


















176 ARCHIVES OF DISEASE IN CHILDHOOD

FIG. 11.-Case 1: microdissected nephron. Phase-contrast mosaic
shows that the glomerulus is joined to the proximal tubule by a
narrow neck, the epithelium of which is regular. The remainder of the
proximal tubule is distended and ballooned, with flattening of the

epithelium. Case 2 shows similar changes. x 200.

FIG. 12.-Case 3: microdissected nephron. Phase-contrast mosaic
showing a premature type of nephron. The glomerulus is joined to l
the proximal tubule by a short narrow neck; the proximal tubule is
shorter than normal, lacks convolutions and is reduced in width. W

x 140.
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NEPHROTIC SYNDROME IN EARLY INFANCY

TABLE 2

NEPHROTIC SYNDROME IN EARLY INFANCY

Age at
Author Sex Premature Healthy Necropsy Diagnosis

Onset (days) IDeath(weeks) Siblings

Gautier and Miville(1942) .. . F. No Birth 3 0
Fanconieta/.(1951) . . . M 24 7 2 No histology

M ? 10 26
M No 4 2-l years J Glomerulonephritis

Eiben et al. (1954) . .M Yes 6 15 5 Lipoid nephrosis
Kunstadter and Rosenblum (1954) * M Yes 9 10 4 Glomerulonephritis
Frischknecht etal. (1954) .. . F Yes ? Birth 15 3 Glomerulonephritis
Hallman et al. (1956) (8 cases) 5M 7 pre- )B-rth3 1 1-44 7 6 Glomerulonephritis

3F mature) Brth-31 (3 families) 2 Lipoid nephrosis
Hudson (1956) .F ? No 21 5 ( ) Nephrosis'

M ? No 42 32 } 0 'Nephrosis'
Dobbs and France (1956) .M Yes Birth 7 2 Congenital'nephrosis'
Present series .M No Birth 24 I Congenital 'nephrosis'

F Yes 40 17 1 Congenital 'nephrosis'
M No ? Birth 11 2 Congenital 'nephrosis'

hypertension were present in the blood vessels. The
gall bladder contained several soft black calculi and a

single similar calculus lay in the cystic duct. This
patient had five healthy siblings.

Kunstadter and Rosenblum (1954) also observed a

premature infant who became oedematous on the
ninth day and died at 10 weeks. Microscopically the
kidneys showed swollen and hyperaemic glomeruli
with proliferation of Bowman's capsule and
degeneration of tubular lining cells. There were four
healthy siblings.

Frischknecht, Zollinger and Keiser (1954) des-
cribed a further case, again a three weeks' premature
infant, who was noticed to be oedematous almost
immediately after birth, and died at 3! months.
Slight but definite inflammatory changes were found
in the glomeruli, including thickening and splitting
of the basement membrane; some of the tubules were

dilated and hypertrophied, others atrophied. The
patient had three healthy siblings.

Hallman, Hjelt and Ahvenainen (1956) have
recently presented a group of eight infants who
developed the nephrotic syndrome within the first
few weeks of life. Seven of these were premature;
all died, their ages at death ranging from 7 days to
10 months. Full pathological details are not
yet available but six cases were classified as

glomerulonephritis and two as lipoid nephrosis.
Three of the infants had one or more healthy
siblings; five (including two of the three with healthy
siblings) had siblings who were born prematurely
and died.
Hudson (1956) encountered two siblings who

developed the disorder at 3 weeks and 7 weeks, and
died at 5 weeks and 7! months respectively. The
infants were mature by dates, although their birth
weights were only 41 lb. and 5! lb. The parents
were healthy and not consanguineous; they had no

other children. The renal lesions in both cases were
thought to resemble those of the present series.
Dobbs and France (1956) observed a three weeks'

premature infant who was noticed to be oedematous
within a few hours of birth and died at 7 weeks. The
patient had two healthy siblings; there was no
parental consanguinity. The kidneys showed a
remarkable degree of tubular dilatation; the
majority of the glomeruli were normal, although a
few showed pericapsular fibrosis with occasional
slight capsular proliferation.
These case reports are summarized in Table 2,

which also includes the diagnoses submitted by the
respective authors.

Other accounts have been published of various
clinico-pathological syndromes associated with renal
disease in the neonatal period (Mitchell, 1930;
Collins, 1954; Lapage, 1932) but these do not in
general provide sufficient clinical and biochemical
information for full classification.

Familial Incidence of Nephrotic Syndrome. The
familial occurrence of renal disease has frequently
been observed (Mitchell, 1930) but in most cases
it is impossible to be certain of the exact nature of the
disorder. There are few reports of a well-defined
nephrotic syndrome occurring more than once in a
family. Blechmann (1934) observed two brothers,
both of whom developed 'lipoid nephrosis' at 4
years. The first died less than a month from onset;
the second recovered. Forge (1950) reported four
cases in male and female sets of uniovular twins.
In the female set the age at onset was 18 years in
both twins, in the male set 13 and 17 years respec-
tively. The 13-year-old died two years later; the
outcome in the remaining three cases was not cer-
tainly known. Prader (1950) observed a further
set of male uniovular twins, both of whom became
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ARCHIVES OF DISEASE IN CHILDHOOD

ill at 15 years and both of whom died. Goettsch
(1948) only once encountered nephrosis in siblings.
Fanconi et al. (1951) reported the family already
referred to, another in which two brothers developed
the disease at 3 years and 6 years, surviving eight
months and three months respectively, and a third
family in which a sister and brother became ill
at 9 years and 14 years, both eventually recovering.
As already mentioned, Hudson (1956) observed the
disease in a brother and sister. Except in Hudson's
cases and one case of Fanconi's no necropsy findings
were recorded. Parental consanguinity was not
demonstrated in any of the families.

Classification of Present Cases. It seems almost
certain that the three cases described in the present
report all suffered from the same basic disorder.
This view is based on the uniformity of the morbid
anatomical changes, the presence of anisotropic
crystalline deposits in tissues from all three infants,
the demonstration of broadly similar abnormalities
in the microdissected nephrons and, in two of the
cases, the sibling relationship. There are, however,
quantitative histological differences, the changes
being most advanced in Case 1 and least advanced
in Case 3. This may well reflect the duration of the
illness, since the ages at death were 5a, 4 and 2
months in Cases 1, 2 and 3 respectively.

In none of the cases are the classical changes of
Ellis Type I or Type 11 nephritis seen. In Case 1,
some basement membrane thickening is demon-
strable with the periodic-acid-Schiff technique, but
the lesion, although similar to that found in Type II

nephritis, is not so diffuse. Moreover, the pattern
of the interstitial proliferation is unlike that seen in
Type II nephritis and the changes are almost
certainly of ischaemic origin. There is no evidence
that hypertension per se has produced any changes
in the kidney. The relative paucity of inflam-
matory cells in the renal parenchyma is a striking
feature of all three cases, and pyelonephritis is clearly
not the primary disease. The tubular lesions,
comprising atrophy, hypertrophy with dilatation,
and epithelial degeneration, are very much more

marked throughout than the glomerular changes,
and it is postulated that there is a primary tubular
lesion which has resulted in proliferation of the
interstitial tissues, which in turn has had a secondary
strangulating effect upon the glomeruli. This con-

cept is supported by consideration of the ages at
which the children died, and by comparison of the
renal lesions which show, in Case 1, interstitial
collagen and quite severe glomerular sclerosis,
in Case 2, fibroblastic interstitial proliferation and
only minimal glomerular sclerosis, and in Case 3,

no increase in the interstitial tissues, except in the
wedges of pyelonephritic scarring, and normal
glomeruli.

In summary, the renal changes are thought to be
consistent with a 'nephrosis', using the term in the
sense of a primary tubular disorder with secondary
and relatively minor glomerular lesions. The
absence from the kidneys of significant deposits of
anisotropic fat would, however, seem to make the
qualification 'lipoid' not strictly appropriate.

Unfortunately, chemical analysis of the biliary
calculi found in the gall bladder of Case I was not
carried out. In appearance they were more like
pigment than cholesterol calculi. It seems probable
that the biliary cirrhosis was due to intermittent
calculous obstruction of the large bile passages..
Whether these hepatic and biliary lesions are
coincidental is unknown. There is no obvious
basis for associating them with the renal disease,
but the occurrence of gallstones in the closely similar
case of Eiben et al. (1954) raises the possibility that
there is more than a chance relationship.

Genetic Aspects. It is impossible to pinpoint the
date of onset of nephrosis and we cannot state
categorically that the cases now reported were truly
congenital. However, there are reasonable grounds
for accepting them as such. Thus, in Case I oedema
was present at birth; in Case 2 oedema was not
noticed until the age of 6 weeks, but by this time the
nephrotic syndrome was fully developed, and must
have begun much earlier; in Case 3, although again
nephrosis was not confirmed until the baby was
7 weeks old, he had been ill since birth. In no
instance was there anything unusual about the
mother's health during pregnancy, and no extraneous
cause for the infant's illness could be found. In
such circumstances it is logical to consider a genetic
aetiology. In fact, inheritance of a Mendelian
recessive characteristic would well explain the
occurrence of a disorder, of extreme rarity in the
neonatal period, in two newborn siblings (Cases 1
and 2) whose parents are first cousins and in whose
family there is no history of renal disease. This
hypothesis is strengthened by the existence of a
cousin relationship between the parents of Case 3.

Anisotropic Crystalline Material. The significance
of this finding is difficult to assess. It is unfortun-
ate that the material could not be positively identi-
fied; no more can be said than that it was very
possibly cystine. No similar crystals have been
found in appropriately fixed and stained tissues of
children dying from glomerulonephritis or from
causes unrelated to renal disease, but we cannot say
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NEPHROTIC SYNDROME IN EARLY INFANCY
-whether or not such crystals may be present in the
tissues of children with lipoid nephrosis until further
cases have been studied.

Chromatographic Studies. An increased urinary
amino-acid concentration was found at one time or
another in all three cases. This accords with the
observations of Woolf and Giles (1956) who des-
cribed two types of abnormal urinary amino-acid
pattern in the nephrotic syndrome. The first of
these, characterized by increased excretion of
ethanolamine, 3-amino-isobutyric acid and other
amino compounds, suggested a disturbance of
intermediary amino-acid metabolism. The second
type, approximating to that of normal blood and
associated with glycosuria, and with azotaemia,
hypertension or other evidence of renal failure, was
attributed to renal tubular insufficiency, Among
the present cases, this latter pattern was found only
in the post-mortem urine specimen from Case 2 and
in one ante-mortem specimen from Case 1; these
were also the only samples containing an increased
concentration of glucose. The remaining specimens
from all three cases either showed the first pattern
or were within normal limits.

Both patterns differ from those of cystine storage
disease in their variability, in the presence of in-
creased amounts of ethanolamine, 3-amino-iso-
butyric acid and taurine, and in the absence from the
majority of specimens of significant amounts of
glucose. The relatively high urinary creatinine
concentration found at least once in all of the cases
is a further point of distinction from cystine storage
disease, in which the creatinine rarely rises above
20 mg. per 100 ml.
We are unable to draw any conclusions from the

amino-acid patterns found in the blood of Cases 1
and 3. In Case 2, the pattern found during life
resembled that sometimes seen in the nephrotic
syndrome in older children (Woolf and Giles, 1956).

Significance of Changes on Renal Microdissection.
The similarity of the lesions to those previously
described by some of us (Clay, Darmady and
Hawkins, 1953; Darmady, 1954; Darmady and
Stranack, 1955) in Fanconi-Lignac disease
(cystinosis) is of interest. The principal difference
would seem to be in the lower end of the proximal
tubule, for in Fanconi-Lignac disease ballooning
and dilatation of the lumen of the lower part of the
proximal tubule have not been a feature in the
cases so far examined. It is possible that the
anatomical abnormality of the proximal tubule
may be due to the genetic linkage of the families
concerned, since this is apparent in Fanconi-

Lignac disease also. Nevertheless the obvious
differences in glycosuria, amino-aciduria and
proteinuria correlate more closely with a specific
reabsorptive tubular defect, and cannot be
attributed entirely to the less specific micro-
anatomical lesion. It is therefore probable that the
genetic linkage affects the specific reabsorptive
enzymes as well as the development of the proximal
tubule. The persistence of the foetal type nephrons
in Case 3 may not be of significance, for examination
of kidneys of normal infants show that foetal
nephrons can be found in small numbers in infants
up to 8 months. This finding has also been con-
firmed by Peter (1927).

Aetiology of Congenital Nephrosis. A review of
the reported cases of the nephrotic syndrome in
newborns shows that apart from the essential
clinical and biochemical similarities, the most
notable common features are an invariably fatal
outcome, usually within the first six months and, as
pointed out by Hallman (1956), an association with
prematurity. Somewhat unexpectedly, the under-
lying pathology is almost as heterogeneous as in older
children and adults. However, the cases of Eiben
et al. (1954), of Dobbs and France (1956) and of
Hudson (1956) do show renal changes closely
resembling those found in the present group.
Hudson's cases were also familial, but in the others
the familial incidence and genetic background are
missing, nor were the tissues examined for crystalline
deposits or by microdissection. The diagnosis made
by Eiben et al. (1954) was lipoid nephrosis, and
although the authors could advance no explanation
for such an early onset, they believed it unlikely
that there could have been an antecedent acute
nephritis and felt that this argued for the existence
of lipoid nephrosis as an independent entity.
Frischknecht et al. (1954) interpreted their case as
one of intracapillary glomerulonephritis, and
attributed the incompleteness of the histological
picture to inadequate antibody production in the
young infant.
As already indicated, there are occasional refer-

ences in the literature to the occurrence of the
nephrotic syndrome in siblings; but most of these
concern older children. Parental consanguinity
has not previously been described. There has
therefore been little evidence hitherto for a genetic
aetiology in neonatal nephrosis. In the cases
presented in this report, however, there is strong
evidence for such aetiology; and the inherited defect
may be manifested by an anomaly of the renal
tubules and by the deposition in certain tissues of
anisotropic crystalline material.
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180 ARCHIVES OF DISEASE IN CHILDHOOD
It is evident from these findings that any attempt

at differentiation and classification of neonatal
nephrosis demands the most detailed study and the
use of every appropriate investigative technique.

Summary
The cases are reported of three infants who mani-

fested the nephrotic syndrome at or within a few
weeks of birth and died before the age of 6 months.
Two of the cases were siblings whose parents were
first cousins; the parents of the third case were also
cousins. Each case showed (i) a similar abnormality
of the renal tubules on microdissection; (ii) doubly
refractile crystalline material in alcohol-fixed tissues;
(iii) predominant lesions in the renal tubules,
glomerular damage being minor and probably
secondary. The severity of the histological changes
could be correlated with the presumptive duration
of the illness. These findings suggest that all three
infants suffered from the same, and probably
genetically determined, primary disorder.
Other reported cases of neonatal nephrosis show

differing morbid anatomical patterns but have had a
uniformly fatal outcome.

We are grateful to Dr. R. Lightwood, Dr. G. H. Newns
and Dr. B. E. Schlesinger for permission to publish these
cases, and to Dr. Lightwood for his constant encourage-
ment and helpful criticism of the manuscript. The
necropsy of Case 3 was performed by Dr. Martin Bodian
whom we wish to thank for his report. Permission to
refer to their unpublished cases was kindly given by

Dr. F. P. Hudson and by Drs. R. H. Dobbs and N. E.
France. Our thanks are due to the Medical Research
Council for an expenses grant without which microdis-
section could not have been undertaken, and to The
Hospital for Sick Children for a research fellowship
awarded to one of us (L.I.W.).
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