:
all the parts of the artery distal to the site of the operative spasm become
dilated; they show other rapid changes in their walls such as disruption of the
media; thrombosis occurs 1n the lumen. It is at this stage that the site of the
spasm which caused the second ischaemia, the operative spasm in the artery,
is revealcd

This second reflow of blood is never of sufficient duration to allow any
sign.ficant development of necrosis-changes mn the area. Within a short time
it is arrested by the occurrence of the thrombosis in the dead arteries or by
stasis 1n the dead glomeruli. From this time onwards there is 2 permanent
ischaemia.

Several days later, the centre dead area of the R.C N. shows: (a) The
histological picture of necrosis of proximal convoluted tubules which, during
the first reflow, has reached various stages of development and then, at the
onset of the arterial spasm, has become “fixed”. The necrosis-changes have been
arrested because they could not proceed during the second ischaemia, nor
during the very short second reflow, nor during the final permanent ischacmia
(6) The thrombosis of arteries which developed during the second reflow.

Though there are two distinct operative spasms, an carly one at glomerular
level and, after an interval, a later one at arterial level, it must not be supposed
that these are unrelated. It may reasonably be surmised either that the
glomerular spasm transfers back to the main trunk of the artery to pecome
operative there, or that the itiating focus of partial contraction, which has
been postulated in the main trunk, continues there for some period and then
suddenly becomes an operative spasm at that site.

TIMING OF THE VASCULAR DISTURBANCE

The duration of the various stages can only be estimated approximately.
The degree to which the tubular necrosis-changes have developed can be
assessed by reference to the time-stages of the lesions in cases of simple pro.xl.n}a1
convoluted tubule necrosis This gives an indication of the duration of the initial
ischaerma and of the first reflow, though 1t must be admitted that an
unsatisfactory reflow would produce only the same changes as a good reflow
of shorter duration. The duration of the second ischaemia, due to the arrtESf
of bloodflow through the artertes, can be gauged from the type of thrombosis;
as will be shown later, the different types of thrombosis indlca.te different
durations of arterial 1schacmia The duration of the second reflow is probably
very short m cases of prolonged arterial spasm, though rather longer m the C§i<’:
of the short spasm which occurs in small arteries; its usual duration is probably
much less than 2 hours. In this way, it is possible to make a rough allocati\?n
of times to the different stages of the vascular disturbance in any case of R.C.N..



DISCUSSION OF GENERAL PATHOLOGY 127

These times can however only be checked in the cases of R.C.N. where death
occurs within 2 days after the U.P A.; in these carly cases the remaining time-
component in the calculations, the duration of the final permanent ischacmia,
can be assessed from the degree of dehaemoglobinisation of the red corpuscles.
In such cases, the sum of the periods allocated on histological grounds to
each stage of the vascular disturbance agrees reasonably closely with the
duration of life after the U.P.A,

OTHER GROUPS

pu— P PR . - [RNE T SO SN Y

the arterial spasm occurs m the distal segments of the intralobular arteries,
and there 1s httle or na evidence of any reflow of blood between the times of the
glomerular and the arterial spasms. The probable explanation is that the
transfer of the spasm from the glomeruli to the arteries occurs quute carly. This
artenal spasm affects only small arteries, and passes off within about 14 hours
after the U.P A | so that the thrombosis of arteries is seen much earlier in these
cases than in gross R.CN.

In focal R C.N. the spasm remains at the arteriole or stalk afferent vessel, and
does not migrate back along the artery It continues long enough to produce
death of the glomerulus. When the bloodflow is re-estabhshed, there 1s
thrombosis or stasis 1n the glomerular tuft, but no arterial lesions occur.

In purely tubular lesions the 1mtial ischaemia does not last sufficiently long
to damage the glomerulus seriously. When the initial glomerular spasm passes
off, the bloodflow 15 satisfactorily re-established in nearly all cases, though
during the next few hours an intermmttent spasm may recur at the glomerulus,
as will be discussed later. The operative spasm is never transferred back from
the glomerulus into the artertal tree in cases with these purely tubular lesions.

DURATION OF THE ARTERIAL SPASM

1t is of interest that, 1n the entre series of cases, the facts indicate that the
operative spasm at glomerular Jevel 15 of relatively short duration, whereas
that 1n arteries 1s always more prolonged. There is evadence, from certain cases
of gross R C.N , that the spasm 1n the larger intralobular arteries can continue
for a day or even more This raises the question of how an artery can maintain
an operative spasm for so long It mght reasonably be expected that the artery
would strangle 1tself at this site, and thus that 1t would dilate It is possible that
Just sufficient blood enters the artery at the proximal end of the site of operative
spasm to heep that portion of the artery altve and capable of continued con-
traction. Analternative hypothesis s that, when the portion of the artery at the
site of the operanive spasm 1s dying, the spasm is taken up by a short section of
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the artery proximal to it. The problem can not be considered as in any way
settled. Nevertheless there is no doubt that arteries in general can go into so
severe and prolonged a spasm as to produce death of the tissue beyond. This
is seen in some cases of Raynaud’s disease, ergot poisoning and frostbite. It is
also well known that bullet wounds in the vicinity of limb arteries can cause
very prolonged segmental spasm of these vessels.

CONCLUSIONS ON VASCULAR SPASM

In this discussion, the development of R.C.N. has been explained on a fairly
simple sequence of imtial glomerular spasm, first reflow, later arterial spasm,
second reflow, and final permanent arrest of the circulation, The less severe
lesions require only the first two steps of the sequence. It is freely admitted
that the vascular disturbance is almost certainly more complicated. The
possibility of intermittence of spasm, vanability in the amount of reflow, and
the effect of recurrence of ischaemia on structures which have suffered partial
ischaemic damage a few hours earlier, are some of the incalculable factors.
Nevertheless the general scheme of two ischaemia-reflow sequences seems to
be established by the present evidence, and the other complicating factors can
only produce variations inside this basic pattern.

The explanation that R.C.N is due to vascular spasm is not in any way new; 1t
was suggested by Friedlander (1883) and Beneke (1894), and has been f\cceptcd
by many subsequent authors. Various modifications of this explanation have
been put forward in the hiterature, and these have been well discussed 1n
previous reviews (Ash, 1933; Duff and More, 1941; Dunn 'and 'Momgomcry,
1941; Campbell and Henderson, 1949) Some of these modifications are based
on the Ricker theory: that there 1s a primary vasoconstriction followed by &
vasoparalysis, and that this vasoparalyss interferes with the bloodflow so that
stasis occurs and R.CN. results (Scriver and Oertel, 1930). This and
similar hypotheses do not however account satisfactorily for the occurrence
of the series of lesions of less severity than R.C.N.. Thesignificance of these less
severe lesions does not seem to have been recognised previously, and thus the
theories about the manner of arrest of the circulation have usually been devised
only to cxplain the appearances of fully developed R.C.N.

AETIOLOGY OF THE SPASM

In the literature, it has sometimes been suggested that the spasm is produced
by toxins. The toxin postulated is sometimes the “eclamptic toxin” and sng;
times the products of the retroplacental hacmorrhage, but there is no direc
evidence for the existence of cither of them. However there is no doubt tha}
various demonstrable toxins can produce R.C.N, presumably by way o
arterial spasm. Symeonidis (1949) produced focal or minor R.C.N. in prcgna::
rats by the injection of pragesterone 1n the last third of gestation. There wel
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associated hyer lesions remarkably stmilar to those of human eclampsia. Among
other toxins may be mentioned dioxan or diethylenc glycol in human beings,
staphylococcal and other bacterial toxins in experimental animals (Neisser
and Levaditi, 1go1; Forssman, 1932; Apitz, 1934; Rigdon, Joynerand Ricketts,
1934; von Glahn and Weld, 1935; Gerber, 1936; Glynn, 1937; Navasquez,
1938; Black-Schaffer, Hiebert and Kerby, 1947; Heggie, 1949; Smith and
Muirhead, 1g51; Thomas and Good, 1951; and several other workers), swine
fever virus (Rohrer, 1932), streptococc with serum (More and Kobernick,
1951), and lithium carmine (Reyna, 1936).

On the other hand it is well known that the cortical arteries of the kidney
are peculiarly sensitive to a wide vanety of neurogemc stimuli (Trueta et al,
1947; Sophian, 1939; Franklin, 1949 and 1930; Daniel, Peabody and Prichard,
1952). Tt is certainly possible that the particular stimulus of U.P.A. might be
followed by a neurogenic spasm in these arteries. There have been several
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1927; Mclarlane, 1941; Lynch and Large, 1951}

The possibility that other factors may also play a part is raised by the
experimental production of renal damage by choline deficiency (Griffith and
Wade, 1939; Christensen, 1942; Dessau and Oleson, 1947; Baxter, 1948), and
by the cases of R.C.N. 1n non-pregnant patients following throat infections,
gastro-enteritis, etc,

It must be admitted that the aetiology of the spasm of the cortical arteries
in patients with U.P.A. has not yet been clearly elucidated. There is as yet
no certainty even that the renal condition is the result of the uterine disturbance,
it is concervable that both conditions may result from one unknown common
factor.



CHAPTER XII
DISCUSSION OF INDIVIDUAL LESIONS
PROTEINURIA

Frqm the evidence in the preceding Chapter, it is accepted here that the
proteinunia is a result of damage to the filtration mechanism of the glomeruli
during the period of temporary ischaema, so that the large-moleculed plasma
proteins are able to pass through in the glomerular filtrate during the next
few days. In the most severe cases, practically pure plasma escapes down the
tubule,

It is sometimes suggested that the proteinuria in U.P.A. js due to the
presence in the plasma of some abnormal protein which is excreted by
undamaged glomeruli The existence of such a protein is at present unproved

ALBUMINURIA CASTS

The formation of these casts is dependent on several factors Firstly, it is
necessary for protein to be passing down the tubule, probably mainly from the
glomeruh after the circulation has been re-established, but possibly with some
addition from damaged tubules Every case of U.P.A. has proteinuria and is
thus a potential case of cast formation Secondly, for precipitation of the
protein to occur in the distal convoluted or collecting tubules, there must be
some degree of concentration of the filtrate and alteration of its pH (Baker and
Dodds, 1925); this requires that there should be continuing tubular function
As would therefore be expected, the casts are formed only in live tubules, they
are never seen in an area of R.C.N.. In addition, the flow of urine down this
part of the tubule must presumably not be too great; otherwise the precipitated
protein would be washed away before 1t was built up into casts. Thus for
example, 1n other medical conditions where casts are formed in the renal
tubules of a previously normal kidney, the casts date from a period not only
of gross proteinuria but also of severe oliguria due to shock or pyrexia.

The various factors involved in cast formation are related to the function
of the whole kidney, including the medulla and intermediate zone. In U.P.A.
these latter regions probably retain an uninterrupted blood supply, but they
may nevertheless not be functioning normalty during the first 12 hours after
the U.P A.. There are thus two possible causes for the virtual absence of casts
in the collecting tubules during the first 12 hours: the glomerul may not be
producing any filtrate at that time, or, if they are doing so, the tubules may
be unable to concentrate it. The anuria or severe oliguria during this period

130
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appears to be due to the temparary general disturbance of renal function,
and cannot be aseribed to cast formation. .
an
w . . .
factors dhscussed in the next section, these casts mav produce very serious
effects sn two ways. Firstly they must give rise to a considerable degree of
obstruction to the flow of urine down the tubule, though not necessarily a
complete occlusion. Some types of cast are very solid, while others have a
loose granular structurc; some occupy the whole lumen, while others are
relatisely narrow. Secondly, at the point where they lie in contact with the
wall, they produce a local pressure damage of the epitheliumy this may range
from severe crushing to complete necrosis Any lesion in this segment is of
o s e AN P et = g
ted
. be
compared wath the insulation around a wire cartying a ngh-tension electric
current. When a series of gaps are made mn the epithelium of the collecting
tubule, there is no obstacle to the escape of urine from the tubule mnto the
medullary connective tissue Thus the unne is short-circuited back into the
bloodstream Even a partial ebstruction of the tubule by casts would accelerate
the leakage The accumulation of large monocytes m the intermediate zone,
and their later replacement by lympbocytic foci, always follows the deposttion
of casts in medullary tubules, and is presumably related to the escape of urine
mto the interstitial tissue of the medulla
These remarks apply specifically to those cases of U.P.A where the essential
renal lesion 1s the formation of collecting tubule casts, and there is no serious
cortical damage In certain cases of prosimal convoluted tubule necrosis and
of R C N, there is considerable cast formation in the collecting tubules. These
casts may add seriously to the rer=* == =®-"emas L o '
which have remained relatively o
overshadowed by the d «
where callecting tubule casts and R.CN are combmed in the same kidney,
1t 15 important to differenuate clearly between the two conditions, as has been
emphasised recently by Young (194g) and Smuth (1g949)

ACUTE ANURIA AND CAST FORMATION IN GENERAL MEDICINE

Acute rena) falure lasung several days occurs not only m obstetnc
conditions but also 1 a wide varfety of other medical conditions, such as
incompatible transfusion, blackwater fever, Weil’s disease, crush kidney, etc.
The precise cause of the ohiguria or anuria has been discussed by many authaors,
wclading Bell (1937}, Bywaters and Dible (1942}, Oliver {1945), Macgrah,
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Havard and Parsons (1945), Lucké (1946), Mallory (1947), van Slyke {1948

Muirhead and Hill (1948), Lewis (1949), O'Donnell (1949), Dibli, Blelgfm)ci
Darmady (1950), French (1950), Smith and Muirhead (1951), Koslowski
(1951), Gaberman et al. (1951). In these conditions casts are usually formed
in the distal convoluted or collecting tubules, but they do not develop unul
about 12 to 24 hours These casts are of two main types: {a) those which are due
to the sudden liberation into the plasma of some protein such as haemoglobin
or myoglobin which is filtered thiough the normal glomerulus, {6) those
consisting of ordinary plasma proteins which have escaped into the tubule
because of acute damage to glomeruli; e.g. the albuminuria casts of U.P.A.

As discussed in the preceding section, there are two problems in these acute
renal failures: firstly the cause of the anuria during the first day, and secondly
the cause of the anuria during the subsequent week or two.

There is nearly always an initial period of severe shock or pyrexia, frequently
associated with intravascular haemolysis. The oliguria or anuria during this
phase may be due to some reduction in the renal bloodflow, or to an absence
of filtration as a result of low pressure in the glomeruli, or to some functional
disturbance in the renal tubules allowing almost complete reabsorption of the
filtrate. The part played by these various factors is not clear. Certainly any
reduction in renal bloodflow cannot be of a very severe grade, because there
is usually no histological damage to the most sensitive part of the parenchyma,
i.e. the proximal convoluted tubules. The anuria during this particular time
must therefore be considered to be a functional rather than a structural
disorder.

The other main problem 1s the mechanism of the oliguria or anuria during
the second stage, i.e. during the week or two after the first day. Debate on this
topic hinges on the question of whether the casts in the collecting tubules
constitute the important pathological change, or whether the'contmued renal
failure is due to some prolonged functional disturbance which prevents the
formation of urine.

Much of the recent discussion 1n the literature rests on the statement by
several authorities that the casts in the distal convoluted or collecting tubules
are never sufficiently large or numerous to interfere with renal function. While
this may be true in some cases, there are certainly very many hidneys where
the casts appear to be of great importance, both by the pressure-damage they
produce on the epithelium and by the obstruction of the lumen of the tubule.
The mechanism of these effects has been sufficiently discussed in the preceding
section The qucstion of whether there are enough casts to produce these
effects requires a careful assessment of the number of tubules which contain
casts. Three points must be borne 1n mind. Firstly, there may be long .caski
throughout much of the collecting tubule, or onl}f short ones in cccasx;ma'
places. The latter condition is important; the occlusion of a collecting tubuleaf
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a single point is potentially just as harmful to the nephron as the more
extensive obstruction, A cast which obstructs one of the main collecting tubules
will affect the urine flow from the large group of related nephrons, Secondly,
no valid oprnion can be given unless the histological sections include not only
the cortex but also the whole medulla to the tip of the pyramid. Thirdly, thin
paraffin sections may lead to an underestimate of the number of casts; thick
{rozen sections are of much more value. The method of dissection of nephrons
emplayed by Oliver (1945) demonstrates the sitnation and number of
the casts very clearly, but it is technically not so easy. The true size of the
indmvidual casts can be judged in thick frozen sections more satisfactorily
than in paraffin sections, because the casts often shrink a great deal during
paraflin embedding.

When the kidney 1s studied carefully in thus way, there can be no doubt that
in many cases the cast formation is quite sufficient to give rise to the oliguria or
anuria and that it is therefore unnecessary to postulate any additional factors,
though the existence of such factors is not therchy disproved. On the other
hand it must he agreed that there are some cases where the anuna cannot be
satisfactorily explained by the few casts present. In ths second group of cases
there must be some other particular factor causing the anuna. Nevertheless,
it is important not to assume that thus particular factor 1s the significant
one m all cases of anuria, whether or not casts are present, and that the
casts themselves may always be ignored in the actology of the anuna.
The concept that ajl these cases of anuria must have a common actiology
would have an attractive simplicity, but unfortunately it is not in agreement
wth the chinical and histological data. It does not appear justifiable to put into
ane comumon group: cases of toxic proximal convoluted tubnle necross due to
mercury poisoning, cases of gross haemoglobm cast formation due to incom-
patble transfusion, and cases of R.C.N or other ischaemic damage to the
cortex resulting from U.P.A.. The fact that the present treatment of all these
corditions 15 the same should not be allowed to obscure the wide differences of
actiology and pathology.

n the cases where the anuria can not be accounted for by the casts or by
any mare severe structural change in the kidney, it 1s not easy to give a satis~
factory explanation for the continued anuna. One group of authors mamtain
that there is a serious dysfunction of the distal convoluted or collecting tubules,
and that thus 1s evidenced by histological changes in the epithelium of those
segments. In the cases personally observed, these changes have been related
exther to casts or to mtes where it is clear that casts have been present previously.
Nevertheless certatn autharities are satisfied that “tubular bursts”, which
permit leakage of unine into the interstitial tissue or neighbouring blood
vessels, can occur without any relation to cast formation {Dunn, Gillespie
and Niven, 1941; Darmady, 1950, Qliver, hMacDawell and Tracy, 1951).
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An alternative explanation of the prolonged anuria is that it is due to a
continuance of those factors which caused the anuria during the first 12 to 2
hours. This is sometimes accounted for by a “renal anoxia” resulting from
a renal ischaemia. The cause of such a prolonged renal ischaemia is obscure;
one of the many possible explanations is that the presence of the casts might
produce a reflex mhibition of renal bloodflow. There is some evidence
suggesting that the renal bloodflow may in fact be reduced for several weeks
(Bull, Joekes and Lowe, 1950). Nevertheless it does not appear that the renal
ischaemfa can be of a very severe degree, because it does not produce any
histologically recognisable ischaemic damage to the kidney. Furthermore, if
it be accepted that in most cases the anuria is due to a moderate degree of
renal ischaemia, it might reasonably be expected that in occasional cases the
ischaemia would happen to be more severe, and would thus produce ather
necrosis of proximal convoluted tubules or the various grades of R.CN..In
other words, there should be some parallel to the serics of lesions which occurs
after U.P.A,, and which is due to various gradations of renal ischaemia There
is evidence that such a series does occur rarely in a few conditions listed in
Chapter X, but it is not found 1n the other anurias and, in particular, not in
those where an abnormal protein is being excreted by normal glomeruli.

The proximal convoluted tubules do not usually show much dilatation in
cases where casts are present in the distal convoluted and collecting tubules.
This is sometimes interpreted as evidence that the lower segments are not
obstructed Such an inference can not be accepted as valid, Even in the normal
kidney it is difficult to assess the hydrodynamic conditions in the various parts
of the nephron. On the ordmary thearies of renal function, the proximal
convoluted tubule must be carrying a volume of fluid a hundred times greater
than the distal convoluted tubule of the same nephron, though this .could .not
be deduced from the diameter of the lumen of the two segments in hlStOIOglCﬂl'
sections The pressure gradient inside the lumen must be .inﬂucn'ctd very
considerably by the site of absorption of the fluid, but the details of this are nat
yetknown In wview of the difficulty of histological assessment of the })rcsiﬂl{;s
and volume flows 1n the tubule 1n ordinary physiological cond.mom‘; no vali
interpretations can be given of the presence or abs'e.ncc of dilatation of the
proximal convoluted tubules in pathological conditions.

HAEMOGLOBIN CASTS IN U.P.A.

Despite the rather extensive internal haemorrhages of U.P.:A., t}lcre is lm:.?
or no haemoglobinaemia, and consequently no haemoglobinuria. Hnen‘:‘d
globin casts are thus not a characteristic feature of thc.U.P.A. kldney.la i
there was not a single example in the present series. Cersam other authors ;:“re
reported the occurrence of haemoglobin casts following U.P.A., bbu(t] lsccz'
may have been other factors operating in these cases (Young, 19425, Case 2
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Paxson, Golub and Hunter, 1946, Case 1; Mauzy and Donnelly, 1919, Case
2; MacGillivray and Govan, 1952, Cases 2 and 5). For example, Mauzy and
Donnelly’s case had been given several transfusions; biopsy at 5 days showed
haemoglobin casts in the lower portions of the nephrons. The patient recovered.
Both of the cases of MacGillivray and Govan were given blood transfusions.

Haemoglobin casts may develop in a varicty of conditions in pregnancy
unrelated to U.P.A.. Incompatible transfusions and other intravascular haemo-
Iyses frequently produce hacmoglobin casts Similar casts ave seen following
certamn abortions; the intravascular haemolysis being the result of injections
of soap solutions, ingestion of quining, or infection by Cl. Welchii (Terplan and
Javert, 1936, Chabamer et al., 1936, Case 2; Bratton, 1941, 8 cases; Young,
1942, O’Sullivan and Spitzer, 1946, Case 1; Young and Walker, 1947,
O'Donnell, 1949, Cases 1, 2 and 3, Wyatt and Goldenberg, 1950, Cases 1, 2
and 3) A biopsy on a patient with an abortion followed by oliguna was
reported by Chabanier et al. (1936, Case 1) Therc were haemoglobin casts in
the distal convoluted tubules in the cortex. Haemoglobin casts are also formed
m some cases of eclampsia, probably in association with very extensive
haemorrhages in the liver White (1919) recorded a biopsy on a patient (L. B)
with post-partum oligurta, and has permutted us to report from his original
slides This patient had eclampsia at 24 weeks 1 her first pregnancy. Biopsy
on the 11th day of the puerperium showed numerous haemoglobin casts
occupying the distal convoluted tubules 1n the cortex. The medulla was not
mcluded 1 the biopsy. The patient recovered.

HYALINE DROPLETS AND COLLOID DEGENERATION

These two lesions develop at about the same time, and appear to be aspects
of the same disturbance They depend on a sequence of factors: () the initial
ischaemia disturbs the filtration mechanism of the glomerul, and at the
same time damages the tubular epithelium; (5) when the blood subsequently
circulates through the area, there is a flow of protein-contaimng filtrate down
the tubule, and the damaged tubular epithelium retains sufficient function
to 'absorb some of this protemn,

plications, the lesion probably disappears within a couple of days. With more
severe damage, the epithellum accumulates protein in a more diffuse manner
and undergoes colloid degencration This process also requires a reflow of
blood lasting about 12 hours to reach its full development

The amount of the proteinuna may vary from onc nephron to another.
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Sometimes a severely damaged glomerulus may communicate with 2 relatively
undamaged proximal convoluted tubule which has received some capillary
blood supply from the neighbourhood; the reverse condition may obtain.
This may be one of the reasons why the histological picture of colloid
degeneration is so varied.

In a few cases during the first day, colloid degeneration is found in a broad
zone around areas of early R.C.N. or of proximal convoluted tubule necrosis.
In other cases at this time, there is no sign of colloid degeneration or even of
hyaline droplet change at this site. This is difficult to explain, as it might
reasonably be expected that an area of severe ischaemia would always have a
marginal zone around it where there was partial ischaemia. A possible
explanation is that such a zone of partial ischaemia would have its bloodflow
from anastomoses with neighbouring capillaries; this would not be sufficient
to produce any glomerular filtration, and thus the tubules would not be
presented with albuminuric filtrate. .

In the late cases the absence of colloid degeneration around the live margin
zone of an area of R.C N. is of no significance; if any such process had occurred
in the early stages, the tubule would by this time have recovered.

COLLOID NECROSIS

The occurrence of colloid necrosis (i.e. necrosis of tubules which have
previously undergone some degree of colloid degeneration) brings up for
consideration a further concept of general pathology which is applicable to all
the renal lesions It has been concluded that the formation of hyali_ne droplets
and simple colloid degeneration ndicates that the tubular epithelium though
damaged is still alive and 15 able to reabsorb, from the glomerular filtrate,
protein which 15 accumulated in the epithelial cells.

The problem °* ) T * bule
should die and protein m'
the cytoplasm is e ) . 15 baSlCﬁI}?
plasma-protein, and it is harmless when it is present as hyaline droplets. The
more reasonable explanation is that the late necrosis is the result of a lat?
ischaemia. When tubules have already been seriously damaged as a result of
spasm at glomerular level, and during the subsequent reflow have undergone
a severe colloid degeneration, a brief recurrence of the spasm at the same site
a few hours later would be sufficient to cause their death. That such a recurrent
spasm at glomerular level does sometimes occur is shown in Case 36, whc{;
there were many areas of severe colloid degeneration and of early collo; !
necrosis, but in addition the glomeruli in a few minute areas showed early
necrosis and thrombosis. R first fow

The concept that spasm may recur at glomerular level during the first

+ Filese tubules
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hours raises the whole problem of whether spasm at that site may frequently
be intermittent. The present histological material does not give a conclusive
answer, but we are much attracted by the idea that the lesser lesions, such as
hyaline droplet formation and colloid degeneration, may usually be due to
intermittent spasm; the relatively long time required for their development
would then be due to the gradual building-up of the effects of the intermittent
ischaemia,

INTERMEDIATE ZONE COLLOID CASTS

This lesion appears to be almost peculiar to the UP A kidney, though
it occurs in only about one-third of the cases In contrast to the delay in the
formation of ordinary protein casts i collecting tubules, the colloid casts 1n
the ntermediate zone tubules can be fully developed as early as 6 hours

These casts appear to have a very lugh protein content, including possibly
a large amount of globulin On the basis of the ordinary processes of renal
physiology, it might reasonably be considered that the colloid matenal had
filtered through the glomeruh and become deposited in these segments of the
nephron. There are however some difficulties in this explanation.

{a) In the few cases where the colloid 1s seen in glomerular capsules, 1t is
not seen in the proximal convoluted tubule any further down than the first
two or three loops Beyond this point there is a big gap until the colloid casts
are met 1n the spiral segments

(b) In early cases, the colloid casts can be seen filling the spiral segments
of the proximal convoluted tubules m the intermediate zone and also filhng
the broad ascending limbs of Henle, but with no recognisable colloid in the
narrow loops of Henle which connect those two segments,

n the other hand, this “gap” is not invariable; there are many examples
of colloid casts continuing from the spiral segments down through the narrow
loops of Henle in the medulla and then up agam into the broad ascending
Limbs 1n the mtermediate zone, In the cases where the cortex is not affected
by R.CN, these casts may sometumes be seen continuing from the broad
ascending himbs up to the distal convoluted tubules but no further, or they
may sometimes continue in lesser amount as far as the collecting tubules

(¢) The explanation strikes another difficulty 1n some of the cases of gross
R.CN. Thecollowd casts could not result from filtration after the R C.N had

PRI R S 1 RN

Aesalomad T . ..

deliicatc lesions which occurred 1n the very early stages of the R.C.N can still
be identified casily 1n the late stages. In fact, neither 1n the early stages of
g10ss R CN. nor m the late stages, are there any colloid casts 1n the distal
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convoluted tubules in the cortex. Nevertheless, in at any rate the late stages
of gross R.C.N,, every tubule in the intermediate zone and every collecting
tubule in the medulla may contain these casts.

One possible explanation of these facts may be that the formation of colloid
casts is dependent on the active function of the tubular epithelium, and that
the peculiar localisation to the intermediate zone may be related to alterations
n the blood supply near the lower margin of the ischaemic cortex. It is
certainly conceivable that, even in cases of incipient R.C.N., some dilute collod
might pass along the nephron and be deposited as a gel only in segments with
well-functioning epithelium. The distal convoluted tubules in the cortex can
not be considered to have normal function in the mitial stages of R.CN.

The only possible alternative explanation is that there is a direct secretion
of this colloid by the epithelium of the affected tubules. There are pathologrcal
analogies to suggest such an explanation; in particular the formation of almost
identical colloid casts in the lumen of isolated segments of renal tubules, such
as is seen in certain types of chronic nephritis. It must be admitted that the
answer to this problem remains obscure.

In the description of colloid casts in Chapter 1V, it was pointed out that,
in the cases without R.C.N,, the formation of colloid casts in the intermediate
zone is commonly associated with the occurrence of colloid degeneration and
colloid necrosis 1 the proximal convoluted tubules in the cortex. There is,
however, nothing to show that these conditions are actiologically related. The
use of the adjective “colloid”, both in the title of the tubular lesions ansi m.the
utle of the casts, is purely descriptive and carries no further implication.

PROXIMAL CONVOLUTED TUBULE NECROSIS

The site of the operative spasm is at glomerular level, as is shown by the
nephronic distribution of the lesions. The spasm lasts about 3 hours and, in
an uncomplicated case, 15 followed by the re-establishment of a permanent
bloodflow, which allows the development of the necrosis-changes and. the
subsequent repair of these tubules. The tubules alwvays seem to have been killed
outnight; there are no cytoplasmic changes to suggest that the spasm has been
intermittent.

In the early cases, only occasional proximal convoluted 'tubules jare
obviously necrosed. The adjacent tubu
it is impossible to determine whether tt
have recently been killed but have not ,
develop necrosis-changes. Subsequently the number of nephrons showing
obvious necrosis tends to increase up to about 18 hours or so. There are two
possible explanations: (a} that the spasm may begin in different nephrons nt'
different times within about the first 12 hours, (6) that the reflow of blood may
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begin at different times and may be of various degrees of efficiency.

The minimum peried of reflow of blood necessary to produce unequivocal
necrosis-changes in the nuclei and cytoplasm is about 2 or g hours, as judged
by kidneys examined 6 hours after the U.P.A.. Sleeve-separation is not seen
until after about 6 hours® reflow. Nuclear staining is lost after about 12 to 18
hours” reflow. .

Proximal convoluted tubule necrosis is 2 speaific entity, and in many cases
develops without any other complication whatsoever. Nevertheless it is clearly
related to other lesions. At the lower aetiological range there are cases where
the kidneys show a mixture of this leston and coliod degeneration; the
latter being interpreted as occurring in those nephrons where there has been
an earber relaxation of the spasm At the other end of the aetiological scale
are the cases where, though most of the nephrons have simple proxtmal
convoluted tubule necross, the spasm 1n occasional glomeruli has lasted long
enough to produce benign glomerular thrombosts.

GLOMERULAR THROMBOSIS AND SMALL FOCI OF R.CN

When the spasm at glomerular level has lasted for some time estrmated at
about 4 to 6 hours, sertous damage has occurred to the endothelium of the
glomerular capillanes, but the walls of these vessels are not killed unless the
ischaemia has been of rather longer duration. When the bloodflow re-opens
through the damaged capiliaries, fibrin thrombi are laid down m therr lumen.
These thrombt may be of various types, dependent on the duration of the
mnttial ischaemia and on the effictency of the recirculation of blood

The mildest type 1s that which has been referred to here as benign
glomerular thrombosis. The loose strings of fibrin thrombus, which develop
inthe lumen of the capullary loops, could certainly be formed in a few minutes
As the bloodflow continues, a more hyaline type of thrombus is built up around
the ongmal fibrn threads; 1t lies free i the lumen without obstructing the
bloodflow, so that the glomerulus survives. A similar thrombus may develop
in the stalk afferent vessel; the essential difference seems to be that the spasm
has been at the root of this vessel instead of at the roots of the capiilary loops.

Ifthe spasm at glomerular fevel has lasted a rather fonger time, the resultant
glomerylar damage is more severe \When the circulation re-opens, the stalk
afferent vessel becomes dilated, and a solid mass of adherent thrombus is
gradually built up in it The arrest of the bloodflow leads to death of the
glomerulus, if ths structure has not already been killed by the first 1schaerma
The lesion now fulfills the criterton of focal R.CN.

5 this solid thrombus 1s present only in the stalk afferent vessel,
but occasionally 1t spreads down the centre of the lumen of the afferent
arteriole, this is of importance 1n that it suggests that the arteriole may have
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been in partial spasm. In the most severe cases of focal R.C.N., the arteriole is
dilated, its wall shows necrosis-changes, and it usually becomes plugged by
sohd thrombus.

The development of stasis in glomeruli may be the product of two different
mechamsms.. When blood flows into a dead glomerulus, the plasma may
escape, leaving the red corpuscles as a packed mass in the capillary loops.
This effect would be precipitated or enhanced if the spasm in the afferent
arteriole were to relax at a time when the efferent arteriole happened to be in
spasm. There is no direct evidence to prove either of these factors.

The stasis is seen in a few glomeruli at about 14 hours. Subsequently there is
a spread to involve further glomeruli up to about 20 or 24 hours, but not after
that time. It is possible that stasis in some of the glomeruli may have resulted
from a single sequence of ischaemia and reflow. Nevertheless, stasis sometimes
occurs in glomeruli which show benign capillary or stalk thrombosis. This
thrombosis occurs during the reflow after the first ischaemia, and must
therefore precede the stasis. In addition, it could not possibly occur after
thestasis, at a time when the capillaries are filled with stationary red corpuscles,
as 15 explained in the Chapter on the early stages of R C.N.. In these glomeruli
it must be accepted that there has been a double sequence of ischaemia and
reflow

Parenchymal changes. In the areas where benign glomerular thrombosis has
occurred, the ischaemia has always continued long enough to kill the proximal
convoluted tubules, though not long enough to kill the distal convoluted
tubules or the intertubular capillaries. In the intervening areas there is much
proximal convoluted tubule necrosis and lesser tubular damage.

When solid thrombosis of a stalk afferent vessel or arteriole has occurred, or
when stasis has developed in a tuft, this glomerulus is dead, and the condition
is a focal R.C.N.. This may involve only a single glomerulus, or it may
involve a small group of adjacent glomeruli. In the latter case, the focus of
R C.N. is recognisable to the naked eye, but it is still sufficiently small for the
distal convoluted tubules and the intertubular capiliaries to be kept alive by
the collateral capillary circulation. This circulation is poor, so that the centre
of these larger areas of focal R.C.N. consists of partial survival zon, and the
repair of the proximal convoluted tubules here is delayed.

1t is not clear why, in cases following U.P.A., focal R.C.N. involves only
scanty and scattered groups of glomeruli, despite the ample evidence among
the less severe lestons that spasm at glomerular level can affect most of the
nephrons.

CONFLUENT FOCAL R.CN

This condition is basically similar to the focal R.C.N. which follows U.P.A(-i.
The main difference is that, instead of there being only occasional scattere
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lesions, the foci of R C.N. occur in very large numbers and may become
canfluent in extensive areas of the cortex

The comman type secms to be of gradual development The lesions are
indicative of a series of spasms at glomerular level, beginning in different
glomeruli over a period of several days. The spasm may vary in duration from
a few minutes up to about 6 hours, and probably recurs at intervals in the same
tuft. It 1s succeeded by a reflow of blood through most of the glomeruli 1t is
a striking feature of this condition that many of the glomeruli have thrombos:s
or stasis, but there are enough undamaged or only partially damaged glomeruli
to allow adequate through-circulation to the cortex, so that the parenchymal
lesions pass through their necrosis-changes at the same rate as m simple
proumal convoluted tubule necrosis

In the less common type of confluent focal R.C N., the lestons develop
almost simultaneously instead of senally, The spasm continues, probably
intermittently, i the glomeruli long enough to kill many of them. When the
reflow occurs, much of the bloodflow to the cortex s arrested rather rapidly
as a result of glomerular stasis and thrombosis. Nevertheless, even in the most
severely damaged glomeruh, this reflow continues long enough to produce
solid thrombosis of platelet type in the stalk afferent vessels. There is however
no spasm 10 the miralobular arteries, so that blood can pass through the least
damaged glomerult, and 1s able to provide a moderate circulation through the
cortex In areas where this bloodflow 15 adequate, the necrosis-changes of the
proximal convoluted tubules progress at a farrly normal rate, and there 1s no
necrosis of distal convoluted tubules and no dehaemoglobimisation in those
glomeruli which have suffered stasis On the other hand, where the lesions in
all the glomeruli of a large area have been 5o severe that the reflow is arrested,
there 15 delay 1n the necrosis-changes of the proximal comoluted tubules, and
necrosis occurs in the distal convoluted tubules

The spasm remains cha=- « - = "« 7 '
very occasional examples
of the artenal tree do n o L

The chmecal mformation about these cases is usually tnadequate to establish
the exact time of onset of the renal damage, because the R CN s not a sequel
to any dramatically sudden condition such as UP A, The esumation of the
duration of the renal damage thus depends on a histological of the
age of the oldest acute lesions in the kidney.

Dunn and Montgomery (1941} recorded eight cases of R.CN. n non-
pregnant patients and arranged them in a series, beginning with three cascs
of conftuent focal R CN of about 2 to 3 days’ duration, and following with
five cases of R G.N. of arterial type and of Jonger duraton. They suggested
that this indicated a sequence of events: the condition described here
as confluent focal RGN was the imtial lesion; after a few days 1t was
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followed by a secondary degeneration and thrombosis of the arteries, giving
finally the classical picture of gross R.C.N.. There is no evidence to support
this theory of a long-delayed arterial degeneration. The present cases of
confluent focal R.C N. several days old have undamaged intralobular arteries,
whereas the cases of gross R.C.N. have necrosis and thrombosis of arteries at
36 hours. Furthermore, any long delay of 4 days or more in the onset of spasm
or thrombosis in the artery would lead to necrosis of regenerating tubules,
a condition which is never seen. It appears therefore that their Cases 1, 2 and
3 are best considered, not as early stages of their cases of patchy and gross
R CN,, but as examples of a different variety of ischaemic lesion (confluent
focal R.C.N.) which would have progressed along its own line without further
involvement of the artemal tree.

MINOR, PATCHY AND GROSS R.C.N.

The inttial spasm and first reflow. In areas of extensive R.C.N., the initial spasm
at glomerular level affects all the nephrons in the area. It seems to begin at
about the same time in all the glomeruli.

The duration of the spasm appears to be fairly long, as judged from the
lesions which are revealed during the subsequent reflow. This reflow produces
fibrin thrombi in some of the glomeruli and intertubular capillaries; the
damage to this endothelium indicates that the initial ischaemia has lasted
about 4 1o 6 hours There is no clear evidence that stasis or other severe
glomerular damage ever occurs at this stage; it is therefore unnecessary to
postulate a longer initial spasm During the reflow, some albuminous filtrate
passes into the proximal convoluted tubule Almost every proximal convoluted
tubule shows necrosis-changes; the death of these structures indicates tha.t the
initial 1schaemia lasted for at least 3 hours. Only a very occasional p.roxlmf!‘
convoluted tubule shows early colloid degeneration, proving that in these
particular nepbrons the initial spasm was not long enough to kill the tubule
outright. There are, however, never any tubules so slightly damaged ‘hl:;u
hyaline droplets can form 1n thern. The distal convoluted tubules may be
Ailled at this stage. Even if they remain alive, they are seriously damaged 0
that they are incapable of producing casts in their lumen. i

When the reflow begins, it does so 1n a very patchy and nephronic marlmcl‘.
The general picture suggests that the reflow of blood is not of good \'Ohuﬂzc
anywhere, and it is possible that the bloodflow may be impeded somewiers
cither in the arteres or in the glomeruli. The reflow must terminate slmu(t::in;-
ously throughout each affected segment of the cortex, because it is arrested i
the intralobular artery. .

The arterial spasm ani; second reflow. At about 6 to 12 hours the cxrculat;z
condition undergoes a great change, owing to the development of opera
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spasm at some point m the intralobular artery, with a resultant complete
ischaemia of all structures beyond the site of the spasm. The site of the spasm
varies considerably from case to case; this accounts for the difference in extent
of minor, patchy, and gross R.C.N.. In any individual kidney however, the
spasm tends to occur at about the same level 1n most of the intralobular
arteries, and probably develops at about the same time in these arteries
There are some individual vanations, so that one artery may be in severe
spasm while its neighbours remain open. Where the atteries have not
been in spasm, the arca shows merely proximal convoluted tubule necrosis
with, perhaps, a few points of focal R.C.N.

‘The artenal spasm relaxes very much earlier in the small arteries, which
are mvolved in muinor R.C N, than in the large arteries, which are involved
in gross R.C N,. The times are possibly about 1o or 12 hours i the former,
and 24 to 36 hours in the latter In a single kidney there is probably a range
of a few hours between the time of relaxation of one artery and that of its
neighbour. As a result, the hidney with gross R.C N, at 86 hours has blotches
of dark and light red on the cut surface; the blood in some areas 1s dehaemo-
globinised, and in other areas not.

The second reflow 15 terrunated fauly quickly by the development of
thrombosss and stasis. After this time the entire area 1s permanently ischaemic

No esplanation can be offered for the peculiar fact that in confluent focal
R C N, where there 15 very extensive severe spasm at glomerular Jevel, the
spasm does not transfer into the arteries subsequently. After U P.A, on the
other hand, i every case where there is extensive spasm at glomerular level,
which mn theory could give rise to a confluent focal R C N., the spasm transfers
to the main intralobular arterv and produces, instead, a gross R C.N

IDENTIFICATION OF THE EARLY STAGES OF GROSS R G.N.
There are two conditions with which the early stage of R C.N may be
confused:—the early stages of very extensive proximal convoluted tubule
o oar AR LA PR N Pirind

nephrons relatively evenly, At 3 hours the vascular disturbance is practically
idenucal mn all of them The differentiation of these various conditions depends
on their subsequent course.

In extensive proximal convoluted tubule necrosss, the spasm lasts about g
haurs and then passes off, so that a goad hloodflaw s blished th h
the area Necrosis-changes n the dead tubules progress steadily from this
time onwards In the more severe varietics of this condition, there may be
widespread bemign glomerular thrombosis, but there 1s clear evidence of a
permanent re-establishment of bloodflow.,
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In the special variety of confluent focal R.C.N,, the parenchymal changes
are severe and there is extensive and very striking damage to glomeruli, but
here again the subsequent course of the necrosis-changes in the tubules
mndicates a continuation of some bloodflow through the area.

In gross R.C.N. the ischaemia is very widespread and produces severe and
very extensive damage. The reflow is relatively poor, so that at about 6 or 8
hours the glomerular lesions are very much less prominent than in a confluent
focal R.C N . The development of the arterial spasm arrests this first reflow,
and, as a result, there 1s no further development of the histological changes in
the kidney, apart from the progress of the dissaciation of the epithelium of the
distal convoluted tubules and the beginning of dehaemoglobinisation, At this
pertod, the appearances of the kidney in gross R.C.N. become clearly different
from those of the widespread nephronic lesions.

DISTRIBUTION OF LESIONS IN R.C.N.

In gross R.CN. and in patchy R.C.N. there are always a number of
radiating bands of live tissue traversing the cortex. In addition a variable
number of subcapsular and juxtamedullary nephrons remain alive. These
appearances are related to variations in the distribution of the arterial spasm.

(a) In some places the operative spasm which produces the R.C.N. begins
about half-way out along the intralobular artery, and all the branches oflhc
artery proximal to this point remain open. As a result, a broad wcc.ige Pf tissue
free from R.C.N. 15 left projecting up from the juxtamedullary region into the
deep cortex. This gives the characteristic serrated lower edge of the necrosed
area.

(6) In a few places the operative spasm does not involve the main trunk
of the intralobular artery nor its juxtamedullary branches, but all the bianches
further out are in spasm, apart from a few small terminal branches to ncph_rot}?
under the capsule, and sometimes also a branch to the renal capsule itse
(More and Duff, 1951). As a result, there 1s 2 small wedge of live pal:enchyrflii
pointing inwards from the capsule into the cortex. The blood in this artcrllﬁ.
trunk remains 1n true circulation because of the distal outlet to the capsule;
the arterial wall thus remains alive and there is no thrgmboﬂs. i

(¢) In various places these two processes are asscci:ftcd in the same 151"‘3;
lobular artery, so that there are two wedges of live tissue pointing towar
each other across the area of R.C.N.. If the wedges are larger, their apices a1¢
fused; an extension of this process gives rise to the columns of live tissue ff:r"e‘
capsule to medulla which are seen in occasional places it even the most sev
cases of R.C.N.

(d) Further developments along the lines described in para.(s) redulcc '}:7
area of affected parenchyma so that the R.C.N., though gross in g;:nera lt:}x?gé
involves only the outer half of the cortex. On the other hand, when 2
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number of isolated intralobular arteries are spared along their whole length,
as described in para.(3), the result is the streaky type of patchy R.C.N.
involving nearly the whole depth of the cortex (Fig. 62). A combination of
the two processes gives the ordwmary type of patchy R C.N. (Fig. 61).

NECROSIS OF ARTERIES

The spasm in the artery leads to death of all the distal part of the arterial
tree. When the second reflow occurs, the subsequent developments are (a) the
occurrence of dilatation and certain special necrosis-changes in these dead
arteries, (4) the occurrence of thrombosis in them.

When the operative spasm passes off, blood re-enters the distal segment of
the arterial tree, at presumably the ordinary arterial pressure. The arteries
immediately become dilated. Such dilatation could occur if the arterial walls
were merely paralysed as a result of the ischaemia, but it appears that they
are, in fact, dead at this stage

The early lesions which develop in these dead and dilated arteries are
probably related to the re-entry of blood into the lumen under pressure The
muscle cells of the media disintegrate, and the internal elastic lamina is
stretched or broken. Red blood corpuscles or polymorphs irruptinto the media.
Thus latter change 15 observed mainly in small arteries but not in large ones;
the reason for the difference 1s not clear. These lesions occur very soon after the
blood re-enters the artery, and may be quite promiment as early as 12 hours,
The subsequent developments 1n the arterial wall are essentially the ordinary
necrosis-changes of dead tissue; these progress at a rate dependent on the

proximity to circulating blood.

This explanation of the necrosis of the arteries 1s not in accordance with
some of the views given in the older literature Navasquez (1935) and Gaspir
(1938) are of the optnion that the necrosis of the arteries is the primary lesion
1 R C N, and that stasis 1n these necrosed artenies then leads to the ischaemiy
of the parenchyma The fact that the ischaemic lesions of the parenchyma
precede the necrosss of arteries renders this view untenable Other authery
listed by Duff and More (1g41), maintain that not only is the necrosis ofﬂ-é
artery the primary lesion, but that the necrosis can actually be seen spreadiy,
n the walls of arteries outside the area of R G N. several days later As Mili
be explained 1n the last section of the present Chapter, this fibrinoid chane,
is merely a late local reaction, and is quite unrelated to the necrosis ofan,,;;;
which occurs i the developing stages of R C.N.

Dunn and Montgomery (1941) postulate that the ischaerma developr gy
result of primary stasis at glomerular level, and that the arterial lesion .
purely secondary to this arrest of the bloodflow at the periphen -
explanation does not account for the absence of arterial lesions mn the m:

7
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of focal R.C.N., and particularly in the cases of confluent focal R.C.N..
Furthermore, in very many cases the glomerular lesions do not develop until
14 to 24 hours, and appear to occur simultaneously with the arterial lesions.

THROMBOSIS OF ARTERIES

The various types of thrombosis are clearly related to different local
aetiological disturbances.

SOLID THROMBOSIS IN SMALL ARTERIES

Under this heading will be considered the formation of the very solid
homogeneous or slightly granular thrombus which occludes the small arteries
in minor R.C.N, and also the arterioles and stalk afferent vessels in focal
R.C.N.

This thrombus corresponds to what is usually described as a platelet
thrombus, and it must be laid down n blood which is 1n circulation in the
vessel The total amount of platelets which would be required to build up this
thrombus represents a volume of blood enormously greater than the actu?l
content of the vessel It is therefore necessary that the blood be either in
circulation through the artery, or in pulsating to-and-fro movement from
the healthy part of the artery If a through-circulation does occur for a time,
it must certamly cease if and when stasis occurs in the glomeruli.

Various factors must be taken into consideration in any explanation of this
thrombosis:

(@) The process occurs only in small vessels, and there has always been a
continuing bloodflow mn areas 1n the immediate vicinity. There must therefore
have been some diffusion of oxygen into the region of the dead artery.

(5) The artery 1s certamnly dead at about the time the thrombosis occurs,
because it has been dilated by the inflow of blood, and its media is infiltrated
with blood cells Nevertheless 1t seems that the artery has been dead only 2
short tune, because the thombosis is seen as early as 14 hours.

The fact that the artery 1s only recently dead, and has some oxygen supply
from the neighbourhood, gives different local biochemical conditions from
those in an artery which has been dead a long time. As a r.esult, th§r€ i
no rapid formation of loose fibrin thrombus, and the circulation contmuei
in the artery long enough to allow the development of a platelet type ©
thrombus.

The duration of the spasm required to kill a small artery s less than 14 hours,
because by this time occlusive thrombus has been built up in cases of m}llnor
R.C.N.. It may therefore be presumed that a period of ischacmia of per] 3}’:
8 to 12 hours 1 lethal to these small arteries. There is no reason to believe tha
large artenies are able to withstand any longer period of ischaemia.



DISCUSSION OF INDIVIDUAL LESIONS 147

THICK MURAL AND TRELLIS THROMBOSIS

This condition is seen most typrcally 1n the cases of patchy R C.N., where
the spasm has occurred about midway along the intralobular artery.
The thick mural thrombus has the less comphcated development, and may
therefore be considered first. It consists mainly of fibrin; the total amount of
this fibrin could only be deposited from a relatively large quanuty of blood.
It is therefore necessary to postulate that there 1s some flow of blood. There
may be a through-circulation for a short period of time; a circulation which
would also account for the occasional occurrence of thin mural thrombosis
1n the more distal parts of the artenal tree, and of stasis m the glomeruli.
Alternatively, the blood 1n the artery may remain fluid for some tme and
hase a to-and-fro movement transmitted from the blood mn the healthy part
of the artery, so that interchange of plasma can occur
Trellis thrombus 15 essentially a variant on the thick mural type, forming in
awider part of the artery, and closer to the healthy part of the artery which
contains normally circulating blood. The columns of the trellis thrombus
appear to consist of platelets and condensed fibrin, and correspond 1n general
structure to the lines of Zahn which are formed in thrombosis of vessels else-
where i the body The bases of the columns are attached to the mntima of the
artery; the columns themselves build up a trellts across the lumen. The total
amount of platelet material 1s such that the thrombus represents a considerable
amount of blood It must thercfore be accepted that the blood in this part of
the artery remains in free commumcation with the blood in the hve portion
of the artery for some time, possibly a few hours Durning this ttme the blood
remamns fluid and in to-and-fro movement, gradually building up the columns
of the trellis, and coating them n places with polymorphs At the end of this
period, the trellis has produced considerable obstruction of the lumen, and the
b_lood in the interstices, consisting mainly of packed red corpuscles, undergoes
simple coagulation These red corpuscles dismntegrate about a day later
Further blood then seeps mto the spaces of the trellis and coagulates; the red
Corpuscles dusintegrate m turn This process 1s repeated at intervals for several
days, o that, at any ume during the next few days, the spaces of a trellis
thrombays may contain fresh red corpuscles, dehaemoglobimised red corpuscles,
or oaly a trace of debns
Trellis and thick mural thrombi have not been seen earlier than 36 hours,
which 55 very late as compared with the occurrence of thrombosis m small
attenesn munor R.C.N, There are vartous possible explanations for the de]a?v'
(2) The operative spasm 1n the artery in patchy R C.N may not begin
"mﬂptl’hapsﬁor 8 hours after the U P A In these cases necrosis-changes can
¢ Seen in the proximal convoluted tubules, which is evidence of a first reflow
of blood, It appears therefore that patchy R C N has the double sequence of
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schaemia and reflow. By contrast, in minor R.C.N. it seems that the two
spasms are telescoped into one shorter single sequence,

(6) The operative spasm contmues longer in these large arteries than in
the small ones that are involved in minor R.C.N.. The spasm in these smaller
arteries, 1n turn, lasts longer than the spasm at glomerular level in focal R.C.N.
or the lesser lesions It seems probable that the spasm in patchy R.C.N. may
last 12 to 18 hours.

(¢} The arterfes where these trellis and thick mural thrombi occur are
surrounded by completely 1schaemic tissue, so that the local condition in
the artery 1s probably different from that in minor R.C.N

THIN MURAL THROMBOSIS

This is the type of thrombosis seen m all the distal arterial tree of the centre
dead area of gross R.C.N  The thrombus consists purely of fibrin, and the total
amount is quite small, so that it is not necessary to postulate any considerable
amount of blood for its formation. In some cases the operative spasm in the
artery has begun as early as 6 hours; in other cases it has been of late
development, as is shown by the fact that the first reflow of blood has led to
necrosis-changes in the proximal convoluted tubules corresponding to a 9 or
12 hour lesion. The thrombus is seen first at 36 hours, which may be acc;pted
as the time that the spasm finished. It appears therefore that the spasm in the
intralobufar artery may last for a period of 18 to 30 hours.

When this spasm relaxes, the distal part of the arterial tree has been dead
for a long time, and there has been no blood supply in 1ts neighbourhood.
When the blood finally enters this distal arterial tree, 1t spreads rapidly and
very evenly throughout it, right out to the glomeruli. The whole arterial trec
is immediately dilated The thin mural thrombus is laid down evenly over the
entire intima, and forms a plaster thrombus m the dilated stalk afferent
vessels. This usually seals the base of the glomerular capillaries, though
accasionally some plaster thrombus may reach into these vessels.

The histological appearances of a thin layer of loose ibrin thrombus suggest
that the thrombosis occurs very quickly, possibly within a matter of minutes
Once the thrombus has formed in the stalk afferent vessels, the reflow of blood
must cease.

BASOPRIL INTIMITIS

In some arteries there is a delay in the formation of the thin mural t‘hrombus,

possibly because of some peculiarity of the coagulation mechanism. ateg

leucocytes, in the blood which flows into the arteries, become margin: o
and penetrate the intima. Here they degenerate in precisely the same man

as do the intertubular leucocytes at the inner margin of the p9lymorph ZOY!IFi

There can be little doubt that this is the manner of production of basoptl
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i hecanse the [rroocytas are seen i the inimo of arreries i the centr
dead area far bewond the toward range of e Ienoooytes in the podyroorph
2002, After some unknown but prebably short perind. the degenerating cells
fzdma appear o fiberate thrombopiaads firments, which fead 1o the
rapid dovelomment of thin murel thrombosis and to the arrest of whatever
fzhy drewdafien I contnuing iz the arten.

Ia arteriz which are the site of basophil irnmitis or of thin mural
tkrozbosts, there i tot suallv much irneptien of red corpuscles or lewcocy tes
into the media. This is presumabh dependent on the peor character of th
refow in these arteries.

ABSENCE OF PERIPHERAL THROUSOSN

In cecasinnal arteries it appears that the arterial spasm is very prolonged
22d continues until occlusive thrombesis occurs ar the site of the operative
spasn. As a result, there & no reflow of blood into the dist2l part of the arterial
tee. Thes the derd arreries. though relaxed, are not greath dilated, and they
% ro trace of thrombeosis or of infiltration of their walls with blood eclls.
Tt condition fs scen onls in occastonal cases of gross R C.N . and in only one
of the present series docs it appear to have mvols ed all the artenes of the cortex.

SOLID QCCLUSIVE THROMBOSIS OF LARGE ARTERIES
S'Jbstquml to all these changes in cases of gross or patchv R.C.N | there is
asealinzoff of the ecrosed part of the arternal tree by a homogeneous occlusive
thrombess i cthe trunk of the artery at the lower margin of the area of R.C.N.
tan be accepted as the site of the proximal end of the operative spasm,
and the artery at this point has a good oxvgen suppl mn 1ts vicinitv. The
Brombys is of solid platelet tvpe, and is ven similar to the thrombus seen in
minor R C.N.. It 1s built up by the deposition of platelets and fibrin from the
Rormally circulating blood that washes against the site. 1t 1s sometimes formed
2 o, and sometimes built up on the lower end of a trelhs thrombus,
Possibly as a result of the active circulation of blood mn the proximal
°f_dus lar.ge artery, the thrombus does not appear until about 3 or ¢ davs. Thz
i quite clear that this thrombus is not the cause of the R.C.N' but 1s mere-
2 late secondary phenomenon g

g,

GENERAL ASPECTS OF THROMBOSIS ;
In much of the early lterature, there are long discussions about w hsthc,.
thrombosi begins at the glomerult and spreads to im olve the artenes, o
M50 Ay will be seen from the detailed discussion above, these ‘:ﬂvgw
¢ anly of historical mterest Adequate reference to these papers v
ound in the reviews by Zalka 1933 , Ash 19331, Duff and More
d Duny and .\Iumgbmery 11941,
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The occurrence of thrombosis in dead vessels may be influenced by a number
of factors. When a vessel has just been killed, there is no thrombosis in it during
the first hour or perhaps a few hours. Subsequently there is a period of
probably a few days, when blood entering the vessel coagulates readily. Finally
a stage is reached when blood flowing into the vessel fails to coagulate, as is
seen in the inflow of blood into areas of kidney that have been necrosed for
more than 2 weeks.

Factors which may delay the formation of the thrombi are (a) disturbances
of the coagulability of the blood in general during the first day afterthe U.P.A,
(6) local production of anticoagulant or fibrinolytic substances by the endo-
thelum of the dead vessels. This latter point is quite theoretical in the present
connection, but is raised by the work of Mole (1948) on the development of
fibrinolysins 1n the dead body.

It has sometimes been maintained in the literature that the death of the
arterial wall which leads to the thrombosis is due, not to ischaemia as is
accepted here, but to toxins. The toxins postulated are of two types: general
and local.

The general toxins are variously attributed to “‘eclamptic toxaemia”, to the
absorption of substances from retroplacental clot, or to bacterial infections.
While it is freely admutted that such general toxins might be responsible for
the spasm of the vessels, they do not account satisfactorily for the various
types of thrombosis developing many hours after the parenchymal lesions.

The other view 1s that there is a local formation of toxins in the dead kidney
tissue around the artery, and that these toxins diffuse through the arfcnal
wall and damage the endothelium, thus leading to thrombosis. {The ordinary
pathological analogy is the thrombosis occurring on the non-ischaemic
endocardium over an area of myocardial infarction.) The explanation that
the thrombosis of arteries in the renal cortex is secondary to death of the
surrounding parenchyma was put forward by Jardine and Kennedy (19113)-
These authors are among the very few people who have recognised that tubular
necrosis does in fact precede the arterial thrombosis. Nevertheless, this theory
of local toxins can not be accepted as the explanation of the thrombOSlIS:
because there are so many cases of very extensive proximal convoluted }ubl;]c
necrosis several days old without any trace of thrombus formation in the
arteries.
CHARACTER OF THE MARGINAL ZONES
only begin to be

h the various zones around the centre dead area jin o U
Though ¢ thus their site, 15

: P . 4
recognisable at 36 to 48 hours, their (.:u"cplatory _basxs, an h
determined during the phase of arterial ischaemia. The re-establishment 0!
the bloodflow to the outer zones may come from two sources: areas

(@) The opening-up of capillary anastomoses from neighbouring
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v . . .

m these branches relaxes early enough, there will be a very wide live margin
zone in the deep cortex and in the wedges of viable tissue which project out
from the juxtamedullary region. A wide hve margin zone 15 i fact sometimes
scen in these sites.

There can be little or no blood supply to the peripheral dead zone or the
polymorph zone, though there may be some diffusion of fluids into these zones
ftom the zone of partial survival, leacding to the development of basophil
oedema fluid in the dead tissue.

It has been noted in Chapter VI that, m the outer portion of the partial
survival zone, there are sometimes glomerull whose tufts are sharply divided
mto a necrosed half facing the centre dead area and a live half facing the
rormal tissue around. It is not clear how this occurs It is possible that the
gomerular capillaries on the side facing the dead area contnue 1n prolonged
ontraction, as part of the general spasm which affects the whole of this
area of R.C.N.

The polymorph zone daes not develop until 30 to 36 hours, presumably
because leucotaxins are not liberated from the necrosed tissue unti} this ume.

ere 15 an nitial diffuse migration of leucocytes through the outer zones,
with 2 subsequent concentration entirely 1n the polymorph zone, which 15 at
2 constant distance from the bloodflow 1n the live margin The remarkably
sharp inner margin of this zone appears to mdicate a site of critical balance

Eween the oxygen supply from one side and the diffuston of leucotatic
Products of necrosis from the other.

cre is little or no evidence of the arnval of further polymorphs m thrs
area after about 3 days, as judged by the absence of polymorphs mn the outer-
most zoney Furthermore, at about 5 to 7 days all the leucocytes disappear
fiom the area, leaving only the debris of those leucocytes which have perished

@the inner surface of the polymorph zone. This suggests that leucotaxins do
%ot diffise out of the necrosed area after about g days, it 15 not a result of a
hack of blood supply, because thus would lead merely to the transfer of the
Polymorph zone 1nto one of the outermost zones The disappearance of the
Polymorphs 1s niot due to any systetmc disturbance, because these patients
0 produce a good polymorph mfiltration around areas of pyelonephntis at

™y time after the U B.A
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REPAIR AND LOCAL REACTION

REPAIR OF TUBULES

The repair of tubular epithelium follows the ordinary course, as is seen
in any experimental tubular necrosis. The regeneration has its source in
the occasional epithelial cells which remain in the live margin zone, and
from surrounding normal nephrons The thin sheet of cytoplasm relines every
necrosed tubule where there is a re-established blood supply. The quickness of
this repair is a very striking phenomenon.

During the second week, some of the regenerated tubules become separated
by new connective tissue, and they soon atrophy and disappear, No real
explanation can be offered for this.

ORGANISATION OF OCCLUSIVE THROMBI

The living part of the artery, just proximal to the occlusive thrombus,
develops a very rapid endarteritis obliterans at the end of the first week, so
that its lumen is occluded by a cellular connective tissue, The organisation of
the occlusive thrombus appears to develop mainly from this tissue, and the
two processes continue pari passu. When finally the whole surrounding region
is scarred, the site of the thrombosed artery may be difficult to identify. One
indication of the site is given by the sinuses which recanalise the thrombus
and the endarteritis,

MEDIAL DEGENERATION

The fibrinotd degeneration of the wall of the thrombosed artery occurs only
in the regenerating area where there is some blood supply. The process is not
clearly understood, but appears to depend on the attachment of the thrombus
to the wall at this site X

Greater mtercst attaches to the fibrinoid change that occurs in non-throm-
bosed arteries and arterioles of the live margin zone, and sometimes czxt'cnds up
into previously nndamaged glomerul. This lesion shows histological slmllfll‘lllﬁf:
to the fibrinoid necrosis of malignant hypertension. The comparative actiology

of the two lesions will not be discussed here; the point that is rele\;ant i]n 'l(l)l;
T TRt e = Jesi

that it

: +jum s
T .

raised or not . o dan

Some authors, having observed thus change in the living tissue arou L

area of R C.N , interpret it as the early =+~~~ ~7» neimarv arterial lesion wi
they consider has produced the R.C.: bl

Hunt, 193g; Sheldon and Hertig, 1942, i
or im)pl)??’tsl)l’at the area of R.C N. is therefore in the process ol extenuug it
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into the live surrounding tissue. Such a view cannot be reconciled with the
facts that this artenal change does not develop earlier than 51 days, and that
it is not associated with any fresh necrosis of parenchyma. Furthermore, the
dead area of R.C.N. never contamns any necrotic ghosts of this lesion, as would
occur if the necrosis were extending.

PROLIFERATIVE CAPSULITIS

The proliferation of the capsular eptthelitm in glomeruli in the live margin
20ne around an area of R.,CN. is clearly a local reaction, though 1t shows
remarkable similarities to the capsular proliferation which occurs throughout
¢t e PN e e
F
<
usually recogmsed

A few authors, having observed this epithelial crescent formation, and also the
repair processes of proximal convoluted tubule necrosis in those parts of the
kidney unaffected by the R C.N., have interpreted these changes as indicative
of a pre-existent subacute nephritis. This interpretation cannot be accepted,
there are never any necrotic ghosts of epitheltal crescents or of fibrosed tubules
in the dead area of R C.N.. The lestons which these authors reported were
clearly only the local repair and reaction-processes which develop around
areas of R.C N. several days old



CHAPTER X1t
DISCUSSION OF COGNATE LESIONS

In the present paper the term R.C.N. has been applied only to the particular
variety of “infarction” which is apparently due to spasm affecting arteries
throughout the cortex, and which is not associated with any other primary
local disturbance in the arteries.

In routine autopsy material there are a number of other conditions which
are also characterised by multiple ischaemic necroses, either gross or micros-
copic, throughout the renal cortex. The pathological appearances are in many
ways similar to R.C N., and certain of these cases have in fact been recorded
in the literature as examples of R.CN.

These other lesions fall into six groups, each of which represents a well
defined clinico-pathological entity There 1s a common factor of multiple
1schaemic necroses of the renal cortex in each of these six groups, and also in
R.C.N. as defined in this paper. Nevertheless the aetiology of each type is
distinctive, and it seems inadvisable to extend the term R.C.N. to cover all
these conditions.

MALIGNANT HYPERTENSION

Quite commonly in cases of malignant hypertension there are small foci
of ischaemic necrosis in the cortex, varying from lesions of a single glomerulus
up to those which involve several glomeruli and the associate.d parenchyma
Occasionally the condition is so severe that it could be considered macros-
copicaily to be a minor or even a patchy R.C.N.. In cases where one kldnqy
is “protected” from the malignant hypertension by gross artFrxosclerotxc
narrowing of the renal artery, the ischaemic necroses are seen only in the other
kidney, and such cases have been recorded as unilateral R.C.N. (Aronson and

sm.“PS‘m’ 105t ) ) * * -~ - be histologically
. ‘re are commonly
. of parenchyma,
which are indicative of a more gradual development of ischaemia ’I;lllc
histological appearances of the arteries 1n malignant hypertension are usually
characteristic. Nevertheless they seem to be basically related to those seen I
focal and confluent R.C.N., this suggests that there may be similarities in their
actiology. The local disturbance in malignant hypertension is prcsutr.mbl).'sl(lm_lc
combination of vascular spasm and fibrinoid necrosis of the arterial vuab exz
the presence of a high blood pressure; lesions of this general type have be
154



COGNATE LESIONS 155

produced experimentally by prtuitrin (Byrom, 1937), adrenaln (Penner and
Bernheim, 1940}, and mcreased ntravascular tension (Byrom and Dodson,
1948). The case of R C.N, recorded by Haft and Prior (1951r) may have
resulted from the intracardiac myjection of adrenaln,

PERIARTERITIS NODOSA
In certain cases of periarteritis nodosa there are multiple areas of ischaemic
KR [l [ <Al o 3 s

not be confused with the celiutar infiltration which m‘ay oceur n the necrosed
arterial wall at the polymorph zone in gross or patchy R C.N

SCLERODERMA

In a certain proportion of cases of scleroderma the larger imtralobular
artertes become dilated and develop peculiar mucord thickeming of the intima.
This produces ischaemic atrophy of the related parts of the cortex. After a few
weeks a fibrinoid necrosis occurs in the smaller ntralobular arteries, and
produces multiple areas of ischaemuc necrosis in the outer part of the cortex
The patient dies within a few days At autopsy the kidney has the appearance
of a focal or minor R.C.N.. Ths subject has recently been reviewed (Moore
and Sheehan, 1952); other cases not reviewed n that paper have been reported
by Duffy and Bardsley (1951), Lunscth, Baker and Shifrin (1951), and
Shamnoff, Carideo and Stein (1951).

OTHER COLLAGENOSES
These other conditions which may give risc to small areas of ischaemic
necrosis i the kidney include the diseases 1n which some form of involvement
of visceral artertes 15 2 common complication disseminated lupus erythema-
tosus, dermatomyositis, thromboangiitis obliterans, etc Recent references are
gien by Yardumian and Kleinerman (194g) and by Bradley, Drake and
Mack (1951)

EMBOLIC INFARCTION

Certain embolic mfarcts scem to be duc to the complete mechanical
occlusion of large branch of the renal artery or of an mterlobar artery which
hasno adequate anastomoses In such a case, massive infarction occurs in the
¢ortex and medulla, and there 1s no reflow of blood into the arca Similarly,
the tota] obstruction of a single intralobular artery by an embolus will produce
2 narrow column of necrosis in the cortex, the mtralobular arteries are
essenially end-artertes



156 RENAL CORTICAL NECROSIS

The common infarcts in the kidney appear however to be produced in a
rather different manner. Characteristically the infarct is about 5 to 20 mm,
in diameter. It is mainly limited to the cortex, and frequently to the outer
three-quarters of the cortex. In some places it extends down to involve the
juxtamedullary nephrons and, at this site, there may be a relatively small
tongue of necrosis runming down into the medulla.

The only satisfactory explanation for a wide infarction of the cortex not
involving the medulla and deep cortex is that some disturbance (such as the
impaction of an embolus) has occurred in the related interlobar or arcuate
artery, but has not produced a complete arrest of the circulation through it.
The continuance of at any rate some blood flow may be because the embolus
has led to only a partial occlusion, or because there are anastomoses from
other arteries. There are two possible reasons for the infarction of most of the
cortex m the area Either (a) the continuing bloodflow, whether direct or
anastomatic, is only sufficient to nourish the deeper layers of the cortex and the
medulla, and is inadequate to supply the remainder of the cortex, or (b) the
mechanical irritation of the embolus in the interlobar artery may lead to 2
reflex spasm in all of 1ts intralobular branches a little distance above their
origins, as has been discussed in the section “Aetiology of the spasm” in Chapter
XI. Clearly these two explanations are quite compatible with one another,
and both factors may well operate to produce the infarction. There is no direct
evidence on the matter, but histological examination of the infarct usuall_y

shows some indication of a period of reflow of blood, so that the microscopic
LRI T LI Kl shaenaFaliaan~fR N In fact,

retimes
- LY . Burne,
19;1). In view of the different aetiology, the two conditions should be hept
separate.
VENOUS THROMBOSIS IN CHILDREN

In small children a haemorrhagic infarction of the kidney may D_CCUS
involving sometimes the whole organ and sometimes only a part. Assoma’tg
with this, renal vemns of vanous sizes are usually thromvbosed, though 1t m}z:) ,s
difficult to relate the site of the thrombosis to the site of t'he hagmoniag‘c
infarction (Mallory, 1949; McClelland and Hughes, 1950; Kobernick, M D?‘\,'c
and Wiglesworth, 1951; Zuelzer et al , 1951). These cases form a distinety
group and will not be considered further in this paper.



CHAPTER XIV
CLINICAL CONDITION DURING THE PUERPERIUM

The relation of the pathological lesions to the chnical aspects remains to be
considered:

(1) The incidence of the various renal lesions following U P.A.

(2) The clinical differentiation of these lesions.

(3) The functional effects of the renal damage

(4) The possible hnes of treatment

THE INCIDENCE OF RENAL LESIONS FOLLOWING UPA.

Itis possible to give only very uncertam estumates of the actual incidence of
the various renal lesions among all cases of U P.A |, 1.e. mncluding the non-fatal
as well as the fatal cases.

The present senies of fatal cases may be dided into those where death
occurred during the first day, mainly as a result of shock and haemorrhage or
h_yperlenslvc toxaemia, and those where death occurred laterin the puerperium,
either as a result of severe renal insufficiency or of incidental causes. The
cases can also be classified 1nto four grades according to the degree of renal
msufficiency. In the cases which survived several days, this degree 15 that which
actually occurred. In the cases which died in the first day, the degree 1s that
which, from histologrcal assessment, would have developed x\f the patient had

- e RSN

survived long enough T" == e faral,
(b). severe lestons carryi shight
lesions which are repat atients

shoulq recover, (d) no significant renal lesions, so that any puerperal deaths
would be from other causes

The combined classification 1s shown in Table 6.

TaBLE 6 Renal lestons i fatal cases

Deaths during | Deaths later
Renal lesions Sfirst day n puerpertunt
(9) Gross or patchy RCN 4 18
£) Minor or focal R G.N, or extensive tubular
necrosss. . 9 8
(© Minor tubular necrosss, colloid degeneration
’ and protemnuria lesions , .- 18 3
) No renal lesions . . .. 5 2

157 ®
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The 67 fatal cases may be taken as coming from 626 total cases of UPA,
caleulating from the overall mortality rate of 10.7 per cent, as discussed in the
section on maternal mortahty in Chapter II.

The 22 cases of gross or patchy R.C.N. (grade a) can be accepted as the full
mcidence of this condition, since it is most unlikely that any of the patients
would survive. It will be noted that one-fifth of these patients died of shock and
haemorrhage during the first day.

The 17 cases of less extensive R.C.N. or severe tubular lesions (grade 4)
mnclude g deaths during the first day. Assuming that the proportion of cases
dying of shock and haemorrhage during the first day was as high in this grade
as in the previous one, these g early deaths would represent a total of 50 cases
in this grade. Thus out of the estimated 41 patients who survived the first day,
only 8 ched later in the puerperium. On pathological grounds these figures seem
not unreasonable

The 21 cases of easily repairable kidney lesions (grade ¢) include 18 deaths
during the first day and, quite understandably, only 3 later deaths. If it were
to be provisionally considered that these patients had suffered from shock,
haemorrhage and toxaemia of the same degree of intensity as in the previous
two grades, the 18 early deaths would represent a total of g9 cases of U.P.A
with this degree of renal damage. But it is certainly probable that the U.P.A.
which leads to these slighter degrees of renal damage is clinically of a less
serious type, and thus produces a correspondingly lower incidence of fatality
during the first day If this be so, the figure of 99 must be increased, possibly
very greatly.

The 7 cases without renal lesions (grade d) include 5 deaths during the first
day. On the hypothesis that, irrespective of the grade of kidney damage, all
the patients have the same liability to death during the first day, these 5 early
deaths would correspond to only 29 total cases of U.P.A.. This hypothesis is
obviously not acceptable There must be very many cases of U.P.A. which are
too slight ether to damage the kidney or to produce death during the first day.
The allowance for these cases would involve a very considerable increase in the
provisional figure of 29 :

It will be clear that the basic estimated figures account for only 200 cases 0
U.P.A. instead of 626 The 426 patients who recovered, but are not accoun'ted
for, can be distributed among the last two grades, either in the same proportion
as the deaths during the first day (i.e. 333 and g3), or almost all to the last
grade, or, probably more fairly, divided evenly between the two grades:

These very approximate calculations can be summarised as follows: by

(@) About 3.5 per cent of all patients with U.P.A develop gross or patchy
R.C.N. and will almost inevitably die. .

(&) About 8 per cent develop a less severe grade of R.C.N., or have cxtenS}Vrc
tubular necrosss. It is possible that about two-thirds of these may recover.
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{¢) An unknown number, somewhere betsveen 16 and 70 per cent, have
minor renal lesions carrying only a low mortality from renal nsufficiency
during the puerperium. Tennent and Starritt (1951}, in a clincal study of 17
cases of U.P.A., observed some degree of renal msufficiency in the puerperium
in 8 of them. Tius suggests that the meidence of the minor renal lestons is
about 35 per cent.

(¢) The remainder, probably about half of the cases, have merely a transient
albuminuria,

CLINICAL CLASSIFICATION BY URINE OUTPUT

Of the vartous methods of clinical assessment of the overall damage to the
kidney, the most useful is the observation of the volume of urine excreted each
oo ) A ' tal nsufficiency

he cases in the
. ) , + 16 cases in the
Interature and 2 personally studicd cases where the patients recovered after
evidence of severe renal failure followng U P A . Some of these recovery-cases
were probably examples of focal or minor R.C N ; they had haematuria for
the first two or three days after the U.P A, The others may have had merely
a severe proximal convoluted tubule necrosts; the dragnosis can only be
speculative

The patients may be divided mto seven clinical groups according to the
following criteria:

(2} 29 cases. Total or almost total anuria, with a urine output never over
50 cc per day These cases were all fatal, the average duration of ife being
7days after the U P.A . Some lived for 1t days, and occasional cases even a few
days more

() 13 cases, Continued very severe oligunia, with a daily urine output never
exceeding 100 cc during the first 7 days These cases were all fatal, the average
duration of lfe being 8 days after the UP A

(c) 5 cases Considerable oligunia for the first g days, followed mn the
next 2 or g days by almost complete anuria These cases were all fatal, the
average duration of Iife being g days after the U P A. It 1s difficult to explain
the delayed urinary supression 1n this pecuhar group.

() 14 cases. An itial severe oliguna, with shght improvement after the
4th day. Some of the patients had a daily urme output up to 500 cc by the
7th day, and even more in the next day or two, but there was no gross dmr'csls
subscquently This group 1s composed only of fatal cases, the average duration
of life heing 8 days after the U.PA K

{9) 10 cases An imitral severe oliguna, or sometmes complete anuria, for
about 4 days. The daily urine output was sometiraes up fo 500 cc by t}w 7th
day, was about 1 to 2 litres at 10 days, and subsequently rose to 4 or 5 litres in
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occasional cases. This group consists only of the patients who recovered. This
group and the previous one are so similar in their renal function that they may
reasonably be regarded as the recovery-cases and the fatal cases of one larger
single group

(f) 4 cases. An imtial severe cliguria, with rapid improvement from about
4 days onwards. All these patients passed more then 500 cc. of urine per day
by the 7th day, and some had an output exceeding 1500 cc. Subsequently the
urme output increased considerably. This group includes only the fatal cases
of this type, with an average duration of life of 11 days.

(g} 8 cases. An initial severe oliguria, with rapid improvement from 4 days
onwards, so that by the 7th day the urine output was usually over 1500 cc. per
day and by the 1oth day was occasionally 5 litres. This group is made up only
of patients who recovered. The clinical course is almost the same as in group f;
the only real difference 1s that the cases in that group were fatal, whereas the
cases in group g survived.

In addition there are of course large numbers of cases of U.P.A. followed by
only minor transient renal msufficiency; such cases are not analysed here.

In this section, certain average figurcs of urine output and blood chemistry
are given 1n tabular form. These mean figures are calculated only for the
purpose of giving a broad picture of the clinical course in each group. The
calculations can not be claimed as of any statistical significance. Some of the
groups contain only small numbers of cases; other groups gradually diminish
as a result of deaths, so that after 7 days there are only a few remaining cases
to form the basis of calculations. There are considerable variations between
different cases in any group. In some cases there are no data for a particular
day, and figures have had to be interpolated from the da!a on previous and
subsequent days. Nevertheless it 15 believed that the caleulations are sufficiently
reliable for general deductions, and give reasonable approximation to thetruth.

DETAILS OF URINE OUTPUT
The mean output of urine on each day after the U.P.A. is given for cach
group 1n Table 7. The output gives a rough indtcation of the prognosss, :'\t a
time in the puerperium when the concentrating power of the kidneys is very
low. The prognosis given here is based on conditions before the modern
treatment of the anuric patent was introduced. day.
Luttle importance can be attached to the urine volum? on the ﬁ’rS}: 3)-'
Most patients who have U.P.A develop an immediate olxg_una, whic! may
clear up in a few hours if the kidneys are Endamage@,' bv:xt \vh:cl.l may Cf?f:?lf

l;rinc secreted before the onset of the U.P.A.
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The degree of oliguria from the second to the fourth day is not a relrable
guide to the prognosis, though an output of over 150 cc. on the third day and
of over 250 cc on the fourth day certamly gives grounds for optimism,

The development of a better urine output, of 500 cc or more, on the fifth or
stxth days is even more encouraging By the seventh day it s possible to make a
rough assessment of the outlook. If the urine output on that day 1s below 200 or
300 cc. the outlook is almost hopeless, I 1t 1s 1 the region of 500 cc. there 1s
probably a moderate amount of kidney nissue, either healthy or in process
of active repair; many of these patients will die, but a few will develop a
considerable diuresis during the second week, and will recover If the urine
output on the seventh day is in the region of tooc or 1500 ce there will certainly
be a gross druresis during the second weck, and most of the patients will recover
Nevertheless even with this good output there 1 still danger of death during
the second week, though modern treatment should reduce the mortality

TavLe 7 Mean unne output; ce. per day

Chniea} Day after UP.A. }
group 1 2 3 4 5 & 7 8 g 10 11

a 29 4 4 5 5 8 19 20 10 13

b 135 60 55 59 30 56 53 B g3 B3 70

T 164 408 308 210 108 3 18 20 30 - —

d 62 53 68 r1r 153 271 220 300 320 410 375

¢ 31 27 %7 37 84 166 300 570 gro is00 2030

£ 81 95 273 430 6go 670 o940 1610 2110 plus  plus

4 30 (15 130 220 2go G620 500 2100 2goo  plus  plus

RELATION OF URINE OUTPUT TO RENAL PATHOIOGY

Table 8 shaws that most of the patients 1 climcal groups ¢, 4, and ¢ have
81085 or patchy R.C.N There are a few patients with only minor or focal
X CN.iin these cases the poar urine output suggests that the remamder onh‘c
kidney tissye was severely damaged by proximal convoluted tubule necrosis
or by cast obstruction Both these conditions can give rise to anuria. It Is
Possible that group ¢ develop therr delayed anuria as a result of the late
Brmation of casts, but thts explanation is only tentative.

Group ¢ has a few cases of severe R.C N.; presumably in these cases the
Rmainng kidney tissue must have been relatively healthy and capable of
airly goad function There arc a larger number of esamples of focal R.C N.
and ofpu;c[y tubular lesions, such as proxtmal como).uted tubule necrosis or
3t obstruction, There is no wiormation about the Xidney pathology in the
tlated series of recoveries, group ¢, but it seems reasonable to assume that
they were mainly cases of focal or mmnor R.C N. or of severe tubular Jesions
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Group fhad only focal R.C.N. or severc tubular lesions. One patient in the
corresponding recovery series, group g, had a biopsy and showed a focal R.C.N.
(Crook, 1926).

TABLE 8. Number of cases with each renal lesion at autopsy, grouped according to urine ouput

8
Clinical evertty of R C.N., Purely
group ) tubylar
Gross Patchy Minor Focal lesions
a 15 11 2 b 0
b 3 8 2 o o
c 3 2 o 0 0
d 3 3 ° 3 5
¢ — — — — —
f ] o 2 2
g - - — 1

OTHER CLINICAL PATHOLOGY

URINE UREA

During the first few days of a severe renal lesion, any urine which is formed
1s extremely dilute. Its urea content gradually increases The estimation of the
urme urez requires specific biochermcal methods, as the urine may have a high
ammonia content, corresponding to a urine urea of 50 to 9o mg. per 100 cc.
When this is allowed for, the urine urea in a severe case may be at precisely the
same figure as the blood urea for the first few days; in other words, the urine is
quite unconcentrated glomerular filtrate.

Towards the end of the first week, the urine urea is usually about 300 to
700 mg per 100 cc. At this time the cases divide into two broad types: () Those
whose urine urea does not mse appreciably above the blood urea, the con-
centration factor being about 1.0 to 1.4; these patients usually die within the
next few days; (§) Patients whose concentrating power graduajly improves, so
that the urine urea 1s about twice the blood urea at 7 days These patients
usually continue improving, so that at 14 days the urine urea is 700 to 1000 mg.
per 100 cc. and the concentration factor is § 0 or more. At 3 wechs the urinc
urea is about 1000 mg. per 100 cc , but the blood urea has fallen to about
50 mg. per 100 cc., so that the concentration factor is about 20, Nearly all
these patients eventually recover ..

There are not many data about urine urca levels, so that this subdivision of
cases can at present only be tentative. This aspect requires further study before
its value in prognosis can be determined,
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URINE CYTOLOGY

The first urine which is passed after the U.P A, by patients who are
developing R.C.N., is usually very heavily blood-stained, and may consist of
almost pure blood. The haematurta usually becomes considerably less after the
first dav, though it may continue for several days It seems probable that this
blood comes either from the congested zone at the edge of large arcas of early
R CN,, or from small areas which represent early focal R.C.N.. On general
pathological groundsit appears unlikely that purely tubular lesions would give
rise to haematuria, though it 1s not impossible that in these cases some transient
bleeding might occur from glomerul which have been slightly damaged
Haemorrhage from obstetric lesions of the bladder must, of course, be excluded.

Investigations of the urine during the first day are difficult because of the
shocked condition of the patients, the obstetric complications, and the very
small amounts of urine which are produced. Nevertheless there is certainly a
need for study of the urine during the first day or two, with regard to the exact
time ofits appearance in the bladder and in its relation to the particular patho-
logical lestons in the kidney Some mformation 1s available in one fatal case of
patchy R.C N in the present series: Case 51 An indwelling catheter was left
in the bladder, and accurate observations were made of the urme output
There was no urine up to 24 hours In the next 2 hours, 7 cc of blood-stamned
unne was obtained. Following this, no urine was obtained up to 44 hours. In
the next 12 hours, 1 cc of blood-stamed urmne was produced each 3 hours, and
5 ¢c. m the next 2 hours. For the last 8 hours there was again complete anuria

Nearly all of these patients with oliguria have some degree of pyuria after
the first day, and this may become constderable and continue for a week or two
There are three possible causes: (a) The development of the polymorph zone
around areas of R.CL.N. will allow leucocytes to escape into the urine 8) Most
of these patients are catheterised frequently or have a self-retaining catheter, so
that Cystitis may occur. (¢) As a result of the lower unnary tract infection
associated with the severe oliguria, a suppurative pyelonephritis develops not

“ntommonly near the end of the first week It is thus very dangerous to draw
fonclu§ions about the existence of R C N from the presence of polymorphs in
€ urine

Desprte the formation of casts 1 the intermediate zone or the collecting

t“bu.lcs in the kidney, there are usually very few or no casts i the urine It s
Possible that some casts are washed out during the period of diuresis, and are
"0t Tecognised at that stage

PROTEIN CONTENT OF THE URINE

The first sample of urine obtained very soon after the U P A. may consist
manly or entirely of urne which was already m the bladder at the tme
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Groupf}md only focal R.C.N. or severe tubular lesions. One patient in the
corresponding recovery series, group g, had a biopsy and showed a focal R.C.N,
(Crook, 1g26). ’

TaBLE 8. Number of cases with each renal lesion af autopsy, grouped according to urine output

Clinical Severity of R.C.N. Purely
group tubular
Gross Patchy Minor Focal lesions

a 15 1 2 t a

b 3 8 2 o o

¢ 3 2 [ o 0

d 3 3 ° 3 5

e — — — — —

f o ] [4 2 2

L_® S B R -

—

OTHER CLINICAL PATHOLOGY

URINE UREA

During the first few days of a severe renal lesion, any urine which is formed
is extremely dilute. Its urea content gradually increases. The estimation of the
urine urea requires specific biochemical methods, as the urine may have a high
ammonia content, corresponding to a urine urea of 50 to go mg. per 100 cc.
When this 1s allowed for, the urine urea in a severe case may be at precisely the
same figure as the blood urea for the first few days; in other words, the urine is
quite unconcentrated glomerular filtrate

Towards the end of the first week, the urine urea is usually about 300 to
200 mg per 100 cc At ths time the cases divide into two broad types: (a) Those
whose urine urea does not rise apprectably above the blood urea, the con-
centration factor bemg about 1.0 to 1.4; these patients usually die within the
next few days; (6) Patients whose concentrating power gradually improves, 50
that the urme urea is about twice the blood urea at 7 days. These patients
usually continue improving, so that at 14 days the urine urea is 700 to 1000 mg.
per 100 c¢ and the concentration factor is § o or more. At 3 weeks the urine
urca is about 1000 mg. per 100 cc., but the blood urea has fallen to about
50 mg per 100 cc., so that the concentration factor is about 2o. Nearly all
these patients eventually recover.

There are not many data about urine urea levels,
cases can at present only be tentative. This aspect requires furt
its value in prognosts can be determined.

so that this subdivision of
her study before



CLINICAL CONDITION IN PUERPERIUM 165

the blood urea shows only a slight rise, but these cases do not come within the
province of the present analysis.

Table 10 shows the mean blood levels of creatmine, uric acid, and total non-
protein-nitrogen  There are insufficrent data to classify the mean figures 1n
relation to the clinical groups, but an examinauon of the actual case records
shows no apparent difference between the vanous groups The creatinme
remains rather low in a few cases, The uric acid appears to be raised at the
time of, or very soon after, the U.P.A ; the mean level in 5 cases at 12 hours
was 67 mg. per 100 cc.

TABLE 10 Other blood chemustry mg per 100 ec

Day
All groups K 3 @ ; 10
Creatmine . . . . 26 67 7.9 127
Uric acid. . . . 7.4 94 123 150
Bal NPN... . 43 115 181 220

If might be expected that there would be a steady continuous rise of the
various N P.N, substances in the blood in any mdividual case where little or no
urine was being secreted. In fact the rate of rise may show peculiar mnor
ﬂ“t}umons from one day to the next, and on some days there may even be
aslight fall. The fluctuations of any one of the substances appear to be
unrelated to the fluctuations of the others They are not related to any large
€xfrefinn of o3 o ur.© 4 - ays, They have been observed in several

al errors hase, as far as possible, been
. They may possibly depend on the diet,
Or on vomiting or diarrhoea, Whatcver their explanation, these fluctuations

2ve 110 prognostic significance, though a steady and continued fall 1s of course
of good ‘import,

pant aloes o ~n E T U T
fackc

8o '

“eatment Endogenous nitrogen comes from two scurces* (1) from involution

Hhe uterus, and from absorption of blood in the haemorrhages i the uterus
A annendamas fa1 £ v % -2t 1ou = wlash maw he hichf the

Patier ,an
adeqq . nay
Produce, from tissue breakdown, 8 or 10 gm of urea per day, whereas a patient

“hose tissues are spared by an adequate fat and carbohydrate diet may

Produce as Intle as 2 5 gm. of urea per day

a ¢ number of variable factors is obviously so great that 1t 1s not surprisimg
tthe blood urca shows no significant duferences between the climcal groups
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the blood urea shows only a shght rise, but these cases do not come within the
province of the present analysis.

Table 10 shows the mean blood levels of creatinine, uric acid, and total non-
proten-mtrogen There are msufficient data to classify the mean figures
relation to the clinical groups, but an examination of the actual case records
shows no apparent difference between the various groups The creatumine
remains rather low 1n a few cases. The uric acid appears to be raised at the
time of}, or very soon after, the U.P.A.; the mean level m 5 cases at 12 hours
was 67 mg per 100 cc

TABLE 10, Other blood chemistry: me. per 100 ce.

Al groups . . Dy , 0
Creatimne . 2.6 67 7.9 127
Uric aad. 74 94 123 150
Total NPN . 43 115 181 220

It might be expected that there would be a steady continuous rise of the
vanous N.P N substances in the blood in any individual case where hrtle or no
urine was being secreted. In fact the rate of rise may show peculiar minor
fluctuations from one day to the next, and on some days there may even be
a slight fall. The fluctuations of any one of the substances appear to be
unrelated to the fluctuations of the others. They are not related to any large
excretion of urine during the first 10 days. They have been observed in several
cases personally studied, and techmical errors have, as far as possible, been
avoided by duphication of estimations They may possibly depend on the diet,
or on vormiting or cdiarrhoea Whatever their explanation, these fluctuations
have no prognostic significance, though a steady and continued fall is of course
of good 1mport.

The actual rate of rise of these various N P.N substances depends on various
factors Exogenous nitrogen from food may vary from day to day 1f the patient
15 on a mixed diet, as was the case before the introduction of the modern
treatmn=* T--- o -

of the

and ap

patient

adequate wet o1 1at and carbohydrates For evamnle o ctammne noe ant oooe

produce, from tissuc breakdown, 8

whose tissues are spared by an

produce as httle as 2.5 gm. of urea per dav.
The number of variable factors 1s obviously so great that 1t is not surprising

that the blood urea shows no sigmficant differences between the clinical groups,

.
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In general, the blood urea does not reach the high levels which are seen in
lower nephron nephrosis (Humphrey and Jones, 1948); this may be of value in
the differential diagnosis. The further investigation of this problem would
require very complex biochemical balance studies.

HAEMATOLOGY

There is always some anaemia in the early stages after 2 U.P.A.. The blood
of the normal patients, in the hospital where most of these cases were observed,
has 2 mean haematocrit reading of 38 per cent at the time of delivery; this falls
to about 33 per cent from the second to the sixth day of the puerperium, and
then gradually rises to about 42 per cent in the course of the next few weeks
(Crawford, 1940).

After a patient has had a moderate U.P.A., the mean haematocrit reading
is about 29 per cent; following the delivery this falls to about 20 per cent, and
stays at this level for a few days.

The patient who has had a severe U.P.A. has a haematocrit reading of
about 1g per cent before delivery; at this time her serum is yellow and gives
an indirect van den Bergh reaction, with a bilirubin content of about 2 mg.
per 100 cc. After the delivery the haematocrit reading falls to about 12 per
cent, and the serum bulirubin rises to about 3 mg. per 100 cc. During the next
two days the excess bilirubin gradually disappears from the serum, but the
haematocrit reading stays at about 12 per cent. It is difficult to ascertain the
subsequent course of the haematocrit reading, because many of these patients
are given blood transfusions during the puerperium. From the few data on
patients who did not have a transfusion, 1t appears that some of the patients
improve gradually to a hacmatocrit reading of about 20 per cent at about 2
weeks, whereas others show no improvement during the first two weeks, and
may even fall below the level of 12 per cent.

There 15 msufficient information to determine how qften‘th::‘U,?.A 1

o '
seen in these cases (Sheehan and Falkiner, 1948). The fall at the time of the
U.P.A is certainly related to blood loss; many of these patients have retro-
placental clot weighing 500 to 1000 gm. or more, and there is somemgfs
external haemorrhage in addition. The transient bilirubinaemia is presuma hy
due to the absorption of blood pigments from the uterus. The fall n the
haematocnt reading after delivery, and its subsequent low level, xsd an
exaggeration of the usual puerperal fall, probably as a result ofthclpre;e ;x:g
oedema and the general iliness, as ponted out by Crawford (1940). In the fe
cases in which blood volumes have been measured, figures of about 4 litres are
recorded both before deltvery and during the puerpertum.
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Patients who have renal impairment in the puerperium are usually very
anaemic at that time, presumably as a result of the severity of the U.P.A..
Apart from this, there is no obvious rclation between the blood count and the
renal pathology.

The leucocyte count m the first 2 or 3 days of R.CN s raised to the level
which normally occurs at this stage in the puerperium, with counts of 14,000
to 18,000 per cu.mm. (Henderson, 1go2) From the 4th to the 7th day, the
white count continues elevated to about the same level instead of showing the
normal fall, and occasional cases may have counts of over 20,000 per cu.mm.
After this time the figures are complicated by the frequency of suppurative
pyelonephritis, which 1n some cases may produce a leucocytosis of 20,000 to
40,000 per cu.mm. There 1s no available evidence as to the counts in cases of
pure proximal convoluted tubule necrosis.

It does not appear that these blood examinations are of any particular value
m assessing the prognoss.

BLOOD COAGULATION

Evidence has recently been produced that the iz itro coagulability of blood
from the general circulation 15 lowered or abolished 1n some cases of U.P.A
{Dieckmann, 1936; Dam, Larsen and Plum, 1941; Dieckmann, 1942; Weiner,
Rexd and Roby, 1950; Schn ** - T et :
Jjust as it 1s 1 certain cases ¢
to 6 hours after the U P.A,
level and may actually disappear, the blood prothrombin falls more slowly
but may be about a third of 1ts normal level at about 8 or 9 hours A
fibrinolysin may be present for a short pertod at about 4 to 6 hours The
fibninogen and prothrombin return to normal after about 24 to 36 hours.

These iz zitro abnormahties may be associated with chnical evidence of
disturbances of coagulation, such as the occasional development of severe post-
partum haemorrhage and the great difficuity sometimes found mn controlling
oozing of blood after Caesarcan section or hysterectomy The occurrence of
retroplacental clot in these cases presents no problem; this clot has already
formed before the gross disturbance of the coagulatng mechamism The
possible influence of these factors on the rate of thrombosts 1n the artenal tree
of the Kidney has been mentioned earlier

CLINICAL COURSE

The clinical course of the illness is practically the same in patients with any
grade of R CN as 1n those with only a severe proximal comvoluted tubule
necrons The former have haematuria and subscquent pyuna, and may have
a lower output of urine; otherwise there is little to differentiate the conditions.
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The patients usually seem remarkably well, are mentally clear, and have a
moderate appetite, though they may have troublesome vomiting or hiccough.
There may be a transient pyrexia on the third day (MacGillivray, 1951) but
otherwise the temperature and pulse rate remain normal in the absence of
complications,

Blood pressure. It has been pointed out earlier that the blood pressure is
usuaily well maintained during the shock which accompanies the U.P.A.
Subsequently most of the patients have a moderate hypertension, though the
systolic blood pressure may fluctuate 30 to 50 mm. from day to day.

Table 11 shows the mean figures for about 4o cases; there is no obvious
difference between the different pathological groups.

TABLE 11. Blood pressures during puerperium

Blood pressure* mg. Hg.

Day Mean Range
During U P.A, 157/88 230{130 to  go/6o
T 158/100 210/140 to 135/90
2 150/91 200/120 to 110/75
3 150/90 210{140 to 105/60
4 153/95 200{140 t0 130/70
5 160/90 220/125 10 115/75
6 150/91 200/120 to 110/60
7 157/90 200/120 to 130/80
8 166/95 185/130 to 130/80
9 153/92 190f120 10 12080
10 140/100 160/115 to 110/80
11 145/105 150/110 to 140/100
12 160/115 160/120 to 160/110

Tt will be seen that the mean blood pressure remains relatiely constant. By
the gth day very many of the patients have died, so that there are few dlma
after that time m the protocols, As a result, the subsequent figures are less
rehable; m particular the vahdity of the late rise of the diastohc pressure 3s
uncertain

MANNER OF DEATH ]

After a few days there may be attacks of dizziness or muzziness wluchll'asrt1 :1
few hours, and which very occasionally are accompanied by’connu iwt -

At some time, usually between the 5th and roth day but occnjxo'na y c‘:n’:rc,
the patient has one or two sudden episodes of a pecuhar and very s
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collapse. She becomes cold and clammy, the pulse is very weak, and she
appears mortbund. She may die quickly in the first attack, or may make a
dramatic recovery within an hour or two. In the latter case, a second attack
usnally follows during the next day, and she succumbs dunng st, This manner
of death is precnely the same in patients with proximal convoluted tubule
necrosis as with any grade of R C.N,

The cause of the sudden collapse and death in these cases appears fo be
probably a cardiac irregulanty due to hyperpotassacmia, similar to the cause
of the sudden collapse which occurs in other acute anunas, such as the crush
syndrome or the transfusion kidney.

The plasma electralytes were studied in only tvo of our own cases and in
only 5 of the fata) cases reported in the hterature, but there have been several
recent reports of climcal cases of presumed R.C.N in which the subject was
mvestigated in detail, The plasma potassium may be within normal hinnts until
a day before death, when 1t rises to 25 or 30 mg. per 100 cc ; in other cases it
may be lugh from the start (2g to 33 mg. per 100 cc.) The factors which may
guwe rise to a high potassium are breakdown of ussue cells, haemaolysis in the
body, convulsions at about the time of delivery, the adminstration of
potassium citrate or fruit juice, and hypertonic iatravenouns therapy. The
toxicity of the patasstum is enhanced, among other things, by a low Jevel of
the plasma sodium The cltmeal diagnosis of sigmficant hyperpotassaemma 15
best made by a carelul study of the electrocardiogram; this subject is excellently
reviewed by Merrill et al. (1950)

The plasma sodwum 15 asually at low normal levels or shightly reduced (280
Q300 Mg per 100 <¢ ), possibly as a result of vorting The serum caloium s
usually at low levels (7 2 to 8 8 mg per 100 c¢ ) possibly in relation to the lugh
e i L s it £ e e R

grauudity, fevels of 15, 27, 29, 38 and 40 volumes of GO, have been recorded.
It 15 of tuterest that the fall of alkali reserve 15 not accompansed by air hunger.

EARLY TREATMENT

ifthe provimal convoluted tubules are to besaved, the time at which the spasm
in the artenal tree must be relaxed s within about 2 to 3hours afterthe U.PLA .
If the grosser lesions are to be obviated, the spasm must be refaxed within about
6 10 B hours At this early stage the chinical condittion of the patient is usually
poor, there is as yet na clinical evidence of sertous renal damage; and there
15 a good prospect that the spasm in the cortical vessels will relax spontaneously,
as 1t does n the majority of pauems By the time the renal lesion 15
chmcally manifest, the time for active measutes to relieve the spasm has passed.
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On the assumption that the cortical vascular spasm is a result of the uterine
dlsnlxrbance, there is a prima facie case for rapid delivery. Many of the patients
are in labour at t}'lc time of admission, and are usually delivered quickly and
easily if the foetus is small. On the other hand when the patient is not in labour,
or when she h.as a large foetus so that the labour may take many hours,
Caesarean section should be considered. With adequate transfusion and the
use of antibiotics, this operation in cases of U.P.A. appears to have a much
lower mortality than it had twenty years ago (Hollenbeck and Williams, 1951).
The purpose of immediate section, in the present context, is that it might
prevent the continuance of the arterial spasm in the kidney, but the assessment
of any such effect presents some difficulties The transfusion and section could
possibly save patients who had already suffered severe renal damage and
who would ordinarily die of shock and haemorrhage during the first day. This
might reveal more clinically recognisable cases of R.C.N. in the puerperium,

Blood transfusion itself is of definite value in preventing early deaths from
U.P.A (Sheehan, 1g42). However, there 1s no reason to suppose that it would
have any significant effect in preventing the renal lesions. The cause of the
cortical 1schaemia is vascular spasm, not blood loss.

There is as yet no information about the efficacy of direct attempts to relieve
the cortical vascular spasm at this particular time in human patients. Renal
splanchnic block has been employed by various methods: surgical attack on
the splanchnic nerves or the renal plexus, high spinal or local anaesthetics,
or medical treatment by drugs of the tetracthylammonium bromide group.
The difficulty in assessing the value of such treatments is that they are usually
not begun until after the renal lesions have developed. Tetraethylammontum
bromide may in fact decrease renal bloodflow (Aas and Blegen, 1949)

Patients with U P.A. sometimes have very severe post-partum haemorrhage,
for which pituttrin or ergot may be prescribed. On theoretical grounds it
seems prudent not to use these drugs because of their possible vasoconstrictor
effects on the kidney. There have however been no studies of their actual
influence on the incidence of renal damage following U.P.A .

One further purpose of early treatment is to try to prevent the formation of
casts, and in particular of proteinuria casts in the collect‘mg 'tubulcs of .thosc
nephrons which have remained relatively undamaged. This might be achieved

by producing a maximum flow of dilute urinc.through these [Ubl‘ﬂﬂs during thrf
period from about § to 24 hours. The production of such a diuresis ts ntimately
bound up with the treatment of the renal vasoconstriction. The intravenous
administration of glucose-saline might possibly be of some value during tl;:s
particular period, m ‘flushing’ the tubules if the kidney is able to excrete the
flud. On the other hand many of the patients have some degree of oede‘ma
and presumably have a sufficient ‘head of fluid’ in the tissues, 50 U llz‘xt
intravenous glucose-saline is not indicated. The problem of preventing the
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formation of colloid casts in the intermediate zone in the period between 3
and 12 hours after the U.P.A is a more complex one, though it is possible
that the admimstration of fluds might be of some use.

The adminstration of alkalis during the early stage has as its purpose the
prevention of acidity of the urine, a condition which 1s requisite to the
preciputation of protemn as casts in the tubule (Baker and Dodds, 1925). Such
therapy has a rational place only during the first day after the U.P.A.. Modern
views on this subject have been reviewed by van Slyke (1948).

LATER TREATMENT AND RECOVERY

The question of the recovery of patients with R.C.N has been discussed by
Gibberd (1936) and by several subsequent workers. Acceptable cases have
been recorded by McKerron (1goz, Case 1), ™ *7 "% * 77 oo
(1926), Kellog et al (1928), Krellenstein (1g
2), Groen and Lindeboom (1940, Cases 1
O’Sullivan and Spitzer (1946, Case 5), Grz .

Durrans (1949), Mauzy and Donnelly (1949, Cases 2, 3 and 4), Bergqvist
(1950, Cases 1 and 2), Mernill et al. (1950, Case 2), Bull, Joekes and Lowe
(1950, Case 82563), Priddle and Stevenson (1951, Case S M)

The extent of the R C.N 1s only of indirect importance in the resumption
of renal function The significant factor is the amount and condition of the
remaiming parts of the cortex The patient with gross or patchy R.C.N has
usually a considerable degree of proximal convoluted tubule necrosis in the
remaimng cortex, and, even if that tissue were quite healthy, the amount
remaining 1s so small that the patient must almost inevitably die The patient
with mmor or focal R CN also has much necrosis of proximal convoluted
tubules, but there may be a fair number of nephrons remaining relatively mntact,
If the patient can be kept alive by these nephrons for a week or two, until the
necrosed tubules have regenerated and resumed function, she may survive. The
patient with extensive proximal conveluted tubule necrosis has similar prospects
to the pauent with the lesser degrees of R C N . The case reported by Crook
(1926) proves conclusively that a patient with focal R.G.N. can recover.

Clearly the recovery of the kidney 15, to a very large extent, a question of the
recovery of tubules. The sequence of events in a single nephron with a necrosed
proximal convoluted tubule 1s as follows There 1s an imitial period of about
3 to 5 days when any glomerular filtrate escapes directly through the denuded
basement membrane of the tubule and returns to the blood stream The
nephron as a whole 1s therefore anuric. The second stage occurs when the
tubule 15 relined by low basophil epithelium. Thus epithelium can function as
a duct to carry glomerular filtrate along the lumen, but 1t 1s unable to
concentrate the filtrate or to perform selective reabsorption or secretion The
nephron at this stage passes a large amount of flmd which 15 unelaborated



172 RENAL CORTICAL NECROSIS

glqmcr.ular filtrate, In the course of the next few days, the regenerated
epithelium develops more normal histological appearances and gradually takes
on its normal functions. The urine from the nephron slowly becomes more
concentrated, and there 1s now selective reabsorption and secretion. In the
course of about 3 weeks the nephron has returned to almost full function.
Though there may be a difference of perhaps a couple of days between the
repair stages of different nephrons, the secretion of urine by the kidney as a
whole represents the sum of the return of function of all the repairing nephrons.
Thus, during the first few days, the patient may pass no urine at all or may pass
a little very dilute urine from those nephrons which have remained almost
undamaged Following this, there is a period of a week or two when the
patient has gross diurests with a steadily increasing concentration of the urine.
In the early part of this diuresis phase, sodium and chloride may be lost in
large quantities, but the power to retamn these ions gradually returns in the
later stages. Finally there is 2 period of a few months in which there is no
obvious renal insuffictency but renal function tests disclose some inadequacy.
In the case of nephrons where there has been formation of colloid casts 1 the
intermediate zone, or protemuria casts m the distal convoluted or the collecting
tubules, a period of perhaps a couple of weeks may be needed before the casts
have disintegrated, though any local epithelial damage is repaired earlier.
These nephrons may remain relatively non-functioning while the casts are
preseut. The remaining healthy nephrons have thus to carry the whole load of
excretion of urine If there are few of these healthy nephrons, each of them is
under heavy stress and, abandoning most of its function of concentrating and
elaborating the filtrate, it produces a large amount of very dilute urine which
may be almost unchanged filtrate. The total volume of this urine produced by
the healthy nephrons is of course small. As the damaged nephrons regain their
function and take their share in the formation of nrine, the total quantity of
urine increases constderably. Subsequently, as the concentrating power of the
nephrons 1mproves, the quantity and quality of the urme return to normal.
If the kidney damage is such that repair is possible, the purpose of treatment
15 to ameliorate the biochemical disturbances which may kill the patient before
the kidney has time to recover. It scems possible that a number of the fatal
cases recorded in the present paper might have been saved if more satisfactory
lines of treatment had been available. While the present paper 1s not concer.ned
with the details of therapy, a brief summary of modern methods may be given
here. Considerable success has been achieved in the treatment of cases of
anuria (some due to ‘lower nephron nephrosis’, and some presumalz]y due to
proximal convoluted tubule necrosis or the lesser degrees of R.C.N.} by the
following regimen (Burwell, Kinney and Finch, 1947; Thorn, 1948; Bull,
Jockes and Lowe, 1949; Burt et al., 1950; Kolff, 1950):
(a) During the pertod of anuria, the avoidance of administration of excess
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flurd or of electrolytes which can not be excreted (Lattimer, 1945). A Borst diet
is given to prevent endogenous protein breakdown.

(b) During the period of subsequent diuresis, the correct amounts of water,
sodium chloride and potassium are provided, so that the patient does not
become dehydrated, and so that the electrolytes of the blood are maintained at
a normal level.

Various methods of ‘vicarious’ excretion of urine have also been used
Peritoneal dialysis has the disadvantage of leading to fibrinous exudates, and
requires a sterile techmque (Fine, Frank and Sehgman, 1946; Grossman, Ory
and Willoughby, 1947, Odell, Ferris and Power, 1948; Miller, 1949). The
‘artificial kidney’ requires complex apparatus and strict biochemical control,
but has been used extensively and with some good results (Kolff, 1947; Alwall,
1947; Murray, Delorme and Thomas, 1948; Merrill et al, 1950) As the
patient’s blood must be heparinised, this method can not be used 1f there is
any likelihood of haemorrhage; it 15 also not very satisfactory n hypertensive

H e e e LT ) deeen

as with other dialysis procedures, 15 2 method by which the plasma potassium
can be rapidly reduced The 1deal intestinal perfusion fluid to maintain a
satisfactory water and electrolyte balance has not yet been worked out

Other methods of treating the anuric patient include massive replacement
transfusion, as advocated by Dausset (1950). Such therapy in obstetric cases
would require very careful blood-grouping

Transplantation of a normal human kidney would theoretically be the only
satisfactory treatment for gross R.CN. Even il the transplanted kidney
functioned for only a few weeks, 1t might permt the survival of patients with
shghtly less severe grades of R C N There are many technical and biological
difficulties 1n this operation, an excellent summary of the problems has been
gwven by Dempster (1950 and 1951) A detailed report of one transplantation
for congenital cystic disease 15 given by Lawler et al. (1950 and 1951), the
kidney functioned well for over two months but the ureter subsequently became
stenosed and the kidney had atrophied at 10 months. Servelle et al. (1951)
transplanted a kidney into a patient with chronic nephritis. The unne output
of this kidney increased to 600 cc. on the 19th day, with unine urea concen-
tration about twice that in the blood. The patient died on the 19th day, and
at autopsy the kidney appeared normal apart from one small infarct. Dubost
et al (1g51) did transplantation 1n two cases of chronic nephritis The cases
were reported at 14 days and 3 days later respectinely Renal function
appeared to be mmproving, particularly 1n the case of longer duration

Other lines of treatment are directed to the prevention or amelioration of
the pathological lesions in the kidney. These are of very doubtful value when

L
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undertaken more than 12 hours after the U P.A.. Decapsulation is based on the
unfounded assumption that the cedema in the kidney a few days after the
U.P.A. may prevent a satisfactory circulation of blood. There is no evidence
that the few patients who have improved after this operation would not have
improved at the same time without operation. This subject has been reviewed
by Abeshouse (1945), Peters (1945), and Bracey (1950). Similar considerations
apply to surgical or medical therapy designed to relieve vascular spasm, when
these measures are applied a few days after the U.P.A.

SUBSEQUENT CONDITION

If the patient recovers, the later changes in the kidney can be inferred from
general pathological principles. Any areas of R.C.N, will become gradually
replaced by connective tissue. Some of the regenerated tubules atrophy and
disappear towards the end of the second week; these will also be replaced by
patches of connective tissue. As far as we are aware, there has however been
no report of the pathological appearances in the kidneys of patients who,
several years previously, have had transient renal failure following U.P.A.

There 15 not a great deal of information about the ultimate clinical state of
these patients. Dieckmann (1942) gives details of 2 patient who had puerperal
oliguria following U.P.A , her urea clearance g months later was under 50
per cent, and her blood pressure was 150/100. Crook’s patient had a normal
urine urea concentration 6 months after the U.P.A.. One patient studied by
Crawford (unpublished) had a clinical course corresponding to group g, witha
blood urea rising to 206 mg per 100 cc. by the 8th day. On the 23rd day, with
a blood urea of 40 mg. per 100 cc., her maximum urea clearance was 38 cc.,
which is about 50 per cent of normal. At 5 months, with a blood urea of 20 mg.
per 100 cc., she had a maximum urea clearance of 58 cc., which is about 75
per cent of normal At that time a urea concentration test gave the quite
satisfactory figure of 2.9 per cent. Case 1 of Groen and Lindeboom (1940}
had a maximum urea clearance of 52 cc. at 3 months, and of 61 cc. at 2 years;

their Case 2 had a urea clearance of only about 13 cc. at 4Emonths. :
. D m ek 1
Itis,

high

incidence of hypertension 1 patients before the U.F.A.



SUMMARY

In order to obtain information about the course of development of renal
cortical necrosis and its related lesions, the kidneys of 67 fatal cases of concealed
accidental haemorrhage were exanuned at various times after the onset of the
obstetric catastrophe

In this material there were 23 cases of the fully developed stage of renal
cortical necrosis, observed at intervals from 13 to 15 days This condition 15
classified here according to its extent: focal, affecting scanty minute areas;
minor, patchy; and gross, which involves almost all the cortex,

There were 11 examples of the early stages of renal cortical necrosis,
examined at intervals from 8 to 27 hours after its onset This stage of the lesion
has been recorded only very rarely 1n the previous literature.

In addition, a sertes of less severe renal lesions were observed mn 26 of
the remaining cases. These lestons consisted of (a) albummuria with cast
formatton m collecting tubules, (4) hyaline droplet formation 1 proxamal
convoluted tubules, (¢) colloid degeneration and colloid necrosis of the
epithelium of these tubules, (d) the formation of colloid casts in the tubules
of the intermediate zone, (¢) stmple necrosis of proximal convoluted tubules,
(f) benign thrombosis of glomerular capillaries Great importance is attached
to this series of lesions which are less severe than renal cortical necrosis.
Chmically, certain of them can grve rise to anuna and sometimes to the death
of the patient Pathologically, therr significance 1s that they are due to the same
type of vascular disturbance which gives rise to renal cortical necrosss, and
that they throw much hght on the nature of this vascular disturbance

All the renal lesions result from 1schaema which 1s produced by spasm of
some part of the cortical artenial tree, and the type of the lesions depends on
the duration and the site of this spasm The exact aetiology of this spasm 15 as
yet not clear

The damage to the kidney begins very quickly after the onset of the
concealed accidental haemorrhage. The exact time of the onset of the renal
Jesions can thus be established from the obstetric history Cases have been
examned at a series of known intervals after the onset; in this way the course
of development of each type of renal lesion has been established, with particular

seference ta the progress of the lstological changes at different times,

The course of the circulatory changes in the kidney 15 as follows. In_ail
cases there is an initial spasm at the glomeruli, which cuts off the blood flow
for a period of time varying from a few minutes up to 5 or 6 hours. After this
period the spasm relaxes, and blood rectrculates through the area. If the
recirculation begins early and continues permanently, the cases have purely

175



176 RENAL CORTICAL NECROSIS

tubula‘r lesions. On the other hand, in cases destined to become renal cortical
necrosis, a new spasm develops n some part of the intralobular artery. This
produces a second period of lsch.aemla, which may last from a few hours up
to about 20 to 30 hours, and which leads to death of all the distal part of the
arter}al tree. When the artersal spasm relaxes, the blood flows into the dead
arteries and undergoes thrombosis there, thus leading to a permanent arrest
of the circulation. This thrombosis is a late secondary phenomenon, and is a
result, not a cause, of the ischaemia

In the previous literature on renal lesions following concealed accidental
haemorrhage, there are 74 reliable cases of renal cortical necrosis, 49 poorly
described cases of renal cortical necrosis, and 22 cases of less severe damage to
the kidney These have been classified in accordance with the present scheme.

The clinical manifestations of each type of case, as observed both in the
present series and in the literature, have also been analysed, with special
reference to the changes in the urine and the blood OF the patients who have
severe concealed accidental haemorrhage, about 7.5 per cent die during the
first day, and half of these have very severe renal damage in an early stage.
A further 3 5 per cent die later in the puerperium, mainly as a result of renal
failure from the developed stage of renal cortical necrosis, The incidence of
severe damage to the kidney is greatest in patients with concealed accidental
haemorrhage at about 6 or 7 months gestation.

In cases of renal cortical necrosis, the prognosis depends both upon the
amount of the remaining part of the cortex, and on the degree of the ischaemic
damage which it has sustained, In this remaining part, there is always much
necrosts or epithelial degeneration in the proximal convoluted tubules, and
there 15 often much cast formation in other tubules. Patients with only a small
amount of actual renal cortical necrosis may die n anuria as a result of the
damage to this other part of the kidney. X

The prevention of these lesions depends upon the arrest of the spasm in
the artenal tree before gross renal damage has occurred; i.c. within the fisst
2 or g hours after the accidental haemorrhage if necrosis of the proximal
convoluted tubules 15 to be averted, and within the first 6 or 8 hours if renal
cortical necrosis 1s to be averted. L

Renal cortical necrosis occurs also after abortions, in various conditions in
children, in adult men, and in non-pregnant women. A total of 7 of these cases
have been studied, for comparison wath the obstetric series, and 117 previous
reports in the literature have been analysed. Thcs_e nqn-ubstetnc cases are
sometimes of a particular type, which is described in this paper as confluent
focal renal cortical necrosis.
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