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ABSTRACT

Evaluation of the histological changes found in
kidney biopsies taken during the investigation of children
with renal disease is complicated by the fact that in many
instances the abnormalities seen by light microscopy are slight
or absent, and may be prone to subjective errors of
interpretation. In this thesis a number of renal biopsy
specimens have been studied from 106 children presenting with
a nephrotic syndrome, with idiopathic recurrent haematuria or
with evidence of remal involvement in anaphylactoid purpura.
In addition to a morphological classification, more objective
histological techniques have been applied in analysing the
changes found, Semi-qumnt?tative methods of assessing the
over~all degree of glomerular and tubular damage present have
been used, and in additipn, differential count; of the various
types of cell composing the renal glomeruli have been made.
These counts were found to pe particularly valuable in the
interpretation of slight degrees of ‘proliferative' change in
the renal glomeruli, the presence or absence of which is often
difficult to establish subjectively. A number of preliminary
studies were made to establish the reproducibility of the
techniques of histological assessment used, and the renal biopsy
findings were correlated with various clinical data.

In children presenting with a nephrotic syndrome the
histological findings were correlated both with the response

to treatment, and where appropriate, with the clinical outcome.



Amongst the children with nephritis following anaphylactoid
purpura, a very good correlation was found between the degree
of structural damage revealed on renal biopsy and the

subsequent clinical course. In these biopsy specimens, and also
in those taken from children presenting with idiopathic recurrent
haematuria in which proliferative changes were found in the
renal glomeruli, differential glomerular cell cbunts showed

that in the majority of cases proliferative changes were diffuse
rather than focal in distribution, affecting all the glomeruli
present. In patients with idiopathic recurrent haematuria,
renal biopsies were histologically normal in many instances.

A very close correlation was found between the amouqt of
protein excrete& in the urine by these children and the presence

of abnormalities on renal biopsy.
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INTRODUCTION

Percutaneous renal biopsy is now established as a
valuable part of the investigation of patients with renal
disease, whereby pathological changes in the kidney may be
studied during life. The technique has been used at the
Hospital for Sick Children, Great Ormond Street, for a number
of years, particularly as part of the clinical assessment of
children presenting with a nephrotic syndrome, symptomless
recurrent haematuria or with evidence of renal involvement in
anaphylactoi& purpura. The application of newer techniques
such as electron and immunofluorescent microscopy and enzyme
histochemistry to the study of biopsy specimens obtained in
this way has inc;eased fhe ﬁnderstanding of the pathogenic
mechanisms involved, and in some instances has reve#led changes
" not discérnable by more orthodox methods. Nevertheless, the
routine histological examination of renal biopsies by light
ﬁicroscopy, both because it is a universally available
technique, and because relatively large pieces of tissue can
be examined, remains the principal method of evaluating the
morphological changes in these biopsy specimens. In many
instances the pathological changes seen may be very slight,
and in some specimens, particularly those obtained from
children with a nephrotic syndrome, abnormalities visible by
light microscopy may be absent, so that their subjective
histological interpretation can be open to error. This thesis
sets out to investigate the application of more objective
quantitative methods of assessment for the histological analysis
of renal biopsies obtained from children with renal disease in

order to provide a more rational basis for comparing the various
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changes found between different biopsy specimens, and also in
an attempt to improve diagnostic accuracy.

The literature concerning percutaneous renal biopsy is
extensive. In presenting a review for this thesis emphasis
has been placed on those aspects more directly related to the
study performed. The development of the technique of
percutaneous renal biopsy, particularly its use in children,
has been outlined and special reference is made to the findings
in the nephrotic syndrome, in recurrent haematuria and in the
nephritis of anaphylactoid purpura. Previous methods of
quantitative analysis of the histological changes in renal
biopsies are also reviewed.

A section is devoted to the description and evaluation
of the techniques of histological assessment, both subjective
and quantitative, applied in this study and this is followed
by sections on the application of these methods to renal
biopsies from children with the mephrotic syndrome, with renal
involvement in anaphylactoid purpura and with idiopathic
recurrenf haematuria. Full clinical descriptions of the
patients studied are included and the results of the
histological analyses are correlated with the relevant clinical
findings.

The results are discussed in relation to the findings
of other workers and some general conclusions are drawﬁ
showing how the techniques used may provide information of

value in clinical management.



SECTION 1

14
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REVIEY OF LITERATURE

Literature relating to the use of percutaneous renal biopsy

in general.

Since it was first used by Pérez Ara (1950) and by
Iversen and Brun (1951) percutaneous renal biopsy has become
established as a valuable aid in the investigation and
management of patients with renal disease. Previously,
knowledge of the pathological changes present in diseases of
the kidney such as glomerulomephritis depended largely on the
examination of autopsy material (Volhard and Fahr, 191k;
Longcope, 1929; Russell, 1929; Ellis, 1942). Occasionally
renal tissue was obtained by open biopsy during abdominal
operations on patients with renal disease (Gwyn, 1923
Jungman, 1924; Russell, 1934) and the changes in the kidneys
in patients with hypertension was studied by a number of
authors who performed open renal biopsies during lumbar
sympathectomy (Castleman and Smithwick, 1934; Gelin, 19523
Heptinstall, 1954; Saltz, Sommers and Smithwick, 1957).
However, it was only with the introduction of percutaneous
renal biopsy that a technique became widely available which ,
allowed the examination of renal tissue during life without
a formal operation. Changes present at different stages in a
variety of renal diseases could be studied, and, by the use of
serial renal biopsies, their evolution over a period of time
could be traced (Muehrcke et al, 1954; Pirani and Muehrcke,
1960).

Methods for performing percutaneous renal biopsies have

varied little. Iversen and Brun (1951) performed the technique
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by inserting a serrated needle into the loin with the patient
in a sitting position. Tissue was removed from the kidney

by aspiration with a special syringe in which the piston could
be fixed in any desired positionm. In 1954, Kark and Muehrcke
described a different method whereby the biopsy was performed
with the patient in a prone position. A sand bag was placed
under the costal margins so that the patient's weight pressed
the kidneys against the posterior abdominal wall., An
exploring needle was then introduced to locate the surface

of the kidney, following which renal tissue was punched out
and removed with a modified Vim-Silverman meedle. With only
minor modifications this technique remains the most widely
used (Lancet, 1967). Improved methods for accurately
locating the kidney have made the technique safer. These have
included radioisotope positioning (Telfer, Ackroyd and Stock,
1964); teYevision-monitored fluoroscopy with high-dose
drip-infusion pyelography (Kark and Buenger, 1966) and
retrograde pyelography with roentgen television used by
Lindqvist and Nystrgm (1967) in severely uraemic patients,
Such techniques also 1mprove the chances of obtaining kidney
tissue as a result of the biopsy manoeuvre. Althoughnin
experienced hands, a specimen of renal tissue is usually
obtained, the failure rate in reported series has varied widely,
ranging from 53% (Seltzer, 1956) to omnly 4% (Muehrcke, Kark
and Pirani, 1955). Kark (1968) quoted the results of a
gquestionaire on renal biopsies sent to a number of nephrology
centres and noted that of a total of 8,081 biopsies performed

7,309 (91%) had provided renal tissue.



Muehrcke, Kark and Pirani (1955), Sala (1957) and
Kellow et al. (1959) have examined the question of the
adequacy of the small specimen of tissﬁe obtained by needle
biopsy of the kidney in making a pathological diagnosis. In
each study autopsy kidneys were examined and comparisons were
made between the findings in needle biopsies made from these
kidneys and the appearances in conventional larger wedge
sections. It was concluded that in diseases which involve
the kidney diffusely needle biopsies are representative. The
biopsies in Sala's study contained at least 10 glomeruli,
and the same figure of 10 glomeruli was regarded as the
minimum required for accurate diagnosis by Parrish and Howe
(1955). Muehfcke. Kark and Pirani considered the biopsy
specimen adequate if it contained 5 or more glomeruli. 1In
certain circumstances, of course, even less tissue may be
adequate. Brewer (1964) described a case in which a
percutaneous renai biopsy was performed apparently
unsuccessfully, only blood-clot being found in the biopsy
needle. The clot was subjected to serial sectioning which
showed it to contain a single isolated glomerulus, in which‘
changes of renal amyloidosis were present,

A number of reports over the past twenty years, many
based on large series of patients submitted to percutaneocus
biopsy of the kidney, have discussed the indications,
contraindications and complications of the procedure and
commented on the information it yields (Reubi, 1954; Kark
et al., 19553 Parrish and Howe, 19555 Lich, 1957; Ross and
Ross, 1957; Zollinger, 1957; Brun and Rasschou, 1958; Kark

et al., 1958; Arnold and Spargo, 1959; Miatello et al., 1961j

17
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Fairley and Kincaid-Smith, 19623 Turnmer, 1963; Ferris, 1965;
Dittrich, 1966; Thaler, 1967; Scheurer, 1967; el Mahallawy,
19673 Kark, 1968; Takacs, 1969.). Arnold and Spafgo (1959)
stressed the clinical vélue of percutaneous renal biopsy in
giving a precise pathological diagnosis for the management of
patients with chronic renal disease. Though many such
patients have remarkably few symptoms, and though the
biochemical changes in their blood and urine may be non-specific,
an accurate diagnosis can usually be made by renal biopsy.
Parrish and Howe (1955), for example, in a series of 100
patients successfully submitted to renal biopsy, noted that

a diagnosis was possible in all but 9 cases,

Because only a small piece of kidney is removed,
percutaneous kidney biopsy is most useful in elucidating
diseases which affect the organ diffusely, such as
glomerulonephritis (Pollak et al., 1957; Kellow et al., 1959).
The technique has proved most useful in managing natients with
the nephrotic syndrome, in which a wide variety of pathological
processes can result in a similar clinical presentation.
(Bj#frneboe et al., 1952; Ross and Ross, 1957; Joekes,
Heptinstall and Porter,-1958; Berman and Schreiner, 1958;

Kark et al., 1958; Hutt, 1963; Churg et al., 1965; Zollinger,
1968). It has also been widely used in gonnective tissue
diseases with renal involvement, such as systemic lupus
erythematosus (Muehrcke et al., 1957), progressive systemic
sclerosis (Rodnan, Schriemer and Black, 1957), in renal
amyloidosis (Muehrcke et al., 1955) and in diabetic nephropathy

(Brun et al., 1953; Sabour, el Mahallawy and Abou-el Naga, 1961).
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Percutaneous renal biopsy is a less effective means
of diagnosis in diseases such as pyelonephritis which affects
the kidney focally. Depending upon the extent of renal
involvement, there is a chance of the biopsy needle missing
the affected tissue in such conditions. (Hutt and de Vardener -
1961; Jackson, Poirier and Grieble, 1957).

Biopsy of the kidney can aid the management of
patients by indicating the likely response to treatment and
sometimes the ultimate prognosis. For example, the response
to therapy with corticosteroid hormones in patients with the’
nephrotic syndrome can be predicted(from the renal biopsy
appearances (Blainey, Brewer, Hardwicke and Soothill, 1960;
Jensen, 1967; Caméron, 19683 Black, Rose and Brewer, 1970).
Brun (1954) and Fairley and Kincaid-Smith (1962) have described
the use of needle biopsy of the kidney in selecting patients
with reversible forms of acute renal failure for treatment
by appropriate forms of haemodialysis.

Kark et al. (1958) listed the following as contrae
indications to percutaneous renal biopsy; lack of cooperation
by the patient, the presence of only one kidney, a haemorrhagic
diathesis, large renal cysts, renal neoplasms, renal artery
aneurysm, marked calcific ateriosclerosis, a peri-nephric
abscess, hydronephrosis, an extremely ill patient in the
"terminal'" stages of his disease, or a blood urea nitrogen
concentration that is either rising, or over 100mg/100ml.

Most other authors have particularly stressed the first three
factors as being absolute contraindications. Fairley and
Kincaid-Smith (1962) and Brun and Raaschou (1958), however,

have argued in favour of performing renal biopsies in uraemic
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patients. These authors regard the value of making a
qiagnosis; particularly in anuric patients as worth the risks
involved, such as an increased tendency for haemorrhage to
occur. The qﬁestionaife on renal ﬁiopsies quoted by Kark
(1968) provided the following list of contraindications;
unilateral kidney, small kidney, congestive cardiac failure,
severe hypertension, tuberculosis, "mobile" kidney and an
unconscious or uncooperative patient.

A number of complications, including occasiqnal deaths
due to percutaneous renal biopéy, have been described.
Alwall (1952) reported one death occurring a series of 13
patients submitted to percutaneous renal biopsy in 1944. - He
abandoned the procedure following this, but in a later
publication (Alwall, Erlanson and Tornberg, 1955) he considered
that the death of‘this patient could be attributed to
retrograde pyelography which was carried out at the same time,
Deaths due to renal biopsy alone are in fact very rare.
Slotkin and Madsen (1962) reporting on the incidence of
complications ip‘sooo renal biopsies note only four deaths
(0.1%) amongst 7,309 patients submitted to percutaneous renal
biopsy. A numﬁer of other complications have also been
reported. The most common serious complication is haemorrhage,
producing either a perirenal haematoma or gross haematuria
(Karafin, Kendall and Fleisher, 19703 Immergut and Plotkin, 19703
Yatzidis et al., 1969; Ackerman, G.L., 1967). A renal
anteriovenous fistula may also result from trauma by the biopsy
needle (Blake, Hefferman, McCann, 1963; Ochsner and Busch, 1969;
Sher, 1969 and River, 1970). Perforation of the calyceal system

or. the renal pelvis may result in extravasation of urine.
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(River, 1970; Spong et al., 1970; and Stern, Langford and
Grossman, 1970) and occasional perforation of a hollow viscus by
the biopsy needle has been reported (VWeiss, 1970; Mollard,
Freycon and Marquet, 1967). The questionaires, both based on
very large numbers of renal biopsies, reported by Slotkin and
Madsen (1962) and by Kark (1968) inquired into the incidence

of complications of the procedure, In both series the
incidence of haematuria varied widely ranging between 2% and
50% in Slotkin and Madsen's series and 10% and 40% in the
series referred to by Kark. This probably reflects different
interpretations of significant haematuria. Brun and Raaschou
(1958) comment that some degree of microscopic haematuria is
almost universal after renal biopsy, but that frank haematuria
particularly lasting longer than 36 hours following the biopsy,
is much less common. Perirenal haematoma occurred in 27 (0.5%)
of Slotkin and Madsen's series and in 16 (0.2%) in the series
reported by XKark. A comment was also made that serious
haemorrhage occurred most commonly in patients who were uraeﬁic,
hypertensive or who had diffuse comnective tissue disorders.
Other serious complications recorded were rupture of the spleen
and liver, renal arteriovenous fistula, perforations of the
renal pelvis and of other organs, septicaemia and renal abscess.
The over-all incidence of all serious complications including
deaths was, however, less than 1%, constituting 0.7% of

Slotkin and Madsen's series of 5000 biopsieg and 0.5% of the

series of 8,081 caszes recorded by Kark,
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Literature relating to the use of percutaneous renal biopsy
in children

Initially there was some reluctance to perform
percutaneous renal biopsies in children, since it was
considered that the much small renal mass in young subjects
increased the risk of missing the kidney with the biopsy needle
and either failing to obtain a biopsy specimen or of
puncturing other vital structures (Rance, 1967). However,
since the first series of percutaneous renal biopsies obtained
exclusively from children was reported by Galdn and Masé in
1957, a number of other publications (Vernier and Gpod, 1958;
Bergstrand and Bucht, 19593 Dodge et al., 1962a; Fowler,
¥illiams and Coldbeck, 19633 Urizar, Cassorla and Espinqza;v1963;
White, 1963) have shown that in experienced hands the
techihhique can be safely applied to children. The incidence
of complications is very low and is comparable to that
described in adults (white, 19633 Vernier, 1960; Karafin,
Kendall and Fleisher, 1970). Failure to obtain an adequate
biopsy specimen is rare in reported series in children; in the
survey of the results of percutaneous remal bilopsy referred
to by Kark (1968) comparison between patients aged less than
14 years with those of 14 years or more showed very similar
results, renal tissue being obtained in 93.5% of 1,382 cases
in the former group compared with 89,8% of 6,699 cases in the
latter group. Vernier and Good (1958), however, reported a
poor yield of adequate biopsies obtained by percutaneous
puncture in very young children (under 2 years), and
recommended that open biopsies should be performed in this age

group.



The indications for renal biopsy in children are
broadly similar to those in adults (Lancet, 1965). The
technique has been used most commonly in the investigation of
children with the nephrotic syndrome (Galdn and Masé, 1957;
Farquhar, Vernier and Good, 19573 Dodge et al., 1962c) and
those with suspected glomerulonephritis, including children
presenting with anaphylactoid purpura, unexplained persiétent
proteinuria or with recurrent haematuria (Royer et al., 1962;

Dodge et al., 1962b and d; Van Acker and Roels, 1964%).

The Nephrotic Syndrome

In children, as in adults, the nephrotic syndrome,
characterised clinically by heavy proteinuria, oédema and
hypoalbuminaemia, is most commonly the result of a primary

glomerular disease, although the incidence of the different

pathological types of glomerular disease causing the condition

varies quite considerably with age. Even before the
introduction of percutaneous renal biopsy, on the basis of

neéropsy studies it was well recognised that some patients,

23

particularly children, with proteinuria and generalised oedema,

showed little or no structural abnormality in the renal
glomeruli (Dunn, 1934). Volhard and Fahr (1913) in their
clinical and pathological classification of Bright's disease
used Miiller's (1905) term "Nephrosis" to describe such

non-inflammatory forms of renal disease., Munk (1913 and 1916)

separated even more clearly a form of oedematous renal disease

characterised pathologically by degenerative and fatty changes

in the renal tubules which he called 'lipoid nephrosis'., He
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regarded the condition as a generalised disease of fat
metabolism and as such quite distinct from glomerulonephritis.
Other authors were less ready to accept so sharp a
separation between glomerulonephritis and nephrosis, for
example, Aschoff (1917) argued that cases of '"nephrosis"
invariably showed at least some changes in the kidney whicﬁ
could be interpreted as indicating a preceding zlomerulonephritis,
The concept of lipoid nephrosis, however, proved attractive
to clinicians (Leiter, 1931) and was widely adopted as a
clinical description of patiemts, particularly children,
presenting with a "pure" nephrotic syndrome lacking any
complicating features such as gross haematuria.

Although some children with the clinical features of
*lipoid nephrosis’ recnvara@ spontanecously, others died,
either as a result of intercurrent infection, or in chronic
renal failure {Schwartz, Kohn and Weiner, 1943; Arneil, 1961).
The introduction of sulphonamides and antibiotics stemmed the
death rate from infection, and when corticotrophin and
corticoateroids became available for the treatment of mephrotic
children, the majority responded dramatically wlfh loss of
oedema and proteinuria, and an increase in the serum albumen
concentration (Barnett, Forman and Lauson, 1952; Arneil, 1961;
Arneil and Lam, 1966). Steroid therapy is not am ideal form
of treatment since the majority of patients relapse at some
stage, and the high dosage required to control proteinuria
inevitably lead to side eoffects., However, more recently
cytotoxic drugs, particularly cyclophosphamide, have been used
successfully in combination with steroids, to obtain a more
lasting control of;the nephrotic state (West, Hong and

Holland, 19663 Barratt and Soothill, 1970).



As experienqe grew with percutaneous renal biopsy
in the investigation of patients with the nephrotic syndrome,
it became increasingly apparent that a response to steroid
therapy occurred in those subjects who lacked any marked
histological abnormalities in the renal glomeruli, whilst
those with morphological changes of glomerulonephritis tanded
to be steroid-resistant (Blainey et al., 1960; Vernier,
Worthen and Good, 1961; Black and White, 1965; Drummond et al.,
1966). In many instances the renal glomeruli observed in
biopsies from steroid-sensitive nephrotics appeared completely
hormal to light microscopy. However, when such biopsies
taken from nephrotic patients before commencement of steroid
treatment, were examined with the aid of the electron microscope,
it was fqund that despite the normal appearances by light
microscopy, the epithelial celis of the glomerular tuft showed
a coalescence of their foot processes where they weré applied
to the glomerular basement membrane (Farquhar, Vernier and
Good, 1957). Though the exact significance of this change is
still not clear, it seems more‘likely to occur as a result
of heavy proteinurig rather than as a caﬁse of the abnormality,
gince the same ultrastructura; éhahge occurs in experimental
animals after induction of proteinuria by the parenteral
administration of protein (Vernier et al., 1960; Anderson and
Recant, 19623 Ashworth and James, 1961), It has also been
shown that these electron microscope changes in nephrotic
subjects revert to normal following diuresis (Folli et al.,
1957). A variety of terms have been used to describe the
presence of ultrastructural epithelial cell abnormalities in
optically normal glomeruli from nephrotic subjects. These have

included "minimal changes" (Hamberger, 1961), "glomerular



epithelial disease" (Earle and Jennings, 1960), 'no change
by light microscopy" and "foot process type" (Churg et al.,
1956).

Despite the usually gdod prognosis in children with
an uncomplicated nephrotic syndrome, occasional deaths from
chronic renal failure occur. Heptinstall (1966) illustrates
the case of a 12 year old boy with the nephrofic syndrome
who died in renal failﬁre; the kidneys at necropsy showed
advanced tubular atrophy, interstitial fibrosis and
hyalinisation of ?irtually evary glomerulus, despite the fact
that a renal biopsy performed less than a year previously
had shown only minimallabnormalities. Studies which have
included sequential renal biopsies from nephrotic children

have demonstrated that some who initially show minimal or no
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changes in the glomeruli subsequently develop focal glomerular

sclerosis (McGovern, 1964; Hayslett et al., 1969). The
majority of cases showing focal glomerular sclerosis do not
respond to treatment with corticosteroids, an?'the prognosis
is bad since the lesion appears to be progressive (Churg,

Habib and White, 1970; White, Glasgow and Mills, 1970).

Apparently atypical cases who do not respond to steroid therapy

yet exhibit minimal glomerular changes on renal biopsy may

prove to be examples of.focal glomerulosclerosié. In its

early stages, because of the focal distribution of the lesions,

a biopsy specimen may fail to include affected glomeruli, and
thus the histological diagnosis may not be made. This

likelihood is increased, since the biopsy usually samples

tissue from the outer cortex, and there is evidence that focal

glomerulosclerosis first affects the juxtamedullary glomeruli,

and only later does the process spread to affect the rest of
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the cortex (Rich, 1957).

Correlation of Glomerular morphology and proteinuria in the
nephrotic syndrome

Investigation of fhe relative proportions of proteins
of different molecular size in the plasma and urine of
patients with the nephrotic syndrome have demonstrated that in
some s8ubjects the glomerular filter tends to selectively
"dam back" the larger molecular weight plasma proteins, so that
a much greater proportion of proteins of lower molecular
weight such as albumen appear in the urine. 1In other cases
the urinary protein excretion is quite unselective, the
relative proportions of different plasma proteéeins in the
urine approaching those seen in the plasma. In nephrotic
subjects a good correlation exists between the presence%of
minimal glomerular changes in the renal bioésy and a highly
selective pattern of urinary protein excretion (Blainey et al.,
19603 Cameron and Blandford, 1966), Néphrétic children with
minimal glomerular changes tend to be of pre-=school age,aénd
males are more commonly affected than females (White, 1970).
Because of these clinical features, together with the fact
that the histological changes can be predicted from the
response to corticosteroid therapy and by the selectivity of
the proteinuria present, the need for routine renal biopsy in
nephrotic children has been questioned (Somnenscheim, Minsky
and Kramer, 19663 Cameron, 1968). There is little doubt,
however, of the usefulness of this technique in the evaluation

of nephrotic children with more extensive glomerular lesions.
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Morphological Classification of the Histological Appearances
found on Renal Biopsy in Children with the Nephrotic Syndrome
not Responding to Steroids

Greater experience with the histological appearances
in percutaneous renal biopsies from such patients had allowed
a more satisfactory morphological grouping of the abnormalities
found. Churg, Habib and White (1970) and White, Glasgow and
Mills (1970) divide these ;ases into three main groups which
they term membraneous (or epimembraneous) nephropathy,
proliferative glomerulonephritis and advanced chronic glomerulo-
nephritis.

Membraneous nephropathy is characterised by a diffuse
thickening of the capillary walls in the glomerular tufts
without any cellular proliferation. With the aid of the
electron microscope this thickening can be seen to he due to
the presence of dense deposits on the epithelial side of the
basement membrane (Fiaschi et al., 1959). Projections of
basement membrane material extend radially between these
deposits and_these projections or "spikes' can be demonstrated
by light microscopy using silver impregnation techniques
(Churg and Grishman, 1957). This condition, whilst one of
the commoner glomerular lesions associated with the nephrotic
syndrome in adults (Kark et al., 1958), is rare in children
(White, 1967).

Cases of proliferative glomerulonephritis -are of
three main types. In mesangial proliferative glomerulonephritis
there is a slight diffuse increase in mesangial matrix and the
number of mesangial cells in the glomerular tuft, the
appearances resembling thoqe described by Jennings and FEarle

(1961) in resolving post-streptococcal nephritis., In
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proliferative glomerulonephritis with crescents, in addition

to proliferation of cells in the glomerular tufts, there is
marked proliferation of the epithelial cells lining Bowman's
capsules, to form '"capsular crescents'. In membranoproliferative
glomerulonephritis there is a combination of meéangial
proliferation and sclercsis, with diffuse thickening of‘the

tuft capillary walls, as described previously by Habib et al.,
(1961). | |

Advanced chronic gloﬁerulonephritis encompasses those
cases in which glomerulosclerosis was so0 advanced that any
distinctive morphological features were obscured. The
condition is regarded as a non-specific end-stage of any
progressive glomerulopathy.

The great majority of nephrotic patients with definite
morphdlogical changes in the glomeruli fail to respond to
treatment either with corticosteroids or with cyclophosphamide.
With the exception of cases of mesangial proliferative
glomerulonéphritis. in which there is evidence that spontaneous
resolution may occur, (White, Glasgbw and Mills, 1970) the
presence of definite glomerular abnormalities in the renal
biopsy is evidence of a progressive disease, Some patients
with a steroide~resistant nephrotic syndrome do appear to have
shown a favourable response to cyclophosphamide'(White,

Cameron and Trounce, 1966), but further evaluation of these
patients has shown that they were cases of meéangi&l
proliferative glomerulonephritis, in whom the apparent response
£0‘treatment with cytoxic agents may well be due merely to

spontaneous resolution of their glomerular lesion (White, 1970).
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The nephritis associated with anaphylactoid purpura
(Schdnlein-Henoch Syndrome)

Anaphylactoid purpura is a condition, usually occurring
in children, which is characterised by a purpuric skin
eruption, Jjoint pains and various abdominal symptoms, including
colicky pain, vomiting and intestinal bleeding (Gairdmer, 1948).
The skin rash may be. accompanied by any of the other
manifestations of the disease, and recurrences of any of these
features can occur. Renal'complications, judged by the
presence of frank'or microscopic haematuria, usually
acocompanied by proteinuria, are a frequent accompaniement even
in the early stages of the disease.

Occaéionally more serious remal involvement occurs,
which results in renal failure and death. Although only a
minority of patients whose kidneys are affected develop
progressive renal disease, it has been appreciated since the
earliest descriptions of the condition that the remnal lesionl
could be fatal (Henoch, 1899) and indeed renal failure is the
commonest cau#e of death in this disease. Interest has
focused, therefore, both on the incidence of remnal involvement
in anaphylactoid purpura, and the proportion of such cases
which might be expected to go on to renal failure. In addition,
since the introduction of percutaneocus renal biopsy, the
pathological changes in the kidney have been studied during life.

The reported incidence of abnonal findings on
urinalysis in children with anaphy;actoid purpura has shown
a surprising variation, ranging from as little as 12%

(Roberts, Slater and Laski, 1962) to mearly 50% (Derham and



31

Rogerson, 1956; Philpott, 1952). The difference in the
reported incidence of urinary abnormalities is difficult to
explain, but the different series are all to a greater or
lesser extent selected cases in as much as urinary
abnormalities are more likely to be detected in hospitalised
cases submitted to repeated urinalyses; these patients in turn
are more likely to be those most seriously affected, since
less=-ill children will in most instances be treated at home.
The extent to which such selection operates is difficult to
gauge, but Allen, Diamond and Howell (1960) specifically

state that in their series, in which the incidence of abnormal
urinary findings was 40%, patients were not considered if they
had been seen only in the out-patient department and not
admitted to the hospital, In addition, the method used to
examine the urine may affect the reported incidence of
abnormal findings. Roberts, Slater and Laski (1962) comment
that the low incidence of urinary abnormalities in their
series may be due to the practice in their hospital of
examining only the uncentrifuged urine for the presence of
cells,

Although it appears that an appreciable number of
children develop urinary abnormalities as a result of
anaphylaétoid purpura, constitutional disturbances, such as
oedema, azotaemia and hypertension associated with acute
post-streptococcal mephritis are seldom seen (Sterky and
Thilén, 1960). Despite the fact that urinary abnormalities
in anaphylactoid purpura may persist for some time, even for

years, follow-up studies have emphasised the over-all good
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prognosis. Sterky and Thilén (1960) in a study of 224
children with anaphyiactoid purpura noted a 22% incidence of
urinary abnormalities in the acute phase. 35 of these
patients were seen again two years or more after their
initial illness and only 4 (11.4%) of those who initially
showed urinary abnormalities still had haematuria or
proteinuria. However, one child who was initially free from
urinary abnormalities was found to have haematuria at
follow-up. |

Allen, Diamond and Howell (1960) reported a 20%
incidence of urinary abnormalities (15 out of 74) in children
followed for periods ranging between 6 months and 10 years,
whereas the incidence in children seen in the acute stages
was 40% (53 out of 131), Allen, Diamond and Howell reported
that three thldren in their series died from renal failure,
but in the great majority of the remaining patients, as in the
series described by Sterky and Thilén the only abnormality
was in the urinary deposit. In every case the_children were
well and normotensive. There was no impairment of reng;
function apart from seven of the patients of Allen et al.
in whom the creatinine clearance was measured as less than
50ml/min/sq.m. In both these 1arée series the prognosis of
the renal lesion in children is good, and this experience is
similar to that described in other follow~up studies (Roberts,
Slater and Laski, 1962; Oliver and Barnett; 19553 Derham and

Rogerson, 1956). Although death in renal failure occurs in

“a small proportion of cases, in the majority a persistent

abnormality in the urinary deposit is the only evidence of
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renal disease. Although the abnormality may persist for
up to a number of years, the fact that the incidence of
haematuria and proteinuria diminishes with time in all the
reported series, suggests that even this abnormality often
eventually resolves.

The earlier studies of the pathological changes in
the kidney in anéphylactoid purpura were confined to
descriptions of the renal abnormalities found at necropsy in
fatal cases; these were in general a chronic glomerulonephritis
(Watson, 1903; Zothe, 1938).

Rathery and Derot (1934) described a 12 year old girl
who died six months after developing anaphylacfoid purpura.

At ‘autopsy the kidneys were described as showing a haemorrhagic
nephritis with proliferation of cells lining Bowman's capsule.
Levitt and Burbank (1953) described the autopsy changes in
two of their five patients with nephritis following
anaphylactoid purpura., The first, a 58 year old man, died
from pulmonary tuberculosis one month after the onset of his
symptoms., At necropsy both kidneys were slightly enlarged,
but not scarred. Histological examination showed glomerular
hypercellularity with adhesions and occasional '"capsular
crescents"., The second case, a boy of 14 years, died in renal
failure 51 days after admission to hospital. The kidneys at
autopsy showed widespread arterial changes‘with areas of
fibrosis, intimal thickening and focal fibrinoid arteritis.
Similar acute arteritic changes were noted in vessels in the
adrenal capsule.

Gairdner (1948) noted one death among 11 children with
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anaphylactoid purpura. The patient was a four-and-a-half
year old girl who died three months after the onset of her
symptoms. At necropsy the changes in the kidney were
described as advanced subacute glomerulonephritis. No
detailed pathological description was made, but Gairdner
regarded the changes as indistinguishable from the so-called
Ellis type 1 nephritis (Ellis, 1942).

As percutaneous renal biopsy became more widely
used in children a number of reports using this technique in
anaphylactoid purpura have appeared. This has allowed the
study of pathological changes at an earlier stage in the
disease in non-fatal cases. ' Vernier et al. (1958) performed
nine renal biopsies in eight children with anaphylactoid
purpura., Six children had clinical evidence of renal
involvement for periods ranging between two months and six-
and-~a-half yéars. Histological abnormalities were present
in four of these six cases. The changes described were of
two main varieties; firstly a segmental glomerulonephritis
involving between 20% and 60% of the glomeruli present in the
biopsy. The affected glomeruli showed segmental areas of
cellular proliferation associated with amorphous deposits of
materdal staining positively with periodic acid-Schiff reagent.
The affected segments often showed adhesions to Bowman's
capsule which in some instances showed localised proliferation
of the lining epifhelial cells. Other glomeruli (between 10%
and 40% of those present) showed a more diffuse hypercellularity,
and a number of glomeruli (between 20% and 50%) showed no
recognisable abnormalities. Vermier and his colleagues

regarded these changes, particularly the focal distribution
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of the lesions which affected only some glomeruli and spared
others, as quite distinct from the diffuse glomerulonephritis
seen in acute postestreptococcal nephritis. They considered
the changes to be similar to those seen in renal involvement
by diffuse vascular diseases such as systemic lupus
erythematosus, This view is supporte& by Norkin and VWeiner
(1965) in their description of the autopsy findings in two
adult patients dying from anaphylactoid purpura. In additionv
to the changes in the kidneys, histological examination of the
skin, intestines and lungs revealed widespread acute vasculitis
with fibrin deposition in the walls of some affected vessels.,
Dodge et al. (1961) like Vernier et al. (1958) considered

the renal lesions in anaphylactoid purpura to be distinctive.
These authors studied biopsies from eleven children between
the ages of 4 and 14 years with haematuria and proteinuria
associated with anaphylactoid purpura. They described changes
of a similar nafure to those seen by Vernier and his
colleagues. They remarked particularly on the variability in
the severity of the lesions between parts of the same glomerular
tuft, Berstrand, Bergstrand and Bucht (1960) and Kobayashi,
wada and Kifune (1961) also described the‘renal abnormalities
in kidney biopsies from children with anaphylactoid purpura

as a focal glomerulbnephritis. Régnier and Bouissou (1960)

on the other hand in a study of 11 renal biopsies from 6
‘children with anaphylactoid purpura regarded the renal lesgion
as a diffuse proliferative glomerulonephritis. Bernhardt{
Chatelanet and Veyrat (1966) studied renal biopsies from both

children and adults with anaphylactoid purpura, and they too



described the glomerular changes aa diffuse rather than
focal, but noted changes, such as the presence of focal
fibrinous deposits in the glomerular tufts, analgous to those
described by Vernier et al. (1958), Régnier and Bouissou
(1960) were the first to use the electron microscope to study

renal biopsies in cases of anaphylactoid purpura. They noted

36

a proliferation of endothelial cells with segmental thickening

of the basement membrane, In cases where a mephrotic syndrome

developed, fusion of the foot processes of epithelial cells
was also seen. Kobayashi, ¥ada and Kifune (1961) also
studied 16 of their series of 21 renal biopsies with the aid
of the electronm microscope. In addition to the basement
membrane thickening described by Régnier and Bouissou (1960)
these authors noted focal interruptions in the basement
membrane. This latter change was confined to cases
exhibiting gross haematuria. Royer et al, (1963) studied

the changes in renal biopsies from 15 children aged between

Lk and 17 years at intervals ranging between 1 and 16 weeks
after the onset of anaphylactoid purpura. All 15 presented
with haematuria and proteinuria was found in 13, On the
basis of the severity of the abnormalities present in the
renal biopsy, these authors were able to distinguish four
different groups. Group 1} (1 case) showed no definite
histological abnormality. Grpup 11 (7 cases) was
characteriszed by the presence of a focal and segmental
glomerulonephritis with changes similar to those described by
Vernier et al, (1958). Only some glomeruli were affected and

the lesions often affected two or three segments of the
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glomerular tuft. There were foci of fibrinoid mnecrosis,
often with adhesions between the glomerular tuft and the
capsule. In Group III (4 cases) the changes were similar to
those described in Group II, being predominately segmental,
they were, however, more severe and diffuse rather than focal
in distribution. Group IV ( 3 cases) showed a severe diffuse
proliferative glomerulonephritis with the formation of "
numerous conspicuous "capsular crescents! formed by
proliferation of epithelial cells lining Bowman's capsule.
Royer ard his colleagues found an excellent correlation
between the severity of the histological changes in the
biop;y and the prognosis., The one patient without histological
abnormalities in‘tﬁe renal biopsy (Group I) showed resolution
of the urinary abnormalities two weeks after the biopsy. Of
the seven cases in Group II, the urinary abnormalities
resolved over periods between 4 and 18 months in three
instances, and persiste& in four instances. Of the four cases
in Group IIXI, one died after 23 months, and in the remaining
three cases persistent haematuria and proteinuria were
accompanied by the development of renal insufficiency. All
three patients in Group IV died after intervals of between

5 and 7 months,

Idiopathic Recurrent Haematuria

Children, or young'adults, with recurrent or persistent
haematuria can present problems both of diagnosis and prognosis.
This symptom may be the first evidence of a variety of
conditions including glomerulonephritis, urinary tract

infections. and renal tuberculosis, calculi, urinary tract
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neoplasms, traumatic damage, abnormalities of blood cldtting,
polycystic kidney, subacute infective endocarditis and systemic
disease such as polyarteritis nodosa and systemic lupus
erythematosus (New. Eng. J. Med., 1968). However, in a
proportion of cases no such underlying cause can be
demonstrated and haematuria of this type has been variously
described as ﬁessential" (Levy, 1922; Bumpus, 1928; wyllie,
1955; Somerset and Harkmess, 1960; Livaditis and Ericsson,
1962), "idiopathic" (Travis et al., 1962) or "benign"

(Ayoub and Vernier, 1965; McConville, West and McAdams, 1966).
Baehr (1926) described 14 young adults aged between 15 and

45 years with this abnormality which he referred to as a
benign and curable form of haemorrhagic nephritis. These
patiénts presented with recurrent or persistent painless
haematuria; there were no constitutionél symptoms and oedema
and hypertension were absent. Although he did not report

any long-term follow-up of his ﬁatients, Baehr stated that the
prognosis was good and he noted that there was no impairment
of renal function even when the haematuria continued for many
months, Other studies in which such,patieﬁts have been
followed for a number of years ére-generally in agreement that
the prognosis is favourable. Vyllie (1955) records 46
children with symptomless haématurié whq were seen at Great
Ormond Street between 1939 and 1955. Their ages ranged betweeh
1l and 11 years, a third being under 3 years. Aﬁart from
occasional patients who complained of abdominal pain there
were no other symptoms. None had more proteinuria thqp could
be explained by the presence of haematuria and none had a

raised blood pressure. Two patients showed a transient rise
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in the blood urea concentration, but in none of the others
was there any evidence of renal functional impairment. 30
patients had had retrograde pyelography and cystoscopy
performed, and 5 others had had intravenous pyelograms. None
of these investigations revealed any abnormalities. 34
patients were traced for follow-up, In 26 no recurrence of
the haematuria occurred after intervals ranging from 5 to

15 years in 11 instances and for less than 5 years in 15.

8 patients continued to have recurrent haematuria for periods
up to 8 years; in none of these 8, however, was there
evidence of impairment in renal function. Ross (1960)
described 9 p;tients aged between 6 and 25 years with episodes
of recurrent haematuria. These appeared to follow an
infection after brief intervals. There was no evidence of
oedema, hypertension or renal impairment, and all 9 patients
had remained well for intervals of between 9 months and

3 years. Livaditis and Ericsson (1962) followed up 50
children, aged between 1 and 15 years, with "essential"
haematuria at intervals of between 4 months ahd‘9 years since
the onset of their symptoms. The average follow-up period
was 4 years, and in 87% of caégs was m&re than‘z years.

36 patients were weil. without haematuria,llo patients
exhibited occasional ﬁacrogcopic or ﬁicroscopic haematuria,
but were well in all othef respects, and no information pould
be obtained in the remaining 4 cases. Ayoub and Vernier
(1965) reported 17 childfen with "benign" recurrent haematuria
aged between 5 and 18 years. Haematuria had been present for

between 16 months and 15 years. The cases were followed for
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between 2 and 10 years and in none were any adverse effects

noted.
children between 1 and 13 years

In 10 cases haematuria was also

McConville, Vest and McAdams (1966) described 17

old with "benign" haematuria.

discovered on urine testing

in a member of the patient's family. It was noted that

haematuria tended to be persistent in the familial cases and

episodic in the non-familial cases.

These patients were

followed for periods ranging between 6 months and 12 years.,

All were physically well and in
functional impairment. Johnson
five year follow-gp stqdy on 36
recurrent haematuria origiﬁally
(1965) 28 of these patients had

disease such as acute nephritis

(anaphylactoid purpura).

none was there evidence of
end Shuler (1969) reported a
of the 46 children with
described by Bodian et al.

no evideﬁce of any underlying

or Henoch-Schtinlein disease

Of these 28 patients only 14 (50%)

continued to have haematuriay thus in 5 years haematuria

had ceased in half the patients

were well and in none was there

studied. All the patients

evidence of renal impairment.

Because of the good prognosis in children presenting

with symptomless haematuria there was little opportunity to

study the pathological changes present before the advent of

percutaneous renal biopsy.

Baehr (1926) noted the

similarities in the clinical presentations of his patients with

those of a group of cases described by Volhard and Fahr (1914).

These patients developed haematuria at the height of an

infection such as tonsilitis or

scarlatina, and were described

as examples of "focal" (herdformige) glomerulonephritis.

Baehr assumed that similar pathological changes were present

in the kidneys in his patients.
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Studies of the histological changes seen in renal
biopsies from patients with symptoMless haematuria have shown
a surprising variatiqn. This, in part at least, is a result
of differences in interpretation and in the use of nomenclature,
but it does also strongly suggest that such patients do not
form a homogengous group. Trévis ef al. (1962) described
two cases of "idiopathic!" haematuria, one a ten year old boy
and the other a girl aged thirty months, Symptoms had been
present for 6 years and 7 months respectively, and in both
renal biopsies showed mo significant histological abnormalities.
Ferris et al, (1967) performed renal ﬁiopsies in 11 adolescents
and young adults (aged 15 - 35yr.) with recurrent haematuria.
In two cases the biopsy changes were described as diffuse
proliferative glomerulonephritis, but in the remaining 9
patients thg only'abnormalities were of a mild focal mnephritis
in which a minimal focal hypercellularity affecting parts
of some glomerular tuffs (focal glomerulitis) was seen.

Ayouh and Vermier (1965) described 17 children with henign
recurrent héematuria. Renal biopsies were performed in 14

of these patients. In the majority (9 of the 14) no
histological abnormalifies were seen and in the others (5 of
the 14) only mild non-specific changes were present.
McConville, West and McAdams performed renal biopsies in 11

of {7 chi}drep with benign haematuria. 10 biopsies were
histologically nprmal, and'in one biopsy there were changes

of diffuse proliferative glomerulonephritis. Bodian et al.
(1965) studied renal biopsies from 46 children presenting with

recurrent haematuria. 7 were cases of Henoch-Schonlein purpura,
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and 3 had initially had acute nephritis, but the remaining
36 were cases ofvidiopathic recurrent haematuria.

In 3 of these 36 children the renal biOpsy
appeararnces were thbse qf chronic pyelonephritis, but in all
the remaining 33 cases the'biopsy showeq a proiiferative
glomerulonephritis. described by the authbrs as "focal segmental”
or "focal diffuse" in type. Todd and Bouton (1966) and
Joekes, Pugh and Pryor (1962) also reported abnormal changes
in renal biopsy specimens from cases of recurrent haematuria.
Todd and Bouton (1966) described 46 children with haeméturia
submitted to renal biopsy. They described the histological
changes seen as a proliferation of endothelial and epithelial
cells, either segmentally, or diffusely throughout the
glomerular tufts. They mentioned that mot all glomeruli were
involved. The proportion of fhe 46 cases showing these changes
was not stated. Joekes, Pugh and Pryor (1962) described the
renal biopsy appearances in 43 patients of all ages with
recurrent héematuria. Unequivocal glomerular changes were
described in 38 cases, ranging from focal glbmerulonephritis
in 21 instances to a diffuse process in the remaining l17.
Ross (1960) performed renal biopsies in 5 of his 9 patients
with recurrent haematuria. A proliferative glomerulonephritis
was observed in 4 of these 5 patients; in 3 this showed a
focal disribution and in 1 it was diffuse. The remaining
patient showed only interstitial fibrosis; proliferative
changes in the glomeruli were lacking. Glasgow, Moncrieff and
White (1970) reported the remnal biopsy findings in 47 children
with symptomless haematuria. Two children exhibited changes

of membranoproliferative glomerulonephritis (Ogg, Cameron and
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vhite, 1968) but in the remaining 45 the changes were much
less severe. In 37 children the glomeruli were either
entirely normal or exhibited minimal and equivocal
abnormalities only. In the remaining 8 cases there was a
diffuse mesangial thickening and hypercellularity similar
in appearance to the changes described by Jennings and Earle
{(1961) in subsiding postéstrepfococcal glomerulonephritis,
It was noted that a marginally increased incidence of
@whaemolytic streptococcal infections and more markedly
increased incidence of proteinuria was fbund in the cases with
changes in the renal biopsy and it was suggéstéd that these
cases mighf represent an atypical form of post-streptococcal
nephritis. Glasgow and his colleagues commented that none
of their patients showed a focal glomerulonephritis. Arneil
et al. (1969) reported the renal biopsy apﬁearances in 17
children with recurrent haematuria. In 5 the histological
appearances were normal. In the ranainder there wus some
degree of proliferative glomerulonephritis. In the majority
this was mild, but in one biopsy the changes were more
pronounced and in this specimen an epithelial crescent was
found in one glomerulus,

Singer et al. (1968) described the changes in renal
bioﬁsies from 31 children with recurrent haematuria studied
both by light and electromn microscopy. The cases were
divided into two groups according to the presence or absence
of small electron-dense deposits which the authors found in
11 of their patients. In both groups about half the cases
showed no abnormalities on light microscopy and the remainder

were described as having mild segmental glomerulitis. Electron-
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dense subepithelial deposits have been described in post-
streptococcal acute nephritis (Osawa, Beres and Kimmelstiel,
1966; Dodge et al. 1968). This change has been seen most
commonly in the first six weeks of the illness (Herdson,
Jennings and Earle, 1966) but occasionally later (Osawa,
Beres and Kimmelstiel, 1966). However, other workers who
have examined biopsies from cases of recurrent haematuria
were unable to confirm the findings of Singer and his
colleagues (Glasgow, Moncrieff and White, 1970). Lannigan
and Insley (1965) commented on the striking variation in the
thickness of the basement membrame which was in some places
thinned and in others slightly thickened. These findings
were confirmed by Glasgow, Moncrieff and White (1970) and by
Chase (1968). sSimilar changes were also seen by Singer et al.

(1968) but they regarded it as a normal variant.

Literature Relating to the Use of Quantitative and
Semiguantitative Technigues for the Histological Assessment of
the Changes Seen in Renal Biopsies

Evaluation of the'hist?logical abnormalities present
in renal biopsy specimens, pérticularly the changes seen in
the renal glomeruli, allows a precise pathological diagnosis
in the majority of cases (Parrish and Howe, 1955). 1In
addition, the severity of the various pathological changes
seen can be measured by the application of quantitative or
seni-quantitative assessment methods of histological assessmeht
(Pirani and Salinas-Madrigal, 1968). The application of such
techniques has ﬁhe advantage of compelling a greater degree

of precision and consistency from the observer (Pirani and
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Salinas-Madrigal, 1968). In addition, where the
reproducibility of such methods has been established
(Pirani, Pollak and Schwartz, 1964), they allow an
objective basis for quantifying thé various changes present
in order to correlate them with various clinical data. By
this means it is possib1¢ to equate pathological changes in
the kidney in various diseases with, for example, various
parameters of renal functional impairment (Saltz, Summers
and Smithwick, 1957; Suc et al., 1967; Howe and Parrish,
1955; Talbott et al., 1943; Kinoshita, Fryisaka and Eguchi,
1965; Hutt and Sommers, 1963; Risdon, Sloper and de Wardener,
1968).

Quantitative assessments have also been applied to
evaluate more subtle histological changes the appreciation
of which would normally depend on unreliable subjective
criteria which are impossible to standardise from one
observer to amother. Brun et al. (1965) studied renal biopsy
specimens from patients with rheumatoid arthritis to
investigate previous reports based on subjective assessments
éf proliferation of glomerular tuft nuclei said to occur in
this condition. These authors counted the number of nuclei
seen 15 sections of four glomeruli in each b$0psy. The image
of each glomerulus was projec#ed on to paper, and‘after drawing
& line around Bowman's capsule, each individual tiuft nucleus
was drawn and counted., Sections cut at between 5 and,QP
thickness from iﬁdividual glomeruli showed no significant change
in the ﬁuclear couﬁts so obtained., By this mefhod the authors

were unable to demonstrate any significant increase in nuclear
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counts, expressed as the number of glomerular tuft nuclei per
unit area, in the biopsies from patients with rheumatoid
arthritis when compared with controls. Suc et al. (1967)
employed basically similar methods to count glomerular nuclei
in cases of acute postestreptococcal glomerular nephritis and
"lobular " glomerulonephritis. The counts in this study were
performed on photomicrographs of individual glomeruli which
were also used for planimetric measurement of the glomerular
area. Both Brun et al. (1965) and Suc et al. (1967) also
compared glomerular cell counts in standard areas of 625P?
within the glomerular tufts in order to study the

distribution of cells within the tuft. Both studies allowed
the conclusion that in normal glomeruli the cells were
distributed regularly. Brun et al. (1965) found that in cases
of rheumatoid arthritis, although the total numbers of cells
forming the glomeruli were not increased, their distribution
was abnormal, focal aggregation of nuclei occurring in parts
of the tuft. Suc et al. (1967) confirmed the presence of
diffuse glomerular hypercellularity in acute nephritis. In
#lobular" glomerular nephritis on the other hand, hypercellular
was localised to the centrilobular and.intercapillary zones of
the tuft. Iidaka, McCoy and Kimmelstiel (1968) and Kawano

et al., (1969) examined sections of kidney tissue from patients
with so~called focal post~acute glomerulonephritis and with
diabetic glomerulosclerosis. Quantitative determinations were
made, not only of total number of cells in each glomerulus, but
also differential counts were made in order to ascertain the
proportion of endothelial, mesangial and endothelial cells

present, In addition the proportion of the total area of the
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glomerulus occupied by the mesangium was determined in each
case. In order to make these calculations camera lucida
drawings were made of each glomerulus in sections of 3}1
thickness. Using these techniques Kawano et al. (1969) were
able to show that so-called focal post-acute glomerulonephritis
was a diffuse process characterised by mesangial cell
proliferation and deposition of mesangial matrix. The process
varied in degree, but was found in nearly all glomeruli

even those judged as normal but more subjective assessment.
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MATERIALS AND METHODS

Introduction

This section is presented in two parts. The first
part deals with the ﬁistopathological apsects. The histological
preparation of the percutaneous renal biopsy specimens, the
morphological classification and the various methods of
quantitative assessment of the morphological changes
encountered are‘presented. In addition control studies aré
described which were designed to evaluate the giomerular cell
counting techniques employed as part of the study.

The second part presents the clinical histories of
the children from whom the renal biopsy specimens studied were
obtained. The patients have been arranged in three groups,
those presenting with anaphylactoid purpura, those with
idiopathic recurrent haematuria and those with a nephrotic
syndrome whose proteinuria was not controlled by treatment
with corticosteroids. In these case histories emphasis has
been placed on the relevant facts and investigations which
directly influenced the diagnosis and management.

A summary of the clinical findings is also given of
a group of children with steroid-sensitive nephrotic syndrome.
The morphological findings in the renal biopsy specimens from
this latter group of4hatienta were used to compare and contrast

with those from the children in other groups described.
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Part I. Histopathological Methods

Histological preparation of renal
biopsy specimens

Renal biopsy specimens were obtained by percutaneous
puncture under’ fluoroscopic control, using a modified Vime
Silverman needle, and immediately fixgd in buffefed 10%
formalin (pH 7.0) for 24 to 48 hrs. 1In some biopsies (those
obtained after 1968) fixation in buffered formalin was
followed by secondary fixation in Zenker-formal for 6 hr. .
They were then embedded in paraffin wax and serial sections
were prepared between 2 and 4}11n thickness. Sections were
rountinely stained by Ehrlich's haematoxylin and eosin,
periodic~acid/Schiff using a celestine blue~haemalum sequence
(Lendrum and McFarlane, 1940) for nuclear counterstaining,
Veiger's elastic tissue stain with vén Gieson's mixture,
Martius scarlet blue (Lendrum et al., 1962) and periodic
acid/methenamine silver (Jones, 1957) using a weak Mayer's
haemalum and eosin counterstain.

Secondary fixation with Helley's fluid (Zenker~formal)
improved both fixation and staining properties with all the
methods used, with the exception of period acid/methenamine
silver. Satisfactory results were obtained, however, with
this method if deparaffinised sections were first treated for
24 hr.. with 2% ammonia in 96% alcohol (Meadows and Schoemaker,
1970).

Yhenever possible, for a 14 month period between May,

1969 and July, 1970 part of each percutaneous renal biopsy
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received in the laboratory was embedded in 'Araldite' so that
sections of 0.5}1thickness could be obtained in addition to
the conventional paraffin sections., During the period
mentionecd gach biopsy was examined with the aid of a
dissecting microscope. Usﬁally it was possible to identify
renal cortical tissue in the biopsy by the presence of
glomeruli, and medullary tissﬁe, if present, by the presence
of the vasa rectae. Blood in the glomerular capillaries and
in the vasa rectae differentiated these structures as small
red spots, and parallel red streaks respectively. Provided
sufficient.glomeruli were present, a.smail piece of cortical
tissue (up to 2 or 3mm. long) containing glomeruli was
removed with a scalpel. In practice fewer glomeruli could be
seen under tﬁe dissecting microscope than were ultimately seen
in the sections from the biopsy, but tissue was only taken for
'Araldite'-embedding if-an adequate number of élomeruli (5 or
more) could be positively»identified in the remaining tissue
for embedding in pargffin wax. In all 58 renal biopsy
specimens_were received during this period and in 35 instances
tissue was removed for embedding in 'Araldite'.
After fixing the small piece of cortical tissue
removed from the biopsy specimen in 10%,buffered fbrm#lin
(pH 7.0) for 24 hr.. it was thoroughly washed in phosphate-
“buffered saline (pH 7.1). The tissue was the post-fixed in
1% osmium tetroxide for 90 min. Folléwing this the tissue
was thoroughly washed again in phosphate<buffered saline and
. embedded in 'Araldite'. Sections of O.5,1thicknes§ were then
prepargd using an L.K.B. uitramicrotome. The sections were

floated out on water and picked up on to glass slides. After



staining with toliudine blue they were examined by light
microscopy (Eastham and Essex, 1969). ¥here necessary,
after further trimming of the block of tissue, ultrathin
sections were prepared for examination with the aid of the

electron microscope.

Morphological Classification

I) The Nephrotic Syndrome

Each renal biopsy specimen was assigned according
to the classification adopted by the International Study of
Kidney Disease in Childremn (Churg, Habib and Vhite, 1970)

as follows:

"Minimal Changes"

The glomeruli for the most part show no unequivocal
pathological changes, after allowing for any differences
influenced by the section thickness or fixation effects. 1In
all cases the glomerular capillaries are widely patent and
have thin walls as gssessed in P.A.S. or methenamine silver
preparations (fig. 1). Tubules, interstitial tissues and
blood vessels are normal.

Two variants are also included under the heading
of "minimal changes!. In one a small number of completely
| obsolescent glomefuli are seen, but segmentally'sclerosed
glomeruli are absent (fig. 2). In the other the glomeruli
are opfically normal, but minimal focal tubular changes,

including basement membrane thickening are seen.



Fig. 1 Nephrotic syndrome - 'minimal changes'

A glomerulus showing no definite morphological
abnormalities. The capillaries are widely patent
and have thin walls. There is no hypercellularity
or excess of mesangial matrix M.S.B. x 150.

Fig. 2 Nephrotic syndrome - 'minimal changes'

In some biopsies, particularly those from young
children, a small number of completely obsolescent
glomeruli (arrowed) are present. However,
segmentally sclerosed glomeruli are absent, and
there is no tubular atrophy. M.S.B. x 16.



Fig. 1

Fig. 2
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Focal Glomerulosclerosis

Inlitsvfplly developed form, this glomerular lesion
is both fopal ané segmental, in that some glomeruli are
optically normal, while other glomeruli show areas of
segmental sclerosis of the glomerular tuft (fig. 3). In its'
early stages this lesion may be difficult, or even impossible,
in a biopsy specimen, to distinguish from the '"minimal change®
lesion, since only a very smal{ proportion of glomeruli may
be affected and then only to a slight degree. The segmental
involvement is characterised by a localised increase of
mesangial matrix extending into the capillary wall which
becomes thickened and there may bevnarrowing or ob;iteration
of the capillary lumen. Often there is a local adhesion to
the adjacent Bowman's capsule (fig. 4). Sometimes a
glomerular capiliary is seen to contain a 'hyaline'! thrombus
(fig. 5). Cellular proliferation is usually absent but may
be observed in some cases, The tubules associated with the
affected glomeruli are almost always atrophic, except with
very early lesions, and the tubular atrophy is associated
with interstitial fibrosis (fig. 3). The presence of
glomerular obliteration and significant tubular atrophy
is very strong evidence of focal glomerulosclerosis, since
glomerular obsolescence in the "minimal change!" lesion is

not associated with tubular atrophy (fig. 6).

Proliferative Glomerulonephritis

i) Diffuse exudative.

This type of glomerulonephritis, which is

characterised by comnspicuous proliferation of glomerular



Figs, 3a and 13b

Nephrotic syndrome - focal glomerular sclerosis

Some glomeruli are normal, whilst others show
areas of segmental sclerosis (3b). In the
fully developed lesion completely sclerosed
glomeruli are also present. Focal tubular
atrophy is also seen (3a).

3a - P.A.S.M. x 165 3b « P.A.S. x 16,
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Fig L4 4

Fig. 5

Nephrotic syndrome - focal glomerulosclerosis

A glomerulus showing a localised area of sclerosis
of the glomerular tuft associated with a capsular
adhesion. The remainder of the tuft is normal.
P.A.5.M. x 100,

Nephrotic syndrome - focal glomerular sclerosis

A glomerulus showing partial sclerosis with a
‘hyaline' thrombus blocking a capillary lumen.
P.A.S5.M. x 128,
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Fig. 6 Nephrotic syndrome - focal glomerulosclerosis

Some renal biopsy specimens from patients with
focal glomerulosclerosis fail to sample glomeruli
showing typical segmental areas of tuft sclerosis.
However, in a child, the presence of completely
sclerosed glomeruli associated with significant
tubular atrophy in a biopsy is strong evidence of
‘focal glomerulosclerosis. P.A.S. x. 16« L
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tuft nuclei, with narrowing or obliteration of the tuft
capillary lumina and polymorphonuclear leucocytic
infiltration, occurs classically in acute glomerulonephritis.

(fig- 7)-
ii) Mesangial.

Proliferation of glomerular tuft nuclei is slight
but diffuse and is most conspicuous in the lobular stalks
(mesangial regions) which are slightly thickened due to an
increase in fibrillar content best seen in a P.A.S. or
silver/methanamine preparation (fig. 8). Polymorphonuclear
leucocytic infiltration is not seen and the capillary loops
are widely patent and have thin walls. Epithelial cell
proliferation and capsular adhesions are not features of

this type of lesion.
iii) Proliferative and sclerosing glomerulonephritis,

In addition to diffuse proliferative changes in
glomerular tuft, occasional glomeruli are sclerosed, and
foci of associated tubular atrophy and interstitial fibrosis

may be seen.
iv) WwWith crescents.

Proliferation of epithelial cells, particularly those
lining Bowman's capsule form multilayered structures termed
'capsular crescents' (fig. 9), and thege are associated with
proliferation of the glomerular tuft nuclei. Sometimes
adhesions between the glomerular tuft and Bowman's capsule
are associated with a slight localised proliferation of the

adjacent epithelial cells (fig. 10). This reactive change

58



Fig. 7 Nephrotic syndrome - diffuse exudative glomeru;onephritis

A glomerulonephritis characterised by conspicuous
proliferation of the glomerular tuft nuclei and the
presence of polymorphonuclear leucocytic infiltration
(texudation') in the glomeruli,  This is an uncommon

~ lesion to .be assoclated with a nephrotic syndrome.
- M.S.B. x 40.3 : .
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Figs. 8a and 8b

Nephrotic syndrome - 'mesangial' proliferative
glomerulonephritis

A glomerulonephritis in which cellular
proliferation is most conspicuous in the
lobular stalks (mesangial areas) of the
glomerular tufts, and is associated with an
increase in the amount of mesangial matrix.
The capillary locops are widely patent and
have thin walls,

8a - P.A.S. x 160; 8b - P.,A.S. x 100.
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Fig. 9 Nephrotic syndrome - proliferative glomerlonephritis
with 'crescents!'.

Conspicuous proliferation of the epithelial cells,
particularly those lining Bowman's capsule, forms
a multilayered 'capsular crescent' which compresses
”the glomerular tuft. P.A.S. X 128.

Fig.10 Proliferative glomerulomephritis with '6fe§centsl‘

In some cases of proliferative glomerulonephritis,
adhesions forming between the glomerular tuft and
Bowman's capsule are associated with a slight
localised proliferation of the adjacent epithelial
cells. This example is from the biopsy of a child
suffering from anaphylactoid purpura.

PA.S. x1600

i



Big. 9

Fig. 10



61



62

has also been referred to as "capsular crescent" formation,
but in this thesis the term Yglomerulonephritis with
crescentsﬁ is used only to describe cases in which
conspicuous epithelial ceil proliferation is found in almost
all the glomeruli present. In such cases tubular atrophy
and tubular separation by interstitial oedema or fibrosis

is usually conspicuous,
v) Membranoproliferative (mesangiocapillary).

The glomeruli show a combination of proliferation
of glomerular tuft nuclei, increase in the mesangial matrix
and thickening of the capillary wall (figs. 11 and 12).

The proliferation and mesangial thickening give the tufts

a markedly lobulated appearance. Examination with the
electron microscope shows that the capillary wall thickening
is due largely to an extension of mesangial and fibrillary

material beneath the endothelial cell cytoplasm (fig. 13).

Membraneous (epimembraneous) nephropathy .

The glomerular capillary walls are diffusely

thickened but there is no cellular proliferation. This
.thickening can be shown to be due to the deposition of immune
deposits on the outer (subepithelial) aspect of the basement
membrane (fig. 14). In the methenamine/silver prepﬁrations
projections or ''spikes" of argyrophilic basement membrane
material can be demonstrated projecting from the epithelial
aspect of the basement membrane between the deposits (fig. 15).
In more advanced examples these spikes extend to encircle

the deposits (Ehrenreich and Churg, 1968).



Fig.1l1l

Nephrotic syndrome - membranoproliferative
glomerulonephritis

A glomerulus showing a combination of proliferation
~of the glomerular tuft nuclei, increase in mesangial

matrix and thickening of the walls of the capillary -
loops. Lobulation of the glomerular tuft 15.1

' conspicuous.» P.A. S. x 100.



Fig. 11
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Fig,12

Fig.13

Nephrotic syndrome - membranoproliferative
glomerulonephritis

In this periodic acid - methenamine silver preparation,
the basement membrane of the tuft capillary loops is
seen predominantly as a thin, often irregular, black
line. In some areas two parallel argyrophylic lines
are seen, giving a 'tram-line' effect (see arrows).
This is due to the infiltretion of mesangial fibrils
and cell cytoplasm beneath the endothelial cell
cytoplasm lining the capillary loops.

P.A.S.M. x 256,

Nephrotic syndrome - membranoproliferative
glomerulonephritis

Electron microscopic examination clearly demonstreates
that the thickening of the capillary wall is only
partly due to thickening of the true basement

membrane. Between this structure and the endothelial
lining of the capillary is a meshwork mesangial
fibrillary material and intracapillary cell cytoplasm.
B - basement membrane; [ - fused foot-processes of an
epithelial cell; M - mesangial fibrillary material;

C - intracapillary cell cytoplasm; L - capillary lumen.
( x 6,500).
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Fig.14 Nephrotic syndrome -~ membranous nephropathy

A diffuse thickening of the capillary wall in
the glomerular tuft results from the presence
of proteinaceous deposits (staining red) on
the epithelial aspect of the basement membrane.
This type of glomerular lesion is an extremely
uncommon finding in biopsies from young
children with a mephrotic syndrome. Mallory's
trichromic stain x 400.

Fig.1l5 Nephrotic syndrome - membranous nephropathy

In this periodic acid - methenamine silver preparation
projections, or 'spikes' (arrowed), of

argyrophilic material can be seen extending from

the epithelial side of the basement membrane.

P.A.S.M. x 400,
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Chronic glomerulonephritis.

In the acdvanced stage of any progressive glomerulopathy
glomerular scarring and sclerosis, tubular atrog:hy and
interstitial fibrosis may be so advanced that any
distinctive morphological festures may be masked. Such

cases are included in the category.

II) Idiopathic Recurrent Haematuria .

Each renal biopsy specimen was classified either

as morphologically normal or as proliferative glomerulonephritis.

Morphologically normal -

The glomeruli interstitial tissues and blood vessels
show no definite pathological abnormalities, the appearances
corresponding to those seen in the "minimal changes" group
amongst the biopsies from children with a nephrotic syndrome
(fig. 16). Occasionally red blood cells are visible in the
tubules and occasionally haemosiderin deposition is seen

in cortical or medullary tubules (fig. 17).

Proliferative glomerulonephritis,

Slight proliferation of glomerular tuft nuclei is
seen. This change is diffuse, and affects the lobular stalks
(mesangial region) which are slightly thickened (fig. 18.).
The changes correspond to those described as "mesangial
proliferative glomerulonephritis" amongst the children with
the nephrotic syndrome. In some cases partially, or wholly,
sclerosed glomeruli, and areas of tubular atrophy are seen

(figs. 19 and 20).



§§5.16 Jdiopathic recurrent haematuria - normal morphology

A glomerulus showing no definite pathological
changes. P.A.S. x 150,

Fig.1l7 Idiopathic recurrent haematuria

Even where the glomeruli are normal, the renal
origin of the urinary tract bleeding can sometimes
be confirmed in a biopsy by the presence of
haemosiderin deposits in the renal tubules.

Perls' iron stain x 150.
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Fig.18 1Idiopathic recurrent haematuria - proliferative
.—J.————
glomerulonephritis

Glomerulus showing slight proliferation of tuft
nuclei with some thickening of the lobular
stalks. P.A.5. x 150,
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Figs.

19 and 20

Idiopathic recurrent haematuria -
proliferative glomerulonephritis

In very occasional cases, in addition
to slight proliferative changes
segmentally sclerosed glomeruli (fig.l1l9)
sometimes associated with capsular
adhesions (fig.20) are seen.

19 - P,A.%. x 1003 20 - P.,A.S, x 150.
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III) Ananhylactoid Purpura

All the renal biopsy specimens examined from
children with anaphylactoid purpura showed changes of
nroliferative glomerulonephritis. In almost every instance
proliferation of glomerular tuft cells was diffuse rather
than focal, although the severity of the changes present
often varied from glomerulus to glomerulus (fig. 21). The
biopsies were divided into five groups according to the

severity of the pathological changes encountered.

Group I

Proliferation of glomerular tuft nuclei is slight
and is most conspicuous in the mesangial regions which are
slightly thickened when examined in sections stained with
P.A.S. or silver/methenamine, due to an increase in fibrillar
content. Polymorphonuclear leucocytic infiltration is not a
feature (fig. 22). The appearances in this group are very
similar to those in the '"mesangial proliferative glomerulo-
nephritis" group of biopsies from children with a nephrotic
syndrome. Abnormalities of the tubules, blood vessels and

interstitial tissues are absent.

Group I1
In addition to the changes described in Group I,
some glomeruli show segmental areas of sclerosis of the

glomerular tuft. This is characterised by a localised

increase of mesangial matrix extending into the capillary wall

and obliterating the capillary lumen. Characteristically

there is an adhesion between the sclerosed segment of the

70



Fig.21 Anaphylactoid purpura

The severity of the glomerular changes may vary
markedly from glomerulus to glomerulus. In
this field very slightly affected and totally
obliterated glomeruli are seen side by side.
P.A.S. x 16.

Fig.22 Anaphylactoid purpura - proliferative glomerulo-
nephritis

Glomerulus showing slight proliferative changes
most marked in the axial stalks and associated
with an increase in the mesangial matrix,
P.A.S5., x 150.



Fig. 22
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glomerular tuft and Bowman's capsule, which is associated
with a localised reactive proliferation of the adjacent
epithelial cells (fig. 23). Some glomeruli may be entirely
obliterated and foci of tubular atrophy and interstitial
chronic inflammation and fibrosis may be seen. However, less
than 10% of the glomeruli are scarred, and tubular atrophy

is seen in less than 2 out of 10 consecutive high ' nower

fields examined with a 40x objective.

Group III

This differs only in degree from Groun II in that more,

but not all, glomeruli are scarred (more than 10% but less

than 100%) and tubular atrophy is more extensive (more than

2 out of 10 high power fields examined).

GrouE v

This again differs in degree. In this group are
included biopsies in which all the glomeruli examined were
scarred to a greater or lesser degree, and tubular atrophy is
extensive (fig. 24). The changes correspond to those
described as "advanced chronic glomerulonevhritis! amongst the

biopsies from patients with a nephrotic syndrome.

Group V

In all, or nearly all the glomeruli, in addition to
conspicuous proliferation of the glomerular tuft cells, there
is marked proliferation of the epithelial cells lining
Bowman's capsule to form multilayered ‘'capsular crescents',
Proliferation of the epithelial cells is so marked that

frequently the glomerular tuft is compressed and bloodless.,



Fig.23 Anaphylactoid purpura - proliferative glomerulo-
nephritis

Two glomeruli showing slight preoliferative changes,
In one a small area of tuft sclercsis is associated
with an adhesion to Bowman's capsule.

P.A.S. x 40.

e

Fig.24 Anaphylactoid purpura - proliferative glomerulo-
. .
nephritis

Severe changes. All the glomeruli shown are
scarred and areas of tubular atrophy are nresent.
P.0.B. % 165
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The appearances correspond to those in the group described
as "glomerulonephritis with crescents" in the biopsies from

patients with a nephrotic syndrome.

Quantitative and Semi.quantitative Assessments
of the Histological Chinges Found

I) Total and Differontial Glomerular Cell Counts (Paraffin-
embedded sections

In each bilopsy specimen total and differential counts
were made of the cells composing each of five glomeruli.

The biopsies were examined without knowledge of the clinical
details of the patient from whom they were obtained. Only
unscarred glomeruli, free from technical artifacts such As
crushing, were considered, and the five glomeruli selected
were chosen s0 that the plang of thg section went through the
equatoriél region rather than the periphery of the glomerular
tuft, i.e. near its maximum diameter. This was checked by
examining the relevant serial sections, and counts were not
made on glomeruli where the plane of the section cut through
near the periphery. These were easily recognisable by their
relatively small circumference compared with other gloméruli
in the section.

The glomerular counts were made on sections stained
with periodic acid/Schiff since the various cell types were
most easily recognisable by this method. The sections were
examined with an oil-dimmersion (x 100) objective. Each
glomerulus chosen for counting was traversed systematically
and the numbers of epithelial, endothelial and mesangial cells

forming the glomerulus were recorded. Epithelial cells were

4
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those cells on the outside of the basement membrane of the
gldmerular tuft and those lining Bowman's capsule
(extracapillary cells). The cells inside the basement’
membrane (intracapillary cells) were endothelial and
mesangial cells, The endothelial cells abutted directly on
to, and lined, the capillary luminal spaces. The mesangial
cells were situated within the stalks of the glomerular
capillary loops. Although these cells were situated within
the confinés' of the glomerular basement membrane, they were
separated from the adjacent capillary lumens by endothelial
cells.(see fig. 25). 1In every glomerulus examined the number
of eéithelial, endothelial and mesangial cells were noted
and expressed as a percentage of the total numhqr of cells.
Blood cells within the cepillary lumina were ignored. In
order to obtain a single figure to express the distribution
of the three types of cell composing each glomerulus the |
percentage_of extracapillary (eéithelial) cells and the
percentage of intracapillary  (endothelial and mesangial) cells
were subiracted one from the other. Vhere the proportion of
extracapillarj {epithelial) cells was in excess, a minus
value was gi§en to the percentage d%fference, and where the
proportion of intracapillary (endothelial and mesangial) cells
was in excess, a plus value was given to the percentage
difference. For example, in section of a glomerulus
containing 55% epithelial cells,, 32%vendotheliai cells and
13% mesangial cells, that is 55% extracapillary cells and
459 intracapiilary célls, the percentage difference is ;O%.
Since the extracapillary cells are in excess the difference

would be expressed as -10%.
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Extracapillary cells:

Epithelial cells

Intracapillary cells:

Endothelial cell

Mesangial

Basement
membrane

Bowman's capsule apillary lumen

Fig. 25 A schematic representation of part of a
glomerulus showing the various types of
cell present. Epithelial (extracapillary)
cells are situated on the outside of the
basement membrane and also line Bowman's
capsule. The cells inside the basement
membrane (intracapillary cells) are
endothelial and mesangial cells. The
endothelial cells line the capillary
lumina. Mesangial cells are situated
within the stalks of the glomerular
‘capillary loops, and although within the
confines of the basement membrane, they
are at all points separated from the
capillary lumen by endothelial cells.
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Since in each renal biopsy studied, counts were
made from five glbmeruli. the mean percentages of epithelial,
endothelial aﬁd mesangial cells, the mean total number of
cells, and the mean percentage differences between the
intracapillary and‘extracapillary cells were calculated'

in each case.

II) The Use of Thin Sections (0.5 thickness) of 'Araldite'-
Embedded Tissue for Glomerular Cell Counts

In those renal biopsy specimens in which tissue had
been embedded in 'Araldite' as well as in paraffin wax,
sections of the ‘'Araldite' embedded tissue cut at 0.5n
thickness at various levels were examined by light microscopy.
Photomitrographs of each unscarred and undistorted glomerulus
present in each of these bilopsies were made, the section of
each glomerulus photographed being in the region of the
equator of the glomerulus (see fig. 26). Differential counts
of the epithelial, endothelial and mesangia; cells were made
from the photomicrographs. 35 biopsies were examined in
this way, and in 24 instances three or more glomeruli
suitable for counting were present in the 'Araldite'-~-embedded

o

tissue. In these 24 cases "1';he mean percentages of'épi'thelial,
endothelial and mesangial célls, thevmean total numbers of
cells and the mean peréentagg differences between the
intracapillary and extracapillary cells were 6alcu1ated for
the number of glomeruli present in the 'Araldite'-embedded
part of each biopsy. The results of the mean total and

differential glomerular cell counts obtained by direct -



Fig.26

A glomerulus in a section of O'EIithicknens
from a biopsy embedded in 'Araldite! showing

] the high degree of hiatological clarity

afforded by this method of preparation.<
Tbluidzne blue x 160.



Fig. 26
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counting of glomeruli using an oil-immersion (100 x)
objective in the paraffin sections; and by counts performed
on photomicrographs of the glomeruli in the 'Araldite'
sections were compared for each individual biopsy. The
counts by these two methods were made on separate occasions,
and no attempt to compare the results obtained was made

until all the counts in every patient had been completed.

III) ‘'Glomerular Index' and Tubular Atrophy

Semi-quantitative assessments were made of the extent
of any glomeruiar and fubular damage present in each of the
renal biopsies studied using fecﬁniques which have been
described previously (Risdon, Sloper and de Wardemer, 1968).

The extent of any glomerular damage was assessed
as follows, In each biopsy specimen, ten consecutive glomeruli
were examined for the presence of excess material in the
glomerular tufts staining positively with periodic'acid/Schiff.
Each glomerulus was graded from O to 5 in terms of the extent
of the excess PAS = positivelmaterial. Vhere such material
entirely obliterated the glomerulus, a grading of 5 was made.
If excess PAS -« positive material occupied more than
three~quarters of the glomerulus, the grading was Ly if more
than half, but less than three~quarters the grading was 3j
if more than a quarter, but less than a half the grading was
23 if less than a quarter the grading was l. If the glomerulus
was considefed entirely normal the grading was 0. In each

instance the grading on ten consecutive glomeruli were added



together., Each biopsy was graded '"blind" on two quite
separate occasions several weeks apart, and a mean was
#alculated between the findings in each case on the two
separate occasions, the figure being termed the 'glomerular
index'. These indices ranged between 0 and 40. The largest
difference between the sums observed in individual cases
was 7. ‘Table 1l gives details of the correlation between
the two assessments, | |

Significant tubular damage sought‘was the presence
of tubular atrophy, which was characterised by significant
thinning of the tubular epithelial cells and by conspicuous
thickening of the tubular basement membrane when stained
by P.A.S. Such tubules were sometimes dilated by "coloid"
material but more often they were narrowed. empty and
separated from each other by interstitial connective tissue.
The extent of any tubular atrophy present in each biopsy was
assessed as follows. Ten consecutive microscopic fields
were examined in the cortex of each specimen with the aid
of a 40X objective. The extent of tubular damage was assessed
by the number of microscopic fields in which there was
unequivocal tubular atrophy. Assessments were made "plind"
on two quite separate occasions several weeks apart, and
where in a particular biopsy, the two assessments differed,
a mean was taken. Agreement was close: the number of
microscopic fields in which tubular atrophy was considered
to be present differed by 3 out of 10 in two spec@menq, by
2 out of 10 in ten and by 1 out of 10 in 12 specimens. In
the remainder the assessments ﬁere identical on both occasions

(see Table 2).



TABLE I

Differences Observed in Calculating the 'Glomerular Indices'

in 115 Renal Biopsies on Two Separate Occasions

Difference in ' Average

"Glomerular Index'" of: 0 1 2 3 b 5 6 7 Difference
No. of biopsies 71 12 9 7 8 3 3 2 1.24

I8



TABLE 2

Differences Observed in Assessing Tubular Atrophy

in 115 Renal Biopsy Specimens on Two Separate Occasions

Difference in ' Average
Tubular Atrophy (H.P.F./10) of: 0 1 2 3 Difference
No. of biopsies o1 12 10 2 0.33

¢8
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IV) Estimation of the Variation in the Proportion of
Epithelial, Endothelial and Mesangial Cells at Various
Levels Through the Glomerulus

Twp 'Araldite'-embedded biopsy specimens, chosen
because they hoth contained an’pdequate number of glomeruli,
ﬁere taken and serial sections (0.5}1 thickness) were made.
Every 20th section was mounted. Ten sections were mounted
in this way sc¢ that by examining‘the sectiqns in sequence
a 100 thickness of the biopsy could be examined at intervals
of 10 All the sections were stained with toluidine blue.
Two glomeruli in each biopsy, chosen because the step sections
gave representative sections right through the glomerulus,
from its periphery'on one side, through the equitorial
region to the periphery on the opposite side, were examined.
The same two glomeruli in each biopsy were photographed at
each of the ten levels examined. From the photographé the
percentages of epithelial, endothelial and mesangial cells,
and the total number of glomerular cells were calculated in
the sections at each level through the glomerulus, In this
way the effect of the plane of the sections through the
glomerulus on the proportions of the various:.cell types was

ascertained,

V) Variations in the Proportions of Epithelial, Endothelial
and Mesangial Cells in the Glomeruli ¥With Age

It is common experience that the glomerdlar epithelial

cells are especially prominent in sections from the kidneys of

very young children. In order to obtain some idea of the

effect of age upon the portions of the various cell types in
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the glomeruli, paraffin-embedded blocks ofltissue from the
kidneys of children aged between 1 and 2 yr. inclusive were
taken from the autopsy files (see Table 3). Various criteria
other than age for choosing these 12 cases were made. In
none was there any clinical or pathological evidence of renal
disease and none had suffered from any other condition,

such as cyanotic heart disease, which might effect the
glomerular morphology. In addition the blocks of kidney
tissue in the files were technicqlly satisfactory with regard
to fixation and lack of post-mortem artefacts. Thin

(3 to &4 P thigkness) sections were prepared ﬁnd stained with
periodic acid/Schiff. 1In eaéh case counts were made under
an oileimmersion (100x) objecti%e of the cells constitﬁting
five glomeruli, The criteria for choosing the glomeruli
counted in each case were the same as those applied on thé

biopsy specimens,



TABLE 3

Main autopsy findings in the cases of children aged between 1 and 12 yr. sections

of whose kidneys were used as controls for glomerular cell counts

P.M. Kidneys
C?if Agiaézr) Princ%pa% Necropsy :
birthday Findings Combined Weight Macroscopic Abnormalities
(gm)

Cystic fibrosis of pancreas 61 None
Reticulum-cell sarcoma 93 None
3 Spinal degeneration 107 None

(Biemond type) )
4 4 Malignant thymoma 108 None
5 5 Leukaemia; Down's syndrome 125 None
6 6 Thoracic neuroblastoma 136 None
7 7 Craniopharyngioma 134 None
8 8 Arthrogryposis 130 None
9 9 Ulcerative colitis 192 None
10 10 Congenital hypotonia 180 None
11 11 Hydrocephalus.Down's syndrome 195 None
12 12 Aplastic anaemia 248 None

g8



Part 2. Clinical Presentations of the Patients Studied

\

Introduction

Between October 1967 and December 1970 percutaneous
renal biopsies were performed on 123 children. In 116
adequate specimens of renal tissue containing ten or more
glomeruli were obtained. The clinical diagnoses made in

these 116 children were as follows:

No.

Nephrotic syndrome 59
Idiopathic recurrent haematuria 2l
“Anaphylactoid purpura 12
Acute glomerulonephritis 6
Pyelonephritis 5
Acute tubular necrosis 4
Renal dysplasia 3
Systemic lupuslerythematosus 2
Fanconi's syndrome 1

Total ';;E_

This study is based on the findings in the patients
in the first three groups, that is those with a nephrotic
syndrome, idiopathic recurrent haematuria and anaphylactoid
purpura. Since the number of patients with anaphylactoid
purpura was small, the records of renal biopsies performed
between 1960 (when the techﬂique was first used at Great

Ormond Street) and 1967 were examined. A further 10 patients



biopsied because of evidence of renal disease following
anaphylactoid purpura were discovered. These were included
in the study so that the final number of patients in this
group was 22,

The clinical histories of the 105 patients studied
are now presented. The group of patients with idiopathic
recurrent haematuria are presented first. These are followed
by those with nephritis after anaphylactoid purpura and
with a nephrotic syndrome. In this last group full clinical
details are given only in those cases in which no response
to steroid therapy was obtained. A summary of the relevant

findings in the steroid~sensitive patients is given.
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Children with Idiopathic
Recurrent Haematuria
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Patient No.l (G.B.)

An eight-year-old boy who presented with frank
haematuria on one occasion following an upper respiratory tract
infection. There was no family history of renal disease. On
examination the child appeared fit and well and no physical
abnormality was fourid. The blood pressure was 120/75mm. of
mercury. Investigations showed a normal blood count, a
creatinine clearance of 98m1/’min/1.73m2 and a plasma urea
concentration of 30mg/l100ml, A throat swab culture grew
commensal organisms only and the serum antistreptolysin (A.S.0.)
titre was less than 200 units/ml. The bleeding and clotting
- times, the prothrombin and kaolin~cephalin times were all
normal. ‘Examination of the urine showed no protein, and the
urine culture was sterile. Microscopy revealed no cells.
Radiological examination of the chest revealed no
abnormalities, and the intravenous pyelogram showed both
' kidneys to be of normal size with normal excretion of
contrast medium. Cystoscopy showed no abnormality of the
bladder and urethra. A percutaneous renal biopsy was
performed, and microscopy of the biopsy .specimen revealed no
histological abnormalitigs. The child was discharged and no

follow-up of the case has been made.

Patient No.2 (S.B.)

A ten-year-old boy who complained of three episodes of
frank haematuria during a seven month period. His urine had
been examined between these attacks and microscopy had shown

red blood cells to be present. The attacks of haematuria had
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each been associated with upper respiratory tract infections,
but apart from some aching‘in his legs during the third
attack, there were no ¢ther symptoms. No family history of
renal disease was found. On examination the child appeared
well and no abnormalities were present. The blood pressure
was 130/70mm. of mercury. Investigations showed a normal
blood count and a plasma urea concentration of BOmg/;OOml.
The creatinine clearance was recorded as 74m1/min/1.73m3.

The bleeding, clotting, prothrombin and kaolin-cephalin times
were normal. Bacteriological cultures from a throat swab
grew commensal organisms only and the serum A,S.0. titre was
less than 200 units/ml. Radiological examination of the
chest showed no abnormality. Intravemnous pyelography showed
both kidneys to be normal in size and excretion of contrast
medium was normal. Urinalysis showed mild proteinuria

(30mg protein/100ml) and bacteriological culture showed no
growth, Microscopy of the ufine showed 15 red blood Qells
(R.B.C.'s) and 4 white blood cells (¥,B.C.'s) per cu.,mm. The

urinary albumin/creatinine ratio (UA

/UC) ranged between
0.12 and 0.36. A percutanebus renal biopsy was performed
and mic:oscopy showed mild proliferative changes in the
glomerular tufts.

The child was followed up as an out-patient and one
year later, some 15 months after the first attack he was still
getting episodes of frank haematuria. His general health was

unimpaired, however, and he was normotensive.
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Patient No. 3 (S.F.)

A six-year«~old boy who presented with a history of
frequent attacks of macroscopic haematuria. The first attack
some six months previously had followed an acute attack of
diarrhoea and vomiting, eand some subsequent attacks appeared
to be associated with exercise. There were no other symptoms
and the family hisetory was not contributary. No abnormalities
were found on physical examination and the blood pressure was
recorded as 95/70mm. of mercury. Investigations showed a
normal blocd count and normal bleeding, clotting, prothrombin
and kaolin-cephalin times. The plasma urea was 22mg/100ml.
and the creatinine clearance 133m1/h1n/1.?3m3. Radiological
examination of the chest was normal and intravenous pyelography
showed both kidneys to be of normal size and shape with normal
excretion of contrast medium. Cystoscopy revealed no
abnormality of the bladder or urethra. Urinalysis showedi:no
proteinuria and bacteriological culture of the urine was
sterile. Microscopy revealed 20 R.B.C.'s/cu,mm, The 24 hr,
urinary protein excretion was measured as less then 10mg. and
the urinary albumin/creatinine ratio ranged between 0.046 and
0,064, Eight months after his diacharge from hospital the
child was fit and well and normotensive. There had been no

further haematuria.

Patient No. & (.T.F.)

A sevonékearuuld boy with a three year history of
painless haematuria occurring for two to three days every

three to four weeks, There was no significant family history.
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On examination there were no physical abnormalities. The
blood preasure was 90/50mm. of mercury. Inyestigations showed
a normal bloo& count, a plasma urea concentration of 26mg/100ml.
and a creatinine clearance of 164ml/min/1.73m3. Urinalysis
revealed slight proteinuria {up to 100mg/l100ml) and
microscopy showed up to 350 R.B.C.'s/cu.mm. The urinary

UA/UC ratio was 0.50. Radiological examination of the chest
showed no abnormality and an intravenous pyelogram revealéd
both kidneys to be of normal size and to excrete contrast
medium normally. Cystoscpﬁy showed no aﬁnormalities of the
bladder and urethra. A percutanegus renal biopsy was
performed, and microscopyvshowed mild diffuse proliferativé
changes in the glomeruli. The tubules and blood vessels

were normal,

Patient No. 5 (S.H.)

A four-year-old girl who six months previously had had
an episode of frank haematuria following an attack of
tonsillitis. No family history of renal disease was elicited.
On examination fhere were no physical abnormalities; the

110/'70mm. of mercury. Urine

blood pressure was recorded as
examination on a number of occasions revealed a trace of
proteinuria and microscopic haematuria. The child was seen
repeatedly at intervals over the next fifteen months. She
remained physically well and normotensive, but urinaiysis
revealed persistent microscopic haematuria, and on occasions
slight proteinuria (;anging up to 225mg/l100ml). Blood urea

estimations all revealed concentrations of 30mg/l100ml. or less

and an intravenous pyelogram showed both kidneys to be of normal
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size and to excrete contrast medium normally.

Eighteen months after her initial illness she was
admitted to hospital for investigation. No physical
abnormalities were found and she was mormotensive,
Bacteriologiéal culture of a throat swab isoiated commensal
organisms only. The serum A.S.0. titre was less than 200 units/ml.
The serum 610 globulin level wﬁs normal, The blood count,
and bleeding, clotting, prothrombin and partial thrombopiastin
times were all normal. The creatinine clearance was
83m1/min/1.73m2; Radiological examination of thg chest was
normal and a tuberculin skin test was negative. Urine
microscopy revealed more than 1,000 red blood cells per cu,mm,
The 24 hr. urinary protein excretion was 0.66g and the
UA/UC ratio ranged between 0.07 and 0,08. A renal biopsy
was performed and this showed a mild proliferative

glomerulonephritis,

Patient No. 6 (G.L.)

A nine-year-old boy with a four month history of
continuous frank haematuria. He had no other symptoms and in
other respects was well, There was no family history of
renal disecase. On examination no physical abnormalities were
found. His bloodApressuré was 9O/SOmm." of mercury.
Investigations showed a normal blood coﬁnt and normal bleeding,
clotting, prothrdmbin and partial thromboplastin iimeé. The
plasma urea concentration was 33m8/100m1; and the endogenous

creatinine clearance was 151m1/min/1.73m3. A throat swab
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culture grew commensal organisms only. A tuberculin skin
test was negative, Urinalysis showed no proteinuria, but
microscopy revealed large numbers of R.B.C.'s. An
intravenous pyelogram showed no radiological abnermalities.
A percutaneous fenal biopsy was performed, and microscopy
revealed no histological abnormalities. The child was seen’
again'six months after discharge from hospital. He was

quite well, and no haematuria had been noticed for two months,

Patient No. 7 (A.M.)

A child who first presented with haematuria and an
upper respiratory tract infection at the age of 13 months,
A throat swab grew commensal organisms only and urinalysis
revealed a trace of proteinuria and numerous red blood cells.
Haematuria recurred At the age of six years. At this time

110/65mm. of

he was normotensive with a blood pressure of
mercury and investigation revealed a normal blood.count and
a plasma urea of 23@3/100m1.- Culture of a throat swab grew
no pathogenic organisms. A serum A.S5.0. titre was less thin
200 units/ml. Urinalysis showed slight proteinuria
(40mg/100ml) and microscopy revealed numerous R.B.C.'s. A
percutaneous renal biopsy was performed and this showed mild
proliferative chenges in the glomeruli. Subsequently it was
found that a female sibling was found to be deaf and to have
microscopic haematuria.

At the age of 12 years, when haematuria hdd been

persistently present for nearly seven years, he was

investigated again. He was normotensive, and investigation
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revealed a normal blood count, a plasma urea of 29mg/l00ml.
and a creatinine clearance of 109m1/min/1.73m3. Audiograms
were performed in view of the family history but these were
normal. An intravenous byelogram showed no abnormalities. -
Urinalysis revealed proteinuria and the urinary UA/Uc ratio
was 1.8. A second percutaneous renal biopsy again showed
proliferative changes in the glomeruli with some glomerular ‘
sclerosis and focal tubular atrophy. It was decided to

treat thg child with cyclophosphamide for one year. At thé
end of this period microscopic haematuria (335 R.B.C.'s/cu.mm.)

UA/

and slight proteinuria were still presentj; the urinary uc

ratio was 2,0, The child was normotensive with a blood

pressure of 120

/80mm.of mercury. A third percutaneous renal
biopsy was performed and this again revealed proliferative
glomerular changes with glomerulosclerosis ahd focal tubular
atrophy, At follow up some six months later, proteinuria

(UA/UC ratio 1.8) was still present.

Patient No. 8 (C.Po)

A seven-year;dld girl who presented with a three week
history of frank héematuria. It was noticed that the first
specimen of urine she passed on:rising in the morming was
normal in colour, but all subsequent specimens confained blood.
On examination she was wéll and no physical abnormalities were

110/7Omm. of mercury. Her

found. The blood pressure was
blood count was normal and her bleeding, clotting, prothrombin
and kaolin-cephalin times were mormal, The plasma urea

concentration was 34mg/100ml. and the endogenous creatinine



clearance was 86m1/min/1.73m3. Bacteriological culture of

a throat swab failed to grow any pathogenic organisms,
Urinalysis showed no proteinuriaj the urinary UA/UC ratio

was 0,06, Numerous red blood cells were present on
microscopy of the urine. Radiological examination of the
chest was normél and an intravenous pyelogram showed no
abnormalities. On cystoscopy the bladder and urethra appeared
normal, A percutaneous rcnal biopsy was performed and

microscopy of the biopsy specimen showed no histological
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abnormality. She was discharged and seen again one year later.

In the interval one episode of haematuria had occurred.

Patient No. 9 (J.S5.)

An eight.year-old boy who presented with a two year
history of painless haematuria. For the previous nine months,

haematuria had been persistent. On examination no physical
100

abnormalities were found. His blood pressure was /70mm.,
of mercury. Investigations showed a normal blood count and
normai bleeding, clotting, prothrombin and kaolin-cephalin

times, His plasma urea concentration was 22mg/100ml. and his

endogenous creatinine clearance was 112m1/min/1.73m3.
Radiological examination of the chest was normal and an
intravenous pyelogram showed mo abnormalities. On cystoscopy
no abnormalitymof the bladder or urethra was demonstrated.
Urinalysis showed slight proteinuria and on microscopy more
than 200 R.B.C.'s/cu.mm, were seen. The urinary UA/UC ratio
was 0.16, A percutaneous renal biopsy was performed and

microscoby showed no histological abnormality. The child

was discharged and although haematuria occurred intermittently
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during the next six months, in the subsequent six months

following this period there was no further haematuria.

Patient No., 10 (E.¥W.)

A six-year-old boy with a three-year history of
recurrent haematﬁria. 'Theré wére no other symptoms., On
examination no physical abnormalities were found. His bloed
pressure was 1os/?Omm. of mercury. Investiéation showed a
normal blood count and normal bleeding, clotting, prothrombin
aﬁd kaolin-cephalin times. Bacteriblogical culture of a
" throat swab grew cdmmensal orgahisms'only. The plasma‘urea
concentration was 28mg/100ml. and the endogenéus creatinine
clearance was 116m1/hin/1;73m3. Radiological examination of
the chest and an intfavenous pyelogram wére both normal.
Urinalysis showed no proteinuria ana microscopy reyealed‘
numerous R.B,C.'s présent. The uripary UA/UC ratio was less
than 0.08. ’A percut;neousvrena; biopsy was performed and this
showed no histological abnorﬁéiitiés. 'He was discharged from
hospital. One year later he wés well and hormotensive.
Occasional episodes of haematﬁria had occurred, apﬁarently
after colds. These attacks appeared, however, to be

diminishing in frequency.

patient No. 11 (T.G.)

A fbur-&ear-old boy who presented with a hiétory of

four epispdeb of frank haematuria occurring in the previous
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six months. There were no other symptoms and no history of
renal disease. On examination there were no physical

130

abnormalities, and his. blood pressure was /75mm, of mercury.

Investigations revealed a normal blood count, and normal
bleeding, clotting, prothrombin and kaolin-cephalin times.

. Bacteriological qulture of a throat swab grew no pathogeﬁic
organisms. Radiological examination.of the chest and an
intravenous pyelogram were both normal. The endogenous
creatinine clearance was 165m1/min/1.73m3. Urinalysis
showed a trace pf protein (25mg/100ml.) and more than 200
R.B.C.'s/cu.mm._present. The UA/UC ratio was less than 0.06.
A percutaneous renal biopsy was performed and this showed no..
histological abnamalities., The child was discharged from
hospital, and when he was seen agéiﬁ-six'ponths later he was

completely well and had had no haematuria since his discharge.

Patient No. 12 (A.D.)

A ten-year-old boy who presented with a five month
history of intermittent painless haematuria. It was noticed
that ﬁhese episodes appeared to follow exercise. There were
no other symptoms anﬁ no family history of renal disease. On
examination there were no physical abﬁormalities; the blood
pressure was 130/80mm.,of mercury. Investgation revealed a
normal blood count and normal bleeding, clotting, prothrombin
and kaolin-cephalin times. The endogenous creatinine .
clearance was 120m1/m1n/1.73m3. Radiological examination of
the chest and an intravenous pyelogram were both normal.

Urinalysis revealed more than 100 R.B.C.'s/cu.mm. but no
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proteinuria. The urinary UA/UC ratio was less than 0,01,

A percutaneous renal biopsy was performed énd this showed no
histological abnormalities. The child was discharged from
hospital. He was seen again six months later, when he was
cémpletely well. Oﬁiy one episode of haematuria had occurred

in the intervening period.

Patient No. 13 (P.G.)

A twelve~year-old girl who presented with an eleven
month history of persistent haematuria. There was no family

history of renal diseaée‘ On examination there were no physical
100

abnormalities. Her blood pressure was /60mm. of mercurf.
Investigation showed a normal blood count and normal bleeding,‘
clotting, prothrombin and kaolin~cephalin times-. The_pla;ma
urea concqntration was 22mg/100ml. and the endogenous
creatinine.clearancewwgs l&le/hin/l.?BmB. Radiological
examination of the chest was norma; and an intravenous pyeiogram
showed no abnormalities. On cystoscopy, no gbnormalities»of
the bladder or ureﬁhra were detected, Urinalysis showed
numerous red blood cells present and a "trace" of proteinuria,
The urinary U""/UC ratio was 0.17. A percutaneous renal biopsy
was performed and microscopy showed.slight diffuse proliferative
changes in the glomeruli. The tubules and blood vessels were
normal. She was discharged frbm hospital, and remained well
apart from further episodes of painless haematuria. Ten

months later she was again admitted to hospital following a
fainting attack in the street, Urinalysis showed moderate

proteinuria (the‘UA/UC ratio was 2.1) and numerous red blood
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cells were seen on microscopy. Estimation of the serum 6 1c
globulin level showed a low value (34% of an M.R.C. standard
serum) and this low level was confirmed on a number of
occasions., She was again followed as an oute~patient. ‘She
remained physically well, although she complained of
occasional headaches. She was normotensive (her blood

110/60mm. of mercury).

pressure ranged between 90/50 and
Investigations showed a normal glomerular filtration rate
(measured as 146m1/min/1.73m2 using a 51 Cr. E.D.T.A. method)
but she continued to have significant proteinuria and her
serum é 1c rglobulinu level remained low. Examination of her
peripheral blood for L.E. cells was negative on a number of
occasions.

Fiffeen months after her original admission to
hospital she was again admitted for a repeat renal biobsy.
Bacteriologiaﬁl culture of a throat swab at this' time
isolated @ haemolytic streptococci of Lancefield group A.
Microscopy of the reﬁal biqpsy showed early changes of
membranoproliferative glomerulonephriiis. The proliferative
changes present were signifiéantly more advanced than those

present'in the previous biopsy and in some glomeruli they

were associated with thickening of the walls of capillary loops.

Patient No. 14 (A.B.)

A nine-year-old boy who had had two episodes of
painless haematuria, one three years previously and one three
months previously. There were no other symptoms. On

examinfition there were no physical abnormalities. His blood
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pressure was 110/70mm. of mercury. Investigations showed a

normal blood count and normal bleeding, clotting, prothrombih
and kaolin-cephalin times. The blood urea was 37mg/100ml.
Urinalysis on several occasions showed ﬂo'proteinuria and
microscopy showed no R.B.C.'s or W.B.C.'s present; The
urinary UA/UC ratio was less than 0,03. Radiologigal examination
of the chest was normal, but an intravenous pyelogrém showed
an abnormally-shaped calyx in the right kidney. A retrograde
pyelogram confirmed this”appearance,‘but there were no.other'
abnormalities, and it was in any case considered to be of
doubtful significance., A percutaneous renal biopsy was |
performed and this showed no histological abnormalities. The
child'wﬁs discharged from hospital. Six months later he was

1io0

noted to be well, with a blood pressure of /60mm, of mercury.

No further episodes of haematuria had occurred.

Patient No. 15 (B.R.)

‘A six-year-old boy who had a five year history of
recurrent haematuria, The first episode occurred at the age
of 18 months énd followed an upper respiratory tract infection.
He was investigated at the age of 2 years at another hospital.
An intravenous pyelogram was reported as showing no
abnormalities, and the child was given a course of treatment
with corticosteroids. Since that time he had had episodes
of frank haematuria lasting about two to three days every
three or four months. There were no other symptoms. No
gignificant family history was obfained. On examination there

were no physical abnormalities; the blood pressure was 80/SOmm.
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of mercury. Investigations showed a normal blood count,

and plasma urea concentration of 17mg/100ml. Normal bleeding,
clotting, prothrombin and kaolip-cephalin times were found.
The creatinine clearance was 75m1/hin/1.73m3. Urinalysis
showed some proteinuria, and the urinary UA/UC ratio was 2.2,
Microscopy of the urine éeyealed,SZO R.B.C.'s/gﬁ.mm. An
intravenous pyelogram and a cystogram were both normal.
Cystoscopy revealed no abnormality of the bladder or urethra.
A percutaneous renal biopsy was performed and ihis showed
proliferative changes and focal tubular atrophy. No specific
therapy was given at this time, but 15 months later the‘child
was readmitted arnd treatment with cyclophosphamide was started,
No effect on either the prpfeinuria or haematuria was noted,
and this therapy was abandoned after four months because
thrombocytopenia and neutropenia developed. Following
curtailment of cyclophosphamide treatment the blood count
quickly returned to mormal. At follow~up four months later
moderate proteinnria (UA/UC ratio of 1.4) and haematuria were
still present. The creatinine clearance ranged between 261 |
and 153m1/hin/1.73m3. The child remained physically well and
120

his blood pressure was measured as /75mm. of mercury.

Patient No. 16 (W.We)

A five~year~old girl who was admitted with pemistent
proteinuria and miéroscopic,haematuria following an apparent
acute nephritic episode six months previously. At this time
she had developed facial oedema, haematuria and vomiting some

ten days after a sore throat. She was admitted to hospital
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where she was found to be hypertensive with a blood pressure
of 170/120 and her blood urea was found to be 400mg/l00ml. Her
condition improved in hospital and her blood urea one month
later had fallen to normal levels, but she was found to have
microscopic haematuria and proteinuria, and was treated with
prednisone. Steroid therapy was continued for two months,
but was stopped because the child developed chicken-pox.
Proteinuria and haematuria persisted and she was
admitted tphhospital again for further assessment. On
examination there were no ﬁhysical abnormalities but ﬁer |

blood pressure was raised to 150

/105mm. of mercury. A throat

swab culture grew commensal organisms only. The plasma ufeab

concentration was 27mg/100ml. and the creatinine clearance was
110ml/min/1.73m>. 24 hr. urinary protein excretion was 1.2kg.
An Addis.count of the cells present in the urine revealed

6 R.B.C.'s and 3 x 106'W.B.C.'s/24 hr. She was

34 x 10
started on treatment with methyl dopa to control her hyper-
tension, The drug made her sleepy, however, and her
hypotensive therapy was changed to a cémbinatioh of
guanethidine gnd chlorthiazide. She was discharged from
hospital but was-aga1n admitted for reassessment 15 months

110 /v Omm.

later. ﬁer blood pressure was fbund fo be normal (
of mercury) without therapy and accordingly no further
hypotensivg'drugs were given. Investigations showed a normal
blood count, a blood urea concentration of 54mg/100ml. and
a creatinine clearance of.?éml/hin/1.73m3. 24 hr. urinary
protein excretion ranged between 0.9 and 1.7g. The UA/Uc

ratio was 1,0. Microscopy of the urine revealed excess R.B.C.'s
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and W.B.C.'s. It was decided to treat her with cyclophosphamide.
A percutaneous renal biopsy was performed prior to therapy,
and microscopy showed proliferative changes and a number of
completely hyalinised glomerﬁli. Foci of tubular atrophy
were also present., Six weeks after commencement of treatment
with cyclophosphamide the urinary protein excretion had
fallen to O.lg/2% hr, Cyclophosphamide therapy was. continued
for 12 months following which a repeat percutaneous renal
biopsy was performed., Mild proliferative changes were present
and some glomeruli were sclerotic although their ﬁumber was
less in this biopsy specimen than in the previous one.

A year later, four years after her initial illness
she was again admitted for assessment of hef renal function.
Her blood pressure was 1;0/70mm. of mercury and there were ﬁo
physical abnormalities present on examination. Her blood
count was normal, the blood urea concentration was 38mg/100ml.
and the creatinine clearance was 67m1/min/1.73m3. There was
no significant proteinuria (the urinary UA/UC ratio was less
than 0.,04) and microscopy of the urine ;evealed nd excess of
red or white cells. 5She was fbllowe& up again as An out-

patient one year later and remained in good health,

Patient No. 17 (X.D.)

A fourteen-year-old boy who presented with four
month history of recurrent frank haematuria which was
accompanied by abdominal pain. In infhncy he had been
diagnosed as suffering from adrenal insufficiency due to

congenital adrenal hyperplasia, and ever since he had had
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replacement therapy with cortisone. There was no family
history of renal disease. On examination his blood pressure
was 11O/7Omm. of mercury. Investigation showed normal
bleeding and clotting times, and a normal prothrombin and
partial thromboplgstin time. The blood count was normal, the
plasma urea concentration was 26mg/100ml. and the creatinine
clearance was 110m1/¢ih/1.733. Examination of the urine
showed numerous red blood cells. The urinary UA/UC ratio was

less than 0.04., A percutaneous renal biopsy was performed and

this showed no definite histological abmormalities.,

Patient No. 18 (R.E.)

An eighteyear-old boy who presented with recurrent
painless haematuria for four months. He had also suffered
from sore throats for about a year. The first episode followed
an influenza-like illness and subsequent attacks appeared to
be related to exercise. On examination the child appeared well
and there were no physical abnormalities. The blood pressufe
was 90/60mm. of mercury., JInvestigations showed a normal blood
count and a blood urea of 32mg/100ml. The 24 hr. creatinine
clearance was 133m1/hin/1.73m3. Bleeding, clotting, prothrombin
and kaolin-cephalin times were normal. A throat swab culture
grew commensal organisms only. The serum A.S.0. titre was
between 300 ~ 400 units/ml. A serum F jc globulin level was
reported as 116% of a normal control serum. Urinalysis showed
nolprcteinuria and repeated u;inary UA/UC ratios ranged hetween
0.033 and 0.057. Microscopy of the urine showed more than
500 R.B.C.'s/cu.mm. A percutaneous renal biopsy was performed

and microscopy on s revealed no histological abnormalities.
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Patient No. 19 (W.Wa)

An eleven-year-old boy who presented after an. episode
of frank haematuria, There was no family history of renal
disease. On examination there were no physical abnormalities.

The blood pressure was‘loo

/80mm. of mercury. Investigations
showed a normal blood.coth.'NBacteriological cglture'of a
throat swab tailed to iaolate.aqy pathogenic organisms and

a serum A.S,0. titre was less than 200 unitsfml.Urinalysis
revealed proteinuria and numerous red blood cells." He was
treated with penicillin V. Two further episodes of haematuria '
and proteinuria occurred during the next year, the second
followed an upper respiratory tract infection. He was

admitted to hospital again. He was physically well, and his

blood pressure was 110

/60mm, of mercury. The blood urea
concentration was 32mg/100ml. and the creatinine clearance was
175m1/hin/1.73m2. The A.S.0. titre was 400 units/ml. |
Radiological examination of the chest was normal, and an
intravenous urogram showed the kidneys to be of normal size

and to excrete contrast medium normally. A bloo& count was
normal, and bleeding, clotfing, profﬁrombin and partial
thromboplastin times were all normal. The serum € 1c

globulin level wﬁs normal. Urinalysis revealed slight
proteinuria and red blood cells present. The UA/UC ratio was
0.24. A percutaneous renél biopsy was performed and microscopy
revealed a mild proliferative glomerulonephritis. Occasional
partially sclerosed glomeruli were seen. Treatment with
cyclophosphamide (120mg/day) was commenced, but after two months

therapy he developed a sterile cystitis, and immunosuppressive

therapy was stopped.
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Patient No. 20 (A.B.)

An eleven-year-old girl who presented with a two
month history of intermittent frank haematuria. The attacks
lasted for periods of two to ten days at a time, and haematuria
was associated with the passage of blood-clots. There was mild
abdominal pain during the attacks, but there were no other
symptoms. No abnormalities were detected on physical

examination and her blood pressure was 150

/50mm, of mercury.
Investigations showed a normal blood count and normal bleeding,
clotting, prothrombin and kaolin-cephalin times. The plasma
urea concentration waé 23mg/100ml, and the endogenous
creatinine clearance was 131m1/min/1.73m3. Bacteriological
culturg of a throaf swab failed to grow any pathogenic
organisms, and the serum A.S.0., titre was less than 200 units/ml.
Urinalysis on several occasions showed no proteinuria and no
cells were seen on microscopy. Radiological examination of the
chest was normal, and no abnormalities were demonstrated in

an “jutravenous pyelogram or in a cystourethragram. 1In view

of tﬁe lack of positive findings nothing further was done.
However, fifteen months later she was readmitted to hospital
since three episodes of frank haematuria had occurred in the

intervening period., On examination there were again no
110

physical abnormalities, and her blood pressure was /50mm.
of mercury. Several urinalyses showed no proteinuria and the
urinary UA/UC ratio was 0.02, No cells wore seen on
microscopy of the urine. A tubéréulin skin test was negative.

During this admission a percutaneous renal biopsy was performed

and this showed no histological abnormalities.
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Patient No. 21 (X.McD)

A five~year-old boy with a seven month history of
recurrent haematuria. No precipitating factors were evident,
and the child was otherwise well. On examination there were '
no physical abnormalities. His blood pressufe was 85/55mm.
of mercury. Investigations revealed a normal blood count and
a normal_bleedins. clotting, prothrombin and kaolinecephalin
times. Bacteriological culture of a throat swab grew commensal
organisms only. The serum A.5.0, titre was less than 200
units/ml. The plasma urea concentration was 29mg/100ml, and
the endogenous creatinine'cleafance was 265m1/min/1.73m3.
Radiological examination of the chest was normal and no
abnormalities were dlemonstrated in an intravenoqs pyelogram.
Cystoscopy revealed no abnormalities of the bladder or urethra.
Routine urinalysis showed no proteinuria and 250 R.B.C.'s
were seen on micrﬁscOpy of the urine. The urinary UA/UC _
ratio waé 0.086. A‘percﬁtaneous renal ﬁiopsy was performed
and no histological abnormélities were seen on microscopic
examination of the specimen. During a follow-up period of
two years the child remained fit and well with no evidence
of renal functional impairment, but he continued to have

occasional episodes of painless haematuria.

Patient No. 22 (A.R.)

A six-year-old boy who presented with a two year
history of repeated attacks of frank haematuria. At the age
of two years he had developed a leftesided heiparesis; no

cause for this could be found. The child had been previously
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investigated for haematuria some eighteen months previously.
At that time microscopy of the urine showed more than 1,000
R.B.C.'s per ml. and less than 1 W.B.C. per ml. A 24 hr.
urinary protein excrétién was 0,039, The plasma urea was
19mg/100ml, The blood count was‘normal, and bleeding, clotting,
prothrombin and partial tﬁromboplastin times were hormal.
Bacteriological culture 6f a throat swab grew commensal
organisms only, éﬁd‘the serum A.S.0, titre was less‘than

50 units/ml. Radiological examinatiqn of the chest showed no
evidence of pﬁimopary diseasé and an'iﬁﬁfavenous pyelogram |
was norm#l. Cystoscopy revealed no abnormalities of thé
bladder or uretﬁra.‘ Since that time he continued to havé
episodes of haematuria. Thiszbeqame part;cularly hequ and

a few‘days before admission he developed colicky rightféided
abdominal pain and.renal tenderness. An intraveqous pyglogram
showed evidence of acute obstruction to the fight kidney and

a diagnosis_éf‘clot colic was made. Thé blood pressure was

normal (120

/70).and microscopy of the urine showed more than
1,000 R.B.C.'s/cu.mm. The urinary CA/UC ratio was 0.17. A
percutaneous renal biopsy was performed and thiswshowed no
definite histological abnormalities., The renal colic settled
in hospital, and both repeat intravenous pyelogram and a right
retrograde pyelogram were nofmal.

IS

Patient No. 23 (A.B.)

A five-year-old boy who presented with a history of
painless haematuria for two months., Haematuria was first

noticed following an attack of tonsillitis and had been
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intermitt;ntly present since; it appeared to be precipiﬁéted
by exercise. There were no other symptoms and on examination
the child appeared fit and well, His blood pressure was
110/70mm. of mercury, and investigation revealed a normal

blood count and a plasma urea of 27mg/100ml, Bleeding, clotting,
prothrombin and kaolin-cephalin timéq were all mormal. A
serum A.5.0. titre was less than 200 units/ml. Urinalysis
revaaled no proteinuria on a number of occasions and

microscopy showed numerous red bloodiéeils to be present. An

‘ intravenous pyelpgraﬁ was normal and cystoscopy showed no
abnormalities of the bladder or urethra; A percutaneous renal
biopsy revealea no histological abnormalities. He wﬁs

discharged and followed in the out-patients department. One

year later there had been no further episodes of haematuria.

Patient No. 24 (K.W.)

An eleven-year-old boy with. a two-and-a-half year
history of intermittént frank haematuria, occurring about
every three weeks and lasting for one or two days. He was
well in other respegts and there did not appear to be any
predisposing factoré. There was family history of renal disease.
On examination he appeared fit, and no physical abnormalities

were found., His blood pressure was 120/8Dmm. of mercury.

7
Investigations showed a normal blood count and normal bleeding,
clotting, prothrombin and kaolin-cephalin times, The plasma
urea concentration was 27mg/100ml. A serum A.S.0. titre was

less than 50 units/ml. Urinalysis showed no proteinuria but

microscopy revealed 50 R.B.C.'s. Radiological examinatinn
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showed no abnormalities in the chest. An intravenous
pyelogram showed both.kidneys to be of normal size and
excretion of contrast medium was normal. Cystoscopy revealed
no abnormalities of the bladder or urethra. A percutaneous

renal biopsy was performed and no histological abnormalities

were seen on microscopy.
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Children with Nephritis following
Anaphylactoid Purpura
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Patient No. 25 (D.T.)

A six-yéar-old boy who presented with an attack of
anaphylactoid purpura characterised by fever, pain and swelling
of both hands, and a purpuric skih rash over the legs and
buttocks. He was given a short course of treatment with
prednisolone but on examination of his urine he was noticed
to have proteinuria and microscopic haematuria, He was
admitted to hospital three months after his initial illness.
On examifiation his blood pressure was l1*5/9'5mm. of mercury, .
but no other ébnormal physical signs were noted. Investigation
revealed a normal blood count and a creatinine clearance of
172ml/min/l.73m3. Bacteriological culture of a throat swab
grew no pafhogenic prgéﬁiamﬁ.‘ Thévseruﬁ cholesterol
concentrétion was 218mg/100ml., Examination of the urine
showed microscopic haematuria (up to 300 red blood cells per
100ml) and proteinuria (150mg protein/i00ml). The albumin
clearance ranged between 0.1 and 0.04ml/min. A percutaneous
renal biopsy was performed and microscopy of the specimen
showed a diffuse proliferative glomerulonephritis, Treatment
with cyclophosphamide was given for eighteen months. After
about eight weeks treatmenf the albumin clearance had fallen
to 0.004ml/min, Eighteen months later at the end of the
coﬁrse of therapy the child was again investigated. His
.blood pressure was 110/70mm. of mercury, and the creatinine
clearance wasﬂli&ml/hiq/l.?Bm?.. Routine urinalysis showed no
protein and ﬁo cells. present. The albumin clearance was
measured as lasshthag 0.0002m1/min, A second percutaneous
renal biopsy was pérfbrﬁed. Despite the absence of urinary
abnormalities microscopy revealed slight diffuse proliferative

changes in the glomeruli.
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Patient No. 26 (K.D.)

A fburteen~ygar-old boy who presented with colicky
abdominal pain, haematuria and a purpuric skin rash following
a sore throat. The haematuria lasted for fi§e days and then
ceased spontaneously. Subsequently his urine was examined and
fbund torcontain protein but no cells. A serum A.S.0. titre
was found to be BQO unité/hl. Further urine testing showed
the proteinuria to be persisting and ﬁe was gd@itted_tq
hospital three months after the onset of his iliness. On

examination his blood pressure was 130

/60mm, of mercury._‘:‘
Bacteriological culture of a throat swab isolatéd églhaemolytic
streptococci quLancefield group A. Examinaiion of uriné‘
revealed proteinﬁria](259mg_pro§ein/100m1) and microscopy
showed 125 red blood cells pér cu.mm. A 2% hr. urinary
albumin excretion was 610mg. Jnifferential urinary protein
clearances revealed an unselective pattern. Endogeneous
creatinine clearances ranged between 78ml. and 89m1/hin/1.73m3;
He was treated with paniciilin. _A.percﬁtaneous renal biopsy
was performed, and microscopy of the specimen éhowed a

diffuse proliferative giomerulonephritis. Some glomerular
tufts showed capsular adhesions, and others exhibit;d
"fibrinoid" necrosis. There were scattered foci of
intefstitial chronic inflammation and tubular gtrophy.

Over the next fifteen months he remained nérmotensive
with oniy a‘fraqe of proteinuria (the.UA/Uc_ratio_ranged
between 0.26 and 0.096). bﬂowevqr, estimafioas of his
.glomerular filtrafioﬁ rate u;ing_Si Cr. E.D.T.A. showed a

progressive fall. Vglues taken at_inter&als were 119, falling
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to 90, then 82 and finally 66m1/hin/1.73m2. Because of the
deterioration in renal function he wag admitted to hospital
again for a repeat renal biopsy. The histological changes
in this second specimen showed considerably greater damage
in the glomeruli, the majority of which were partially or
completely hyalinised. Tubular atrophy and interstitial
fibrosis were extensive and many blood vessels showed medial

thickening.

Patient No. 27 (M.H.)

A nine~year-old girl who-presented with an attack
of anaphylactoid purpufa character;sed by a purpuric rash on
her legs and buttocks,lswelling of her ahkles,and“ﬁanqs, and
joint pains. Over the next seven months frank haematuria
occurred on three occasions and she was therefore admitted to
hospital for investigation. No abnormalit;es'wefe“detgcted
on physical examination. The blood urea was 28mg/100ml. and
the creatinine clearance was 130m1/hin/1.73m3. Microscopic
examination of the urine showed no cells present;‘ A 24 hr.
urinary albumin excretion was O.lkkg.

. A percutaneous'renal biopsy was performed, an&
histological examihation of the blopsy speéimen showed very
mild.pfbliferatiie'changes in some glomerular tufts. In one
glomerulus there was a capsular adhesion with some proliferation
of the adjacent capsular epitheliél cells. She was treated
with cyclophosphamide and penicillin, After one years therapy
she was physically well and:normotensive {her blood pressure

. was 100/70mm. of mercury). The creatinine clearance was
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144m1/min/1.73m2. The urinary albumin excretion was
0.17g/24 hr. A éecond renal biopsy wgs'perfbrﬁed and this
showed essentially simiiar changes to those previously seen
in the first renal biopsy. When last seen six months later
she rémained well and was normotensive., Examination of the

urine revealed no proteinuria or haematuria.

Patient No. 28 (P.B.)

A boy who first presented with. .an attack of -
anaphylactoid purpura characterised by colicky abdominal
paip. meleana, haematuria and a purpuric skin rash, at the
age of five years. He was treated with prednisolone. One
year later he was admitted to hospital with a second similar
attack characterised by fevef. abdominal pain, haeméthria and
& skin rash, Urinalysis revealed numerous red blood cells
and some proteinuria. There was transient azotaemia, the
blood urea rising from 39mg/100ml. to 104mg/100ml. before
falling again to 30mg/100ml. A percutaneous renal biopsy
was performed and microscopic examination of the biopsy
specimen revealed slight proliferative changes in the glomeruli,
No treatment apart from penicillin was given.

Eight months later the child again suffered an attack
of abdominal pain and haematuria, unassociated on this
occasion with a skin rash, He was admitted to hospital
following the attack. On admission his blood pressure was
80/50mm. of mercury. Examination of the urine revealed slight
proteinuria (40mg/100ml) but microscopy failed to demomstrate

any red blood cells. No treatment was given. When he was seen
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again six months later he was physically well and
normotensive. Urinalysis revealed no proteinuria or

haematuria,

Patient No, 29 .(SDMOC)

A six-year-old girl who presented with a sore throat,
fever and muscu;ar weakness ofkher left leg. One week later
she again becgme pyfexial; she developed abdominal pain and
vomiting associated with a generalised purpuric rash over
her legs, trunk and arms. A ﬁiagnosis of anaphylactoid purpura
was made. Over the next few days her left elbow became
swollen and painful. She vomited blood at times and. was noted
to have oedema of the ankles and vulva. She eventually became
oliguric. Examination of urine revealed heavy proteinuria
(71000mg /100m1 ) but no cells were seen on microscopy. The
total serum protein concentration was 3.95g/100ml. with a
serum aibumin concentration of 1.8g/100ml. The blood urea
congentration was 88mg/100ml. Examination of the blood for
L.E. cells was negative. ‘?reatment with prednisolomne
(10mg/day) was started and her symptoms gradually disappeared,
so that it was decided to s{op the'steroid tﬁerapy. However, '
a fresh crop of purpura developed and steroids were
recommenced. At this stage haematuria developed. She was
admitted again to hospital five months after the onset of her
illness. On examination she was noted to have "mooning" of the
face as a result of steroid therapy and a macular rash was

130/9Omm. of

present on her legs. Her blood pressure was
mercury. The blood urea was 22mg/100ml. and examination of the
urine showed heavy proteinuria with numerous red blood cells

and occasional white blood cells present. An intravenous
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pyelogram showed both kidneys to be enlarged; excretion of
contrast medium was normal. The prednisolone therapy was
stopped but following this the child became febriie and began
to' vomit., She became dehydrated and required teatment with
intravenous fluids., Oliguria again developed #nd she.became
drowsy. The blood urea‘goncentration rose to lélmgllooml.
Her condition subsequently improved and two weeks 1ater‘her '
blood urea was normal.‘ At this timp, six mbnths gfter the
initial onset of her ;ymptoms, a Pgrcutaneous renal biopsy
was performed. Histological éxamination revealed severe
¢hanges. There was a diffuse prolifergtive glomerulonephritis.
Many gloﬁeruli‘were partially‘or wholly sclerotic and in
qthers there were eapsular adheéioﬁs, often with ﬁrolifegétion
of the adjacent epithelial cells liﬁingBowman's_capsﬁle.
There were areas of tubuiar‘atrOphy and foci of 1nte£stitial
chronic inflammation. '

The child's conditiﬁn cpntinued'to improve‘and she
was discharged. One ﬁqnth‘}ater her blqod urea wvas n@ﬁéd to
be 30mg/l00ml., and the creatinine clearance was 89m1/hin/i.73m3.
Subéeqnently her ﬁriﬁewwas noted to be free from proteinuria
and no cg;is were seen on micro?copy. She has-had regulary.
urinalyses all of which were clear. Wﬁen 1ast‘seeﬁ at the
age of "sixteen years, ten years afte; her initial illness she

was symptom free and her blqod pressure was normal.

Patient No. 30 (T.T.)

A seven-year-old girl who presented with painful

swelling of both ankles and knees two days after the onset
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of a sore throat. Four days later shevdeveloped a purpuric
rash which first appeared on her buttocks and then spread

to her legs and hands. She then complained of abdominal pain
and was noted to pass blood per rectum. About a week later
she developed frank haematuria which persisted for three
weeks, Treatment with prednisolone was started and she was
discharged from hospital. However, she graduaily developed
facial oedema, and two months later she was again admitted to
hospital. Inveétigations revealed heavy proteinuria (4g.
protein excreted in 24 hr.) and microséopic haematuria was
fpund on microscopy. The differential protein clearances-
showed a non-selective pattern. The blood urea was 58mg/100ml.
and the creatinine clearance was 62m;/hin/1.73m3. The total
serum proteih concentration was 5.237100m1. and the serum
cholesterol concentration was 400g/100m1, A serum A,.S.O.

titre was 400 units/ml, Her dose of prednisoloné was increased
to 60mg/day, but her proteinuria and microscopic haematuria
'persisted. She was also noted to be hypertensive, the blood
pressure had been measured as 150/110mm. of mercury. At this
stage a remnal biopsy was performed. Microscopy showed a
diffuse proliferative glomerulonephritis. The majority of
glomeruli were partially or wholly sclerotic, many showing
capsular adhegiona with proliferation of the adjacent capsular
epithelial cells. Areas of tubular atrophy and interstitial
fibrosis were also present. Her treatment was changed to a
combination of azathioprine and a small dose of steroids, and
this regime was continued for a total of fifteen months. After

130/80mm. of mercury.

twelve months therapy blood pressure was
The blood urea concentration was 28mg/100ml. Proteinuria was

still present, the 24 hr. protein excretion being measured as



0.57%. A second renal biopsy was performed and the changes
present on microscopy were essentially similar to those in

the previous specimen.

Patient No. 31 (S.GO)

' A six-year-old boy who presented with an attack of
anaphylactoid purpura characterised by pains in the back and
abdomen, a geﬁeralised petechial rash and swelling of the right
ankle., Two weeks previously the child had had a sore thfoat.
On examination he was normﬁtensivg and there were no ébnormal
physical signs. Examination of the urine revealéd no
abnormality.' He was treated with penici;lin and dischargéd
from hospital. Five weeks later he developéd oedema of the

hands, face and acrotum and was found to have ascites. ‘The
130 ' |

blood pressure was /70mm. of mercury, and urinalysis
revealed gross'proteinuria and mictoscopic haématuria. He was
again admitted to hospital. Investigationa showed a blood
urea concéntration of 14mg/100&1. and a creatinipe clearance
of 154m1/hin/1.73m3. The serum cholesterol coﬁcentration was
250mg/100ml,, and the total serum protein cnncentratioh was
5.5g/100ml. with a serum albumin 'concentration of 2.2g/100ml.
An Addis count showed 69 x 106 red blood cells and 9 x 196,
white blood cells excreted in the urine in 24 hi; There was
heavy proteinuria with 24 hr. protein excretion of 5.9g.
Differential urinary.prote*n clearances revealed only,g
moderately selective pattern. A percutaneous renal was |

performed and histological examination of specimen obtained

showed a diffuse proliferative glomerulonephititis. He was



121

treated with cyclophosphamide and small doses of steroids.
This therapy was continued for a total of fifteen months.
although the treatment was temporarily discontinued at one
point when the child developed measles. After twelve months
treatment he was gggin admitted to hospital for assessment.

110/70mm. of mercury. Examination of

His blood pressure was
the urine showed no significant proteinuria although microscopy
revealed 240 red blood cells per cu.mm, A second renal
biopsy was performed. Histological examination showed that
there were scattered foci of tubular atrophy and a number of
completely sclerosed glomeruli. Other glomeruli however
were normal and proliferative changes wereALacking.

‘He was seen again two years later, three years after
his first illness. He was well and his urine was free of

‘protein and cellsx. He was normotensive and again he showed

no abnormality on urinalysis,

Patient No. 32 (S.Ma.)

. A seven-year-old girl who presented with a purpuric
skin rash, colicky abdominal pain and swelling of her left

120/55mm. of

ankle. On examination her blood pressure was
mercury. Examinatigh of the urine showed moderate proteinuria
(400mg/100m1) and microscopic_haematuria; Bacteriological
culture of a throat swab iso;ate@ commensal organisms only and
the serum A.S.0. titre was 50 unit®ml The blood urea
concentration was 37mg/100m1, A percutaneous reﬁal biopsy was

performed and histological examination of the biopsy specimgh

revealed a diffuse glomerﬁlonephritis. She was discharged
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from hospital and was seen again three months later. She
was physically well and normotensive. Examination of the
urine revealed only a trace of proteinuria and on microscopy

scanty red blood cells were seen.

Patient No. 33 (M.W.)

A five-year-old boy who presented with anaphylactoid
purpura characterised by colicky abdominal pain, a purpuric
skin rash and swelling of his right wrist and ankle.

_On,examination he looked ill and his face was puffy.

The blood pressure was 120

/80mm, of mercury. Examination of
the urine revealed heavy proteinuria and microscopic haematuria.
A serum A.S.0. titre was 600 units/ml.

His blood urea concentration which was 55mg/100ml. on
admission rose to 90mg/100ml. He was treated with azathioprine
and then with cyclophosphamide. His condition improved slightly
at first but then rapidly deteriorated. His heavy proteinuria
continued, he became oedematous and his serum albumin
conqentration fell to 1.9g/100ml. Recrudescence of the purpuric
skin rash and anthritis occurred and his blood urea
concentration rose steadily to 180mg/100ml. The creatinine
clearance fell from 78m1/m1n/1.73m3 to 4m1/hin/1.73m3. A
renal biopsy was performed and microscopy showed a severe
proliferative glomerulonephritis.' Many glomeruli were
hyalinised and many ¢thers showed extensive proliferation of
capsular epitheliq} cg;ls fbrqing fcapsula: crescents'. Tubular
atrophy and interstitial oedema were widespread. The.cﬁild's
condition continued to deteriorate and became hypertemnsive. He

died six months after the onset of his illness. No necropsy

was performed.
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Patient No. 34 (M.C.)

A five-year-old boy who developed anaphylactoid
purpura, characterised by colicky abdominal pain, a purpuric
skin rash and frank haematuria following an upper reapiraéory
tract infection, Subsequent urinalyses revealed persistent
proteinuria and micréscopic haematuria. Nine months after
his original illness he was admitted to hoépital for
investigation. No abnormalities were detected on physical

100/70mm.

examination, and his blood pressure was measured as.
of mercury. The blood urea was 25mg/100ml. and the creatinine
clearance 114m1/h1n/1.73m3. A blood count was normal.
Bacteriological culture of a thrqat_swab isolated commensal
organisms only. The serum A.S.0. titre was 260 units/ml.
Examination of the urine showed microscoﬁic haematuria (50
red blood cells/cu.mm.) and ﬁroteinuria. The urinary albumin
excretion was 1.2g/24% hr. and UA/UC ratio ranged between 1.8
and 2.5. A renal biopsy was performed and hiatologiqal
exgminatiqn of biopsy specimen revealed a proliferative
glomerulonephritis. Many of the glomeruli showed partial
hyalinisation of the glomerular tufts, usually ﬁifﬁ capsular
adhesions. In many instances tﬁ;re was some fb¢a1 proliferation
of the capsular epithelial cells adjacent to the adhesions.
Foci of tubular atrophy and interstitial fibrosis and chronmic
inflammation were seen. ‘

‘ Ten-months later the child was again admitted for
reassessment and the findings were very similar. The blood

urea concentration was 30mg/100m1; and the éreatinine clearance

was 174m1/hin/1.73m3. Estimation of the glomerular filtration
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rate was made using radioactive chromium-labelled E.D.T.A.
This method gave a value of 116m1/min/1.73m3. Examination of
the urine agaiﬁ revaled microscopic haematuria_(more than
200 red blood cells/cu.mm. were seen on microscoﬁY) and |
proteinuria (200mg protein/100ml). | o
Furtherlinvestigations were made eight months later.
His blood pressure at this time was 115/60mm, of mercury.
Proteinur;a (100mg protein/lOOml) and microscopic haematuria
\(more'thqn 200 red blood cells/cu.mm.) were sggain noted. The
blood urea concentration was 30mg/100ml. A repeat estimation
of the glomerular filtration rate using 51 Cr. E.D.T.A. showed
a significant drop.frdm the former level of 116ml/'min/1.73m3
to 60m1/hin/1.73m3. A second percutaneous renal biopsy was
perfprmed. Microscopy revoaie@ similar changes to those seen
in the previous biopsy. The propqrtion of sclerotic glomeruli
was increased in the second biopsy. In view of the severe
changes in the fgnal biopsy and the deterioration in renal
function it was decided to commence treatment with

cyclophosphamide.

Patient No. 35 (S.H.)

A fourteen~year-old girl who suffered several attacks
of anaphylactoid purpura over a two year period. Each attack
was characterised by abdominal pain and the development of a
purpuric rash, and was usually preceded by an upper respimtory
tract infection. During one of these attacks she developed
haematuria and was admitted to hospital. She was found to be

normotensive, and investigation revealed a blood urea of
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40mg/100ml. Examination of urine showed numerous red blood
cells ahd proteinuria (850mg/100ml). A renal biopsy-was

" attempted, but the specimen of kidney tissue obtained was
inadequate for histological assessmeht. Two years after the
initial attack she was admittgd to hospital again. She was

120/BOmm. of mercury,

physdcally well and her biood pressure was
~ Her urine contained 300mg /10011, of protein and numerous

red blood cells were seen on microscopy. Her blood urea
concentration was 26mg/100m1; A renal biopsy was perfbrmgd

and this showed proliferative glomerulonephritis with occasional
scarred glomeruli and scattered foci of tubular atrophy.
Following her discharge from hdgpital éh; was seen at three-
monthly intervals over the nexf year. On the first three
occasions only scanty red blood ceils‘were_present in the

urine and proteinuria was recor@ed%as either a "trace" or
was.absent:, However, when last seen three;ygars after the
initial illness her urine contained numerous red blood cells

and 300mg/100ml. of protein. She was physically well and her

110,
/

blood pressure was 60mm. of ﬁercury.

Patient No. 36 (S.W.)

A twelve-year-old girl who first presénted with an
attack of anaphylactoid purpura characterised by a purpuric
rash over her legs, arms, shoulders and buttocks. She was
admitted to hospital and on the day of her admission she was
noted to have proteinuria. On examination her blood pressure

120

was /80mm. of mercury. The blood count was normal and the

blood urea was 32mg/100ml. Bagteriological culture of a
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throat swab isolated commensal organisms only. Examination
of the urine showed moderate proteinuria (300mg protein/100ml),
and on microscopy of the urine numerous red blood cells were
seen. A percutaneous renal biopsy was performed. Histological
examination revealed a mild diffuse glomerulonephritis.
Occasional glomeruli showed partial hyalinisation of the
glomerular tufts aﬁd in some of these capsular adhesions were
present between the hyaliniséd areés_and Bowmant's capsule.

A short course of prednisolone was given. Five
months later the child was well and normotemsive. Urinalysis
showed no proteinuria And no cells. She was seen again on a
number of occasions over the next three years and on each

occasion her urine showed no abnormality. On her last visit

100

she was well, with a blood pressure of /75mm, . of mercury.

Her urine was free from protein or cells.

Patient No. 37 (C.W.).

A five-andea«-half year qld boy who presented with a
history of persistent haematuria and pf;teinuria following an
attack of anaphylactoid purpﬁra ninéfmonths previously. This
had been characterised by abdominal pain, a purpuric rash and
frank haematuria. He wes admitted to hospital for
investigation of his persistent proteinuria and héematuria.

On examination no physical abnormalities were found and he was
normotensive, with a blood pressure of 110/70mm. of mercury.
The blood urea concentration was 20mg/100ml. An intravenous
pyelogram showed no abmnormality, but urinalysis showed

numerous red blood cells and proteinuria (129mg/100m1) to be

present. A percutaneous renal biopsy was performed and
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histological examination showed a mild proliferative
glomerulonephritis. The child was discharged from hospital
but he continued to have episodes of frank haematuria at
about three to four month intervals. He was admitted to
hospital for reinvestigation five years later, six years
after his original illness. On examination his blood pressure
was normal (115/75mm. of mercury). Investigation showed a
normal blood count, a blood urea concentration of 31mg/100ml,
and an endogeneous creatinine clearance of 110m1/hin/1.73m3.
Bacteriological culture of a throat swab failed to grow any
pathogenic organisms, and a serum A.S.0. (antistreptolysin 0)
titre was less than 200 units/ml. The 24 hr. urinary protein
excretion was ;.23 and an Addis counf revealed 23 x 106 red
blood cells and 0.7g x 106 white blood cells. He was again
investigated in hospital five months later with essentially
similar results., He ﬁas normotensive, his urine contained
numerous red cells and a 24 hr, ﬁrotein excretion waé'2;15p.
The creatinine clearance was 200m1/hin/1.73m3. On this
occasion a second renal biopsy was performed. Higtological
examination again shpwed mild proliferative changes. In
addition some glomeruli showed partial or complete
hyalinisation of the glomerular tuft.

One year lataﬂ seven years after the onset of his
illness, the child still had significant microscopic
haematuria and proteinuria with a nérmal glomerulﬁ:lfiltration

rate and a normal blood pressﬁre. It was decided.at-this
stage to treat him with azathioprine. This therapy was

continued for a fifteen month period. At the end of twelve
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months treatment he was admitted to hospital for reinvestigation.

110/65mm. of mercury, The blood urea

His blood pressure was
was 30mg/100ml. and the creatinine clearance 109m1/min/1.73m3.
Red blood cells were present in the urine. _Radiological
examination of the abdomen showed both kidneys to be normal
in size and shape. Proteinurié persisted; the urin#ry
albumdin/creatinine ratio (UA/UC) ranged between 0.26 and 0.8.

A percutaneous renal biopsy performed at this time
showed scattered areas of tubular atrophy and occasional
partly or wholly sclerotic glomeruli. Other glomeruli
appeared normal ad pro{iferative 6hpn3es were absent. Following
therapy with azathioprine his clinical condition remained
unchanged. When last seen, ten years after his initial illness,
he was normotensive. He had continued to have occési:nal

attacks of haematuria, and 24 hr. urinary albumin excretion

was 0. 683.

Patient No. 38 (S.L.)

A child who first presented with an attack of
anaphylactoid purpura at the age pf-éight years, This was
characterised by a purpuric skin rash, abdominal pain and
swelling of her joints. Sﬁe was admitted to hospital. Her
blood pressure was meésured as 10?70mm. of mercury. The blood
urea was 30mg/100ml. iand a serum A,S5.0. titre was 684 units/ml.
No abnormalities were detected in her urine which was examined
on é number of occasioﬁs. She wﬁs discharged from hbspital,
but when her urine was again examined four months later she

was noted to have proteinuria and miéroscopic haematuria. She
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was admitted to hospital four months later; eight months

after the original illness. On examination she was found to
be hypertensive with é blood pressure of 190/120nm. of mercury.
The blood urea was 195ﬁg/100m1. and she was anaemic with a
haemoglobin of 7g/100ml. Examination of the urine showed
proteinuria (100mg protein/100ml) and on microscopy more than
200 red blood cells were seen. The urinary UA/UC ratio was
2.7. The total serum protein concentration was 6.6g/100ml

and the sérum albﬁmin was 3.4g/100ml. The serum cholesterol
concentration was 240g/100m1. An intravenous pyelogram showed
the kidneys to be of normal size and-shape, but excretion

of contrast yedium was poor, - ﬁacteriological culture of a
thrbat swab isolated no pathogenic organisms.. A serum A.S.O.
_titre was between 300 and 400 units/ml. Eétimation of the
gloherular filtration:ﬁéte,using‘radio-active‘chromium~
labelled E.D.T.A. gavé a'value of 11.2m1/h1n/1.75m2. A
percutaneoué renal biépsy was performed and microséoéy ;
're&éaled advanced chronic glomerulonephritis, Ail the_glomeruli
were wholly or partially sclerotic, some.exhibiting capsular

" adhesions. Tubuiar atrophy and interstitial'fibrésis were

o

widespread. She was treated with a low‘proteiﬁ\diet, blood

transfusion andtcyclophoaphamide (75m§/ﬂ$y) was commenced.

Patient No. 39 (J.C.)

A five=year-old girl who presented with a one year
history of recurrent haematuria following an attack of
anaphylactoid purpura. Her initial illness had been

characterised by a purpuric rash most marked on her ankles and
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legs which was associated with pain and swelling of both
ankles. On examination there were no physical abnormalities.
Her blood pressure was 110(75mm. of mercury. Investigations
revealed a normal blood count, and a blood urea concentration
of 33mg/100ml, A serum A.S.0. titre was 60 units/ml. The
urinary protein was 70mg/100ml., and microscopy of the urine
revealed numerous red blood cells. A renal biopsy was
performed, and pistological exémination showed a mild
proliferative glomerulonephfitis. One month later the child
had an attack of tonsillitis. Bacteriological culture of a
throat swab isolated é-haemclytic streptococci. Examination
of urine revealed 160mg/100ml. of protein and microscopy
showed numerous red blood cells. - One month following the -
attack tomsillectomy was performed. A serum A.S.0. titre at
_that time was 300 units/ml. The child was seen again two
years later, three years after her initial illness. She was
normotensive with a blood pressure of 110/68mm. of mercury.
Examination of the urine showed 80mg/100ml. of protein and on
microscopy a few red blo&d cells were seen. A'skin‘sensitivity
testvto old tuberculin gave a negative result.

| When the child was seen three years later, six.years
after the start of her illness both proteinuria and haematuria
had disappeared. She was clinically well and.normoténsive.
When last seeﬁ seven years after her first illness she had
remained well, Her blood pressure was ;20/85mm. of mercury
and the creatinine clearance was 241m1/hin/1.73m3, Her urine

was free both of abnormal cells gnd of protein.
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Patient No. 40 (A.S.)

A five-year-old boy who presented with severe
abdominal pain. He was submitted to laparotomy and at
operation the small intestine was fouhd to be haemorrhagic and
distended. Pbst-operativélj he passed blood per.-rectum and
developed a purpuric skin réeh.’ His blood pressure was found
to be 5 /100mm. of mercury. A diagnosis of anaphylactoid
purpura was made. Over the next eleven months he had several
more attacks'of abdominal pain and on a number of occasions
he had haematuria and blood-stained stools. He was treated
with corticosteroids. His blood pressure remained elevated
and on two occasions he became oedematoﬁs and develqped
convulsions. He was admitted to hospital where his blood

pressure was recorded as 160

/105mm. of mercury. On
investigation his blood coﬁnt was nqrmal and the blood urea
concentration was 765g /100ml. The total serum protein
concentrgtion was'5.7g/100ﬁ1.'with a serum albumin of

'3,6g 100ml, The serum cholesterol was 281mg/1b0m1.

Examination of the urine revealed numerous red blood cells and
900mg /100ml, of protein. A percutaneous renal bioﬁsy was
performed, and this revealed a-diffuse proliferative.glomerulo-
nephritis, Occasional capsular adhésidps were present dnd

some glomeruli were partiy or ﬁholly sclerotic. Areas of
tubular atrophy:and interstitial fibrosis weré seen. Following
this procedure treatment with corticosteroids, which had —
continued for three months, was stopped. Some se?en months
later the child died in remal failure. At autopsy there was

evidence of pulmonary and cerebral oedema and concentric

hypertrophy of the left ventricle. The left kidney weighed
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64g. and the right kidney 67g. The renal cortices were
narrowed and mottled. Histological exémination of the kidneys
showed a severe diffuse proliferative‘glomerulonephritis.
Some glomerular tufts showed areas of fibrinoid necrosis
(fig. 27), and in others there were capsular adhesions. Many
glomeruli showedrpartial or complete hyalinisation and
‘scattered areas of tubular atrophy:and interstitial fibrosis,
were present. Some interlobular artefies exhibited fibroe-
elastic intimal and medial hypertrophy and the wall of some

arterioles were thickened.

Patient No. 41 (A.C.)

A boy who had an attack of anaphylactoid purpura at
the age of nine yéars. This presented as severe colicky
abdominal pain associated with vomiting and haematemesis.

He also developed a purpuric rash on his legs. Over the next
year frank haematuria‘occurred on three occasions each lasting
for a few weeks. Durinf the tﬁird»épisode he was admitted

to hospital for investigation. On examination no physical
abnormalities were found and his blood pressure was noted

as llQ/GQmm. of mercury. Investigations revealed a normal
blood count and a blood ﬁrea concentration of 68mg/100m1.,
Examination of the urine showed 80mg/100m1. of protein and
numerous red blood cells present. An intravenous pyelogram
revealed both kidneys to be of normal éize and shape and to
excrete contrast medium normally.

Bacteriological culture of a throat swab failed to

grow any pathogenic organisms and a serum A.S.0. titre was



Fig.27 Case No. 40 (anaphylactoid purpura)

A glomerulus in a section of the kidney
taken at autopsy. There is a marked
proliferative glomerulonephritis with
an:! area of 'fibrinoid' necrosis.
M.S.B. x 100.
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130 units/ml. A percutaneous renal biopsy was performed and
histological examination of the biopsy specimen showed a
diffuse proliferative glomerulonephritis with areas of
chronic interstitial inflammation. Following his discharge
from hospital he remained well although he continued to have
attacks of haematuria lasting for a day or two every six
months. He was admitted to hospital again some six years
later, seven years after his initial attack, when he again
presented with frank haematuria associated with a sore throat.
On examination he was pyrexial, but there were no other

110/60mm.

abnormal physical signs. His blood pressure was
of mercury.

The blood count was normal apart from an erythrocyte
sedimentation rate (E.S.R.) of 33 min. in the first hour. The
blood urea was 38mg/100ml., and the creatinine clearance
135m1/min/1.73m3. Examination of the urine showed "+ + +"
proteinuria, with numerous red blood cells and occasionmal
white blood celis present, He was treated with penicillin
and discharged. When last gseen, eight years after his
initial illness, his urine still showed microscopié haematuria

and contained protein. He was physically well and normotensive.

Patient No 42 {(R.le G.)

A seven-year-old boy who presente& with coiicky
abdominal pain and a petechial resh most marked over the legs,
ankles and buttocks. He was admitted to hospital where his
colic continued intermittently, and on a number of occasions

he passed blood per rectum. It was also noticed that both his
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ankles became swollen. He was treated with penidllin.
Examination of his urine revealed proteinuria (200mg/100ml)
and a moderate number of red blood cells. Bacteriological
culture of a throat swab grew no pathogenic organiqms and
his serum A;S.O; titre was 70 units/hl. The blood count was
normal, Despite the fact that he still had proteinuria and
microscopic haematuria, he was in other respects perfectly
well and he was disgharged from hospital after one week.
Seven months later he was admitted to hospital again for
assessment. On examination he was normotensive (his blood
pressure was 100/70mm. of mercury) and no abnormal physical
signs were present, His blood urea concentration was
22mg/100ml. Examination of the urine showed slight
proteinuria (40mg/100ml) and on microscopy occasional red
blood cells were seen, A‘percutaneous renal biopsy was
performed and histological examination showed a mild
proliferative glomerulonephritis. It was decided to treat
the child with prednisolone. He was seen again six months
later. He was found to be free from proteinuria and no cells
were seen on microscopy of the urine. Steroid therapy was
gradually stopped. One year later he ﬁas physically well
and normotensive., No abnormalities were found on examination

of the urine. No further follow-up was made.

Patient No. 43 (P.A,)

A nine~year-old boy who first presented with
haematuﬁia and a purpuric skin rash which was associated with

pain and swelling of both knees and ankles. A diagnosis of
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anaphylactoid purpura was made. He remained well until
twelve months later when he had a second attack of haematuria
assocliated again with a purpuric skin rash, He was gi&en a
short course of prednisolone. A third episode of haematuria
occurred eighteen months later, and one month after this he
was admitted to hospital for investigation. On examination

the blood pressure was-13°

/90mm. of mercury. Inveatigation
revealed a nmormal blood count, a blood urea of 27mg/100ml,.

and a creatinine clearance of 166m1/min/1.73m3; Exémination
of the urine showed proteinuria (the 24 hr. albumin excretion
ranging between 0.2 and 0.46g) and microscopy of the urine
showed 790 red blood cells per cu.mm, T@e serum A,.S5.0. titre
was 720 units/ml. A renal biopsy ﬁas performed and microscopic
examination revealed a diffuse pfoliferative~glomerulonephritis.
Treatment with cyclophosphamide together with small doses of
steroids was given and continued altogether for fifteen months.
After twelve months of treatment he was admitted to hospitai

120 joomm. of

for reinvestigation. His blood presdufé was
mercury. His blood urea concentration was‘32mg/100m1. and
the creatinine clearance was 185m1/m1n/1.73m3. Urine
examination showed some ﬁroteingria (the albumin excretion
was 0.6g/24 hr.) and microscopy revealed more than 1,000 red
blood cells per cu.mm. A second renal biopsy was performed,
and histological examination again showed a diffuse'
glomerulonephritis. When he was last seen one year later his
clinical condition was unchanged.‘both microscopic haematuria
and slight profeinuria"persisting. He had also developed a
transient rash which was thought to be a further episode of

anaphylactoid purpura.
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Patient No. 44 (D.C.)

An eight~year~6ld girl who presented with a purpuric
rash on hef legs and buttocks three days after an attack of
acute tonsillitis. A week later she was admitted to hospitai
because‘her ankles had become swollen a#d painful, ,0n

examination her blood pressure was 100

/60mm, of mercury..
Examination of her urine revealed microscopic haematuria and
proteinuriaj her blood urea concentration was 35mg/100ml. A
diagnosis of anaphylactoid purpura was made. Two months later
she developed ankle oeaema and began}to‘gain‘weight. Oon
readmission to hqspital she was found to have heavy
proteinuria, with a urinary protein excretion of,648§/é& hr.
The total serum ﬁrotein Qoncentration was 4,1g/100ml, wifh a
serum albumin concentration of 1.9g/100ml. The serum
cholesterol was 500mg/100ml. The blood urea was 28mg/100ml.
andvthe creatinine clearance.65m1/hin/1.73m3. She was treated
with prednisolone and penicillin but one month later her
condition was unchanged. Her blood pressure was 110/60mm. of
mercury. The blood urea was 42mg/100ml. end the creatinine
clearance 66m1/hin/1.73m3. Examination qf thé urine showed
heavy proteinuria (the UA/UC ratio was 7;2) and microscopic
haematuria. Baéteriological culture of a throat swab failed
to grow pathogenic oréanisms, and a serum A.S.0. titre was less
than 200 units/ml. Treatment with prednisolone was continued,
but no diuresis océurred. One month later she was again
admitted to hospitél. Her bloodhpreseure was 130/9Omm. of
mercury. Investigations tevealediﬁ,blopd urea of‘28pg/100ml.

and a creatinine clearance of 57m1/hin/1.73m3. Heavy
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proteinuria was still present,. the UA/UC ratio being measured

as 8.1. A percutaneous renal biopsy was performed, and
histological exaﬁination_of biopsy specimen shovéd a diffuse
proliferative g;omerulonephritis., Treatment with cyclophosphamide
and small doses of mteroids ﬁas commenced. _After three months
treatment only a trace of proteinuria was présent’ahd no red
blood cells were seen on microscopyvof the ﬁfine. When the

child was last seen_aftér five,months thergpy yith
cyclophosphgmide, again-énly slight proteinuria was founa,

the UA/UC,ratio.bging measured a; 0.19. She»wﬁs'physically

well and normotensive.

patient No. 45 (C.S.)

_ An eight.year-old boy who presented with joint pains,
swelling of the kneeé_and é purpuric raéh bn‘his legs.
Urinalysié rgvealed'a trace of proteinuria énd red blood cells.
The rash faded, but two weeks later it recurred. Two months
later he developed frank haematuria. He was admitted to
hospital. Inveptigationq revealed a blood urea concentration
of 45mg/100ml. and a normal blood count with an E.S.R. of |
42mm. in 1 hr. A serum A.S.0. titre was 250 units/ml.
Examiﬁation of the urine again showed proteinuria and haematuria.
One month later he had a further episode of abdominal pain and
haematuria, On admission to hospital there were no abnormal
physical signs and his blood pressure was 110/70mm. of mercury.
 His blood count and bleeding, clotting, protrrombin and partial
thromboplastih times were normal, Urinalysis revealed

50mg/100ml. of protein and 200 red blood cells/cu.mm. The
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UA/UC ratio was 0.96, The creatinine clearance was
126m1/min/1.73m2. Bacteriological culture of & throat swab
isolated commensal organisms only. An intravenous pyelogram
showed both kidneys to be of normal size and to excrete
contirast madium normally. Six months later a further~epiéode,
of abdominal pain and haematuria occurred. He was normotensive,

1J‘o/GOmm_.' of mercury, Urinalysis

with a blood pressure of
again revealed traces of proteinuria and 20 red blood cells
per cu,mm, A sSerum @10_ globulin level was h°f'm_‘tl°h' E_Iis
blood urea was 21mg/100m1., and the creatinine ciearaﬁce was
121m1/’min/'1.73m2 and the 51 Cr. E.D.T.A. clearance waé” |
184m1/hin/1.73m2, A renal biopsy was performed and this

showed a mild proliferative glomerulonephritis.

Patient No. 46 (C.H.)'

A six-year-old boy who presented with abdominal pain,
a petechial skin rash,vand sarelling of the ankles, hands,
knees and elbows. Examination of the urine showed no protein
and microscopy of urine deposit showed no cells present.
Bacteriological culture of a throat swab isolated commeﬁsal
organisms only, and a serum A.S,0, titre was 50 units/ml.
Two months later he developed a scrotal haemorrhage, the
treatment of which required Surgical intervention. Post-
operatively he developed frank haematuria. He was normotensive
with a blood pressure of 110/70mm. of mercury. Examiggﬁion
of the urine at this time showed heavy proteinuria (100mg/protein/
100ml) and on microscopy of the urine deposit showed 800

red blood cells/cu.mm, His blood urea concentration was
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25mg/100ml. and the creatinine clearance was 84m1/bin/1.73m2.
An intravenous byelogram showed no abnormalities. A
percutaneous remnal biopsy was performed. Microscopical
examination revealed a mild diffuse proliferative glomerulo-

nephritis,

Patient No. [!7 (KUPO)

A six-year-old boy who presented with abdominal pain,
diarrhéea‘pain and swelling in the right ankle andla purpuriec
skin raéh over the legs, arms and buttocks., Bacteriological
culture of a throat swab isolated Gghaemolytic streptococci
of Lancefield gréup A, He was treated with prednisone
(30mg/dey). One moﬁth later he developed oedema of the
eyelids and frank haematuria. His blood pressure was 90/50mm.
of mercury. Radioloéical examination of the chest was normal.
Urinalysis revealed proteinuria and 6n microscopy numerous
red and white blood celis. The blood urea concentration was
20mg/100ml. and the creatinine clearance 47ml/min/l.73m>.

An intravenous pyelogram‘showéd both kidneys to be normal in
size and to excrete contrast medium normally. The serum A.S5.0.
titre was 200 units/ml, He was discharged from hospital but

he continued to suffer attacks of abdominal pain associated
with patches of petechial skin rash on his legs and arms.

He was investigated again ten mcnths after the onsét of his
illness. His blood pressure was 120/7Omm. of mercﬁry. The
total serum protein concentration was 4,7g/100ml. and the éerum
albumin concentration was 1.7g/100ml. The serum cholesterol
concentration was 375mg/100ml., The creatinine clearance was

34m1/hin/1.73m2. Two months later a further episode of frank
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haematuria occurred. On examination at this time the blood
pressure was 100/70mm. of mercury. The 24 hr. urinary
protein excretion was 5.6g. Microscopy of the urine deposit
revealed 100 white and more than 200 red blood cells/cu.mm,
The haemoglobin was 10.1g/100ml. with a normal white count.
Bleeding, clotting, prothrombin and partial thromboplastin
times were normal. The blood urea concentration was
31lmg/100ml, and the creatinine clearance 22m1/hin/1.73m2.

A percutaneous renal biopsy was performed. Microscopy. of
the specimen showed chronic glomerulonephritis with extensive
glomerular scarring affecting all the glomeruli present,

tubular atrophy and interstitial fibrosis.
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Children with a Steroid-sensitive
Nephrotic Syndrome
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Of the 59 renal biopsies studied from children
presenting with a hephrotic syndrome, 42 were from children
whose proteinuria disappeared within four weeks after
commencement of treatment with prednisolone in a dosage of
2mg/kg. body weight/day (i.e. they were steroid-sensitive).
These 42 children were not a random selection, since
percutaneous renal biopsy was performed on steroid-sensitive
nephrotic children only if relapse after steroid withdrawl
had occurred on three or more occasions.

The clinical findings in these children were
sufficiently uniform to make detailed consideration of their
individual histories unnecessary. All presented with an
insidious onset of oedema. 29 were boys and 13 were girls.
Their ages at their last biathday ranged between 1 and 12 yr.
(mode 2 yr.) at the onset of their symptoms. All were shown
to have heavy'proteinnria and hypoalbuminaemia., A few of these
children were shown to have microscopic haematuria, but this
was always transitory, and in none was macroscopic haematurie
demonstrated. Many of these children were referred from other
centres because of their frequent relapses after steroid
withdrawl and were consequently in remission at the time of
investigation prior to renal biopsy. For this reason,
differential urinary protein clearances were performed in only
23 of the 42 patients in this group. Estimations were made in
these 23 children of the ratios of the clearances of 1g G to
albumin (C1gG/Ch). Ratios of iess than 10% were regarded as
indicating highly selective proteinuria; values between 10 and
20% as indicating moderately selective proteinuria and values

of more than 20% as indicating poorly selective proteinuria. In
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the 23 patients investigated in this group, 12 showed highly
selective proteinuria, 11 showed moderately selective

proteinuria and none showed poorly selective proteinuria.
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Children with a Steroid-resistant
Nephrotic Syndrome
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Patient No. 90 (A.A.)

A two-year-old girl who presented with generalised
oedema and proteinuria following an upper respiratory tract
infection. She had_a sofe throat for which antibiotics were
given. Her proteinuria diminished in amount, but about three
weeks later heavy proteinuria recu;red. She was treated with
auromycin and prednisolone but her proteinuria persisted and
she became hypertensive. For this reason A.C.T.H. was
substituted for oral steroids.

Three months later she was investigated sgain. On
examination she was grossly oedematous, with ascites and
bilateral pleural effusions. The urinary protein excretion
was 2g/24 hr. and estimation of the serum albumin
concentration gave a value of less than 1g/100ml . Differential
protein clearance estimations showed a moderately selective
pattern of urinary protein excretion. Microscopy of the urine
revealed no cells present. The endogenous creatinine
clearance was 8lml/min/1.73m° and the blood urea concentration
was 60mg/100ml. The serum cholesterol concentration was
600mg/100ml, Bacteriological culture of a throat<swab
isolated commensal organisms only. Treatment with prednisolone
in a dosage of 40mg, later rising to 60mg/day, was given.
H&wever, the child's oedema increased and the blood urea rose
~to 90mg/100ml. The proteinuria continued unabated, and after
four weeks therapy the éteroid dosage was decreased, and
treatment with cyclophosphamide (3mg/kg/day) was instituted.
After three weeks on this regime, the proteinuria suddenly
decreased and the child became nuch less oedematous. Treatment
with cyclophosphamide was continued, but after three months it

became necessary to stop the drug owing to the development of
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neutropenia. The urinary albumin excretion fell from
3.0g/24 hr. to 0.7g/24 hr. during therapy. Since the amount
of proteinuria did not increase when cyclophosphamide was
stopped, no further therapy with this drug was given.

When seen agqin two years later, the child was well
and héd no proteinuria on routine testing. However, two
months later, twenty-seven months after the onset of her first
symptoms proteinuria recurred. She was admitted to hospital
again one month later, by which time she was grossly oedematous.
Investigation showed heavy proteinuria (1000mg/l00ml) and a
serum albumin concentration of 0.72g/100ml. The blobd urea
on admission was 143mg/100m1. Treatment with prednisolone
(40mg/day) and cyclophosphamide (3mg/kg/day) was given. A
diuresis occurred after 10 days thérapy. A percutaneous renal
biopsy was performed at this time. Microscopy revealed no
definite histological abnormalities. After a diuresis had
been established the dose of prednisolone was cut to iOmg/day.
Treatment with cyclophosphamide was continued for eight weeks
and then stopped. Subsequently the dose of prednisolone was
further gradually reduced and finally stopped.

When seen again fourjﬁonths after her relapse, the’
child was physicglly‘well. Her blood pressure was 110/7Quu.

of mercury, and there was no pfoteinnria.

Patient No. 91 (A.Be.)

A two-and-a-~half year old girl who presented vith oedema
of her face and ankles following an upper respiratory tract
infection. She was admitted to hospital where examination of

her urine revealed heavy proteinuria, Estimation of her serum
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protein concentration showed total serum proteins of
4.4g/100ml., and a serum albumin of 1,0g/100ml. Differential
protein clearance estimations revealed a highly selective
pattern of uiinary protein excretion., Therapy with
prednisone at a dosage of 4Omg/day was given, but after one
months treatment no diuresis had occurred., She was admitted
to hospital again. Her blood pressure was measured as
100/GOmm. of mercury. Investigations showed a normal blood
count and normal bleeding and clotting times. The total
serum protein concentration was 6,1g/100ml., and'sergm

. electrophoresis showed diminution of seruﬁ albﬁmin witp an

increase in the o , and o(z globulin fractions. Examination

1
of the urine showed pfotéinuria (more than 500mg/protein/100ml)
and on microscopy five ﬁhite blood ce;ls/bu.mm. but no red
blood cells were =een, The urinary tjA/Uc ratio was notéd

to be 6.9. The blood urea concentration was 21mg/100m1 |

and the serum cholesterol concentration 295mg(100m1.

A percutaneous renal biopsy was perfbrmea and
histological exaﬁination of the specimen revealed a mild
diffuse proliferative glomerulonephritis. Treatﬁent wiih
cyclophosphamide and small doses pf‘stefoids was givén for
eight weeks, There was an élmoﬁt immediate diminution ih
prdteinuria and a diuresis occurred, At the end of the eight

week period of treatment the urine was free from protein.

The child was physically well and normotensive.

Patient No. 92 (D.H.)

A three-and-a-half year old girl who first presented

with facial oedema and oliguria. She was admitted to hospital,
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where examination of her urine showed heavy proteinuria with
an albumin excretion of 12.0g/24 hr. Estimation of her
serum albumin concentration gave a value of 2,0g/100ml,

The serum cholesterol concentration was 380mg/100ml.
Treatment with prednisone was given and within three days
diuresis occurred and the proteinuria ceased. One month
later, however, whilst still béing treated with steroids,
her proteinuria recurred. On increasing the dose of
prednisone the proteinuria again ceased. Two months later,
again whilst still on the same dosage of prednisone a second
recurrence of proteinuria occurred following a cold. The
prednisone dosage was now increased to 60mg/day, and agaiﬁ
the proteinuria disappeared. Subsequently the steroid dosage
was gradually decreased until the child was receiving 15mg.
of prednisone on alternate days.‘ A third relapse occurred,
and the dose of prednisone was increased to 4Smg/day. A
fourth relapse then occurred and the child was readmitted to
hospital ten months after the onset of her disease. On
examination there weré marked cushingoid features as a
result of her treatment with steroids. Pretibial.pitting
oedema was present and her blood pressure was recorded as
120/GOmm. of mercury. Investigations showed a normal blood
count and a blood urea conéentration varying between 39 and
51mg/100ml. The serum cholesterol was 608mg/100ml,
Radiological examination of the chest showed no abnormalities
and an_intravenous pyelogram showed both kidneys to be of
normal size and to excrete contrast medium normally,

Differential protein clearances showed a highly selective
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pattern of urinary protein excretion. Microscopy of the
urine showed no abnormal cells. A renal biopsy was performed
and histological examination of the specimen obtained showed
no morphological abnormalities. Treatment with cyclophosphamide
and small doses of corticosteroids wvas given for eight weeks
with dramatic improvement in her proteinuria. The UA/'UC
ratip fell from 12,6 at the beginning of the treatment period
to 0.04 after two weeks., Reiapse again occufred four months
.later, with recurrence of proteinuria. The UA/UC ratio was
1.5 and ‘the creatinine clearance was 248m1/hin/1 73m3. Small
doses of-cyclophosphgmide produced a diuresis within two days
and threc¢ months later ahe remained physically we;; and

normotensive and her urine was free from protein.

Patient No. 93 (A.M.)

A twowand-a-~half year old girl who presented with
petiorbital oedema. One month later she was admitted to
hospital where urine examination revealed heavy proteinuria.
Differential protein clearances showed a highly selective
pattern of urinary protein excretion. Treatment with
prednisolone at a dose of 40mg/day was started., After seven
days a diuresis occurred and the dosage of prednisolone was
reduced tO‘IOmg/day..'A serum A,S.0., titre was 1,200 units/hl.

Over the next fifteen months proteinuria recurred on
four occasions. On the first three occasions the proteinuria
ceased on treatment with large doses of prednisolone. On the
fourth'dccasidn, however, heavy proteinuria persisted despite
therapy for six weeks with prednisélone at a dosage of

komg/day. She was admitted to hospital. On examination there
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were marked cushingoid features due to her steroid therapy.
There was facial "mooning" and a "buffalo hump!" on her back.
Dermal striae and telangectasia were present on her abdomen.
There was marked dependant pitting oedema and ascites. The

130/

blood pressure was 90mm. of mercury. Investigation
revealed a normal blood count, a blood urea concentration of
20mg/100ml and a creatinine clearance of 202m1/hin/1.73m3.
Radiological examinaiion of the chest showed»no abnormalities
and an intravenous pyelogram showed both kidneys to be of
normal size and shape and to excrete contrast medium normally.
There was osteoporosis of the spine. Examination of the urine
showed heavy proteinuria (the UA/UC ratio was 10.6) and on
microscopy five white blood cells/cu.mm. but no red blood cells
wvere seen., Differential protein clearances showed a highly
selective pattern d urinary protein excretion. The serum
albumin concentration was 1.8g/100ml. A peréutaneous renal
biopsy was performed, and microscopic examination of the
specimen showed occasional sclerosed glomeruli, but the
majority of glomeruli showed no morphological abnormalities.
Treatment with cyclophosphamide (3mg/kg ideal body weight/day)
and reduced doses of prednisolone (10mg/day) was commenced.
Initially the proteinuria decreased, the UA/UC ratio falling
from 10.6 to 1.1, After one months treatment the proteinuria
had again increased, the UA/UC ratio rising again to 11.2.

The dosage of cyclophosphamide was therefore increased to
3mg/kg actual body weight/day. The proteinuria subsequently
diminished slightly, the UA/UC ratio falling to 4.8. However,
after eight weeks of therapy with cyclophosphamide proteinuria

was still present. Cyclophosphamide therapy was therefore
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continued and the proteinuria diminished over the next month,
The ratio of the albumin clearance to the creatinine
clearance fell from a value of 0.87 to 0.004, After a
further months therapy a haembrrhégic cystitis developed,

As this was considered to be due to cyclophosphamide this
drug was stopped., No recurrence of proteinuria occurred, and
gradually over the fbilowing month the prednisolone dosage
was gradually reduced, and this drug was also stopped. After
two months without any drugs only a trace of proteinuria was

present. The child was physically well and normotensive.

Patient No. 9% (J.R.)

A twowyear-old boy who presented with a five day
history of puffiness around the eyes and oliguria, Similar
episodes had oc;urred on three previous occasions during the
preceding year. Omn examination he was oedematqua and had

ascites. His blood pressure was 140

/90mm, of mercury,

' Investigations revealed heavy proteinuria. (1,400mg protein/ 100ml)
with a low serum albu@in on gerum'elecﬁrophosis. Microscopy |
of the ﬁrine deposit reveaied no cells, The serum cholesterol
concentration was 645mg/160m1. The blood urea concentration

was 16mg/100m1; and the blood count was normal. Treatment

with prednisone (40mg/day) was given without effect, so

therapy with A.C.T.H. (20 units/day) was given, again without
effect, Over the next year the child's wgight, and the degree

" of proteinuria varied, and v#rious combinations of ster&ias

and A.C.T.H. were given., His urinary pro#ein excretiqn,.when

measured, was usually about Le/24 hr, The total serum protein
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concentration was about 5g/100ml., and electrophoresis
invariably showed a marked diminutioﬁ in the albumin fraction.
Thelserum cholesterol level remained high at about 600mg/100ml.
The child remained normotensive and the blood urea was nof
elevated. About a year after his first qdmission he again
came into hospital in adrenal crisis, After initial

treatment with intravenous hydrocortisone followed by
prednisone (12.5mg/day) his condition improved, but his heavy
proteinuria persisted. When he had recovered sﬁfficientiy,

a percutaneous renal blopsy was performéd. Microscqpic
examination showed thq great majority of fhe glomeruli to be
morphologically normal. In three'glomeruli situated near the
cortico~medullary junction, however, segmental sclerbtic
lesions in the glomerular tufts with adhesions between the
scarred areas and Bowman's capsule wefe seén._.

Steroid therapy was eveﬁtually stopped some eighteen
months after hia first admission. His proteinﬁria persisted,
although he remained in rgasonably good health and attended
school.

He was investigated agaih eight years after his
initial admission. On examination he was of short stature
(133¢cm.) with ascites and bilateral varicocoeles. The blood

100/60mm. of mercury. Investigations

pressure was recorded as
revealed a normal blood and nmormal bleeding, clotting,
prothrombin and partial thromboplastin times. The E.S.R. was
60mm. in 1 hr. The blood urea concentration was 27mg/100ml.,
and the creatinine clearance 200m1/hin/1.73m2. The serum

cholesterol concentration was 340mg/100ml. There was heavy

proteinuria, the U.A/UC ratio being 11.8. Microscopy of urine
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deposit revealed no abmnormal cells. An intravenous pyelogram
showed gross symmetrical enlargement of both kidneys.
Excretion of contrast medium was prompt, A second renal
biopsy was performed. Microscopy showed changes of rocal
glomerulosclefosis; the severity of the changes was not
significantly different from those seen in the previous biopsy
specimen. Tteatﬁgnt was again gi#en with prednisone for four
weeks. This had no effect and treatment was changed to
cyclophosphamide (80mg/day) prednisolone (2.5mg/day) and
bendrofluazide (5mg/day) with diuretics and potassium
supplements. Cyclophosphamide was given for 12 months without
effect on the degree of broteinuria; the UA/UC ratio was

13.3 at-the end of the course of therapy. Cyclphosphamide was
therefore stopped and steroids tailed off. The creatinine
clearance was noted to be 12Om1/min/l.73m2 and the child
remained normotensive., Vhen last seen ten years after his
initial illness he remained physically reasonably wellj he
was normotensive and his creatinine clearance was 141m1/hin/1.73mg
In the interim period since he was investigated previously

he was admitted to hospital with peritonitis., No localised
cause for this was found at laparotomy but Streptococcus
viridans was isolated from a blood culture, He quickly

responded to treatment with antibiotics., His proteinuria

has continued unabated.

Patient No. 95 (M-SC-)

A boy who presented at the age of two years when a
number of congenital abnormalities were noted. These

included absent patellae, dystrophic nails, flexion
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deformities of the elbows and, on radiological examination,
the presence of iliac 'horms', A diagnosis of 'nmail-patella’
syndrome qu_madeJ ~Two years later at the age of four years
he presented with a nephrotic syndrome.

Examination §f the Qrine revealed proteinuria (the
urine protein excretion ranged between 0.3g and 1.32g/2k hr.)
but microscopy revealed no red or white blood cells. The
blood count waﬁ normal and the blood urea concentration was
19mg/100ml. The creatinine clearance was 89mg/min/1.73m3.
‘The total serum protein concentration was 5.0g/100ml. and
serum electrOphoresis revealed a diminution in the albumin
fraction and an increase in the 2'globu1in fraction, A
percutaneous renal biopsy was performed and this showed no
definite histological abnormality. Treatment with prednisolone
(2mg/kg/day) was given without effect on the proteinuria,

One month later the UA/UC ratio ranged between 8.3 and 10.8,
Microscopy of the urine showed no cells present. The total
serum protein concentration was 4.3g/100ml., and the serum
cholesterol was 390mg/100ml. Following this the dosage of
corticosteroids'was reduced and cyclophosphamide (3mg/kg/day)
was given for eight weeks. At the end of this period the
child was well and normotemnsive. The proteinuria continued
unébated however (the UA/UC ratio was 10). ¥hen he was

last seen six months later he remained well, but his
proteinuria persisted, the UA/UC ratio being 5.8. A serum

(3 1c globulin level was normal.
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Patient No. 96 (M.Sa.)

A seven-year-old boy who was admitted to hospital
with a five week history of oedema of the face and ankles. On

examination his blood pressure was 130

/90mm. of mercury.

Urine examination revealed heavy proteinuria (more than
1,000mg protein/l100ml). The total serum protein concentration
was 4.3g/100ml. with a serum albumin concentration of
1.7g/100ml. The blood urea concentration was llomg/looml.
Treatment with prednisone 60mg/day was commenced but no effect
on the proteinuria was noted. The child's oedema became

13099 ana 129

worse and his blood pressure ranged between /110mm.
of mercury. Investigations at this stage showed a normal
blood count and a blood urea concentration of 100mg/100ml1,
Radiological exémination of the chest showed no abnormalities
and an intravenous pyelogram skowed slight enlargement of

both kidneys with normal excretion of contrast medium,
Bacteriological culture of a throat swab isolated no pathogenic
organisms., A serum A.S.0. titre was more than 800 units/ml.
Examination of the urine showed heavy pmteinuria (more than
1,000mg/100ml of protein was present) and microscopy showed

no abnormal cells present. :Differential protein clearances
revealed a moderately selective pattern of urinary protein
excretion., A percutaneous renal biopsy was performed.
Histological examination showed most glomeruli to be
morphologically normal. One juxtamedullary glomerulus showed
a focal sclerotic area occupying part of the glomerglaf tuft

and a capsular adhesion was present between the scarred area

and Bowman's capsule., Some lymphocytic and histiocytic
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infiltration was present around the affected glomerulus.
Elsewhere there was some interstitial oedema and focal areas
of tubular atrophy and regeneration.

Because of the elevation and his blood pressure and
the presénce of azotaemia,'treatment with steroids was tailed
off and stopped. One month later treatment was restarted with
cyclophosphamide (3mg/kg body weight/day) and small doses of
steroids., Over the next eight weeks a marked diminution in
proteinuria occurred, The urinary protein excretion fell from
2.7g/24 hr. to 0.19g/2% hr. and the albumin clearance fell
from O0.,52ml/min to 0.0046ml/min. The serum albumin
concentration rose from 0.35g/100ml to 2.8g/100ml. Cyclo=-
phosphamide therapylwas‘qontinued for a further 10 months.
At the end of this period the child was well. His blood
pressure was 140/80mm. of mercury. The creatinine clearance
was 145m1/min/1.73m3. A trace of protein only was present in
the urine. The UA/UC ratio was 0.11 and the 24 hr. urinary
albumin excretion was 0.087g. When last seen three years later
the child was physically well. The blood pressure wasv125/?0mm.

of mercury and his urine was almost: free. fromuprotein.

Patient No. 97 (A.St.)

- A twoeyear-old girl who presented with peripheral and
facial oedema which had developed gradually over a number of
days. She had been previously well, apart from pertussis some
five months previously. Investigations revealed heavy
proteinuria (the urinary protein excretion was 4,9g/24 h;.),

hypoalbuminaemia (the serum albumin concentration was
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1.2g/100ml) and hypercholestrolaemia (the serum cholesterol
concentration was 615mg/100ml), The E.S.R. was 33mm. in

1 hr, and a serum A.S.0. titre was less than 100 units/ml.
Treatment with prednisolone (40mg/day) was given a total of
19 weeks. After four weeks the oedema disaépeared, but heavy
proteinuria persisted.

She was admitted to hospital again eighteen months
after the onset of her symptoms, Her blood pressure was
110/60mm. of mercury. Heavy proteinuria (3.9g/24 hr.) was
present, Differential protein clearance studies‘showed a
pooriy selective pattern of urinary protein excretion. The
total serum protein cohcentratiqn was 5.7g/100ml, with a
serum albumen concentration of 1.5/100ml. The blood urea
concentration was 15mg/100ml, and the creatinine clearance
120m1/min/1.73m2. The serum cholesterol concentration was
645mg/100ml. Routine urinalysis showed occasional red and
white blood cells present. Radiological examination of the
chest and intravenous urography revealed no abnormalities.

A percutaneous renal biopsy was performed and histological
vexamination of the biopsy specimen showed a mild proliferative
glomerulonephritis,

Treatment with cyclophosphamide (50mg/day) and small
doses of prednisone (10mg/day) was instituted, and continued
in all for 15 months. The proteinuriadiminished in amount,
but did not entirely disappear. After 12‘months therapy the
urinary protein excretion was noted as 0.6g/24 hr. and the
urinary albumin excretion as 0.5g/24 hr. The serum albumin

concentration was 2.8g/100ml, Urinalysis revealed no abnormal
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cells. The blood urea concentration was 20mg/100ml. and the
creatinine clearance 150m1/hin/1.73m2.

After 15 months therapy the urinary albumin excretion
was 0.25g/24 hr. and the serum albumin concentration was
3.92/100ml. The serum cholesterol concentration was 275mg/100ml.
A second renal biopsy was performed and histological
examination again revealed mild proliferative changes.

When the child was last investigated oné year after
ces:sation of the cyclophosphamide therapy (i.e. 4 years 4 months
after the onset of symptoms) she was physically well and
normotensive (her blood pressure was 90/60mm. of mercury).

Only slight proteinuria was prgsénf.(tﬁe VA/UC ratio ranged
between 0.34 and 0.51). ‘The creatinine clearance was

110ml/min/1.73m>.

Patient No. 98 (G.B.)

A four-year-old boy who presented with generalised
oedema and heavy proteinuria preceded by a mild upper
respiratory tract infection. It was noted that a sibling had
recently suffered anvattack of anaphylactoid purpura with
evidence of renal involvement. Treatment with steroids,
diuretics and a high protein diet was given, but no
improvement occurred.

Three months after the onset of his symptoms he was
admitted to hospital for investigation. On examination he was

120/80mm. of mercury. His

oedematous, His blood pressure was
blood count was normal., Urinalysis revealed heavy proteinuria

(more than 1,000mg/100ml) and urine microscopy showed 67 red
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blood cells/cu.mm. present. The creatinine clearance was
112m1/min/1.73m2. A serum A.S.0. titre was measured as 800
units/ml., but a repeat of this investigation ten days later
gave a value of only 50 units/ml. Radiological examination
of the chest and an intravénous urogram were both normal.
Differential protein clearances revealed a moderately
selective pattern of ﬁrinary protein excretion. A
percutaneous renal biopsy was performeé. Microscopical
examination bf this specimen showed changes of chronic
glomerulonephritis with sclerosis of some glomerular tufts,
and areas of tubular atrophy and interstitial fibrosis.  Over
the mext six months various combinations of steroids with
cyclophosphamide and %ith azathroprine were given without any
demonstrable effect on the degree of proteinuria,

ﬁe was investigated again 12 months after the onset of

his symptoms. His blood pressure was 140

/90mm. of mercury
and urinhlyiis revealed heavy proteinuria (the UA/UC ratio

varied between 2:4 and 15:1). The creatinine clearance was

81ml/min/1.73m>,
He was admitted to hospital again 18 months later
because of increasing oedema. His blood pressure was 140/110mm.

of mercury. Urinalysis revealed heavy proteinuria (1,000mg/100ml)
and microscopy showed 96 red blood cells and 10 white blood
cells/cu.mm. The creatinine clearance was 95m1/min/1.73m2.
Control of his hypertemnsion was achieved with diuretics and

a low sodium diet. His proteinuria cohtinued unabated, and he

continued to become cedematous on occasions.
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Patient No. 99 (G.C.)

A nine-year-old boy who presented with oedema of the
face and anklés, haematuria and oliguria following a sore
throat. He was admitted to hospital where his blood pressuré

150/90mm. of mercury. Examination of his

was measured aa
urine showed it to be heavily blood-stained and heavy
proteinuria to be present, Bacteriological culture of a

throat swab failed to isolate any pathogenic organisms and a
serum A.S.0. titre was less than 200 units/ml. After

admission to hospital the oedema rapidly improved, his blood
pressure fell to 140/70mm. of mercury and his 24 hr. urine
volume rose from 700m1._to 1500ml., However, repeated

urinalysis showed persistence of his proteinuria and haematuria.
Three months later his proteinuria was noted to be of

nephrotic proportions, the UA/ﬂC ratio being measured as 8.8.
The serum albumin concentration was 1.8g/100ml. Microscopy

of the urine showed 14 white blood cells and 30 red blood
cells/cu.mm. Prédnisolone was given in a dose of 60mg/day for
one.month without effect on the proteinuria. Further
investigations showed a creatinine clearance of 115m1/hin/1.73m2.
An intravenous pyslogram showed no definite abnormalities, The
total serum protein éoncentration w;s 3.7g/100m1, A
percutaneous renal biopsy was performed. Microscopic
examination of the specimen revealed an advanced chronic
.glomerulonephritis with widespread glomerular sclerosis, tubular
atrophy and interstitial fibrosis. One month later therapy
with prednisolone was tailed off to a‘dosage of 0.2mg/kg/day.
Proteinuria persisted, the U’/UC ratio varying between 2.6

and 4.3. Microscopy of the urine revealed 290 red blood cells
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and 15 white blood cells/cu.mm., The glomerular filtration
rate measured with radioactive chromium labelled E.D.T.A. was
76.4m1/hin/1.7§m2. Treatment with azathioprine (2mg/kg/day)
and prednisolone (0.2mg/kg/day) was started. Again the
proteinuria persisted, the UA/UC ratio measured after one
months therapy was 6.4. hAfter eighf weeks treatment the U'A/IJC
ratio was 4.2. A serum (3 1c &lobulin level was noted to be
low. The creatinine clearance was 77m1/min/1.73m2, and the

51 ED.T.A. was

glomerular filtration rate measured with Cr
67.6m1/ﬁin/1.73m2. Treatment was changed to cyclophosphamide
(100mg/day) and prednisolone continued as previously. This
treatment was continued fﬁr five months after which a1l
treatment was stopped.

The child was reinvestigated eight Qonths later, two
years after the onset of his illness. On examination he was
noted to be hypertensive, his blood pressure being measured
as 160/115mm, of mercury. The blood urea was éhmgllooml, the
creatinine clearance 61m1/hin/1;73m2. Urine examination
showed pfoteinuria to be persisting although less in amount
(the UA/UC ratio ranged between 2.2 and 2;5). Mi?roscopy

of the urine revealed.5 red blood cells/cu.mm. Treatment

was confined to hypotensive therapy with methyl dopa.

-patient No. 100 (B.C.)

An eight-year-old girl who presented with facial
oedema. She was admitted to hospital for investigation. Her

blood pressure was 130/60mm. of mercury, and examination of the
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urine revealed heavy proteinuria. Microscopy of the urine
deposit showed no cells present. The erythrocyte sedimentation
rate was 65mm. in the first hour. An intravenous pyelogram
showed both kidneys to be enlarged and to excrete contrast
medium normally. A serum A.S.0. titre was 60 units/ml.
Treatment with prednisone at a dosage of 60mg/day was given
without effect on her proteinuria. Because of this lack of
.response, steroids were tailed off and stopped. Four months
after‘the onset of her disease she was admitted to hospital
again following an episode of vomiting.v Her blood pressure
was 1noted to be 150/95mm.'of mercury. Examination of the
urine showed heavy proteinuria, the 24 hr. protein excretion
ranging between 2 and 3g. The total serum protein
concentration was 4.3g}i60m1 with a serum albumin concentration
of 2.5g/100ml. The serum cholesterol concentration was
480mg/100ml. The blood urea concentration was 40mg/100ml.
Steroid therapy was again given in conjunction with a
~.high protein diet. The blood urea concentration rose to
105mé/100m1,'but after reducing'the.protein content of her
diet, the'ﬁlood urea fell to 55mg/100ml, After five weeks
steroid therapy was stopped. At this time her blood pressure
waé noted to bhe 135/70mm. of mercury, A blood count was normal
and the blood urea concentration was 46mg/100ml, The |
creatinine clearance was 72m1/hin/1.73m2. Radiological
examination of the chest revealed no abnormalities.
Bacteriological culture of a throat swab isolated no pathogenic

organisms and a serum A.S5.0. titre was less than 200 units/ml.

The 24 hr, urinary protein excretion ranged between 1.5 and
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2.9¢. and the "*/UC ratio was 5.1. Treatment with cyclo-
phosphamide (3mg/kg/day) was started. Aftgr eight weeks the
child's blood pressure was recorded as 130/?Omm. qf mercury.

The urinary albumin excretion was 3g/24 hr. and the UA/Uc

ratio was 3.9. Cyclophosphamide therapy was continuédA
altogether for fifteen months., After 12 months therapy the
child was readmitted to hospital for assessment. The blood
pressure was recorded as 134/'BOmm. of mercury. The bleood

count was normal and the blood urea concentration was 74mg/100ml.
The creatinine clearance was 52m1/min/1.73m2. Examination

of thea uriﬁe revéaled proteinuria (the UA/UC ratio ranging
between 2.8 and 7.8) and microscopy of the urine revealed
numerous red blood cells {(more than 1,000/cu.mm.) and scanty
white blood cells (5/cu.,mm.). A serum (5 1c * globulin. level
was low. After fifteen months therapy cyclophosphamide was
stopped. At this time the child's blood pressure was 140/90mm.
of mercury. The total serum protéin concentration.was 5.4g/100ml
and the serum albumin concentration was 2.9g/100ml. A 24 hr,
urinary albumin excretion was 6g. and the UAA/’U(: ratio ranged
between 3.2 and 6.1. Microscopic examination of the urine
revealed 80 red blood cells/cu.mm. The blood urea was 77mg/100m1
and the creatinine clearance was 52ml/min/1.73m®. Bacteriological
culture of a throat swab isolated haemolytic streptococei of
Lancefield group A. A percutaneous renal biopsy was performed.
Histological examination revealed severe changes suggestive

of a membranoproliferative type of glomerulonephritis. Some

glomeruli were s¢lerosed. Others were greatly enlarged. The
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glomerular tufts were lobulated and both thickening of the
walls of the tuft capillary loops and increased cellularity
were present. Areas of tubular atrophy and interstitial
firbosis were present, Following this a further eight weeks
cyclophosphamide therapy was given but again no response with
regard to her protéinuria or microscopic haematuria was noted.
Six months later she was réadmitted to hospital. She
had been vomiting and had complained of headaches. Her blood
pressure was 210!160mm, of mercury. The blood urea was
234mg/100ml and the creatinine clearance was 5ml/min/l.73m .
The total serum protein concentration was 5.5g/100ml.
Microscopy of the urine revealed 225 réd blood cells and 5
white blood ceils/cu,mm, Treatment with a low protein and
low sodium and potassium diet and with methyl dopa was given.
Three months later, two-and-a-half years after the onset of
her symptoms, she was admitted again in left ventricular failure.
Treatment with morphine and diuretics waé given. Heavy
proteinuria and microscopic haematuria were still p#egent. Her‘

blocd urea was 159mg/100ml and the creatihine clearance was
50 ml/min/1.73m>.

Patient No. 101 (C.F.)

A five-and-a-half year old boy who presented with
oedema of the face and hands. Examinatioﬁ of his urine
revealed heavy proteinuria. He was treated with prednisolone,

but this had no effect on his proteinuria.

Two months after the onset of his symptoms he was

again admitted to hospital. On examination he had ‘mooning!
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of the face as a result of steroid therapy. His blood
pressure was 110/70mm. of mercury. Investigations revealed

a normal blood count and an E.S.R. of 40mm., in the first hour.
The blood urea concentration was 25mg/100ml and the

creatinine clearance was 193m1/min/1.73m2. The total serum
protein concentration was 4.83/100m1; Examination of the
urine revealed proteinuria {(the urinary albumin excretion
ranging between 3.6 and 4.8g/24 hr.) and microscopic haematuria
(275 red blood cells/cu.mm. were present). Differential
protein clearances revealed a moderately selective urinary
protein excretion. Treatment with azathioprine and cyclo-
phosphamide were given for eight weeks., At the end of this
period his heavy proteinuria continued (the U.A/UC ratio was 8).
Treatment was continued with cyclophosphamide and prednisone.
Three months later the child's oedema had disappeared.
Treatment was céntinued for one year. At the end of this
period the child's proteinuria was still present but had
diminished in amount. The ratio of albumin clearance to the
creatinine clearance fell from a value of 2.2 at the onset of
treatment to a value of 0,075 at the end of treatmgnt. The
blood urea concentration was 20mg(100m1 and the creatinine
cleargnce 173m1/hin/1.?3ﬁ2. A percutaneous renal biopsy was
performed And this showed a mild‘proliferative glomerulonephritis,
When the child was ;&st seen, ten months later, twoe~and-a~half
years after the onset of his disease, only sligﬁt proteinuria
was presentland no red cells were seen on microscopy of the |
urine. He was physically well and his blood pressure was

12O/SOmm. of mercury.
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Patient No., 102 (C.McG.)

An eight-year-old girl who presented with a three
week history of periorbital oedema. On examination she was
normotensive. Investigations revealed heavy proteinuria and
a low serum albumin concentration. She was treated with
cyclophosphamide and prednisone without effect on her
proteinuria. She was admitted to hospital again after an

interval of three months., On examination she was grossly
110

oedematous, The b;ood pressure was /70mm. of mercury.
Examination of the urine qhowed/heavy proteinuriaQ The blood
urea concentfation was 20mg/100m;,the serum albumin
concentratiqn wvas 1.1g/100ml, An intravenous pyelogram showed
enlargement of both kidneys. Treatment with prednisolone
(60mg/day) was given for four weeks without effect. Treatment
was then changed to cyclophosphamide (150mg/day) with a

reduced amount of steroids, but again without effect. She

was reinvestigated at this time. On examination she was
cushingoid and there was marked alopecia. Oedema of legs

was present. Her blood pressure was ;15/85mm. of mercury.

Her initial blood count showed a leuc0peniﬁkqfh2,600 W.B.C./cu.mmj
howeve:;-this rose to‘6,300‘W.B.C,/bu.mm._after one week, and
sﬁbsequently remained normal. Bleeding, clotting,‘prothrombin
and partial thromboplastin times were normal., The E.S.R.

was 54mm. in 1 hr.. Bacteriological culture of a throat swab
isolated commensal organisms only aﬁd the serum A.S.0. titre
was less than 50 units/ml. The blood urea concentration was
16mg/100mi and the craatinine clearance 135m1/min/1.73m2.

The 24 hr. urinary albumin excretion was 3.6g. and the UA/Uc

ratio ranged between 10.2 and 20. Differential protein
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clearances showed a poorly selective pattern of urinary
protein. Microscopy of the urine deposit showed up to 95

red blood cells/cu.mm, and the red blood cell excretion rate
was 9,71 x 106/12 hr. The total serum protein concentration
was 3.8g/100ml and the serum albumin was 0.9g/100ml. The
serum cholesterol concentration was 519mg/100ml. A
percutaneous renal biopsy was performed, and microscopic
examination revealed changes of advanced chronic glomerulo-
nephritis. Treatment with cyclophosphamide (75mg/day),
prednisone (12.5mg/day), chlorthiazide (250mg/day),
spironolactone (50mg/day) and indomethacin (2mg/kg/day) was
started and the child was discharged. No response in her -
proteinuria was noted, and after eight weeks therapy was
changed to azathioprine (3mg/kg/day) and prednisolone
(0.5mg/kg/day). Again no effect was noted. Various other
combinations of drugs were tried, but the child's oedema

could only be controlled by ‘diuretics and sodium resﬁriction.
Two years after the onset of her illness éhe was again admitted
to hospital in congestive oardiac‘failuref On examination hef
liver was enlarged, the jugular venous pressure was raised

and there was gross ascites. Radiological examination of the
chest revealed cardiac enlargement. Investigations revealed

a haemoglobin of 9.6g/100ml and blood urea of 38mg/100ml. The
creatinine clearance was 42m1/min/l.73m2. There was heavy
proteinuria, the UA/UC ratio was 9.7. Microscopy of the urine
deposit revealed 25 R.B.C.'s/cu.mm, She was treated with
sodium and fluid restriction and a high protein diet. Her
prednisolone therapy was tailed off and a diuresis occurred.

She was seen again two months later when for the first
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time her diastolic blood pressure was noted to be raised to
90mm. of mercury. Increasing oedema was noted énd an episode
of frank haematuria occurred., The bleeding, clotting,
prothrombin and partial thromboplastin times were all normal,
but her haemoglobin was noticed to have fallen to 8.0g/100ml.
The blood urea was 76mg/100ml and the creatinine clearance

was 16ml/min/1.73m2. Proteinuria was heavy (the U-‘A‘/Ut': ratio
was 8.1) and differential protein clearances showed a very |
non-selective pattern. Five months later she was again
admitted to hospital because of a rising.blood,urea concentration
(27mg/100m1l) and a falling haemoglobin level (%.7g/100ml). '
Her blood pressure was 150/110mm. of mercury. She was treated
with blood transfusions and methyl dopa. Two months later,
two and a half years after the onset of her illness, she died.

No necropsy was performed.

Patient No. 103 (D.P.)

A six year old boy who presented with facial oedema
and proteinuria following an upper respiratory tract infection.
Bacteriological culture of a throat swab isolated Eg-haemolytic
streptococci of Lanéefield group A. A diaghosis of acute
glomerulonephritib was made and treatment witﬁ penicillin was
given. However, the child's proteihuria increased and
generalised oedema developed. Treatment with prednisolone
(initially 40mg/day, later 20mg/day) was given, but the
proteinuria persisted. During the nqxt eighteen months the
child's oedema fluctuated in severity, and for most of the
time he received steroid therapy. At the end of this time he

was again admitted to hospital for assessment. On examination
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he was cushingoid with gross oedema, ascites and bilateral

140 /) 00mm. of

rleural effusions. His blood pressure was
mercury. Investigations revealed a normal blood count. The
blood urea concentration was 23mg/100ml and the creatinine
clearance was 171m1/min/1.73m?. Bacteriological culture of
a throat swab isolated commensal organisms only, but the serum
A.S.0. titre was more than 800 units/ml. Microscopy of the
urine deposit showed no cells present on a number of occasions.
The serum cholesterol concentration was 5783/100mi and the
serum albumin concentration was 0.67g/100ml. Proteinuria was
heavy, tﬁe 24 hr. urinary albumin excretion was 1l.2g and the
UA/UC ratio ranged between 2.9 and 5. Treatment with
prednisone (40mg/day) was given for four weeks but the
proteinuri# continued unabated. Treatment waSChanged to
cyclophosphamide (60mg/day) and the dosage of steroids was
reduced. A marked clinical imérovement occurred. The
proteinuria decreased (the UA/UC ratio fell to 0.88) and the
serum albumin level increased (to 5g/100ml). Cyclophosphamide
| was continued for the next 21 months. After one year's
‘treatmeﬁt only a trace of pwteinuria was present (the urinary
albumin excretion was 0.07g/24 hr) and the total serum protein
concentration was 7.2g/100ml. The sarum cholesterol
concentration was 208mg/100ml. The blood urea was 37mg)100m1
and the creatinine clearance was:tﬂ)ml/hin/l.?sz. A
percutaneous renal biopsy wasvperfbrmeq. Microscopic
examination showed that the majority of the glomeruli were
histologically normal. Four glomeruli in the region of the
cortico~medullary junction were abnormal. Three were wholly

sclerotic and the fourth showed areas of segmental sclerosis

of the glomerular tuft,
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Nine months later the child was again admitted to
hospital for investigation of persistent frank haematuria
which had first occurred six months previously following a fall.
Investigations showed only slight proteinuria (UA/UC ratio of
0.48) but microscopy of the urine deposit showed more than
200 red bloqd cells. Renal function was in other respects
unimpaired. The créatinine clearance was 157ml /hin/1.73m2.
Cyclophosphamide was withdrawn at this stage in case this drug
was producing a cystitis. Cytoscopy revealed injection of the
bladder mucosa. 4

Following withdrawal oflcyclopﬁoSphamide haematuria
persisted. At his last visit twé months later, there was no
change in renal function, and the child was nnrm@tggﬁyﬁg, with

a blood pressure of 1&0/70mm. of mercury. The UA/Uc ratio

was 0,54 and the ratio of the albumin clearance to thev
creatinine clearance was 0,006. A repeat cystoscopy showed

haemorrhagic telangectatic patches in the bladder mucosa.

Patient No. 104 (D.S.)

A nineteen month old boy who presented with oedema and
frank haematuria. Examin;tion of the urine révealed heavy
proteinuria with numerous red blood cells present, Other
investigations revealed a blood urea of 38mg/100ml and a total
serum protein concentration'of 4,5¢/100ml, with a serum
" albumin concentratioﬁ of 1.6g/100ml, Treatment witﬁ prednisone
(4Omg/day) was given. After six weeks therapy no effect on
the proteinuria was noted and the dos#ge of steroids was

reduced. He was admitted to hospital again. On examination
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"mooning" of his face was noted. His blood pressure was
90/70mm. of mercury. Investigations showed a normal blood urea
concentration of 36mg/100ml and a creatinine clearance of
234m1/hin/1.73m2. Bacteriological culture of a throat swab
failed to isclate any pathoggnic organisms, and the serum A.SuO.‘.
titre was 50 units/ml, The total serum protein concentration
was 4.2g/100ml. Serum elecferhoresis showed a decrease in-
the albumin fraction and a marked increase in the x5 globulin
fraction. The Serum cholesterol concentration was 359mg/100m1.
Bleeding and clotting times were normal. Proteinuria was
heavy, with a urinary albumin excretioﬁ of 4.3g/24 hr,, the
gA/UC ratio ranging between 13.1 and 28.9. Differential
protein clearance studies showed a non-selective pattern'd
urinary protein excretion. Microscopy of the urine revealed
more than 1,000 red blood cells and 5 white cells/cu.mm. An
intravenous.pyelogram showed both kidneys to be enlarged;
excretion of contrast medium was normal. A percutaneous renal
biopsy was performed. Histological examination shoﬁed a mild
diffuse proliferative glomerulonephritis. Treatment with
cyclophosphamide (BmQ/kg/day) was given for eight weeks
without effect on the proteinuria. Fclléwing this azathioprine
(2mg/kg/day) was also given for an eight week period, again
without noticable effect. However, over the next few weeks the
proteinuria gradually diminished and disappeared aponténeously

and when last seen the child was free from urinary abnormalities.

Patient No.105 (P.J.)

A twelve year old boy who presented with haematuria and
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oedema §f the ankles and eyelids, which developed one week
after a sore throat. He was admitted to hospital where his
blood pressure was recorded as 15985mm. of mercury. Examination
of the urine revealed heavy proteinuria and numerous red blood
cells present. The total serum protein concentration was
4,2¢/100m1 and the serum albumin concentratimn was 2.33/100mi.
The blood urea concentration was 90mg/100ml. The serum A.S.O.
titre was less than 200 units/ml. Tréatment with prednisolone
at a dosage of 60mg/day later rising to 80mg/day was given for
six weeks, without effect on the proteinuria. At the end of
this time the child was readmitted to hospital. On examination
he was oedematous and exhibited facial "mooning'"., Both amites
and bilateral pieural effusions'were present. His blood

;&0/90mm. of mercury. Investigations

pressure was recorded as
showed a blood urea concentration of 43mg/l100ml and a
creatinine clearance of 1?1m1/hin/1.73m2. The blood count

was normal. Bleeding and clotting studies showed no
abnormalities. An intravenous pyelogram showed both kidneys
to be enlarged; excretion of contrast medium was normal. The
total serum protein concentrat;on was 4.2g/100m1 and thea serum
albumin concentration was 1.9g/100ml. A sérum €>1C complement
level was low. ‘Examination of the urine showed heavy
proteinuria and microscopic haematuria, Estimation of tﬁe

glomerular filtration rate using Cr51

'E.D.T.A. gave a value

of 146m1/min/1.73m2. A percutaneous renal biopsy was ﬁerformed._
Histological examination of the specimen showed_a membranow
proliferative glomerulonephritis. Treatment with cyclophos-

phamide (3mg/kg/day) and prednisolone (1Omg/day) was given for
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eight weeks. At the end of this period no effect on the
proteinuria was noted, the UA/U'c ratio being 4.4. Yt was
decided to continﬁe cyclophosphamide for one year. When
last seen after two months therapy there was no chaﬁge in his

condition.

Patient No. 106 (A.Ba.)

A six-and-a~half year old boy who presented with
oedema of the legs and aécites. On examination his blood

pressure was recorded as 120

/50mm. of mercury. Investigations
revealed a nprmal blood count, a blood urea concentration of
25mg/100ml, and a creatinine clearance‘ﬁf 149m1/hin/1.73m2.

An intravenous pyelogram sh&wed both kidneys to be of normal
size and to excrete contrast medium normélly. Bacteriological
culture of a throat swab failed to isolate any pathogenic
organishi, and an A.S,0. titre was 50 units/ml. A serum
cholesterocl concentratinn was 425mg/10bm1. The serum f%lc
globuiin:; level was normél. Examination of the urine showed
heayy pfnteinuria with a urinary protein excretion of
3.64g/24 hr. ané a UA/UC ratio of 5.9. Differential protein
clearances showed a moderafely‘selective pattern of urinary
protein excretion. Microscopy of the urine revealed 200 red’ -
blocd cells and 10 white blood cells/cu.mm., The total serum
protein qpncenfration was 4.2g/100ml with‘é serun albuzin
conéentrafion of 1.2g/100ml. Treatment with prednisolone
(QOmg/ﬂay) wags given fbr six weeks without effect on his |
proteinuria. Because‘of thevlack of response, steroid therapy

was tailed off at the end of this period., Investigations at
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this time showed a creatinine clearance of 169m1/'min/1.73m2
and a normal serum €31C lepbuliﬁ. concentration. Examination
of the urine revealed heavy proteinuria and microscopic
haematuria. A percutaneous renal biopsy was performed.
Histological examination revealed a moderate diffuse

proliferative glomerulonephritis,
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SECTION 3
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RESULTS

Introduction

This section is preaented‘in two main parts, The
first part deals with the various studies made to evaluate
the quantitative histological techniques used. With regard
to the total and differential glomerular cell counts, these
were firstly to correlate the counts made by direct
microscopy using an oil-immersion objecti#e on paraffin
sections with those made on photomicrographs of glomeruli
in epoxy-resin sections of the same renal biopsy spgciggns.
Secondly, to ascertain the importance of the particular
plane of section through é glomgfulus chosen for making the
counts. Thirdly, to consider the variations in the glomerular
cell counts at different ages throughout childhood by
examining paraffin sections of 'normal' kidneys obtained
at necropsy.

In the second part the histological findings,
including the quantitative methods of assessment described,
are presented in each of-the three groups of patients studied.
In each group of children, those presenting with idiopathic
recurrent hgematuria, those with anaphylactoid purpura, and
those with a neEhrotic syndrome, the main clinical features
and the pathological diagnoses are summarised and tabulated.
The results of the quantitative histological analyses are
given, and where relevant, thesg are correlated with the
clinical and biochemical findings.

A short comment on each of the studies mentioned

follows the presentation of the findings,
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Part I. Studies to Evaluate the Quantitative Histological
Techniques Used

I. The Correlation Between the Glomerular Cell
Counts Made by Direct Microscopy on Paraffin

Section with Those Made on Photomicrographs

of Glomeruli in Epoxye-resin Sections of the
Same Renal Biopsies '

In figs. 28 and 29 the mean total numbers of cells,
and the mean percentageé of epithelial, endothelial and
mesangial cells, found in glomeruli in paraffin sections
examined“with an oil-immersion objective are plotted against
the mean totalAéeils and the‘meap percentages of epithelial,
endothelial and mes;ngialcells counted on photomicrographs
of gloﬁeruli in gpoxy-resin sectiqns from the same biopsy
specimens.

In the paraffin sections, five glomeruli were counted
in each case and the mean values_were calculated from the
results obtained in thege fiﬁe glomeruli, In the epoxy~resin
sections the mean values were calculated from the pércentgges
obtained in the number of glomeruli present in that
particular biopsy. Only specimens with more than three glomeruli
in the 'Araldite'~embedded tissue were used in this study,
and the number of glomeruli pfesent in the biopsies varied,
therefore, betwqen\threevand nine, with a mode of four,

Full details of théuéiémerularlcell counts are given in

Table 4.



Comparison between the average total numbers of glomerular

cells in paraffin-embedded & ‘Araldite-embedded sections from

the same renal biopsy specimens

Araldite ~embedded
sections

Av. no. cells [ glomerulus
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Fig. 28 Comparison of the mean total numbers

of cells in 5 glomeruli made by

direct microscopy in paraffin sections
(2p thickness) and on photomicrographs
of all the glomeruli present in
'Araldite' sections (0.5p thickness)
from the same biopsies. The correlation
coefficient (r) is 0.77.
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between the average percentages of epithelial,
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sections from the same renal biopsy specimens

Cells (%)
Araldite-embedded
sections
100- Glomerular cell types
L Epithelial
o Endothelial
A Mesangial
.
.
® :
o
50+ o.:.
o o °
': ooo..
.0 [+ ]
ogo“
B2
an s, 8
o
a%®
0 50 100
Cells (%)
Paraffin-embedde
sections .

Fig. 29

Comparison of the mean percentages of
epithelial, endothelial and mesangial
cells in 5 glomeruli made by direct
microscopy in paraffin sections (2n
thickness) and on photomicrographs of
all the glomeruli present in 'Araldite'
sections (0.5p thickness) from the !
same biopsies. A very good correlation
was found (r 0.97).



Table 4.

Total and Differential Glomerular Cell Counts Made by Direct Microscopy on Paraffin Sections and

on Photomicrographs of Glomeruli in Epoxy-resin Sections From the Same Renal Biopsy Specimens

Patient

Glomerular cell counts made on paraffin

Glomerular cell counts made on epoxy-resin

‘sections setctions
Cells Cells
No; Initial Epithelial Endothelial Mesangial Total Epithelial Endothelial Mesangial Total
(%) (%) (%) No. (%) (%) (%) No.
L4 D.C. 45 31 24 88 31 50 19 94
. 26 36 38 135 41 L4y 15 120
37 45 18 142 31 Lo 29 93
39 33 28 131 30 i 26 76
34 37 29 94
*36 36 28 118 33 45 22 96
26 K.D. 39 35 26 83 31 Ly 25 68
30 41 29 75 35 36 29 45
37 36 27 128 22 46 32 54
36 Lo 22 74
26 45 28 64
34 4o 26 85 29 4o 29 56
27 M.H. 41 35 24 127 52 27 21 117
- 38 32 30 116 38 35 28 100
53 27 20 119 41 34 25 85
46 30 24 137 48 23 28 94
Ly 27 28 119
Ly 30 26 124 4s 30 25 99

I81



No. Initial Epithelial Endothelial Mesangial Total | Epithelial Endothelial Mesangial Total
(%) (%) (%) No. (%) (%) (%) No.
1 G.B. 45 28 27 96 52 32 16 61
‘ 53 29 18 70 4s 32 24 76
58 27 15 67 61 26 13 61
50 . 30 20 96
58 20 22 87
53 27 20 83 53 30 17 66
2" S.B. 51 31 18 112 45 32 22 111
4s "33 22 82 35 44 21 91
39 37 24 119 50 35 15 104
39 29 32 90 Lo 28 30 50
50 33 17 106
4s 33 22 102 43 35 22 89
3 S.F. 48 38 14 100 64 28 8 67
52 30 18 79 62 26 12 50
60 24 16 86 50 23 27 80
51 31 18 116 66 17 17 82
60 29 11 104 57 29 14 65
54 30 16 97 60 25 15 69
4 T.F. 40 32 28 124 38 37 25 115
38 46 16 117 29 L7 2k 109
36 46 18 142 4o 38 22 120
36 Lo 22 106
4o L1 15 106
38 Lo 20 119 36 41 23 115

Table 4 cont/d
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No. Initial Epithelial Endothelial Mesangial Total Epithelial Endothelial Mesangial Total
(%) (%) (%) No. (%) (%) . (%) No.
5 S.H. 38 35 27 124 40 4o 18 88
40 36 24 107 47 37 16 74
41 30 29 91 4o 38 20 94
50 28 22 78 37 35 29 93
27 43 30 108 40 42 18 65
39 35 26 101 41 39 20 83
6 G.L 44 4o 14 110 50 31 19 64
46 31 23 96 48 33 19 76
47 31 22 156 ) 38 20 53
43 30 27 87
45 39 16 75 .
4s 35 20 105 47 34 19 64
7 A.M. 26 45 29 103 33 39 28 118
30 26 LYy 174 32 36 32 92
32 34 34 149 30 43 27 74
32 37 31 148 26 50 24 84
32 38 30 125
30 36 34 140 30 4o 28 92
8 C.P. 45 36 19 101 45 32 23 87
49 32 19 74 47 28 24 68
49 31 20 110 43 29 28 83
46 43 11 74 4 38 18 70
47 34 19 106 55 22 23 82
56 22 22 77
47 35 18 93 48 29 23 78

Table 4 cont/d.

€8T



No. Initial Epithelial Endothelial Mesangial Total Epithelial Endothelial Mesangial Total
(%) (%) (%) No. (%) (%) (%) No.
9 J s. 56 29 15 106 60 26 14 65
52 31 17 75 57 28 15 100
59 21 20 61 59 22 19 67
58 23 19 81 48 39 10 78
64 24 12 104
58 26 16 85 56 29 15 78
10 E.W. 45 32 23 123 50 31 19 80
54 29 17 136 55 33 12 Lo
45 27 28 126 47 31 21 82
50 27 23 90 48 27 25 81
52 26 22 87 " 50 26 ok 79
51 28 21 72
4o 28 23 112 50 29 20 72
49 J.B. 60 23 17 70 Lh 38 18 74
54 31 15 107 54 36 10 69
58 25 17 80 45 33 22 92
43 35 22 108 64 27 9 89
60 20 20 74 55 26 19 77
55 27 18 88 53 32 16 80
60 F.D. 64 23 13 82 54 25 21 72
56 28 17 89 56 27 17 84
65 27 8 87 59 29 12 63
56 26 18 68 67 23 10 87
56 27 17 66
59 26 15 79 59 26 15 76

Table 4 cont/d.
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No Initial Epithelial Endothelial Mesangial Total Epithelial Endothelial Mesangial Total
(%) (%) (%) No. (%) (%) (%) No.
86 S.N. 48 34 26 142 47 33 20 91
‘ 54 24 25 111 53 21 25 92
46 28 24 93 53 30 17 119
50 © 32 25 115 54 26 20 87
51 18 22 82
50 27 23 109 52 28 20 97
101 C.F. 34 .32 34 152 29 A 27 115
39 35 26 119 40 39 21 108
40 32 28 133 48 28 24 78
27 43 30 111 38 43 19 69
27 43 30 126 4s 33 22 63
53 24 23 79
43 36 21 90
47 37 16 104
29 37 34 118
33 37 30 128 41 36 23 92
84 M.M. 41 34 25 133 4s 37 17 67
51 29 20 101 54 22 24 90
4s 35 20 110 57 24 19 99
48 31 21 91 43 34 23 83
4s 38 17 87
46 33 21 104 50 29 21 85
23 G.R. 52 29 19 78 43 34 23 95
60 14 26 77 48 30 22 87
43 30 27 90 48 26 26 52
4s 30 25 160
48 28 24 92
50 26 24 99 46 30 24 78

Table 4 cont/d.
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No. Initial Epithelial Endothelial Mesangial Total Epithelial Endothelial Mesangial Total
(%) (%) (%) No. (%) (%) (%) No.
76 w.S. 56 19 25 106 51 21 28 73
' 70 15 15 82 68 68 24 81
54 20 26 82 68 12 20 61
59 21 20 113 68 12 20 72
72 14 14 81 65 8 27 90
62 21 16 68
62 18 20 93 64 14 23 74
D.T. 32 28 40 173 33 30 37 115
31 32 37 171 21 38 41 117
29 32 39 158 31 27 4o 141
35 36 29 109 32 32 36 113
33 39 28 116
32 33 35 145 29 32 38 122
80 D.W. 55 30 15 82 55 28 17 72
© 51 25 24 96 65 19 16 71
52 30 18 76 52 32 16 73
58 22 23 - 104
55 27 18 122
54 27 19 96 57 26 16 72
A.G. 58 30 12 110 61 29 10 59
63 24 13 104 62 22 16 91
54 25 21 107 59 26 15 80
58 22 20 103 56 34 10 99
63 24 13 98 '
59 25 16 104 59 27 14 82

Table 4 cont/d.
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No. Initial Epithelial Endothelial Mesangial Total Epithelial Endothelial Mesangial Total
(%) (%) (%) No. (%) (%) (%) No.

93° A.M. 48 32 20 100 56 30 20 564
45 32 23 110 Ly 34 22 83
52 32 16 101 55 25 20 79
53 30 17 83 58 24 18 7h
46 28 26 104
4o 31 20 100 52 28 20 75

Table 4 cont/d.

* Mean Values

L8T



188

Somment

Since the percentages rather than the absolute
numbers of epithelial, enddthelial and mesangial cells were
compared, the difference betwegn the epoxy-resin sections
(0.5 thickness) and the paraffin sections (3 to 4pu thickmess)
should not affect the result provided the distribution of
cells is reasonably homogenous (as has already been shown).
In fact the correlation was very close (see fig. 29) and the
correlation coefficient (r) was 0.97. Since very accurate
counts were possible on the photomicrographs of thin epoxy-resin
sections, this very good correlation was regarded as
evidence of the accuracy of the counts made by direct
microscopy on the paraffin sections. The counts were
purposely made on different oppas#qns,{and correlation of
the results was deferred until all the counts had been made,
thus avoiding any bias. The correlation between the mean
total counts was less good (fig. 28) the correlation
coefficient (r) being 0.77. It is not possible to produce
sections of uniform thickness with standard microtomes gnﬂ
the "scatter!" was understandably great since the total
number of glomerular cells varies as a function of the section
thickness. Also the mean total numbers were higher in the
thicker paraffin sections than in the epoxy~resin sections.
The correlation between the total mean numbers of glomerular
- cells was significantly less good than that between the
percentages of epithelial, endothelial and mesangial cells;
using Fischer's Z transformation, the difference in the two
values for the two corfelation coefficlents was some six

times the standard error.
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II.  The Variation in the Proportions of Epithelial,
Endothelial and Mesangial Cells, and in the
Total Number of Cells at Different Planes
Through the Glomerulus

Table 5 shows the percentages of epithelial,
endotheli#l and mesangial cells, and the total number of
glomerular cells in step sections of 0.5p thickness cut at
10)1 intervals through two glomeruli in each of two renal
biopsy specimens. One blopsy was from a child suffering from
steroid-resistant nephrotic syndrome, and the other was from
a child with idiopathic recu;rent haematuria. The appearances
in the former biopsy are of a slight proliferative
glomerulonephritis, whilst in the latter the glomeruli
appeared morphologically normal. Fig. 30 shows three of
the photomicrographs taken from the first biopsy at various
levels to compare the appearances at the equator and at the

periphery of the glomerulus,

Comment

This study s?ows that if the primary purpose is to
determine the relative numbers of epithelial, endothelial
and mesangial cells, the plane of the section through the
glomerulus makes aurprisingly little difference. The ideal
section is one made through the equator of the glomerulus,
but little difference in the relative proportions of the
various cell types is encountéred until the periphery of the
glomerulus is approached. In practive this is readily

recognised by its relatively smaller circumference (see fig.30).



Table 5.

Total and Differential Glomerular Cell Counts Made on Step Sections Through Two Glomeruli
in Each of Two Renal Biopsy Specimens

Patient 101 (C.F.)

Patient 8 (C.P.)

Plane Cells Cells
‘ of
8 Section Epithelial Endothelial Mesangial Total Epithelial Endothelial Mesangial Total
o (%) (%) (%) No. (%) (%) (%) No.
E 0 57 25 18 72 55 25 20 68
P 10p 49 30 21 93 53 27 20 75
& 20p Lo 29 31 114 50 30 20 83
30pn 34 35 31 117 48 32 20 82
Lop 36 31 33 116 49 33 18 87
. 50p 33 30 37 123 b9 33 18 99
60p 37 27 36 130 45 35 20 83
70p 36 32 32 95 48 33 19 86
80pn 46 29 25 106 51 29 20 83
90n 46 30 24 87 60 22 18 76
2 0 50 31 19 113 53 29 18 72
9 10p 43 29 28 128 46 33 21 80
o 20p 41 30 29 135 48 36 16 89
a 30p 40 32 28 136 49 38 16 85
= 4on 4o 32 28 130 47 34 19 96
7 50n Ll 27 29 104 4o 38 16 83
60pn 47 29 24 94 50 34 - 16 76
o 70Rn 50 22 28 80 53 30 17 77
8opn 55 27 18 69
9op




Fig.30 Photomicrographs of three levels (On, 20p and
GOp) from glomerulus 1 (patient 101; C.F.)
from which total and differential glomerular
cell counts were made, The first level
(Op) is at the periphery, and the third
level (60u) is at the 'equator' of the
glomerular tuft. '
Toluidine blue x 64.



Fig. 30
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III. The Variation in the Proportion of Epithelial,
Endothelial and Mesangial Cells in the

Glomerulus With Age

In fig. 31 the percentage difference between the
proportions of intracapillary (mesangial and endothelial)
cells and of extracapillary {epithelial) cells in the
glomeruli is compared with age. The counts were performed
on sections of kidney tissue chosen from the autopsy files,
In each case five glomeruli were counted. The bars
represent the range in the percentage difference in each
case, and the superimposed circles show the mean value.

Full details of the glomerular counts are given in Table 6.

Comment

This study confirmed that there is a tendency for
the proportion of epithelial (extracapillary) cells to be
particularly high in younger children, although this is not

invariable as is shown by the fact that this phenomenon was
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not seen in the glomeruli examined in the sections of kidney

from the one-year-old child.

In the age range studied (1 - 12 years) the mean

percentage difference between the proportions of intracapillary

and extracapillary cells ranged between -17% and +10%, i.e.

between an excess of extracapillary cells of 17% and an excess

of intracapillary cells of 10%. In none of the glomeruli
studied was the excess of intracapillery (mesangial and

endothelial) cells more than 20%.



Differential glomerular cell counts performed on sections of kidneys
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Fig. 31 In each section differential glomerular
cell counts were performed on 5 randomly
selected glomeruli. For each glomerulus
the difference between the percentage
of intracapillary (mesangial and
endothelial) cells and of extracapillary
(epithelial) cells was calculated. The
bars in the chart represent the range of
percentage differences in the 5 glomeruli
examined in each case, and the dots
represent the mean values. The maximum
excess of intracapillary cells over
extracapillary cells in any of the

glomeruli examined in this age range
was +20°00
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1-12 yr.



Table 6 Total and Differential Glomerular Cell Counts

Made on Sections of

'Normal'

Children of Various Ages at Necropsy

Kidneys Taken from

194

Glomerular Cell Counts
Autopsy Case Cell Type % Diff.
_between
proportions
o ﬁiztit Epith. | Endoth. | Mesang. | Total | of intra-
- (vr. ) (%) (%) (%) No. and extra-
Y. capillary
cells

1 1 56 29 15 142 -12
55 30 15 160 -10

47 35 18 129 + 6

55 33 12 96 -10

) 31 20 146 + 2

*

52 32 16 135 - 4

2 2 58 29 13 141 -16
68 o4 8 101 =36

61 30 9 142 -22

51 40 9 123 -2

51 34 15 96 - 2

58 31 11 121 -16

3 3 53 32 15 154 - 6
52 29 19 116 - 4

62 27 11 124 -24

60 28 12 104 -20

55 31 14 112 -10

56 30 14 122 -12

L4 4 59 36 5 146 -18
59 32 9 151 -18

55 36 9 111 -10

69 28 3 105 -38

50 38 12 136 0

58 34 8 130 -16

5 5 58 30 12 125 -16
54 29 17 140 - 8

50 34 16 162 0

Lo 32 19 116 + 2

56 29 15 132 -12

53 31 16 135 - 6

6 6 53 34 13 145 -6
- 58 33 9 125 -16

53 - 35 12 154 - 6

50 30 20 109 0

4o 39 12 130 + 2

53 34 10 127 -12
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Table 6 cont/d.

Glomerular Cell Counts
Autopsy Case Cell Type % Diff.
between
Ace at proportions
N dg tg Epith. Endoth. Mesang. Total of intra-
0- (ea ) (%) (%) (%) No. and extra-
Y. capillary
cells
7 7 56 34 10 127 -12
58 29 13 140 -16
51 38 11 117 - 2
.. ho 33 18 155 + 2
53 27 20 148 - 6
54 32 14 137 - 8
8 8 48 33 19 174 + 4
49 34 17 125 + 2
45 38 17 108 +10
46 38 16 144 + 8
51 30 19 113 - 2
48 35 17 133 + 4
9 9 413 43 14 149 +14
54 26 "' 20 111 -12
Lo 4o 20 164 +20
Ly 43 16 160 +18
I 43- 13 140 +12
Lk 39 17 145 12
10 10 50 35 15 156 0
40 4 16 129 +20
53 32 15 152 - 6
50 38 12 169. 0
46 38 : 16 124 + 8
48 37 14 146 + 4
11 11 50 32, 18 125 0
44 31 25 130 +12
Ll 33 23 132 +12
L7 37 16 107 + 6
L 39 17 124 +12
46 34 20 123 + 8
12 12 47 31 22 116 + 6
52 29 19 123 -4
50 33 17 150 0
54 29 17 163 -8
58 26 16 113 -16
52 30 18 133 - 4

* Mean Values
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Part 2. Clinical and Hiustological Findings

I. Patients With Idiopathic Recurrent Haematuria

Examination of the surg{cal pathology files at
the Hospital for Sick Children‘between 1967 and 1971 showed
that twenty-four children in whom a clinical diagnosis of
idiopathic recurrent haematuria had been made were submitted
to percutaneous renal biopsy. The main clinical findingg in
all of these twenty-four patients are presented in Table 7.
19 (79%) weré boys aged between 1 and 11 years (mean 6.2yr.)
and 5 (21%) ﬁere girls aged b@tween 3 and 11 years {mean 7.2yr.)
at the onset of their symptoms. 1In 23 patients frank painless
haematuria was the presenting symptom, and in one patient
" {case 16) painles; haematuria was preceded by an acute nephritic
syndrome characterised by transient oedema, azotaemia and
hypertension. In all patients investigations including
intravenous urography, and, in the majority, direct cystoscopic
examination, failed to reveal any local cause of bleeding
in the urogenital tract. A histoﬁ of an upper respiratory
tract infection preceding the first attack of haematuria had
been noted in seven instances (cases 1, 2, 5, 15, 16,}18 and
23) but investigations to obtain evidence of ﬁ-haemolytic
streptococcal infection, by direct bacteriological culture of
a throat swab in ten instances, and by estimations of the
serum A.S.0. titre in nine instances, were unrewarding apart
from a marginally raised A.S.0. titre in one patient (case 18).
In the majority of cases attacks of haematuria were’frequent,

and microscopic haematuria could be demonstrated between attacks.



Table 7.

Main Clinical- Findings.

Children with Idiopathic Recurrent Haematuria.

197

- At first attack g g At the time of renal biopsy
) . 4]
E o | @ ol ® || o3
I I I T2 w § 'y c % 19
o LB I I I I ER- ) a :5: o
3 |2l E°l = g8 %5 ] 7§ |2 | S &8
° STl R B el 8 = |5 | &| g%
~ m e n n . n o o [1:2] = O
? = oy " oi b b "15
ju] - . o . P oo
it = ER )
Q ~ \y ~
1M 81 + 200| -ve | 1 0 3m | 120/75 | 30 98 *
2 [ M 10| + 200} -ve | S + 7m | 130/70| 30 75 ] 0.36
3 |M 610 - - S + 6m 95/70 | 22 133} 0.06
4 1M 41o - - S | + 3y Om 90/50 | 26 164 | 0.50
S| F 3| + - - S + ly 6m | 110/70| 30 831 0.08
6 | M 9| 0 - -ve | P + hm 90/50 | 33 151 *
7 1M 1] 0 200)] -ve | P + 5y Om | 110/65 | 23 - - .
1ly Om - 29 1091} 1.8
12y Om | 120/80 | - - 2.0
8| F 710 - - P + 1m | 110/70 | 34 861 0.06
9| M gl o - - P ¥ 9m | 100/70 | 22 112 | 0.16
10 | M 6] 0 - -ve | S ¥ 3y Om | 105/70 | 28 116 | 0.08
11 | M 41 0 - ~-ve | 4 + 6m | 130/75 | - 165 | 0.06
12 | M 10} O - - S ¥ Sm | 130/80 | - 120 | 0.06
13| F 11| 0 - - S ¥ 11lm | 100/60 | 22 149} 0.17
2y 2m | 110/60 | ~ - 2.0
14 | M 610 - - 2 0 3y Om | 110/70 | 35 - 0.03
15 | M 1} + - - S + Sy Om 80/50 | 17 751 2.2
16 { F 51 + - - P + 3y Om { 110/70 | 54 741 1.0
4v Om | 110/70 | - - -
17 | M L1 o - - S + 4m | 110/70 | 26 110 | 0.04
18 | M 81 «+ 4oo| -ve | S + Lm 90/60 | 32 133 | 0.06
19| M 11} 0 200| ~ve | 3 + 16m | 110/60 | 32 175 | 0.24
20 | F 11| o 200} -ve | S o) ly 5m | 110/50 | =~ - 0.02
21 | M 5| 0O 200} ~ve | S + 7m 85/55 | 29 265 | 0.09
22 | M 41 0 50| ~ve | S + 1y 6m | 120/70 | - - 0.17
23 | M 51 + 200 - S + 2m | 110/70 | 27 - 0.04
24 | M 8l o 50 - S + 2y 6m | 120/80 | 27 - *

* No measurement of UA/UC ratio but no proteinuria

on repeated routine examinations

S - several; P - haematuria persistent
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In one patienf {case 1) only one attack of haematuria occurred
prior to renal biopsy, and in another patient (case 14)‘only
two attacks occurred over a two year period before renal
biopsy. A significant family history was obtained in only
one instance (case 7) in which a sibling had persistent
microscopic haematuria and deafness. When first biopsied |
moderate proteinuria (characterised by urinary albumin/creatinine,
i.e. UA/UC ratios of 1.0 or more) was found in threevpatiants
(cases 7, 15 and 16). Slight proteinuria with UA/UC ratios
ranging between 0.1 and 1,0 was present in six patients
(cases 2, 4, 9, 13, 19 and 22). In the remaining fifteen
patients mno ‘significant ﬁroteinuria was found. In 12 of these
UA[UC ratios were measured as less than 0.1. In the remaining
thrge patiexts (gases 1, Gland 24), although no estimation of
‘the UA/UC ratios had been made, routine urinalyses on a number
of occasions failed to show any proteinuria present. JAt the
time of remal biopsy, all the.patients,studied were normotensive,
and in ﬂone has hypertension developed subsequently during the
follow-up period. In the majority no specific drug therapy
was given. In three patients (cases 7, 15 and 16) all of whﬁm
exhibited moderate proteinuria and showed changes of
proliferative glomerulonephfitis on renal biopsy, treatment
with c&clophosphamide wes given. No clinical effects were
noted, and repeat'renal bibpgies'on two of them (cases 7 and 16)
showed no significant alteration in the histological picture
a8 a result of therapy.

The renmal biopsy findings are summarised in table 8.
The full total and differential glomerular cell counts are

given in table 9. A total of 28>percutaneous renal biopsies
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M.F.P.G.N.
M.D.P.G.N.
Mem.P.G.N.
IFr.G.Ss.
F.T.A.

- mild focal proliferative glomerulonephritis;

- mild diffuse proliferative glomerulonephritisj
- membranoproliferative glomerulonephritisj;
- focal glomerular sclerosis;

~- focal tubular atrophy.

Table 8. Children with Idiopathic Recurrent Haematuria.
Renal Biopsy Firdings. '
= )
9 2 1E
5 - Glomerular cell counts. g ﬁ
e | e Difference (%) between ) o
S 8 Histological the proportions of g k
13 zho oglca intra- and extracap= N =
P anges illary cells in five A o
o x . o)
. glomeruli - o
o] oy
Q. 94
[¢] .
Range (%) Mean (%) i
1)1 N.M. -16 to +10 - 6 0 0
211 M.F.P.G.N. - 2 to +22 +10 2 0
311 N.M. -20 to + &4 -8 0 0
4 {1 | M.D.P.G.N. +14 to: +28 +24 5 0
5(1 | M.D.P.G.N. 0 to +46 22 10 0
611 N.M. + 6 to +14 +10 0 o}
711 +20 to +30 +24 17.5( 1
2 | M.D.P.G.N., F.T.A. +3% to +44 +42 24 2
3 +30 to +48 +40 o4 2
811 N.M. + 2 to +10 + 6 0 0
911 N.M. -28 to - &4 -16 0 0
101 N.M. - 8 to +10 + 2 0 0
11| 1 N.M. -24 to - 2 -12 0 0
1211 N.M. -10 to + &4 - 6 0 0
131 } M.D.P.G.N. +36 to +50 +42 20 0
2 Early Mem. P.G.N. - 30 0
14 |1 N.M. -14 to + &4 -2 0 0
1511 M.D.P.G.N., F.T.A. +22 to +32 +30 10 1.5
16 | 1 ; +26 to +5 +hl 20.5]| 3
2 M.D.P.G.N., F.T.A. +26 to +46 +36 18.51 2
17 | 1 N.M. + 8 to +18 +10 o} 0
18| 1 N.M. - 8 to +10 0 0 0
19|11 | M.D.P.G.N., F.G.S., F.T.A.| +10 to +60 +40 16.5|1.5
201 1 N.M. -12 to +20 + 4 0 0
21|11 | N.M. -14 to + 6 - 4 0 0
22 | 1 N.M. -28 to -10 -20 0 0
2311 | N.M. -10 to + 6 -0 0 0
2411 | N.M. -18 to + 8 - 6 0 0
* N.M. - normal morphology;
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Table 9. Children With Idiopathic Recurrent Haematuria.
Total and Differential Glomerular Cell Counts.,
E Glomerular Cell Counts
o
g Difference (%)
“* | Epithelial | Endothelial | Mesangial | Total No. ;? 2§2§th;ggs
g cells (%) cells (%) cells (%) | of cells intracapillary
cells
1 4s 28 27 96 +10
53 29 18 70 - 6
58 27 15 67 -16
50 30 20 96 0
58 20 22 87 -16
* 53 27 20 83 -6
2 51 31 18 112 - 2
45 33 22 82 +10
39 37 ok 119 +22
39 29 32 90 +22
50 33 17 106 0
Ls 33 22 102 +10
3 48 38 14 100 + b
52 30 18 79 - 4
60 24 16 86 -20
51 31 18 116 - 2
60 29 11 104 -20
5k 30 16 97 -8
L Lo 32 28 124 +20
38 46 16 117 +24
36 46 18 142 +28
36 Lo 22 106 +28
Lo L1 15 106 +14h
38 Lo 20 119 +24
5 38 35 27 124 +24
4o 36 Py 107 +20
43 30 29 91 +18
50 28 22 78 0
o7 43 30 108 +46
39 35 26 101 +22
6 L Lo 14 110 +12
46 31 23 96 + 8
b7 31 29 156 + 6
43 30. 27 87 +14
Ls 39 16 75 +10
4s 35 20 105 +10




Table 9 cont/d.
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o]
i Glomerular Cell Counts
;.
i _ Difference (%X
= Epithelial | Endothelial | Mesangial | Total No. Z? zizggftzggs
°© cells (%) cells (%) cells (%) | of cells intracapillary
cells
7 40 31 29 181 +20
35 4o 23 167 +30
40 40 20 116 +20
38 39 23 146 +24
37 38 25 183 +26
38 38 24 155 +24
32 36 32 188 +36
28 35 37 240 +h44
29 28 43 181 +42
28 34 38 182 +44
30 34 36 152 +40
29 34 37 188 +42
26 45 29 103 +48
30 26 Ly 174 +40
32 34 34 149 +36 -
32 37 31 148 +36
32 38 30 125 +36
30 36 34 140 +40
8 45 36 19 101 +10
4o 32 19 74 + 2
4o 31 20 110 + 2
46 43 11 74 + 8
47 34 19 106 + 6
47 35 18 93 + 6
9 56 29 15 106 -12
52 31 17 75 -4
59 21 20 61 -18
58 23 19 81 -16
64 24 12 104 -28
58 26 16 85 -16
10 45 32 23 123 +10
54 29 17 136 - 8
45 27 28 126 +10
50 27 23 90 0
52 26 22 87 - 4
49 28 23 112 + 2




Table 9 cont/d.
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g Glomerular Cell Counts
5. Difference (%)
“ | Epithelial | Endothelial | Mesangial | Total No.| 7% Przportlogs
Z | cells (%) cells (%) | cells (%) | of cells | 01 SX*ra- an
: intracapillary
cells
11 58 "ol 18 85 -16
51 26 23 92 - 2
53 29 18 110 - 6
62 19 19 88 _ok
57 27 16 81 14
56 25 19 91 -12
12 53 23 24 132 -6
55 31 14 125 10
5k 30 16 122 - 8
48 37 15 98 + &
55 28 17 103 -10
53 30 17 116 -6
13 31 39 30 129 +38
32 37 31 143 +36
27 34 39 156 +46
32 35 33 111 +36
29 37 34 134 +h42
14 48 31 21 104 + 4
57 28 15 98 -14
k9 32 19 112 . 2
52 33 15 107 - 4
48 35 17 102 + 4
51 32 17 105 -2
15 31 39 30 164 +38
38 38 24 128 +24
35 37 28 163 +30
33 41 26 120 +34
39 38 23 95 +22
35 39 26 134 +30
16 27 24 4o 127 +46
25 34 4y 119 +50
37 29 34 104 +26
22 33 45 125 +56
23 34 33 96 +44
28 31 41 114 +44
37 33 30 89 +26
27 43 30 135 +46
29 35 30 85 +42
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g Glomerular Cell Counts
(=]
g Difference (%)
; Epithelial | Endothelial | Mesangial | Total No.| % 2§2§thzggs
o cells (%) cells (%) cells (%) | of cells intracapillary
cells
34 36 30 59 +32
34 35 31 95 +32
32 38 30 92 +36
17 41 34 25 104 +18
: 46 39 15 74 + 8
45 31 24 99 +10
ks 35 20 66 +10
46 32 22 107 + 8
45 34 21 90 +10
18 47 35 18 130 + 6
50 31 19 74 0
54 27 19 100 - 8
53 26 21 108 - 6
45 35 20 88 +10
50 31 19 100 0
19 28 40 32 109 +4h
45 %o 15 99 +10
25 Li 31 106 +50
35 37 28 96 +30
30 4o 30 110 +40
20 40 4o 20 116 +20 -
Y4 35 18 96 + 6
56 32 12 120 -12
L7 41 12 111 + 6
48 28 ok 94 + 4
48 35 17 107 + 4
21 50 33 17 89 0
57 27 16 81 -14
52 27 21 86 - 4
55 31 14 77 -10
Y4 32 21 94 + 6
52 30 18 85 -4
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g
5 Glomerular Cell Counts
'-l.
3 Differerice (%)
; Epithelial | Endothelial| Mesangial| Total No. | 1% prngrtzogs
0 cells (%) cells (%) cells (%) | of cells zntichpzllgry
cells

22 55 26 19 100 -10

58 24 18 93 -16

62 23 15 104 =24

64 21 15 110 -28

60 24 16 83 -20

60 23 17 98 -20
23 b7 33 20 104 + 6

48 30 22 109 + b

50 37 13 110 0

55 28 17 100 -10

52 35 13 107 - 4

50 33 17 106 5O
24 56 32 12 89 ~12

52 29 19 102 - 4

46 38 16 69 + 8

59 30 11 85 -18

54 33 13 82 - 8

53 33 14 85 - 6

*

Meaﬁ Values
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were performed on the 24 patients studied. The biopsies from
16 children (cases 1, 3, 6, 8, 9, 10, 11, 12, 14, 17, 18, 20,
22, 23 and 24) showed no definite morphological abnormalities.
Glomerular cell counts showed no significant differences in
the proportions of epithelial, endothelial and mesangial

cells present when compared with the glomerular cell counts
madé on sections of "nmormal' kidney tissue taken from

autopsy cases (see fig.31). In all 16 children, the
percentage differences between the proportions of intracapillary
(endothelial and mesangial) cells and of extracapillary
(epitheliél) cells observed in the five‘glomeruli counted

in each case, both with regard to the mean value and the range,
were not significantly different from the range of vg;yes
obtained for the "normal" autopsy kidney secﬁions. In the
autopsy cases these percgntage»differencés ranged between

=36% and +20%, and the mean values ranged between -14% and
+10%. In the 16 children referred to in the present group

the percentage differences ranged between ;28% and +20%,

and the mean values ranged between -20% and +10%.

In seven children (cases 2, 4, 5, 7, 15, 16 and 19)
the renal biopsy showed mild proiiferative changes in the
glomeruli, with thickening of the mesaﬁgial stalks. The
glomerular changes correspond to those of mesangial
proliferative glomerulonephritis. Glomerular cell counts
showed an increase in the proportion of intracapillary
‘(endothelial and mesangial) cells. The percentage difference
between the proportion of intracapillary and extracapillary

cells was more than +20% (the maximum value obtained in the

-
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glomeruli observed in sections of "normal" autopsy kidneys)

in the majority of glomeruli counted in these cases, and in
all but one (case: 2) the mean percentage difference was also
more than +20%. In case 2 the glomerular changes were very
mild, the percentage difference being +22% in two glomeruli
and less thﬁP +20%.§n the other three glomeruli counted.

The "glomerular‘in&icés" in;these cases ranged from 2 to 24,
reflecting varying degrees of mesangial thickening. In one
biopsy (case 19) very occésional sclerosed glomeruli were
observed. In four biopsies (cases 7, 15, 16 and 19) there
were foci of tubular atrophy (present in up to 3 out of 10
consecutive high power microscopic fields). In one child
(ca53413) the first biopsy‘showed mild proliferative changes
in the glomeruli. A second biopsy was performed some fifteen
months later because of an increase in the amount of pfoteinuria
( theVUA/UC ratio-rising from 0.17 to 2.6) and the finding

of a persistently low serum (31c globulin level., This

second biopsy showed changes of an éarly membranoproliferative

glomerulonephritis,

Comment
This study shows that the most useful c¢linical guide
to the severity of the renal lesions present in these patients
iz the degree of proteinuria present. 1In fig.32 the mean
values and the range 6f the pefcentage differences between the
proportions of intrécapillary (mesangial and endothelial) cells
and extracapillary (epithelial) cells in the five glomeruli

counted in each biopsy are correlated with the degree of

proteinuria found, expressed as the maximum UA/UC ratio
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CHILDREN WITH IDIOPATHIC RECURRENT HAEMATURIA

e

+40

+20

Endothelial + mesangial cell excess

-20

Epithetial cell excess

Fig.

Glomerular cell counts. Differences (%)in the
proportions of endo- and extra-capillary cells

p—

T
¢ ol I{ I T
)l |
1 1 [
L
L x| Uy U<0.1 Up/ Upg>0.1<1.0 Ua/ Up=1.0+
No proteinuria Slight proteinuria Moderate proteinuria
* No estimations of Uy/ U ratio made, but no proteinuria
demonstrated on routine urinalysis
32 Comparison of the differential glomerular

cell counts made on renal biopsy specimens,
with the degree of proteinuria present
(expressed as the UA/UC ratio). In each
biopsy differential counts were performed
on 5 randomly selected glomeruli. For

each glomerulus the difference between

the proportions of intracapillary

(mesangial and endothelial) and of extra-
capillary (epithelial) cells was calculated.
The bars in the chart represent the range
of percentage differences in the 5 glomeruli
examined in each case, and the dots
represent the mean values.
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obtained within three months of the date of renal biopsy
(Barrett, McLaine and Soothill, 1970). UA/UC values had been
estimated at the time of biopsy in 21 patients, .In one case
(No. 7) in whom three biopsies were made, UA/UC ratios were
available at the time of two of the bi&psies.

The patients were divided into three groups: those
with moderate proteinuria (UA/UC ratios of 1.0 or more), those

with slight proteinuria (UA

/UC ratios between 0.1 and 1.0) and
those with no significant proteinuria. In thiq last group
UA/UC ratios were less than 0.1. Three patients were also
included, who, though no estimation of the UA/UC ratio had
been made, showed no proteinuria on repeated routine urinalyses.

Of the fourteen patients submitted to renal biopsy
when no significant proteinuria was present, only one (case 5)
exhibited significant glomerulaf changes. A mild‘diffuse
proliferative glomerulonephritis was present, and the
percentage difference in the proportion of intracapillary and
extracapillary cells in the five glomeruli examined ranged
up to +46% with a mean of +22%. In all biopsies from the
other thirteen patients the percentage differences never
exceeded +20% the mean values ranged only up to +10%., It is
of interest that in case 5, although the UA/UC ratio at the
time of biopsy was only 0,08, slight proteinuria, with urinary
protein concentrations of up to 225mg/100ml, ﬁad been recorded
on a number of occasions earlier in her illness.

Of the six patients submitted to remal biopsy when

(UA

slight proteinuria /UC ratio between 0.1 and 1.0) was

present, two (cases 9 and 22) showed no morphological
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abnormalities. Of the remaining four cases, three (cases %,
13 and 19) showed a mild proliferative glomerulonephritis, the
percentage difference in the proportions of intracapillary
and -extracapillary cells in the five glomeruli assessed in
each case ranging up to +60% and the mean values ranging
between +24 and +42%. In the remaining case in this group
(case 2) mild proliferative changes were present in some
glomeruli omly. Of the five glomeruli in which glomerular cell
counts were made, the percentage difference between the
proportioh of intracapillary and extracapillary cells was more
than 20% in only two glomeruli (in each it was 22%) and the
mean percentage difference was only +10%.

Of the three patients (cases 7, 15 and 16) with

(UA/UC ratio of 1.0 or more) when

moderate proteinuria
submitted to renal biopsy, all showed a diffuse proliferative
glomerulonephritis. On one patient (case 7) renal biopsies
were taken on two occasions. Glomerular counts made on all
four reﬁal biopsies showed percentage differences. between
the proportions of intracapillary and extracapillary qe;ls of
more than +20% in all the glomeruli examined. Thqipergentage
differences ranged between +22% and'¥56% %ibh pean values
ranging between +30% and +44%. |

Histological evidence of more severe renal damage,
particularly areas of tubular atrophy and assoéiated
interstitial inflammation were found only in patients with
proteinuria. These changes affected the biopsies of one

pafient (case 19) with slight proteinuria and all three

patients (cases 7, 15 and 16) with moderate proteinuria. 1In
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addition, one patient (case 13) with slight proteinuria

at the time of the first biopsy in which slight diffuse
proliferative changes were present, subsequently developed

a membranoproliferative giomerulonephritis which was seen

in a renal biopsy made: fifteen months later. It is of
interest that the developmént of a more sinister type of
glomerulér lesion was coupled in this patient with an
increase in the degree of proteinuria, the UA/UC ratio.rising

from 0.17 to 2.0.
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IXI. Patients With Nephritis Following
Anaphylactoid Purpura
Between 1960 and 1971, 23 children with persistent
urinary abnormalities following attacks of anaphylactoid
purpura were submitted to percutaneous renal biopsy, The main
clinical findings in these patients are shown in tables 10 and
11. 14 (61%) were boys aged‘between 5 and 14 years (mean 7
years) and 9 (39%) were girls aged between 4 and 12 years
(mean 8.4 years) at the onset of their symptoms. 1In all 23
cases the clinical presentation was with a typicél skin rash
(Gairdener, 1948).accompanied, in the majority, by abdominal
symptoms and arthritis. A preceding upper respiratory tract
infection was recorded in seven instanéea (cases 26, 29, 30,
31, 34, 35, and 44). Investigations during the initial attacks
to obtain evidence of infection with é ~haemolytic streptococeci
resulted in direct culture of the orgenism from a throat swab
in two out of nine patiéntsr(qases 26 and 47) and a raised
serum A,S.0, titre in three out of ten patienfs (cases 26, 30
and 33). In seven patients (cases 28, 33, 35, 40, 43, 45 and
47) more than one attack of anaphylactoid purpura waé noted,
but in the remaining 15 only one attack was recorded.
Haematuria was present at some stage in all 22 children, but
was found during the initial illness in only 17 (83%). Frank,
macroscopic haematuria was noted in seven (caées 26, 27, 30,
35, 37, 40 and 43) and in the other ten (cases 25, 28, 33, 34,
36, 39, 42, 44 and 47) haematuria was discovered on microscopy
of the urine. Proteinuria was also found at some stage in all
23 patients. This was usually mild or moderate in amount, but

in five children (cases 29, 30, 31, 33 and 44) proteinuria was



Table 10. Children With Anaphylactoid Purpura. Clinical Presentations

o Presentation with Anaphylactoid Purpura g m

& = = = ' B

e w0 e} e, < a o o o ~r . AV =0

) o) o o} Q . - Q o R wn o+ O

2 s ~ & SE ° 5 ° o4 | = o g P Clinical Specific
- S S = & i e " o o 5 Course x Therapy
l6) ~ I3 H e . . n —~

. . . .5 ~ a

25 M 6 + + 0 + 0 0] -ve | 200 1 24 | C.R. St;C(18m)
26 M 14 + 0] + + i 0] +Ve 800 1 17 | P.P.;G.F.R.{- N.

27 F 9 + + 0 + 0 0] -ve | 200 1 36 C.R. c(12m)
28 M 5 + 0 0 + + + - - 3 27 C.R. 8t.

29 F 6 + + + 0 + + - - 2 120 C.R. St.

30 F 7 + + + + + + - 400 1 18 P.P. St;A(12m)
31 M 6 + + + 0 + 0] - - 1 48 C.R. C(15m)
32 F 7 + + 0] (0] + (0] -ve 50 1 3 P.P.H. N

33 M 5 £ + 0] + + 0 - 600 2 6 H.; R.F.;D. A;C.

34 M 5 + 0 + + + o) -ve 260 1 24 P.P.H.;G.F.R.¥ N

35 F 12 + - + + + 0 - - S 36 P.P.H. ) N

36 F 12 + 0 o + o} o) -ve - 1 39 C.R. St.

37 M 5 + 0 o) + + 0 - - 1 120 P.P.H. A (15m)
38 F 8 + + 0 0 + 0] - - 1 30 | H.; R.F. N.

39 F 4 + + 0 + 0 0 -~ - 1 84 C.R. N-

4o M 5 + 0 o) + + + - - S 18 R.F.; D. St (3m)
41 M 9 + 0 0 0 + + - - 1 96 | P.P.H. N.

bo M 7 + + o} + + + -ve 70 1 25 C.R. St (6m)
43 M 9 + + o) + 0 o) - - 3 60 P.P.H. St; C(15m)
Ll F 8 + + + + o) o) - - 1 9 P.P. St; C.
45 M 8 + + o} + o} 0 - - 3 9 P.P.H. N.

46 M 6 + + o) 0 + 0 -ve 50 1 2 - N.

47 M 6 + + 0 + + 0] +ve 200 S 10 P.P.H.;G.F.R.¢ N.

* C.R. = clinical remission; P.P. - persistent proteinuria; P.P.H. - persistent proteinuria and haematuria;

H. - hypertension; R.F. - renal failure; D - death; G.F.R.} - fall in glomerular filtration rate.

St. - steroids; C -~ cyclophosphamide; A - azathioprine: N - .
length of treatment in months (m). . P 3 none

¢Te

The numbers in b
S - several. & n brackets refer to the



Table 11. Children With Anaphylactoid Purpura. Clinical 213
Findings at the Time of Renal Biopsy.

;? ,t_,u Interval ) & g%m DQ Proteinuria Haematuria.
;I g since 2 D&: 9 5 =
o n |onset of N SENE @| & S = 2
i < symptoms % Eg oG b S; ~ g g
3 (mth) I ! S|z S | ¢ | ¢
9 5 5| 2 *
25 1st 3 145/95 21 | 172 150 | - - -
‘ 2nd 23 120/70 4o | 114 nil | - - -
26 1st 2 130/60 | 29 89 250 {0.6 - + +
2nd 17 . 120/70 25 - - - 0.26 - -
27 1st 9 120/80 28 | 130 - |o0.44} - - -
2nd 28 100/70 27 | 144 - 0.17} - - -
28 1st 12 90/60 30 - - - - + +
29 1st 8 130/90 22 - 1000 | - - - +
30 1st 8 150/110 58 62 - 4 - - +
2nd 20 130/80 28 - 0.57]| - - -
31 1st 4 130/70 14 | 154 900 [5.9 - - +
2nd 16 110/70 - - nil | - - - +
32 1st 1 120/60 37 - 4oo | - - - +
33 1st 4 120/80 180 4 {1000 | - - - +
34 1st 8 100/70 25 | 114 - 1.2 | 2.5 - +
2nd 24 115/60 30 - 100 | - - - | +
35 1st 24 120/80 26 - 300 | - - - +
36 1st 4 120/80 32 - 300 | - - - +
37 1st 9 110/70 20 - 120 | - - + +
2nd 80 115/75 31 | 200 - 2.1 - - +
3rd 100 110/65 30 | 109 - - 0.8 - +
38 | 1st 23 190/120 | 195 | - 100 | - 2.7 - +
39 1st 12 110/75 33 - 70 | - - - +
40 1st 11 160/105 76 - 900 | - - - +
41 1st 12 110/60 68 - 80 | - - + +
Lo 1st 7 100/70 22 - 4o | - - - +
43 | 1st 36 130/90 27 1166 | - ]0.46| - - +
2nd 48 90 /60 32 {185 - 0.6 - +
i 1st 4 "110/60 28 66 - - 8.1 - +
45 1st 9 110/60 21 | 121 - - 0.96 - +
46 1st 2 110/70 25 84 100 | - - - +
L7 1st 10 100/70 31 22 - 5.6 - - +
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heavy, and a low serum albumin concentration (less than
2.5g/100ml) was recorded. |

Hypertension; with a recorded diastolic blood pressure
of 90mm. of mercury or more, was seen in seven (30%) of the
children studied. waever, in fbur.instances (cases 25,v29.
30 and 44) hypertension wasvtransient, the blood pressure
subsequently félling to withih normal limits. In three of
these cases (29, 30 and 44) transient hypertension followed
treatment with corticosferoids which could reasonably be
regarded as the cause. Of the other three patients with
hypertension, two (cases 33 and 40) developed renal failure
and died. One (case 38) presented in renal failure, and
although still alive, had been the subject of only a short
follow=up.

In all but ten of the children studied over-all renal
function as measured by the blood urea con~entration and the
endogeneous creatinine clearance were consistently normal
throughout the period of thé study. In four patients (cases 28,
29, 30 and 42) a trausient rise in the blood urea concentration
was observed either during or following an attack of
anaphylactoid purpura. Subsequent values in these patients
were, howvever, normal. Two patients (cases 33 and 40) died in
renal failure and one other patient (case 38) was uraemic
although alive at the time of the study. In three patients
(cases 26, 34, and 46), although the blood urea concentrations
remained within normal limits tless than 40mg/100ml) sensitive
measurements of thevglomerular filtration rates using 51

Chromium ~ E.D.T.A. (Garmett et al., 1968) showed a
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gradual and significant deterioration over the follow-up
period,

Renal biopszies were performed on all 23 children
at intervals ranging between one month and nine years after
the onset of their symptoms. A single biopsy was performed
in 15 patients (cases 28, 29, 32, 33, 35, 36, 38, 39, 4o, 41,
b2, 44, 45, 46 and 47); two biopsies were performed in seven
patients (cases 25, 26, 27, 30, 31, 34 and 43) and three
blopsies were performed in one patient (case 37). The mein
findings in the biopsy specimens are summarised in table 12.
The full total and differential glomerular cell counts axe
given in teble 13, In the 23 patients studied, first renal
biopsies were performed at between one and 36 monthe (mean 9.6
months) after the onset of their symptoms. In every case
histological abnormalities were present (see tablel2). In one
patient (case 33) the changes were of a severe proliferative
glomerulonephritis with prominent "capsular crescent!  formation
in almost every glomerulus., In three other patients (cases 34,
38 and 47) there woere changes of advanced chronic glomerulo-
nephritis with extensive glomerular scarring, tubular atrophy
and interstitial fibrosis. Because of the extent and the
severity of the glomerular damage in the biopsies from these
patients, it was not possible to perform differential glomerular
cell counts. In the remaining 19 patients the changes in the
first renal blopsies were of a proliferative glomerulonephritis.
In every case differential glomerular cell counts showed an -
increase in the proportion of intracapillary cells in at least
some of the five glomeruli counted, and in the majority all

five glomeruli were abnormal. In the first biopsies from all
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Children With Anaphylactoid Purpura. Renal Biopsy
Findings
g Glomerular cell counts E 5 ?
o = Differences (%) between, © = g
,‘f_ Y the proportions of 8 Hg ﬁﬁa
N Histological intra- and extracap- ol o B
&+ < Changes * illary cells in five om [X & el
= glomeruli. S5175 |5
o) f_, ]
' Range (%) Mean (%)
25 { 1 | PGN +28 to +58 +h2 Ij|23.5|0
2 PGN +18 to +38 +26 I |10 0
26 1 PGN; FN; FTA. +22 to +40 +30 III |26.5| 3.5
2 | ACGN Iv (38 8
27 | 1 FPGN + 6 to +28 +14 I 4 0
2 | FPGN - 6 to +24 +12 I}2.5/0
28 | 1 | PGN +18 to 230 +24 I |12 0
29 1 PGN; CA; FGS; FTA. | 422 to +42 +30 III |32.5{ 3.5
30 1 PGN; CA; FGS; FTA. | +12 to +48 +36 III {30 4
2 PGN; CA; FEGS; FTA. | +16 to +26 +22 IITI |33.5| 4.5
31 1 PGN +20 to +46 +38 I |18 0
2 FGS; FTA. -22 to + 6 - 8 12 4.5
32 | 1 | PGN +16 to +56 +30 I|17.5]0
33 1 PGN with C. V|39 7.5
34 1 ACGN III {28 3.5
2 ACGN III |34.5]| 8.5
35 1 PGN; FGS; FTA. +24 to +48 +38 II j25.5{ 1
36 1 PGN; FGS; FTA. +16 to 436 +30 II |26 2
37 1 PGN; FTA; CA. +12 to +32 +22 II |20 1
2 FPGN; FGS; FTA. - 2 to 436 +16 IT 12 1
3 FGS; FTA. - 6 to + 6 - 2 8.512
38 | 1 | ACGN IV [46. 10
39 1 PGN +20 to +40 +28 I {21 0
4o 1 PGN; FGS; FTA. +30 to 462 +50 II {32 1.5
41 1 PGN; FTA; ‘CA. +20 to +38 +30, II 132 1
42 1 PGN; +20 to +38 +32 I|16.5]| 0
43 1 | PGN. +24 to +38 +34 I]|14 0
2 PGN +22 to +48 +32 IJl1io 0
44 | 1 | PGN ¥X0 to +48 +28 I|20 0
45 | 1 | PGN +34 to +50 +40 I}18 0
46 1 PGN; FGS. +22 to +50 +35 II |20 0
47 | 1 | ACGN IV |38 3.5
PGN - proliferative glomerulonephritis;
FPGN -~ focal proliferative glomerulonephritis;
ACGN - advanced chronic glomerulonephritis;
PGN with C - proliferative glomerulonephritis with '"crescents';
FGS ~ focal glomerular scarring;
CA - capsular adhesions;
FN ~ 'fibrinoid' necrosis;

FTA - focal tubular atrophy.
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Table 13: Children With Anaphylactoid Purpura. Total and
" Differential Glomerular Cell Counts.

;,U Glomerular Cell Counts

ot

5 Difference (%)

#+ |Epithelial | Endothelial | Mesangial | Total No. ;? ziggzrtgzg

[) 0, o/ - k

2 cells (/)) cells (%) cells (%) | of cells intracapillary

* cells

25 36 29 35 121 +28
21 36 43 129 +58-
35 27 28" 158 +30
27 29 L 133 +46
26 30 L 200 +48

* 29 30 41 148 +42

41 30 29 101 +18
31 33 36 148 +38
36 37 27 117 +28
38 38 24 110 +24
4o 35 25 64 +20
37 35 28 108 +26

26 39 35 26 83 +22
30 41 29 75 +40 -
37 36 27 128 +26
36 4o 22 74 +28
26 45 28 64 +36
34 40 26 85 +30

27 36 L 23 113 +28
4o 33 15 106 +16
4s 24 18 105 +10
b7 32 19 110 + 6
L6 28 20 88 + 8
43 32 25 102 +14
41 35 24 127 +18
38 32 30 116 +24
53, 27 20 119 - 6
46 30 24 137 + 8 .
L 27 28 119 +11
Ly 30 26 124 +12

28 35 36 29 188 +30
37 25 38 128 +26
36 Ly 20 117 +28
41 4o 19 119 +18
4o 38 22 114 +20
38 36 26 133 +24
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g Glomerular Cell Counts
d.
. Difference (%)
= Epithelial| Endothelial | Mesangial | Total No. g? zigngtiig
= cells (%) cells (%) cells (%) | of cells intracapillary
* cells
29 36 33 31 104 +28
29 34 37 136 +h2
38 28 34 127 +24
36 27 37 109 +28
39 31 30 140 +22
35 31 34 123 +30
30 28 o 28 81 +4lh
e 37 19 109 +12
34 38 30 81 +34
26 39 35 98 +48
31 36 33 86 +38
32 39 29 91 +36
4o 31 29 117 +20
38 39 23 112 424
42 30 28 88 +16
37 41 22 152 +26
4o 29 31 107 +20
39 34 27 115 +22
31 31 1 25 124 +38
27 30 43 88 +46
4o ok 36 79 +20
29 43 28 100 +l42
27 35 38 105 +46
31 35 34 99 +38
47 36 17 112 + 6
56 25 19 99 -12
57 21 22 93 -14
61 22 17 83 -22
50 26 ok 107 0
54 26 20 99 -8
32 32 4s o4 127 +36
4o 39 19 134 +16
22 52 26 136 +56
4o 4o 9 113 +16
37 39 o4 106 +26
35 4s 20 123 +30
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g Glomerular Cell Counts
o
; Difference (%)
3— Epithelial | Endothelial | Mesangial | Total No. Z? 2;$§th;§2
g cells (%) cells (%) cells (% of cells intracapillary
. cells
35 38 50 12 115 +24
34 47 19 148 +32
28 45 27 165 +4h
27 4o 33 131 +46
26 4y 27 145 +48
31 46 23 141 +38
36 33 37 30 103 +34h
32 Lo 26 105 +36
34 41 25 116 +32
35 35 30 92 +30
4o 36 22 119 +16
35 38 25 107 +30
37 Lty 27 29 112 +12
39 31 30 131 +22
41 25 34 122 +18
35 39 26 145 +30
34 41 25 140 +32
39 32 29" 130 +22
32 38 . 30 141 +36
51 31 18 140 -2
47 27 26 119 + 6
4iy 26 30 111 +12
36 s 19 84 +28
4o 33 25 119 +16
Lo 29 22 117 + 2
53 24 23 123 - 6
53 28 19 96 - 6
b7 29 ol 131 + 6
50 27 23 88 0
51 27 22 111 -2
39 30 25 45 102 +40
33 27 4o 81 +34
37 19 Ly 82 +26
4o oh 36 106 +20
4o 28 32 91 +20
36 25 39 92 +28
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Table 13 cont/d.

g Glomerular Cell Counts
(-}.
Py Difference (%)
% | Epithelial | Endothelial | Mesangial | Total No. o przportlog
= cells (%) cells (%) cells (%) of cells ob extira- an
o intracapillary
* cells
40 24 52 24 128 +52
25 25 50 170 +50
24 4o 34 170 +52
35 34 31 119 +30
19 - 38 L3 124 +62
25 38 36 144 +50
L1 32 4o 28 180 +36
31 Lo 27 149 +38
39 26 35 145 +22
31 35 34 139 +38
40 32 28 85 +20
35 35 30 139 +30
Lo 31 L4 25 122 +38
40 33 27 135 +20
33 35 33, 132 +35
35 36 29 120 +30
32 "33 35 147 +36
34 36 30 131, +32
43 | 31 , 43 26 177 - +38
33 38 29 123 +34
32 Lo 28 120 +36
31 Lo 29 162 +38
38 34 28 140 : +24
33 39 . 28 144 +34
26 35 39 171 +48
32 32 36 117 +36
39 34 27 115 +22
39 33 28 138 +22
36 32 32 162 +28
34 34 32 141 +32
Li 45 31 24 88 +10
26 36 38 135 +48
37 45 18 142 +26
39 33 28 : 131 +22
34 37 29 9k +32
36 36 28 118 +28
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3 Glomerular Cell Counts
d.
g Difference (%)
+ | Epithelial| Endothelial| Mesangial | Total No: 2? E;zEthzzg
Z cells (%) cells (%) cells (%) | of cells intracapillary
’ : cells
45 30 38 32 127 +40

33 33 34 115 +34

33 34 33 131 +34

28 33 39 119 +Uh

25 31 L 173 +50

30 34 36 133 +40
46 39 30 31 141 +22

36 29 35 138 +28

34 38 28 143 +32

27 35 38 144 +46

25 34 41 150 +50

32 33 35 143 +35

*

Mean Vélues
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but one patiéﬁt (case 27) the mean percentagé-difference in
the proportions of intracapillary and extracapillary cells

in the five glomeruli counted was more than +20%. In this

one case the glomerular cell count was abnormal in only one
of the five glomeruli, amnd the proliferative changes could
reasonably be described as "focal'. In some other biopsies
(case 28, 30, 32, 36, 37 and 44) one or two of the individual
glomeruli counted showed percentage differences in the
proportions of intracapillary and extracapillary cells which
fell within the range seen in the control counts made on
autopsy cases without evidence of renal disease. In these
glomeruli, however, the percentage differences invari&bly
tended towards the upper end of the '"mormal" range. In some
biopsies (cases 26, 29, 30, 35, 36, 37, 40 and 46) there was
focal glomerular scérring. Some glomeruli were completely
hyalinized and others showed segmental areaé of sclerosis of
the glomerular tufts which were often associated with adhesions
- to Bowman's capsule, and small areas of reactive proliferation
of the adjacent epithelial cells.

Further renal biopsies were performed in eight of the
patients studied. In seven of these a second biopsy was
performed after an interval which ranged between 12 and 21
months (mean 15.4 months) énd in the other patient three
biopsies were performed at intervals of 7l months between the
first and second binpsies and of 20 months between the second
end third biopsies. ' In the majority (cases 25, 27, 30, 34 and
43) there was little maﬁerial difference observed between the
changes in the first and subsequent biopsies. In one patient

(case 26) there was a significant detexioration in the second
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biopsy, whilst in two other patients (cases 31 and 37),
although subsequent biopsies showed a proportion of sclerosed
glomeruli and focl of tubular atrophy, other glomeruli were
histeologically normal. The first biopsy made in both these
patients had shown a diffuse proliferative glomerulonephritis,.
Glomerular cell counts were performed on both the first and
subsequent biopsies in six patienta (cases 25, 27, 30, 31, 37
and 43). The range and the mean of the percentage differences
in the proportions of intracapillary and extracapillary cells
in the five glomeruli studied in each case are shown in

fig. 33. In two patients (cases 31 and 37) the percentage
differences in all five glomerull counted in the second and
third biopsles respectively were less than +20% and fell
within the "mormal" range derived from‘tha study of the control
autopsy material.

The severity of changes present in the first biopsies
made in each of the 23 patients studied were assessed in terms
of the "glomerular index", the extent of tubular atrophy
present and also in terms of a histological grouping as
described previously (mee p. 70 ). The cdrrelation between these
various parameters is shown in fig, 34. In fig. 35 the extent
of the changes present in the first renal biopsy made, assessed
by histological grouping is compared with the clinical outoome

in each case at the time of the study.

Comment
A number of points of intemmt arose from this study.
The glomerular lesion in the mephritis of anaphylactoid

purpura is naually described as a "focal" glomerulomnephritis
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CHILDREN WITH ANAPHYLACTOID PURPURA SUBMITTED TO RENAL BIOPSY ON MORE THAN ONE OCCASION

Glomerular cell counts.

Differences (L) in the proportions of
intra= & extra-capillary cells

+801
;
;<
+401
+204 -"'°"'{‘ R SRS
\_‘__--_-_-_- = ||--~- «\
\‘ cmen . o “
“ ~
" [
o] h N
‘\
.
~20-
|
12 2 36 48 } 80 | 100
Time of biopsy (mth.) after onset of symptoms
Fig. 33 In each renal biopsy, differential cell

counts were performed on 5 randomly
selected glomeruli., For each glomerulus
the difference between the proportions
of intracapillary (mesangial and

‘endothelial) and of extracapillary

(epithelial) cells was calculated. The
bars in the chart represent the range
of percentage differences in the 5
glomeruli examined in each case, and
the dots represent the mean values.
Biopsies made at different times from
the same patients are joined by dotted
lines.
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RENAL  BIOPSIES FROM  CHILDREN WITH NEPHRITIS FOLLOWING ANAPHYLACTOID PURPURA

Correlation of semi-quantitative histological assessments of the changes observed

Tubular atrophy '

{H.P.F. 710}
104 o
a<
&
6-
4 .
aas | ] a
2 o Histological group
o - e
i - o
° ° ° m - =
N -
ol . ° e o oo 8¢ o v - 2
° L) 20 30 40 )

Glomerular index

Fig. 34 This chart shows the close correlation between
the two methods of semi-quantitative analysis
applied to the renal biopsies from the children
with anaphylactoid purpura. Each point
represents the changes seen in a single renal
biopsy. Those biopsies in which both glomerular
and tubular damage is marked (i.e. a high
'glomerular index' and extensive tubular atrophy
present) are plotted towards the top on the
right. Those cases in which glomerular and
tubular damage is slight (i.e. a low 'glomerular
index' and little or no tubular atrophy present)
appear towards the bottom on the left. Each
point is also characterised in terms of the
five histological groups described in the text.
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HISTOLOGICAL GRADING OF THE CHANGES IN THE RENAL BIOPSY

Glomerulonephritis

Proliferative

Proliferative

Proliferive

Advanced chronic

With *' crescents'

Glomerular scarring

None

< 10% glomeruli

> 10% glomerull

All glomeruli

Tubular atrophy

None.

2 or less/10H. P.F.

> 210 H.P.F.

Extensive

FOLLOW- UP

Complete
clinical
remission

CCOese

No physical
abnormalities.

Persistent
urinary
abnormalities.

T 000e

Persistent
urinary
abnormalities.

Blood urea normal.

Slgnificant fall in
G.F.R.

(o]

Blood urea
raised
hypertension

Death

FOLLOW-UP

© Less than 36 months

® 36 months or more

and the severity of the histological
changes observed on renal biopsy in the
children with anaphylactoid purpura.
The histological gradings shown correspond
with the five histological groups
described in the text.

This chart shows the close relationship
between the subsequent clinical course
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indicating that only a proportion of the glomeruli are affected,
others being morphologically normal, Counts of the proportions
of the different types of cell in the glomeruli in the children
studied here indicate that "qualﬁ glomerular involvement is
much less common than a diffuse glomerular lesion, The severity
of the changes may, however, vary considerably from glomerulus
to glomerulus in a particular biopsy, in particular glomerular
scarring tends to show a focal distribution.

In all the eight patients in whdm more.thén one
biopsy was performed the indication for re<biopsying the
kidney was to assess the morphological effects, if any, of
treatment Wi£h‘iﬁmuno-suppressive drugs. In two patients
(cases 31 and 37) there“was morphological evidence of
improvement, in one patisnt (case 26) definite deteriaration
occurred and in the remaining patients (cases 25, 27, 30, 34
and 43) the changes were essentially the same. With this small
nunber of paiients, and without controls no Qommenf is,paéaihle
witﬁ regard to the effects of immuﬁo-suppreshive therapy. ‘
However, the changes in the biopsies from cases 31 and 37 are
interesting in that whilst in the first biopsies there were
changes of diffuse proliferative glomerulonephritis, subsequent
biopsies showed a proportion of'morphologically(normal glomeruli
and other glomeruli either totally hyalinised or segmentally
scarred. In case 37 an intermediate biopsy showed some normal
glomeruli, some showing proliferative changes (as indicated by
an increase in the proportion of intracapillary cells above
+20% on differential glomerular cell counts) and other glomerulil

yhich were scarred. This would seem to indicate that the
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proliferative glomerular lesion seen in this condition is
capable of complete resqlutiﬁn on the one hand, or on the
other hand may heal by scarring. This latter process may
result in an area of segmental scarring involving part of the
glomerular tuft, or it may complétely obliterate the glomerular
tuft, Clinically, in these cases there was little correlation
between the morphological changes in the renal biopsies and
the abnormalities found in the urine. Iﬁ case 31 healing of
the renal lesion was accoﬁpanied by a loss of both proteinuria
and haematuria. However, in case 37, despite morphological
evidence of healing in the renal biopsy, both proteinuria and
haematuria were still present. Furthermore, in case 25, despite
the disappearance of both proteinuria and haematuria a second
renal biopsy still ghéwed changes of a diffuse glomerulonephritis.
This study also shows that useful informa?ion with
regard to prognéSis may bé‘ﬁbtained from examination of the
renal biopsy. Fig.35 shows that a good correlation exists
between the sevérity of the morphological changes scen in the
first rena; biopsy spécimen and the evéntpal outcome, However,
this correlation is not absolute, sinqe one child exhibiting
severe (Group III) changes in the first renal biopsy'showed a
compiete clinical remission, with normal blood pressure and
glomeruiar filtration fate and no abnormalities on urinalysis
ten years after the onset of her symptoms. On the other hand,
another child showing only Group II changes on the initial renal
biopsy developed hypertension and died in remnal failure 18 months

after the onset of his illness.
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JYI. DPatients with a Nephrotic Svndrome

Between 1967 and 1971, 59 children with a nephrotic
syndrome were successfully submitted to remal biopsy at the
Hospital for Sick Children. Of these 59 patients, 42 (71%)
responded to treatment with predniszolone in doses of up to
2mg/Kg body weight/day given for up to four weeks, by loss of
their cedema and proteinuria (i.e. they were steroid-sensitive).
The remaining 17 cases were steroid-resistent The main
clinical findings in the steroid-sensitivs group have been
summarised on p. 142. 29 (69%) were boys agedbetiveen 1 and
12 yr. (mode 2yr.) and 13 (31%) were girls aged between 1 and
8 yr. (mode 3yr.) at the onset of their symptoms, In every
case oedema was the presenting symptom, and heavy proteinuria
was accompanied by hypoalbﬁminaemia. The selectivity of the
proteinuria was measured in 23 of these patients by deriving
the ratio between the clearances of Iga #Pd albumin,
Proteinuria was found to be highly selective in 12 and
moderately selective in 1l. In none was the proteinuria
poorly selective. All the patients in this group had relapsed
on three or more occasions after steroid withdrawl before renal
biopsy was performed. A small minority of these children had
been demonstrated to have transient microscopic hasmaturia,
but in none was it persistent, and in none was there any
history of macroscopic haematuris.

Renal biopsies were performed in these 42 steroid-
sensitive nephrotic children between 1 and 10yr., (mean 3yr.)
aft&r'the onset of their symptoms., The main pathological
findings in this group are summarised in table 14, Full total
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Table 14. Children With Steroid-sensitive Nephrotic Syndrome.
Renal Biopsy Findings.

] W Glomerular cell counts. =

® N Differences (%) be-- e 3.?

B o Histological tween the proportions ol 3g

o n N 55 | oc¢

o] ¥ Changes of intra- and extra- 20 | T M

o * capillary cells in fiw g g 3?2

2 glomeruli =

° 5

Range (%) = | Mean (%)

48 1 M.C. -26 to +10 -4 0 0
Lo 1 M.C. (F.G.0.) -20 to +14 =10 0 0
50 1 M.C. ) -50 to =18 -22 0 o)
51 1 M.C. (F.G.0.) -28 to + 8 -2 0 0
52 1 M.C. -14 to 0O -6 ) 0
53 1 M.Cc. (F.T.D.) -28 to +12 -12 0 o)
54 1 M.C. -14 to +12 + 2 0 0
55 1 M.C. (F.G.0.) - 8 to +14 + 6 0 0
56 1 M.C. (F.G.0.) -16 to O - 6 o] 0
57 1 M.C. -12 to + 2 - 6 0 0
58 1 Mes.P.G.N. +14 to +24 +20 12 0
59 1 M.C. -14 to +14 + 2 0 0
60 1 M.C. (F.G.0.) -30 to -12 -18 0 0
61 1 M.C. - 4 to + 8 + 2 0 0
62 1 F.G.S. -16 to - 6 -10 10 1
63 1 F.G.S. -16 to +20 + 2 p2¢) 2
64 1 M.C. (F.G.0.) -12 to +10 - 6 0 0
65 1 M.C. (F.G.0.) -26 to + 8 -8 2.5 0
66 1 Mes.P.G.N. +18 to +34 +22 12 o
67 1 M.C. (F.G.0.) - 8 to +10 0 0 0
68 1 M.c. (F.G.0.) -12 to - 2 - 8 5 0
69 1 M.C. 0 to +12 + 2 0 0
70 1 M.C. -22 to + 4 -12 0 0
71 1 M.C. -10 to + 2 - 6 0 0
72 1 M.C. (F.G.0.) -22 to + 8 - 6 0] 0]
73 1 M.C. -20 to +14 0 0 0
74 1 M.C. -10 to + 8 - 2 0 o)
75 1 M.C. -14 to 0] - 6 0] 0
76 1 M.Cc. (F.G.0.) -40 to - 8 -18 0 0
77 1 M.C. . -22 to 2 -10 0 o)
78 1 M.C. 0 to +12 + 6 0 0
79 1 M.C. (F.G.0.) -16 to +10 - 2 2.5 o) '
80 1 M.C. -10 to - 2 -8 0 0
81 1 M.C. -14% to + 4 - 8 0 0
82 1 M.C. -24 to +10 -2 0 0
83 1 M.C. (F.G.0.) - 4 to +16 + 6 0 0
84 1 M.C. - 2 to +18 + 8 0 0
85 1 M.C. -18 to + & - 8 0 0
86 1 M.C. - 8 to + 8 0 0 0
87 1 M.C. - 8 to + 8 + 6 0 0
88 1 M.C. -12 to +14 + 6 0 0
89 1 M.C. -30 to - 6 -16 0 0
M.C. - 'minimal changes'; M.C.(F.G.0.) - 'minimal changes' with
focal glomerular obsolescence; M.C.(F.T.D.) - 'minimal changes'
with focal tubular degeneration; Mes.P.G.N. - 'mesangial
proliferative glomerulonephritis; F.G.S. - 'focal' glomerulo-

sclerosis.
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and differential glomérular cell counts are given in table
20, In 38 instances (90%) the biopsies showed no definite
histological abnormalities in the glomeruli apart from
occasional obsolescent giomeruli in some cases. Differential
glomerular cell counts in these biopsies showed mo
significant differences in the proportioné of epithelial,
endothelial and meaangiai cells present from those glomerular
cell counts made on sections 6f‘"nofma1" kidney tissue taken
from autopsy cases (see fig. 31). In the autopsy material
the percentage differences between the proportions of intra-
capillary (endothelial and mesangial) cells and of extra-
capillary (epithelial) cells ranged between =36% and +20%,
and the mean values between =14% and +10%. In the 38 biopsies
in the present group the petcentage differences between the
proportions of intracapillary and extracapillary glomerular
cells ranged between -40% and +18% and the mean values between
-18% and +8%.

Of the four remaining biopsies in this group, two
(cases 58 and 66) showed changes of mesangial proliferative
glomerulonephritis and two (cases 62 and 63) showed focal
glomerulosclerosis. Differential glomerular cell counts on
‘unaffected glomeruli in the latter biopsies fell within the
"normal" range, the range of percentage differences being
between - 16 and +20% and the mean values being +2% and -;0%.
In both the biopsies from cases 58 and 66 there were mild
proliferative changes with thickening of the mesangial stalks.
Glomerular cell counts showed an increase in the proportion

of intracapillary cells; the percentage difference between the
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proportions of intracapillary and extracapillary cells ranged
between +14% and +34% with mean values of +20% amd +22%
respectively.

The over=~-all severity of the changes present, as -
assessed by the "glomerular index" and by the egﬁgpt of the
tubular atrophy present was mild, In the great majority of
the biopsies present irndices for both "glomerular index" and
tubular atrophy were O. Two biopsies ;howed tubu;ar_atrophy
in up t9 two out qf ten randomly - selécted high-power fields
and the glomerular index'was abnormal 19 four biopﬁies‘with~
values up to 12, .

The main clinical findings in the 17 patients in the
steroid-resistant group are presented in tables 15 and 16.

Ten were boys aged between 1 and 12 years (mean 5.4yrs.) and
seven were girls aged between 2 and 8 years (mean 3.9yrs.) at
the onset of their symptoms. Although all 17 patients were
steroid-resistant at some stage in the course of their disease
in that their proteinuria failed to disappgar after four: weeks
therapy with predmnisone or prednisolone in dosages of
2mg/Kg/day or less, one patient (case 92) responded to dosages
of Erednisolone in excess of 2mg/Kg/day, and also r?sponded to
cyclophosphamide in combination with steroidsiafter failing to
respond to steroids alone. A further patient (case 93) although
initially steroid-sensitive later became steroid-resistant.
Cyclophosphamide thetapy in this patient produced a dramatic
fall in urinary protein excretion, but proteinuria did not”
entirely disappear. Four other patients (cage# 96, 97, 101 and

103) whilat showing no response to steroids, exhibits marked



Table 15.

Children With Steroid-resistant Nephrotic Syndrome. .Main Clinical Findings.

. Age Total Specific Therapy
Patient Sex at follow- (other than Clinical Course

No. onset | up time corticosteroids)

90 F 2 31 Cyclophosphamide Remission with cyclophosphamide. One relapse which
also responded to steroids and cyclophosphamide

91 F 2 3 Cyclophosphamide Clinical Remission

92 F 3 30 Cyclophosphamide Relatively steroid-resistant only. 3 relapses whilst
on steroids, responded to dosage increase. 2 further
relapses responded dramatically to cyclophosphamide.

93 F 2 23 Cyclophosphamide Initially steroid-sensitive but became steroid resistant
Responded to cyclophosphamide, proteinuria all but
disappearing. '

94 M 2 120 Cyclophosphamide Persistent heavy proteinuria. Unaffected by treatment.
Physically fairly well; no diminution of renal function.

95 M 4 22 Cyclophosphamide Physically well hut persistent proteinuria unaffected by
treatment. 'No diminution in renal function.

96 M 7 48 Cyclophosphamide Marked diminution in proteinuria during cyclophosphamide
therapy.

97 F 2 53 Cyclophosphamide Marked diminution in proteinuria during cyclophosphamide
therapy.

08 M 4 29 Cyclophosphamide and | Persistent heavy proteinuria unaffected by treatment,

: Azathioprine ' latterly developed hypertension.
99 M 9 24 Cyclophosphamide arid | Persistent heavy proteinuria unaffected by treatment.
: Azathioprine Developed hypertension
100 F 8 29 Cyclophosphamide Persistent heavy proteinuria unaffected by treatment.
' Development of hypertension and renal failure.
101 M 5 30 Cyclophosphamide and | Marked diminution in proteinuria during immunosuppressive
Azathioprine therapy. :
102 F 8 31 Cyclophosphamide and| Persistent heavy proteinuria unaffected by treatment.
Azathioprine Death in renal failure.

€€¢



Table 15 cont/d.

Patient Age Total Specific Therapy
Sex at follow- (other than Clinical Course
No. . . . :
onset | up time corticosteroids)
103 M 6 61 Cyclophosphamide Marked diminution in proteinuria during cyclophosphamide
' therapy.
104 M 1 12 Cyclophosphamide and | Proteinuria unaffected during immunosuppressive therapy,
Azathioprine but some weeks later, spontaneously disappeared.
105 M 12 6 Cyclophosphamide Persistent heavy proteinuria unaffected by
treatment.
106 M 6 4 None °

7T€¢




Table 16. Children With Steroid-resistant Nephrotic Synhdrome. Clinical Findings at the Time of
Renal Biopsy. ‘ .

g 093 Investigations
& w | BE S — = = g
H. P o o ~ g HoO Proteinuria & - 3 —t3 .
- 0 o+ fos] g e . o g . n 3 e 8w
o] ke n . 0] \1:\ =1 R c ol 92} 3 ~N N [92] Heoe
o+ n —~p g N | ws ® N = <o | =t = > = o e + O
< g8 . = A g = ~ N . ~ Hop o+ o~ 2 n . n .
= <o oo O\, = o= c +0 c oo O «+ 0 N =
< ® o9 5 Qo = ) <40 H 3 g 3 o . g .
. = He o K o ot B == o ~ =
= ) = . *1 o ~ ~05 ~
~ N e s s
90 1 27 - 60 81 1000 2 - M 0 1 600 -ve -
91 1 1 100/60 21 - 500 - 6.9 H 0 1.0 295 - -
92 1 10 120/60 51 - - 12 12.6 H 0 2.0 380 - -
93 1 16 130/90 20 202 - - 10.6 H 0 1.8 - - 1200
94 1 14 140/90 16 - 1200 - - - 0 ol 600 - -
2 96 100/60 27 200 - - 11.8 - 0 - 340 - -
95 1 3 - .19 89 - 1.3 | 10.8 - 0 7 390 - -
96 1 1 130/90 110 - 1000 2.7 - M 0 1.7 - -ve 800
97 1 20 110/60 15 120 - 3.9 - P m 1.5 645 - 100
2 32 90/60 20 150 - - 0.5 - 0] 3.9 275 - -
98 1 3 120/80 18 112 1000 - - M m 1.5 - - 200
99 1 8 150/90 - 115 - . 8.8 - M 1.8 - ~-ve 200
100 1 20 140/90 77 52 - 7.8 - - m 2.9 480 +ve 200
101 1 20 110/70 25 193 - 1 4.8 8 M m 1.8 - - -
102 1 L 115/85 16 135 - 3.6 20 P m 0.9 519 -ve 50
103 1 30 140/100 23 171 - 1.2 5 - 0 0.7 578 +ve 800
104 1 3 90/70 36 234 - 4,3 29 P m 359 -ve 50
105 1 2 140/90 43 171 - - 7.3 P m 1.9 - - 200
106 1 4 120/50 25 149 - 3.6 5.9 M m 1.2 425 ~-ve 50

* H - highly selective; M - moderately selective; P - poorly selective.
T M - macroscopic haematuria; m- microscopic haematuria.

o _ 1ow serum albumin on serum electrophoresis.

g€e
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falls in urinary protein excretion whilst on immunosuppressive
drugs., In none og these four patients, however, did the
proteinuria entirely disaﬁpear.

All 17 cases p:esented with heavy proteinuria,
hypoalbuminaemia and cedema., Their serum cholesterol was
measured in 12 of the i?\patients and in all instannes it was
rased, In the majofity the onset of their symptoms was
insidious, although a mild preceding upper respiratory tract
iﬂfbction was noted in three patients (cases 90,(91 and 98).
Three other patients presented with an acute nepﬁritic‘syndrome,
characterised by the sudden onset of oedema, haematuria and
proteinuria following‘nn upper reépiratbry tract infection.,

In one patient (case 103) bacteriological culture of a throat
swab isolated ﬁ-haemélytic stréptococci of Lancefield group A.
A subsequent serum A,.S.0. tire iﬁ this patient was more than
800 units/ml. One other patient (case 95) was an example of
the nail-patella syndrome, Raised'serum A.S.0. titres were
recqrded in three patiehts (cases 93, 95 and 103) at some
étagecduring their disease. Persistent microscopic haematuria
on,roﬁting urinalysis was found in 7 patieﬁts (cases 98, 99,
100, 102, 104,‘105 and 106). 1In two patients (cases 101 and 97)
microscopic haematuria was presentninitially, but later dis-
appeared, and in both instances this change was associated with
a marked diminution in the amount of pfotein excreted in the
urine. Two other patients (cases 93 and 101) developed
haematuria whilst on cyclophosphamide therapy and in both

cases this was associated with a haemorrhagic cystitis

developing as a result of the drug therapy.
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In all but seven of the 17 children studied, over-a}l
renal function as measured by the blood urea concentration and
the endogenous creatinine clearance was mormal throughout the
period qf study.

In three patienfs (cases 90, 92 and 96) transient
azotaemia occurred either whilst on steroid therapy oxr during
periods of hypovolaemia due to severe omedema. In fo;r patients
(cases 99, 100, 102 and 105)‘a progressive fall in glomerular
filtration rate occurred, In two (cases 100 and 102) the fall
was marked and one patient (case 102) death in renal failure
occurred.

Hypertension with_a recorded diastolic blood pressure
of 90mm. of mercury or more waﬁ seen in nine patients (cases 93,
9%, 96, 98, 99, 100, 102, 103 and 105). However, in four
(cases 93, 94, 96 and 103) hypartension was transient, and
followed treatment with corticosteroids. 1In the other five
(cases 98; 99, 100, 102 and 105) the hyﬁertgnsion was sustained,
and was severe (110mm. of mercury or more) in cases 98, 99, 100
and 102, but only mild (90um. of mercury) in case 105.

Rehal;biopsies weré performed on all 17 children at
intervals ranging between one month and eight years after the
onset of their symptoms. A single biopsy was performed in 315
patients, and two biopsies were madé in the remaining two
(cases 94 and 97). The main pathological findings in the biopsy
gpecimens from the children with steroideresistant mephrotic
symptoms are summarised in tahle 17. Full total and differential
glomerular cell counts are given in table 21. Numerically the

largest group were the seven whose biopsies showed changes of
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Table 17. Children With Steroid-resistant Nephrotic Syndrome.
Renal Biopsy Findings.

- Glomerular cell countsl. 5 ?
) o Differences (%) be- — o
N Histological tween the proportions N
o o of intra- and extra- Ho RO
=i n Changes . . R oK
o+ < * capillary cells in ac | o
= five glomeruli. g S .3
o =K
) Range (%) Mean (%)
90 | 1 | M.Cc. (F.G.O.) -18 to - 4 - 8 0 0
91 { 1 | Mes.P.G.N. + 4 to +56 +26 10 o]
92 | 1 | M.C. (F.T.A.) -24 to -14 -22 o) 2
93 | 1 | F.G.S. (early) - 6 to +10 + 2 10 2
9L | 1 | F.G.S. (early) -10 to +10 "0 6 o]
2 F.G.S. (early) -12 to +20 + 6 10 2
95 | 1 | M.C. -18 to + 4 - 8 0 0
96 | 1 | F.G.S. (early) -22 to +16 + 4 2 0]
97 { 1 | M.P.S.G.N. +22 to +40 +30 12 1.5
2 | M.P.S.G.N. + 4 to +40 +20 10 1
98 1 1 | F.G.S. (advanced) ' 27 6
99 | 1 | F.G.S. (advanced) 37 6
100 | 1 | Mem.P.G.N. 22.5| 3.5
101 | 1 | Mes.P.G.N. +20 to +46 +34 11 0
102 { 1 | F.G.S. (advanced) 32.5 ] 2
103 | 1| F.G.S. (early) + 6 to +10] -+ 8 12.51| 3
104 | 1 | Mes.P.G.N. +16 to +4l4 +34 14 o]
105 1| Mem.P.G.N,. 4o 0]
106 | 1 | Mes.P.G.N. +26 to +44 +40 27 o]
* M.C. - "minimal changes";
M.C. (F.G.0.) - "minimal changes" with focalqglomerular
obsolescence;
M.C. (F.T.A.) - "minimal changes" with focal tubular atrophy;
F.G.S. - focal glomerulosclerosis;
M.P.S.G.N. - mild proliferative and sclerosing glomerulo-
nephritis;
Mes.P.G.N. - 'mesangial' proliferative glomerulonephritis;
Mem.P.G.N. - membranoproliferative glomerulonephritis.
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focal glomerulosclerosis (cases 93, 94, 96, 98, 99, 102 and 103).
In four instances biopsy showed changes of mesangial
proliferative glomerulonephritis (cases 91, 101, 104 and 106).
The biopsies from three patients (cases 90, 92 and 95) showed
no definite histological abnormalities in the glomeruli, apart
from occasional obsolescent glomeruli in the biopsy from

case 90. In two patients (cases 100 and 105) renal biopsies
showed changes of mémbranoproliferative glomerulonephritis and
in one patient (case 97) the renal biopsy changes weré of a
mild proliferative and sclerosing glomerulonephritis. In three .
of the biopsies from patients with focal glomerulosclerosis
(cases 98, 99 and 102) and in the two biopsies from patients
#ith membranopfoliferative glomerulonephritis (caaes 100 and
105) the extent and severity of the glomerular lesions made it
impossible to perform differential glomerular cell éounts.
Glomerular cell counts performed oﬁ biopsies from the
remaining four patients with focal glomerulosclerosis and the
three patients with '"minimal change" lesionsushowéd no inqrease
in the proportion of intracapillary cells., The percentage
differences between the proportions of intracapillary and
extracapillary cells in the glomeruli in these cases ranged
between =24 and +20% with mean values between -22 and +8%.
Glomerular cell counts made on the five other patients (four
with mesangial proliferative glomerulonephritis and one with
mild proliferative and sclerosing glomerulonephritis) were all
abnormal with #n excess pf intracapillary cells present in the
glomeruli. The percentage differences in the proportions of
intracapillary'and extracapillary cells ranged between +4 and

+56% with mean values ranging between +20% and +40%
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The over-all severity of the histological changes
present assessed in terms of the "glomerular index" and the
extent of the tubular atrophy present varied widely. The
"glomerular index" ranged between 0 and 40 and tubular atrophy
was present between O and 6 out of ten randomiy - selected

high-power fields.

Comment

f

This study confirms again the excellent correlation
between the presence of definite hisfological abnormalities in
the renal glomeruli on renal biopsy and a lack of response'
to treatment with corticosteroids in children with a nephrotic’
syndrome. Table 18 shows that of the 42 children whose
proteinuria disappeared with corticostefoid therapy, only four
exhibited unequivocal histological abnormalities on renal
‘biopsy. Conversely, of the 17 children failing to respond to
corticosteroid all bpt three showed definite morphological
changes in the glomeruli on renal biopsy,.

) In the steroid-resistant children useful prognostic
information was obtained from a study of the biopsy specimen.
The largest group were the seven children with changes of focal
glomexrulosclerosis on renal biopsy. The biopsies in fburlshowed
"early" cggpges with only occasional affected glomeruli, and
slight, focal tubular atrophy. ‘One of these children had been
steroid-sensitive at first, and only subsequently became
steroid»resis?ant. Three of the four children showed a marked
diminution in the amount of protein excreted in the urine on
treatment with cyclophosphamide. Proteinuria did not entirely

disappear however, and the fillow-up period in these three
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Table 18. The Histological Classification of the Renal
Biopsy Appearances in the Children with a
Nephrotic Syndrome Compared with their Response
to Steroid Therapy.

. . Steroid- Steroid-
Histological Changes Sensitive Resistant
MINIMAL CHANGES
(i) No histological abnormalities 24 1
(ii) With focal glomerular obsolescence 13
(iii) With focal tubular atrophy 1
FOCAL GLOMERULOSCLEROSIS
(i) Focal and segmental glomerulo-
sclerosis 1 7
(ii) Focal glomerular obliteration
and significant tubular atrophy 1 10
PROLIFERATIVE GLOMERULONEPHRITIS
(i) Diffuse exudative 0 0
(ii) Mesangial ‘ 2 b
(iii) Proliferative and sclerosing 0 1
(iv) With crescents 0 0
(v) Membranoproliferative 0] 2
MEMBRANOUS NEPHROPATHY 0 0
ADVANCED CHRONIC GLOMERULONEPHRITIS 0 0
TOTAL b2 17
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children ranged from only 23 to 61 months, so that the long~
term outcome is not clear. The fourth child in this group,
although not responding to any form of treatment has survived
for ten years in relatively good health and shows no
diminution in glomerular filtration rate.

The biopsies in the three remaining children with
focal glomerulosclerosis showed much more severe histological
changes. The majority of glomeruli were affected and there
was widespread tubglar atrophy and interstitial fibrosis.
Follow-up in these three children ranged from 24 to 31 months.
All three developed hypertension, two developed severe renal
failure with marked diminution in glomerular filtration rate,
and one has died. .

fqur children showed changes of mesangial proliferative
glomerulonephritis in renal biopsies. The prqgnosis in fhese
children appegred favourable despite their lack of response
to steroids, In two, complete remission of their proteinuria
occurred. In one of these proteinuria disappeared while on
cyclophosphamide therapy. 1In the other the remission occurred
after cyclophosphamide therapy had been terminated because of an
apparent lack of effect. In another case marked diminution “
in the amount of protein excreted in the urine occurred during
cyclophosphémide therapy a;though ;ome‘protéinuria persisted.
In the fourth patient in this group the follow-up period of
four m&nths was too short for“comment.

“Three children sho#ed no definitg histological ‘changes
in renal biqpsies; One of these was an example of the
nail-patella syndrome, and this child's proteinuria showed no

response to treatment. The other two children both exhibited
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features in common with the children in the steroid-sensitiwe .
group. One child was only relatively steroid-resistant, her
proteinuria responding to increased doses of prednisolone.

Both children responded té cyclophosphamide. 1In add;tion, in
both children the urinary protein excretion showed a&ﬁoderately
or highly selective pattern.

Two children showed changes of membranoproliferative
glomerulonephritis on renal biopsy. In neither was there any
response to treatment eitpg; with steroids or cyclophosphamide.
One child developed hypertension and progressive renal failure.

One child showed changes of proliferative and sclerosing
glomerulonephfitis on renal biopsy. The changes were mild,
only occasional sclerosed glomeruli being4present, in two
renal biopsies performed at 20 and 32 months after the onset
of the child'ﬁ symptoms. The total follow-up period in this
child is 53 months. Although her proteinuria has mot entirely
disappeared, a marked diminution in urinary protein excretion
occurred during therapy with cyclophosphamide.

' Table 19 illustrates the correlation found in this
study between the occurrence of persistent microscOpic
haematuria qnd the renal biopsy changes in children‘with
steroid resistent mephrotic syndrome. Haematuria occurred at
some'stage in 11 of the 17 children studied in this group.
However, in one child with’mildtéroliferative and sclerosing
glomerulonephritis, micfoscopic‘haematnria was only présentf
initially, and did not persiét_and in two other children
haematuria developed only as a result of a: haemorrhage cystitis
due to cyclophosphamide therapy. The eight remaining children

showed persistent microscopic haematuria developing during their
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Table 19. The Correlation of the Histological Changes

Seen on Renal Biopsy,

and the Incidence of

Persistent Haematuria in Children with
Steroid-resistant Nephrotic Syndrome.

Histological Changes

Persistent Micro-
scopic Haematuria

Present Absent
Minimal changes 0 : 3
Focal

glomerulosclerosis | "Early" 0 4

"Advanced" 3 0

Proliferative Mesangial 3 1
glomerulonephritis

Membranoproliferative 2 0

Proliferative and *

sclerosing 0 1

Membranous nephropathy 0 0

Advanced chroni¢ glomerulonephritis 0 0

Total 8 9

* Haematuria initially, later disappearing. -
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disease and continuing throughout. All eight showed either
focal glomerulosclerosis or proliferative glomerulonephritis
on renal biopsy. Three showed changes of mesangial
proliferative glomerulonephritis, but the other five all shdwed
much more sinister glomerﬁlar lesions. In three there were
changes of advanced focal gloﬁeruloéclerosis, and in two there
were changes of membranoproliferative glomerulonephritis, thus
illustrating the poiential seriousness of this clinical
finding. It is also of interestkthat in the children with
renal biopsy changes of focal glomerulonéphritis, the
incidence of :persistent microscopic haematuria exactly
matched the severity of thé histological changes. The four
cases with mild "early" lesions showed no haematuria, whilst
all three with severe "advanced" changes had persistent

microscopic haematuria.
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Table 20. Children with Steroid-~sensitive Nephrotic Syndrome.
Total and Differential Glomerular Ce11‘Counts.
? Glomerular Cell Counts
ot
o Difference (%)
a ‘ . "in the pro-
i Epithelial { Endothelial | Mesangial | Total No. | proportions of
) cells (%) cells (%) cells (%) | of célls | intra- and
) extracapillary
cells
48 53 29 18 107 -6
47 22 31 108 + 6
45 30 25 127 +10
53 26 21 103 - 6
63 23 14 108 -26
* 52 26 22 111 - 4
4o 60 23 17 70 ~-20
54 31 15 107 - 8
58 25 17 80 . -16
43 35 22 108 +14
60 20 20 74 -20
55 27 18 88 ~-10
50 63 20 17 106 -26
59 26 15 125 ~-18
75 16 9 144 -50
64 22 14 137 -28
66 22 12 100 ~-32
66 21 13 122 -22
51 46 41 13 81 + 8
52 28 20 90 - 4
64 22 14 69 -28
46 35 19 102 + 8
47 32 21 104 + 6
51 32 17 89 -2
52 55 27 18 125 ~10"°
57 23 20 115 -14
49 . 33 18 111 + 2
50 33 17 91 0
52 31 17 96 - 4
53 29 18 108 - 6
53 57 28 15 76 -14
52 28 20 49 - 4
49 32 19 77 + 2
64 25 11 52 -28
Ll 31 25 52 +12
56 25 19 87 ~12
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Glomerular Cell Counts

yo)
]
o Difference (%)
g in the pro-
+ Epithelial | Endothelial | Mesangial | Total No.!| portions of
o cells (%) cells (%) cells (%) of cells intra-, and
o extracapillary
cells

54 Ly 36 20 124 +12

50 32 18 146 0

57 31 12 88 -14

Lo 30 21 110 + 2

46 30 ok 123 + 8

4o 32 19 118 + 2
55 43 30 27 207 +14

L7 28 25 175 + 6

ks 33 . 22 169 +10

54 28 18 93 - 8

45 31 ok 145 +10

47 30 23 157 - + 6
56 53 30 17 102 -6

50 38 12 133 - 0

58 30 12 84 -16

51 38 11 101 -2

55 29 16 105 -10

53 33 14 105 - 6
57 ko 33 18 84 + 2

50 29 21 124 0

58 27 15 111 -16

51 32 17 108 -2

56 32 12 o4 -12

53 30 17 104 - 6
58 39 Lo 21 150 +21

38 37 25 161 +2h

38 34 28 141 +24

43 36 21 110 +14

41 36 23 214 +18

Lo 37 23 155 +20
59 45 32 23 101 +10

52 30 18 121 -4

57 25 18 89 -14

48 28 ok 140 + 4

43 33 2l 157 +14

kg 30 21 122 + 2
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Glomerular Cell Counts

v}
o
= Difference (%)
@ : in the pro-
E. Epithelial | Endothelial | Mesangial | Total No.| portions of
- cells (%) cells (%) cells (%) of cells intra- and
o extracapillary
) cells
60 64 23 13 82 ~-28

56 28 17 89 ~12

65 27 8 87 -30

56 26 18 68 =12

56 27 17 66 -12

59 26 15 79 -19
61 47 31 22 88 + 6

46 34 20 98 + 8

52 27 21 56 - 4

51 32 17 98 - 2

50 24 26 78 0

Lo 30 21 . 83 + 2
62 58 24 18 131 -16

53 30 17 135 - 6

55 25 20 147 -10

54 27 19 129 - 8

53 26 21 107 - 6

55 26 19 130 -10
63 40 42 18 153 +20

58 26 16 140 -16

58 29 13 106 -16

L6 30 24 127 + 8

L 39 17 122 +12

49 33 18 130 + 2
64 56 27 17 70 -12

45 35, 20 84 +10

53 34 13 79 - 6

54 31 15 83 -12

56 29 15 77 -8

53 31 16 79 - 6
65 50 30 20 133 0

L6 33 21 83 + 8

63 25 12 9l -26

54 28 18 98 - 8

58 26 16 100 -16

54 28 18 101 -8
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” Glomerular Cell Counts
o}
S Difference (%)
o in the pro-
3. Epithelial | Endothelial| Mesangial | Total No.| portions of
o cells (%) cells (%) cells (%) of cells extra- and
) intracapillary
* cells
66 L 35 21 136 +12

33 37 30 145 +34

34 35 31 163 +32

43 32 25 150 +14

41 31 28 123 +18

39 34 27 143 +22
67 45 32 23 130 +10

50 31 19 146 0

39 28 23 113 + 2

53 28 19 113 - 6

54 29 17 115 - 8

50 30 20 123 0
68 55 25 20 114 -10

56 26 18 83 -12

51 34 15 130 -2

52 31 17 108 -i4

56 29 15 117 -12

54 29 17 110 - 8
69 48 32 20 136 + 2

4y 38 18 156 +12

50 34 15 97 0

48 33 19 121 + 4

50 35 15 125 0

4o 33 18 127 + 2
70 52 37 11 75 - 4

60 28 12 100 -20

48 32 20 92 + 4

60 25 15 57 -20

61 26 13 67 -22

56 30 14 78 -12
71 54 36 10 120 -8

55 31 14 94 -10

4qg 33 18 67 + 2

51 31 18 49 -2

55 32 13 79 -10

53 32 15 82 - 6
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§ Glomerular Cell Counts
ct
g. Difference (%)
i in the pro-
2 Epithelial | Endothelial | Mesangial | Total No. | portions of
o cells (%) cells (%) cells (%) of.cells intra- and
) extracapillary
cells

72 46 31 23 80 + 8

52 -25 23 85 - 4

48 28 24 105 + 5

57 23 20 99 -14

61 22 17 83 -22

53 24 23 90 - 6
73 52 29 19 78 - 4

60 14 26 77 -20

L3 30 27 90 +14

4s 30 25 160 +10

48 28 24 92 + 4

50 26 oh 99 0
7h 52 32 16 115 -4

ko 33 18 120 + 2

46 29 25 105 + 8

51 30 19 112 - 2

55 31 14 121 -10

51 31 18 115 - 2
75 50 29 21 100 0

52 26 22 136 -4

57 21 22 104 -14

52 20 28 116 -4

52 30 18 86 - 4

53 25 22 108 - 6
76 56 19 25 106 ~-12

70 15 15 82 T

54 20 26 82 - 8

59 21 20 113 -18

79 14 14 81 -14

62 18 20 93 -18
77 Lo 30 21 104 + 2

61 21 18 79 -22

50 33 17 108 0

56 27 17 139 -12

61 27 - 12 114 -22

55 27 18 109 -10
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Glomerular Cell Counts

g
d.
b, Difference (%)
g , in the pro-
o+ Epithelial | Endothelial | Mesangial | Total No.| portions of
2 cells (%) cells (%) cells (%) | of cells | intra- and
N ' extracapillary
cells

78 L4y 36 20 160 +12

48 32 20 145 + 4

50 28 22 115 0

45 30 25 141 +10

50 26 24 154 0

47 30 23 143 + 6
79 45 35 20 66 +10

58 21 21 72 -16

52 30 18 76 -4

4o 26 25 97 + 2

50 35 15 100 0

50 29 20 82 -2
80 55 30 15 82 -10

51 25 24 96 - 2

52 30 18 76 - 4

55 22 23 104 -10

55 27 18 122 -10

'54 27 19 96 -8
81 56 27 17 120 -12

48 . 34 18 157 + 4

57 o4 19 127 -14

51 31 18 153 -2

55 30 15 146 -10

54 29 17 141 -8
82 46 28 26 90 + 8

56 25 19 108 -12

62 19 19 87 -4

4s 35 20 78 +10

46 32 22 112 + 8

51 28 21 93 -2
83 45 39. 16 182 +10

50 30 .20 160 0

52 31 17 156 -4

C 46 35 19 160 + 8
Lo 37 21 154 +16
47 34 19 162 + 6
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Glomerular Cell Counts

g
-0
o Difference (%)
3 in the pro-
¢ |Epithelial | Endothelial | Mesangial | Total No. | portions of
= cells (%) cells (%) cells (%) of cells intra- and
N extracapillary
cells

84 41 34 o5 133 +18

51 .29 20 101 - 2

4s 35 20 110 +10

L8 31 21 91 + 4

45 38 17 87 +10

46 33 21 104 + 8
85 48 35 17 124 + 4

56 30 14 138 -12

b9 38 13 126 + 2

56 29 15 127 -18

59 26 15 106 -18

Sh 31 15 124 - 8
86 L8 34 26 142 -4

54 ok 25 111 -8

46 28 24 93 + 8

50 32 25 115 0

51 18 22 82 - 2

50 27 23 109 0
87 41 35 24 135 +18

4o 35 23 136 +16

51 35 14 141 - 2

Sk 26 20 85 -8

45 35 20 160 +10

47 33 20 131 + 6
88 4qg 32 19 110 + 2

L3 4o 17 100 +14

56 35 9 92 -12

4s 4o 15 119 +10

43 32 24 115 +12

b7 35 18 107 + 6
89 60 31 9 95 -20

56 31 13 96 ~-12

65 25 10 107 -30

53 32 15 82 - 6

56 33 11 83 -12

58 31 11 92 -16

* Mean Values
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Table 21.
Total and Differential Glomerular Cell Counts.
g Glomerular Cell Counts
t
§ Difference (%)
i in the pro-
Epithelial | Endothelial | Mesangial | Total No. | portions of
g cells (%) cells (%) cells (%) of cells intra- and
* extracapillary
cells
90 53 30 17 100 - 6
52 29 19 96 - 4
59 26 15 76 -18
51 30 19 107 - 2
54 28 18 111 - 8
* 54 29 17 98 - 8
91 39 35 26 134 +22
Lo 32 28 173 +20
L8 26 26 119 + 4
22 Lo 38 144 +56
32 36 32 156 +36
37 33 30 145 +26
92 62 21 17 133 ~-24
57 25 18 89 -14
62 26 12 102 -24
62 24 14 102 -24
62 26 12 120 -24
61 2L 15 109 -22
93 48 32 20 100 + b
45 32 23 110 +10
52 32 16 101 - 4
53 30 17 83 - 6
Lo 28 26 104 + 8
Lo 31 20 100 + 2
9k 55 28 17 -106 -10
50 30 20 90 0
L8 36 16 104 + &
4s 41 14 110 +10
50 32 18 103 0
50 33 17 103 . 0
Lo 33 27 132 +20
43 39 18 81 +14
51 37 12 79 - 2
L3 4o 16 136 +15
56 34 10 87 -12
L7 37 16 103 + 6
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Glomerular Cell Counts

g
Y
= Difference (%)
g in the pro-
o+ | Epithelial | Endothelial | Mesangial | Total No. | portions of
- cells (%) cells (%) cells (%) of cells intra-~ and
o : extracapillary
cells
95 ho 37 14 62 + 2
55 26 19 58 -10
58 33 9 58 -16
59 28 13 71 -18
48 26 26 54 + 4
54 30 16 61 - 8
96 Lo 38 20 107 +16
63 28 11 65 -22
43 392 27 92 +18
48 34 18 99 + b
b9 33 18 70 + 2
48 33 19 87 + 4
97 30 Lh 26 115 +40
36 32 32 124 +28
39 33 28 95 +22
35 36 29 104 +30
36 34 30 127 +28
35 36 29 113 +30
4o 32 28 126 +20
L3 38, 19 119 +14
39 . 29 32 133 +22
30 38 31 128 +40
48 19 33 88 + 4
4o 31 29 119 +20
101 34 32 34 152 +32
39 35 26 119 +22
4o 32 28 133 +20
27 43 30 111 +46
27 43 30 126 +46
33 37 30 128 +34
103 46 33 21 80 + 8
45 34 21 88 +10
b7 . 31 22 121 +10
b7 30 25 80 £ 6
L6 29 25 112 + 8
46 31 23 96 + 8
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? Glomerular Cell Counts
o+
. Difference (%)
o] ' in the pro-
“ Epithelial | Endothelial | Mesangial | Total No. | portions of
g cells (%) cells (%) cells (%) of cells intra- and
. extracapillary
cells
104 32 32 36 137 +36
28 36 36 140 +4h
35 31 34 111 +30
Lo 4o 18 84 +16
28 34 34 111 +44
33 35 32 117 +34
106 25 32 43 176 +50
33 32 35 166 +34
37 30 33 128 +26
28 34 38 151 +44
28 32 40 218 +4h
30 32 38 167 +40

*

Mean Values
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DISCUSSION AND CONCLUSIONS

Quantitative and semi-quantitative assessments of the
pathological abnormalities present in renal biopsy specimens
have a number of advantages, In particular, by quantifying the
extent of the morphological changes present, objective
comparisons can be made between different cases and also
between different biopsies made at intervals from a single
patient during the course of their disease. In addition to
the morphological classification of the pathological changes
encountered in the renal biopsy specimens studied in this
thesis, each specimen was assessed quantitatively in terms of
the extent of glomerular and tubular damage present, and also
where possible with regard to the number and distribution of
the cells present in the renal glomeruli. .

Previous reports of histological methods of
quantitative assessment of the number and distribution of the
nuclei in the glomeruli in renal biopsy specimens are few.

Brun et al. (1965) and Suc et al. (1967) performed total
counts of the glomerular nuclei seen in histological sections
of renal biopsy specimens. In the study of Brun et al., counts
were performed on the pirojected image of each glomerulus.

Suc et al., on the other hana, performed glomerular counts on
photomicrographs of each glomerulus. Results in each case were
expressed as numbers of'nuclei per unit area of the glomerulus.
In addition counts of the nuclei within a standard area

(in each case 625p2) in different parts of a single glomerulus
were performed in both studies in order to assess localised

areas of nuclear aggregation and hypercellularity which might
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not be apparent if the total count was 'mormal‘'. Brun et al.
(1965) were able to show in renal biopsies from patients with
rheumatoid arthritis that whilst there was no over-all increase
in the total number of nuclei in the glomeruli, localised areas
of hypercellularity within the glomerular tufts were present,
Suc et al. (1967) obtained similar results in cases of
flobular' glomerulonephritis. They attributed the localised
hypercelluiarity in these cases to an increase in cells in the
centrilobular and intercapillary regions, but they did not make
differential counts of the various types of cells involved.
Such differential counts of endothelial, epithelial and
mesangial cells have been made, however, by Iidaka, McCoy and
Kimmelstiel (1968) and Kawano et al. (1969) onvglomeruli in
renal biopsy specimens from patients with diabetic glomerulo-
sclerosis and post-acute proliferative focal glomerulonéphritis,
and these studies resemble most'closely the methods employed
in the present work. These authors performed differential
counts on camera lucida drawings. In the present study
differential nuclear counts were performed by direct
microscopy using an oileimmersion (x100) objective. In order
to establish the validity of ‘this method as applied to the
renal biopsies studied, a number of preliminary investigations
- were necessary. |

To confirm the reliability of glomerular nuclear cell
counts made by direct microscopy, comparisons were made
between those counts made by this méthod on paraffin sections
and those made on photomicrographs of epoxy-resin sections
made from the same biopsies. Comparispns were made in this

way on 24 biopsies, in which three or more glomeruli were
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present in the epoxy-resin sections. The counts were made
on separate occasions and comparisons between the two sets
of results were deferred until all were completed. Very
accurate glomerular nuclear counts were possible on the
epoxy-resin preparations, both because of the high degree of
histological detail afforded by this method of_preparation
(Eastham and Essex, 1969) and because photomicrographs were
used for the counts. This technique could be used, therefore,
as a reference method to evaluate the counts made by direct
microscopy on the paraffin sections. Average values for the
total humber of glomerular nuclei, and for the percentages
of epithelial, endothelial and mesangial cells were calculated
on each case in all the glomeruli present in the epoxy-resin
sections and in five glomeruli in the paraffin sections. The
average ilotal number of nuclei per glomerulus differed by the
two methods, there being invariably fewer nuclei present per
glomerulus in the thinner epoxy-resin sections. On the other
hand, there was an extremely good correlation (r = 0.97)
between the average percentages of epithelial, endothelial
and mesangial cells per glomerulus by the two methods. This
correlation was regarded as evidence of the accuracy of the
counts made by direct microscopy on the paraffin sections.

The thickness of the section would seem on e@pirical
grounds to affect the total number of cells seen in particular
sections of a glomerulus. Brun et al. (1965) stated that the
thickness of the section was not important up to about Yu
thickness, since the maximum diameter of the glomerular cell

nuclei measured only 8 - 10p. These authors found no
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significant difference in the total nuclear counts made on
three serial sections of the same glomeruli is cut at
different seétion thickness ali less than 10u. In the present
study it was found that the average totaljglomerular nuclear
counts performed 6n thin (0.5u) sections wés invariably less
than the average total glomerular nuclear counts made on 2p
paraffin sections. However, the results of the differential
counts were in any caze expressed as percentages of the total
count in order to avoid theoretical errors in the counts due
to section thickness.l With regard to the counting by direct
microscopy of glomerular nuclei in paraffin sections, if was
found that in order to ascertain acéufately the‘positiOn of

a nucleus relative fp the basement membrane and the mesangium,
thin mections (about %P thickness) were necessary, a point
racognised by Iidaka, McCoy and Kimmelstiel (1968). In some
cages it was necessary to recut the blocks to achieﬁe sections
suitable for counting. In addition,‘accurate differential
counts required the ﬁse of sections stained by periodic
acid-Schiff with a nuclear counterstain. Such counts proved
impossible in most instances on sections stained by
haematoxylin and eosin.

Total and differential glomerular nuclear counts weré
made in each instance where the plane of the section went
through the ‘'equator! of the glomerular'tuft'rather than at its
periphery. In fact, by examining photomicrographs of ‘'step!
sections taken at intervalé through-glomeruli in epoxy-resine
embedded material, it was shown that the plane of the section

had little effect on the relative proportions of endothelial
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epithelial and mesangial cells except right at the periphery
of the tuft. This finding, confirmed both in morphologically
normal glomeruli and in those showing mild 'proliferative!
changes, was in agreement with that of Iidaka, McCoy and
Kimmelstiel (1968) who performed similar counts on sections
taken at different levels through glomerular tufts in their
material.

Although the differential glomerular nuclear counts
were performed in basically similar ways in the: studies of
Iidaka, McCoy and Kiﬁmelstiel,'1969 and Kawana et al., 1969,
their results regarding the relative proportions of endothelial,
peithelial and mesangial cells in the glomeruli in their
control studies varied quife consideraﬁly from those.tound in
the present study. In particular, the proportions of
intracapillary cells (endothelial and mesangial cells) tended
to be far higher. However, the great majority of the patients
from whom the biopsies were obtained in these studies were
adults. It is common experience amdngst those used to dealing
with renal biopsies from children particularly young children,
that the proportion of epithelial cells in the glomeruli tends
to be greater than in adults (White, 1970). Jones (i951), in
describing various features of normal glomeruli as part of a
histoiogical study of inflammation and repair in the glomerulus,
performed differential counts of the epithelial, endothelial
and interstitial (mesangial) cells in the glomeruli from 12
normal kidneys taken from subjects up to 30 yr. of age. 1In
each case, as in the present study, five representative glomeruli
were examined and the average pnrcgntage of each cell type

were calculated. It is not entirely clear from Jones'
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description whether only nuclei in the glomerular tuft were
counted, or whether the epithelial cells numbered included
those lining Bowman's capsule. In any case, even in this
relatively small number of cases it was clear that the
percentage of epithelial cells was much greater in children
in the age range dealt with in the present study. Since it
was necessary both to establish the relationéhip of age to
the relative proportions of the farious types of nuclei in
the glomeruli and to provide 'control' material from
morphologically normal material, differential glomerular
nuclear counts were performed on kidneys obtained at autopsy
from children dying from non-renal causes whose age at death
spanned the age range of the children in the present study.
Cases dying with cyanotic congenital heart disease were also
excluded in view of the finding of glomerular abnormalities
in the kidneys from such patients {Spear, 1960)}. Differential
glomerular ﬁuclear counts were performed on five téndomly
eelected gloﬁeruli from each of twelve cases to cover the age
range 1 - 12 years.v In this age ang@,Jin none of the

v glomeruli studied waé the excess of intrécaplllary (mesangial
and endothelial cells) more than 20% and this figure was used
to define the uﬁper limit of the *normal' range. In fact in
the majority of glomerﬁli, particularly those from younger
children the proportion of extracapiilary {epithelial) cells
tended to be the greater, the excess ranging up to 38%.

. Measurements of over-all gloﬁerular and tubular damage
were made in the‘preaent study as previously in cases of
persistent glomerulonephritis in adults (Risdon, Sloper and

de Wardener, 1968). Glomerular lesions were assessed by
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| deriving a "glomerular index" from an estimation of the
proportion of each of ten glomeruli occupied by abnormal
material staining with periodic acid-Schiff: tubular lesions
were assessed ip terms of the nuﬁber out of tem microscopic
fields in the cortex of each specimen which contained atrophic
tubules. For comparisons of such quantitative assessmenfs
of the histological abnormalities present in different renal
' biopsies to be valid it i; necessary that the changes present
in a particular specimen should be representative of the
lesions present in the kidney as a whole, and that the:method
used to quantitate the abnormalities seen should be
reproduceable, |

A number of previous studies involying comparisons
of randomly sampled needle biopsy séecimena taken from kidneys
at autopsy with conventional large wedge sections from the same '
specimens (Muehrcke, Kark and Pirani, 19553 Sala, 1957; and |
Kellow et al., 1959’. have demonstrated that small biopsy
specimens aﬁequately reflect the changes present in'diseases
which affect the kidney diffusely. In the preseﬁt study only
cases in which the renal biopsy specimen obtained contained
ten or more glomepuli were included. Although Muehrcke, Kark
and Pirani (1955) considered biopsies with five or more
glomeruli present adequate for diagnosis. both Sala (1957) and
Parrish and Howe (1955) considered ten glomeruli a suitable
minimum for adequate histological assessment. The 'glomerular
index' on which the qﬁantitative assessments of glomerular
damage were made, was therefore based on an examination of ten

glomeruli in each case.
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In the previous study (Risdon, Sloper and de Vardener,
1968) the reproducibility of the histological techniques used
here was established by comparingfthe gradings made after
presenting each specimen, labelléd with a random number,
'blind' to two independant observers. In the present study
the biopsies were examined by only one person. However, each
specimen was examined 'blind' without knowledge of any
pertinent clinical or other data, on two separate occasions
some weeks apart. In each instaﬁce the gradings on ten
consecutive glomeruli were added together and a mean calculated
between the findings on the two separate occasions, this
figure being the,'glomerular index!'. Siﬁilarly the number of
consecutive high~power microscopic fields (x 40 objective). in
the cortex of each specimen out of ten examined in which
unequivocal tubular atrophy was seen was assessed on the two
separate occasions, and wheretfhese éssessments differed a mean
was taken. Agreement on both the glomerular and the tubular
assessments on the two occasions was in fact close (see tables
1 and 2). The largest difference between the sums of the
gomerular gradings in a particular case was seven and the mean
difference only 1.24. With regard to the tubular changes,
assesement of the number of fields showing tubular atrophy
differed By three out of ten in two Spepimens, by two §ut of
ten in ten specimens and by one out of ten in twelve specimens.
In the remaining 91 biopsies agreement was complete.

Of the renal biopsies studied in this thesis, the
largest group were from children presenting with a nephrotic
syndrome., Classification of the mqrphological changes

encountered in the biopsy specimens was based on that used by
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the International Study of Kidney Disease in Children
(Churg et al.,, 1970).

41 of the 59 biopsies studied in this gfoup showed
no definite glomerular abnormalities on light microscopy,
beyond the presence of occasional obsolescent glomeruli.
The lack of structural changes was reflected in the semi-
quantitative assessments of glomerular and tubular damage.
The "glomerular indices! were 0, apart from four cases in which
occasional obsolescent glomerull were present where the
indices ranged between 2.5 and 15; In noﬁe of the biopsies
was any tubular‘atrophy seen., Differential glomerular cell
~counts performed on these specimens all fell within the
"hormal' range encountered in the control material, It is of
interest that on reviewing the original histological reports
made on these 41 biopsy specimens, all by pathologists
experienced in examining renal biopsies, histological diagnoses
of "focai" proliferative glomerulonephritis had been madé on
11 (27%). Differential glomerular cell counts made on thése
cases differed in no sigﬁificant way from the remainder on
whom a diagnosis of normal glomerular morphology ("minimal
changes") had been made, thus illustrating the vﬁlue of this
technique in improving diagnocstic accuracy. As in the recent
studies of Churg et al., 1970 and of White et al., 1970, a very
good correlation was found inrthe present series between the lack
of glomerular abnormalities in the renal biopsy speéimens and
remission of proteinuria with sterbid therapy. This correlation
was not, however, absolute, Four of the 42 children responding

to steroid therapy showed definite morphological abnormalities
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in the glomeruli, whilsf three of the 17 children resistant to
steroid therapy lacked histological changes in the glomeruli.
Of the three steroid-resistant cases one was an example of the
nail-patella syndrome (Brixey and Burke, 1950). Descriptions
of the histological features of this type of hereditary
nephritis are sparse, but a few histological studies exist
(Brixey and Burke, 1950; Muth, 1965 and Leahy, 1966). Renal
biopsies performed early in the course of the disease in one
patient by Muth, and in another by Leahy showed only,relatively
minor changes analogous to those encountered in the patient
studied here, However, it is clear from the autopsy studies
that the renal disease:. is progressive and thét a chronic
glomerulonephritis ultimately develops. The remaining two
cases, though steroid-resistant by strict definition, had
features in common with the Bteroid-sensitive group. One child
was only relatively steroid-resistant, three relapses which
occurred during steroid therapy responding to dosage increases,
and both children responded dramatically to treatment with
cyclophosphamide, completelj losing their proteinuria. In both
cases differential urinary protein clearance estimations-
showed the highly selective pattern norma;ly seen in steroid-
sensitive patients. ‘

0f the four steroid-responders with glomerular
abnormalities, two showed changes in the renal biopsy
interpreted as mesangial proliferative glomerulonephritis, and
tﬁo showed focal glomerulosclerosis. In the biopsies from the
?Qo children with mesangial proliferative glomerulonephritis,
;ihe glomerular changes were mild, with only a slight excess

of mesangial matrix. Semi-quantitative assessments of the
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histological abnormalities seen showed a "glomerular index"
of 12, and no tubular atrophy present in'both biopsy specimens.
Differential glomerular cell counts showdd an average excess’
of intracapillary over extracapillary cells of +20% and +22%,
but in both cases some of the five glomeruli studied showed
differential cell counts within the "normal" range. Churg

et al. (1970) also noted very occasional cases of mesangial
proliferative glomerulonephritis who apparently responded to
steroid therapy. The significance of such cases is difficult
to assess. Clinically the two patients studied here differend
in no way from the other cases of steroid-sensitive nephrotic
syndrome with no.glomerulér abnormalities on renal biopsy.

In both cases relapses:occurred on a number of occasions after
steroid withdrawl.

In the biopsies from the two steroid-sensitive cases
with focal glomerulosclerosis, many glomeruli were normal, but
a proportion were completely fibrosed and others showed
segmental areas of sclerosis of the glomerular tufts. In both
insfances occasional areas of tubular atrophy were also present.
Semi-quantitétive histological assessments of these structural
changes showed "glomerular indices" ofilo and 20 and tubular
atrophy in one and two out of teh high-power (x 40) microscopic
‘fields exgmined. Differential glomerular cell counts performed
on five unscarred glomeruli in these two biopsies showed counts
within the *normal' range. Both Churglet al. (1970) and White
et al. (1970) aléo noted occasionél cases with similar
histological changes who responded, at any rate initially, to

treatment with steroids, alfhough, as in the present series, the
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ma jority of such cases were steroilderesistant. The long term
outcome in cases of focal glomerulosclerosis responding to
steroid therapy is difficult to assess, One case atudied
here although initially steroidesensitive later became resistant
to steroid therapy, and it is therefore conveivable that the
two steroid-sensitive cases might eventually follow a similar
course. Followeup studies (Churg et a1,, 1970; White et al.
1970) indicate tha€ this type of glomerulopathy tends fo be
progressive, leading eventually to renal failure. Of the

ten patients with this leaion studied here, two developed
severe renal failure and one of these died. However, the rate
of progress seems to be extremely vériable, for example, one
patient was‘fbllowed for ten years and although his proteinuria
was resistant to steroid therapy, he remained in fairly good
health, and whilst unequivocal focal glomerulosclerosis was
found on renal biopsy, the changes were mild and showed no
progression on serial biopsies made at intervﬁla throughout
his illness. On the other hand, another child with focal
glomeru;osclerosis developed renal failure and died only 31
monthe after the onset of her symptoms., It is also unclear
whether focal glomerulosclerosis is always progressive or
whether the course of the disease may arrest either
spontaneously or as a result of treatment. An important
finding in the present meries was that three children with
focal glomerulosclerosis resistant to steroids‘showed a marked
diminution in the amount of protein excreted in the urine as

a result of treatmént with cyclophoéphamide. All three showed

only mild, focal lesions on biopsy, the majority of the glomeruli
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being morphologically normal. %"Glomerular indices" in these
three cases ranged between 2 and 10, and tubular atrophy was
present in between O and 2 out of ten randomly selected
highepower (x 40) microscopic fields., Differential glomerular
cell counts on five unscarred glomeruli in each biopsy fell
within the normal range. On the other hand, three other
children unresponsive either to steroids or cyclophosphamide
showed severe and extensive glomerular lesions with widespread
tubular atrophy. "Glomerulér indices!" in these three bibpsies
ranged between 27 and 37 and tubular atrophy was present in
between 2 and 6 out of ten high-power (x 40) microscopic fields.
Differential glomerular cell counts on these three biopsies were
impossible owing’to the gxtensive glomeru;ar scarring present.
All three became hypertensive during the fb110w~u§ period;
two developed severe renal failure, and one died.

The cases of focal glomerulosclerosis appear to form
a much less homogeneous group than the steroid-sénsitive
nephrotics with "minimal change" 1eéions, and in view of the
varied clinical course it would seem unwise to‘regard.theae
cases as necessarily forming a distinctlgroup. Although the
sclerotic lesions represent irreversible damage to the glomeruli,
and their progressive development accounts for the gradual
progress of the disease to remal failure, there is no reason
on morphological grounds to suggest that a single pathogenic
mechanism is responsible for them.

The prssent study confirms the prognostic importance

of persistent haematuria in children with nephrotic syndrome,

Persistent haematuria, usually detected only on microscopic
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examination of the urine deposit was found only in children

with definite glomerular abnormalities on renal biopsy. Of the
17 children resistant to steroid therapy, eight showed
microscopic haematuria which persisted throughout the follow-up .
period., Of these, three showed changes of mesangial
proliferative glomerulonephritis, but the remainder showed

more sinister glomerular lesions. In three, renal biopsy

showed advanced focal glomerulosclerosis, and in the other two,
changes of membranoproliferative glomerulonephritis were
present.

Since the majority of umselected children with a
nephrotic syndrome are steroid-responsive and a very good -
correlation has been shown between this clinical finding and
the presence of a "minimal change'" type of lesion on renal
biopsy, the advisability of routine renal blopsy as part of the
.investigation of these children has been questioned (Cameron,
1968)., It seems reasonable to manage such cases by a trial
of steroid therapy in the first instance, and to biopsy only
those patients who fail to respond, when information of
prognostic aignificange can almost aiﬁays be obtained. For
example, eases of mesangial prolifhrative glomerulonephritis,
in whom ths prognosis is likely to be good can be separated
from cases of membranoproliferative glomerulonephritis, or
focal glcmerulonephritis where the reverse is liable to be
trua; There is, however, evidence that the high-~dosage steroid
therapy normally given to’these_children may be especially
liable to lead to the complications bf steroid treatment in
children with membranoproliferative glomerulonephritis

(Caﬁeron et al., 1970). Where other clinical evidence exists
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which might lead to the suspicion of this diagnosis, such as a
history of preceding acute nephritic syndrome, a persistently
low serum §,1c globulin level, or the presence of persistent
haematuria, early renal biopsy before a trial of steroids
would seem to be the hest course.

Many previous reports of the histological changes
observed in renal biopsy specimens from patients with nephritis
following anaphylactoid purpura, or with idiopathic recurrent
haematuria, have stressed the focal nmature of the glomerular
lesions encountered, describing in many of these cases a
pfoliferative glomerulonephritis in which only a proportion of
the g;omeruli are involved, the remainder being spared
(Vernier et al.,, 1958; Bergstrand, Bergstrand and Bucht, 1960
Ross, 1960; Dodge et al., 1961, Kobayashi, wéda and Kifune, 1961;
Joekes, Pugh and Prior, 1962; Bodian et al., 1965; Todd and
Bouton, 19663 Ferris et al., 1967). Differential counts of
the glomerular cells in the renal biopsy specimens from
children with these clinical presentations in the present study
suggest that a focal glomerulonephritis is comparitively
uncommon., Of the 47 biopsies studied from children with
recurrent haematuria and anaphyladtoid purpura, differential
glomerular cell countq'were performed in 43, and of these
proliferative glomerulonephritis was confirmed in 27. In each
instance differential counts were performed on five randomly
selected glomeruli ardd in 16 (59%) an abnormal excess (more than
+20%) of intracapillary cells was found in all five glomeruli
examined. Of the remaining 11 cases, in six instances, a

similar abnormal excess of intracapillary cells was found in all
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but one of the five glomeruli examined, and in these cases in
the differential cell count in the remaining one glomerulus
invariably showed an excess of intracapillary cells towards the
upper end of the range found in "mormal" controls., These
results suggest that the "focal " glpmerulonephritis described
in such patients is comparatively uncommon, and particularly
since no clinicai differences were apparent between patients
showing a "diffuse" as opposed to a "focal" glomerulonephritis,
it seems reasonably. to conclude théf the difference is one of
degree, and does not warrant a separate category of
ciassification. It is important to note, however, that in the
cases of nephritis following anaphylactoid purpura, glomerular
scarring may often exhibit a "focal" and "segmental" distribution,
sparing some glomeruli and involving only. parts of the glomerular
tufts in others. Assessment of the severity and extent of
such glomerular scarring is. of considerable value -in assessing
the prognosis in individual patients as is shown by the good
correlation found in thisatudyvbetween'the histological changes
in the renal bilopsy specimens and the clinical outcome, This
view of the value of renal biopsy in patients with amaphylactoid
purpura is supported by the study of Meadow et al., (1971). |
A striking finding 1q the present study, with regard
to the children presenting with symptomless haematuria, is the
high proportion of patients (16 out of 24; 67%) showing no
morphological abnormalities on remnal biopsy. Differential
glomerular cell counts performed on the biopsy specimens from
these patients showed no significanttdifferences from those in

"normal" controls, a finding which is in striking contrast to
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the description by Bodian et al. (1965) of a focal and
segmental glomerulonephritis in all the biopsy specimens
examined from a similar group of children.

A more recent clinico-pathological study of the renal
biopsy changes in children with symptomless haematuria
(Glasgow, Moncrieff and White, 1970) however, showed a similar
high proportion of patients (37 out of 47) in whom the glomeruli
were essentially morphologically normal. These authors also
drew attention to the higher ﬁroportion of children with
proteinnria as well as symptomess haematuria showing a
proliferative glomerulonephritis on renal biopsy. In the
present stﬁdy comparisons between the presence of proliferative
changes in the glomeruli, based on differential glomerular cell
counts, and the degree of proteinuria present at the time of
biopsy, based on the urinary albumin/creatinine ratio, showed
an'even more striking correlation. Only one of the eight
patients exhibiting proliferative changes on renal biopsy
showed no significant proteinuria at the time of biopsy, and
even in this patient, proteinuria had been demonstrated
previously. Many previous reports have emphasised the usually
very good prognosis in children presenting with idiopathic
recurrent haematuria (Wyllie, 1955; Ross, 1960; Livaditis and
Erigsson, 1962; Ayoub and Vernier, 1965; McConville, We#t and
McAdams, 1966; Johnson and Schuler, 1969), and since the
likelihood of finding pathological changes can be accurately
predicted by measuring urinary protein excretion, there seems
little justification for submitting such children to renal

biopsy unless significant proteinuria can be demonstrated.
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Children with both proteinuria and haematuria appear to form

a less homogeneous group. One of the patients studied here
developed membranoproliferative glomerulonephritis, and two

of the patients studied by Glasgow, Moncrieff and White (1970)
exhibited similar changes., It seems clear that a minority

of patients with membranoproliferative glomerulonephritis may
present with recurrent haematuria. All three of the patients
in addition showed significant proteinuria and persistently
low §§ 1c &lobulin levels. Renal biopsy appears to be the

best way of différngtiating these more severe glomerular
lesions. It is probable that the prognosis is good in the
children showing only‘a mild proliferative glbmerul&hephritis
on~rena1 blopsy. None shéwed‘any evidence of renalqunctiqnal
impairment over the foilow-up per;od. However, in three of the
biopsies studied in this group there was histological evidence
of more permanent damage, in the form of foci of tubular atrophy
and sclerosed glomeruli. In none were the changés extensive
and whilst they may merely be £he result of scarring after an
initially more severe form of glomerulonephritis, it is also
possible that they represent a progressive glomerular disease
analagous to focal glomerﬁiosclerosis. "It would seem important
to submit such cases to extended follow-up, possibly with

repeated renal biopsies, in order to clarify the outcome.
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Urographic Changes in Acute
Papillary Necrosis in the Rat

ummary: Intravenous high-dosage urography was per-
formed im rats which had renal papillary necrosis
induced with ethyleneimine or renal tubular necrosis
produced with mercuric chloride. In both groups,
nephrograms were abnormally persistent. In animals
treated with ethyleneimine dense selective opacification
of the necrotic renal pyramid occurred. It is suggested
that this selective opacification may be a valuable
radiological sign of recent renal papillary necrosis.

INTRODUCTION

Until recently intravenous urography was thought to be contra-
indicated in acute renal. failure because it was considered
dangerous and of little clinical value (Emmett, 1964). By
using contrast media such as diatrizoate in high doses, how-
ever, information of diagnostic and prognostic significance
may be obtained by this technique in renal failure (Schwartz.
et al., 1963; Chrispin, 1963; Mahaffy et al., 1968; Kelsey Fry
and Cattell 1970).

“The present study stems from finding urographic
abnormalities in infants suffering acute renal damage follow-
ing severe gastroenteritis (Chrispin et al., 1970). In these
three patients intravenous urography revealed nephrograms
that were abnormally persistent and prolonged selective
opacification of the renal pyramids. Repeat urograms on two
of these infants some months later showed loss of renal
papillae. To investigate this matter further we decided to
induce renal papillary necrosis in. rats ‘to see if similar
urographic changes could be produced. Qur findings confirm
that persistent opacification of the renal papilla occurs as a
result of renal papillary necrosis. No such abnormal opacifica-
tion of the renal papilla occurs where there is acute tubular
necrosis alone.
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RESERVED IN ALL COUNTRIES OF THE WORLD
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MATERIALS AND METHODS

White male Wistar rats weighing between 250 and 300 g.
were used throughout. The animals were divided into two
groups and treated as follows:

Group A (eight animals).—FEthyleneimine (between 0-6 and
10 ml./kg. body weight of a 1% solution) was administered
by intraperitoneal injection to each animal once only.

Group B (seven animals).—Mercuric chloride (between 1.5
and 1.8 mg./kg. body weight of the mercuric ion) was
administered by intraperitoneal injection to each animal once
only.

Several untreated animals were used as controls.

Radiological studies were performed at one- and four-day
intervals after injection of the nephrotoxins. The animals
were anaesthetized with sodium pentobarbitone (25 mg./kg.
body weight) given by intraperitoneal injection and
-augmented by ether inhalation. Hypaque 65% (scdium and
methylglucamine diatrizoate, Bayer) in a dose of between 2
and 2-4 ml./kg. body weight was injected into a femoral vein,
radiographs being taken at 1, 3, 10, and 45 minutes after the
injection. In addition further films were made at 90 minutes
in some of the animals in group A. Each animal was sub-
sequently killed and the kidneys were removed.\These were
examined macroscopically and then fixed in buffered formalin
(pH 7-0) for 48 hours and secondarily fixed in mercuric
chloride-formalin for six hours. The tissue was then
embedded in paraffin wax and sections of 3-4 u thickness were
prepared. These were stained by Ehrlich’s haematoxylin and
eosin, periodic acid-Schiff, and Martius scarlet blue (M.S.B.).

PATHOLOGICAL CHANGES IN THE KIDNEYS

ANIMALS TREATED WITH MERCURIC CHLORIDE

Macroscopic—The kidneys were swollen and there was
pronounced yellowish-brown pallor of the cortex, with consid-
erable congestion of the medulla.

Microscopical—In animals killed one and four days after
administration of mercuric chloride extensive areas of acute
tu!)ular necrosis were observed in the renal cortex. These
principally affected the proximal convoluted tubules and were
more pronounced in the rats killed at four days; the changes
did not affect the tubules in the medulla. The glomeruli were
engorged but showed no other abnormality.
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ANIMALS TREATED WITH ETHYLENEIMINE

Macroscopic—The kidneys were swollen and intensely
congested. In animals killed one day after injection of
ethyleneimine transection of the kidney showed the renal
pyramid to be dark red and haemorrhagic. At four days necrosis
of the pyramid was obvious macroscopically. The renal
papilla was a pale creamy buff colour, and at the base of the
pyramid there was a sharp line of demarcation outlining the
recrotic zone.

Microscopical.—The changes were confined to the medulla;
the cells lining the collecting ducts and loops of Henle were
frankly necrotic in the kidneys removed both one and four
days after the administration of ethyleneimine. At four days
the majority of cells were desquamated, and at the edge of
the infarcted area there was a zone of acute inflammation.

RapIOLOGICAL FINDINGS

These are summarized in the Table. In rats treated with
mercuric chloride excretion of contrast medium was not vis-
ible one day after injection of the nephrotoxin. At four days a
nephrogram of even intensity was evident in films taken one
minute after injection of diatrizoate, and this was still easily
seen in the films taken at 45 minutes; no opacification of the
ureter or urinary bladder was observed. This was in contrast
to the findings in the untreated animals, in which the
nephrogram had faded at 45 minutes.

In rats treated with ethyleneimine there was a persistent
nephrogram as well as selective opacification of the renal
pyramid. This was apparent in films taken at 3 and 10 minutes
after injection of diatrizoate, was intensified at 45 minutes, and
persisted until 90 minutes in some animals. Filling of the
urinary bladder was occasionally seen in films taken at 10
minutes, but more often it was not apparent until 45 minutes.

DiscussioN

Our radiographic findings in the control rats and in those
treated with mercuric chloride are essentially similar to those
of Chamberlain and Sherwood (1967). In the animals treated
with ethyleneimine there was also a persistent nephrogram,
but dense selective opacification of the renal pyramid also
occurred (Fig. 1). These results are very similar to those we
described in young infants with renal impairment following
acute gastroenteritis (Chrispin et al., 1970), and it seems rea-
sonable, particularly in view of later urograms showing loss

of renal papillae, to artribute the radiological appearances in
these children to recent papillary necrosis.



F16. 1.—Film taken 45 minutes after injection of diatrizoate
in an animal 4 days after treatment with ethylencimine.
Note selective opacification of renal pyramid.

The selectively opacified area in the urogram exactly
matches the zone of necrosis in the renal pyramid seen in the
excised kidney (Fig. 2). The increased density in the pyramid
reflects an increase in the amount of contrast medium it con-
tains. The necrotic tubules are denuded of lining epithelial
cells, thus increasing their cross-sectional area and the volume
of contrast medium they contain at any given moment. The
persistent nephrogram effect in the ethyleneimine-treated ani-
mals probably results from a “leakage” of conirast medium from
the damaged tubules in the pyramid into the interstitial tis-
sues, where a constant reabsorption into the blood vessels at
the edge of the necrotic zone would lead to its subsequent
recirculation and re-excretion by the kidney (see Fig. 3).



Summary of Radiological Findings

Days After Time Radiographs Taken After Injection of Diatrizoate
Injection of .
Nephrotoxin |} Minute 3 Minutes 10 Minutes 45 Minutes 90 Minutes
Nephrogram | Nephrogram with outlining Nephrogram beginning to Shrogram gone. Faint
Normal of tip of renal papilla and fade. Filling of bladder ining of renal papilla and
ureter urctcr
No excretion of contrast medium
Mercuric -
chloride 4 Nephrogram | Uniform nephrogram with Persistent nephrogram Nephrogram still apparent.
no filling of ureter No filling of bladder
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F1G. 2,—Left: Isolated rat kidneys 4 days after administration of ethylenei-

mine. Kidneys were removed and x-rayed after animal had received diatri-

zoate by intravenous injection. Right: Transected kidney from same animal.

Note how area of opacification in radiograph corresponds to area of necrosis
in renal pyramid.

Recirculation

F16. 3.—Diagram showing continuous rc;circulg‘tion o)f) proportion of
contrast medium excreted by kidney after it has “leaked” from damaged
tubules in necrotic renal papilla.
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The pathological changes in 50 per-
cutaneous renal-biopsy specimens from
patients with persistent glomerular nephritis have been
analysed. Techniques were developed which allowed
glomerular and tubular lesions to be assessed quan-
titatively. A highly significant correlation was found
between the extent of tubular damage and creatinine
clearance, plasma-creatinine, and the ability to concentrate
and to acidify the urine. A less significant correlation was
found between the extent of the structural changes in the
glomeruli and creatinine clearance, plasma-creatinine, and
the ability to concentrate the urine. In some patients with
inconspicuous glomerular changes but severe tubular
damage, the creatinine clearance was grossly reduced;
conversely, in some patients with extensive glomerular
changes but little or no tubular damage, the creatinine
clearances were normal. It is concluded that in persistent’
glomerular nephritis the glomerular filtration-rate is more
affected by changes in the tubules than by changes in the
glomeruli. Degenerative changes in the renal arterioles
tended to occur significantly more often with increasing
age and with increasing diastolic blood-pressure. The
severity of the structural changes in the glomeruli

Summary
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correlated significantly with the presence of hyaline
arteriolar change; the extent of tubular atrophy correlated
significantly with the presence of fibroelastic intimal
hyperplasia. ‘
Introduction

ALTHOUGH the djagnosti‘c value of renal biopsy is well
recognised, few attempts have been made to correlate the
extent of the histological abnormalities with the changes
in renal function. We have sought to make sucha
correlation in 50 cases of persistent glomerular nephritis;
in 38 cases, renal-biopsy specimens contained unequivoc-
ally abnormal eosinophilic glomerular deposits. It was
necessary for the purpose of this analysis to develop
techniques which would allow the separate assessment of
tubular and glomerular lesions. Applying these tech-
niques, we found that the greatest diminution in renal
function tended to be in patients with extensive tubular
atrophy, irrespective of the severity of the glomerular
{esions,

Patients
Selection of Cases

Of a series of 290 patients on whom renal biopsy was done
persistent glomerular nephritis (de Wardener 1961) was
diagnosed in 70, all of whom had proteinuria. None of these
70 patients had acute glomerular nephritis, and in none was
there clinical or histological evidence of systemic lupus
erythematosus, polyarteritis nodosa, diabetes mellitus, or
amyloidosis. 20 of these 70 cases were excluded from the
present study, 9 because no estimation had been made of the
creatinine clearance, and 11 because fewer than ten glomeruli
were found in the biopsy specimen. The remaining 50 cases
were divided into two categories.

Category 1.—38 patients, renal-biopsy specimens from whom
contained unequivocally abnormal eosiniophilic deposits in the
glomerular tufts. This change was associated in 14 instances
with some increase in the number of nuclei in parts of the
glomerular tufts (“ proliferative change ), and in 2 instances
there was also an increase in the number of capsular cells,
forming capsular * crescents . 20 of these patients had a
nephrotic syndrome, with heavy proteinuria, hypoalbuminzmia,
and cedema.

Category 2.—12 cases of the nephrotic syndrome with
normal or only very slightly abnormal glomeruli were termed
“ minimal change glomerular nephritis .

: Techniques
Renal Biopsy '

Renal-biopsy specimens were obtained by percutaneous
puncture, using a Vim-Silverman needle, and immediately
fixed in Heidenhain’s susa. They were embedded in paraffin
wax and serial sections were prepared between 3 and 4 p in
thickness. Sections were routinely stained by Mayer’s
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hemalum and eosin, periodic-acid/Schiff, van Gieson’s mix-
ture, Mallory’s phosphotungstic-acid/hzmatoxylin, Moore’s
elastic stain, and by congo-red and cresyl-violet for amyloid.
Other stains were used where indicated.

Renal Function

Endogenous creatinine clearance.—Creatinine clearance was
estimated twice in all 50 cases. Twenty-four-hour specimens
of urine were collected, and single samples of blood were taken
during the period of collection. Creatinine concentrations in
plasma and urine were estimated with an ¢ AutoAnalyzer’,

Ability to concentrate the urine—The ability to concentrate
the urine was measured in 38 of the patients. 5 units of vaso-
pressin tannate in oil were given in the late afternoon, after
which all fluids were withheld until the completion of the test
the following morning. During the period of the test, each
specimen of urine was collected separately until 8 A.M. of the
following morning, when the bladder was emptied for the last
time. The osmolality of the urine was measured with a Fiske
osmometer. The highest osmolality obtained was taken to
represent the maximum ability to concentrate the urine.

Ability to acidify the urine.—The ability to acidify the urine
was measured in 36 patients. Urine samples were collected for
estimation of the urinary pH between four and six hours after
the oral administration of ammonium chloride (0-1 g. per kg.
body-weight). In those patients who had a plasma bicarbonate
concentration of less than 20 meq. per kg., ammonium chloride
was not given, but the pH of a number of random urine
samples was measured. The lowest pH achieved was taken to
represent the maximum ability to acidify the urine.

Urinary protein excretion.—Twenty-four-hour urinary pro-
tein excretion was estimated in 43 of the patients studied by
a conventional biuret estimation, after protein precipitation
with trichloroacetic acid in a final dilution of 10%.

Assessment of the Histological Changes

Changes tn the glomeruli—In each biopsy specimen, ten
consecutive glomeruli were examined for the presence of
eosinophilous deposits. Each glomerulus was graded from 1t05
in terms of the extent of these deposits. Where deposits entirely
obliterated the glomerulus a grading of 5 was made. If deposits
occupied more than three-quarters of the glomerulus, the
grading was 4; if more than half but less than three-quarters,
the grading was 3; if more than a quarter but less than a half,
the grading was 2; if less than a quarter, the grading was 1.
If the glomerulus was considered normal the grading was 0.
These gradings were made independently by two of us on
slides which had been labelled with random numbers. In each
instance the gradings on ten consecutive glomeruli were added
together, and a mean was calculated between the findings of the
two observers, the figure being termed the * glomerular
index ”. These indices ranged between 0 and 47. The largest
difference between the sums observed in individual cases was 8,
and the mean difference was 2:8. The glomerular index was
less than 10 in the biopsy specimens of the 12 patients with
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Fig. 1—Correlation between creatinine clearance and glomerular
index.

minimal change glomerular nephritis. In 2 of these there was
a single glomerulus which had undergone fibrous obliteration.

Changes in the tubules.—Atrophic tubules were characterised
by significant thinning of the epithelial cells. Such tubules
were sometimes dilated by eosinophilic colloid but more often
they were narrowed, empty, and separated from each other by
interstitial connective tissue which was usually collagenous. In
some instances the nuclei of tubular epithelium were pyknotic,
and in other instances adjacent tubular epithelial cells contained
mitotic figures. The extent of tubular atrophy was assessed by
two of us independently. Ten consecutive microscopic fields
were examined in the cortex of each specimen, with the aid of
a x40 objective. The extent of tubular damage was assessed
by the number of microscopic fields in which there was
unequivocal ‘tubular atrophy. -When the assessments of the
two examiners differed, a mean was taken. Agreement was
close: the number of fields in which the two examiners con-
sidered atrophy to be present differed by 3 out of 10 in 4
specimens, by 2 out of 10 in 11, and by 1 out of 10 in 15.

Changes in the arterioles.—The two most conspicuous lesions
were ‘“ hyaline > change and fibroelastic intimal hyperplasia.
Numerous sections from each specimen were examined for the
presence or absence of these lesions. Hyaline deposits stained
red with eosin and periodic-acid/Schiff and yellow with van
Gieson. These lesions were usually chronic (orange to phospho-
tungstic-acid/h@matoxylin) and thus probably lacking in
““ fibrinoid > material,
Statistical Analysis

The results of correlations relating ¢ glomerular index > and
tubular atrophy with various tests of renal function were
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Fig. 2—Correlation between creatinine clearance and tubular
atrophy (per 10 microscope fields).

analysed by determining Spearman’s coefficient of rank
correlation (Documenta Geigy 1962).

The relationships between the arteriolar changes observed
in the biopsy specimens, and the patients’ age and diastolic
blood-pressure, glomerular index, and tubular atrophy were
analysed by Wilcoxon’s test for two samples (Documenta Geigy
1962).

Results
(Figs. 1 and 2, tables I and II)

There was a statistically highly significant correlation

between the extent of tubular damage and creatinine

TABLE 1-——SPEARMAN’S RANK CORRELATIONS

! Spearman’s
coefficient
of rank P
correlation
R

Comparison between

%035  002>P>0-01
+077 | P<0-001

Glomerular index and plasma creatinine ..
Tubular atrophy and plasma creatinine
Glomerular index and ability to concentrate

the urine .. —045 - 0-01>pr>0-001
Tubular atrophy and abxlxty to concemrate |
the urine .. —0-54 | P=0-001
Glomerular index and ablhty to acxdxfy [hc ;
urine +0-014 ; Not significant
Tubular atrophy and abxluy o acxdxfy the l
urine +0-501 | 0-01>p>0-001
Glomerular index and urmary prozcm !
excretion .. ~0-22 | Not significant
Tubular atrophy and urmary protem '
excretion .. .. —0-01 | Not significant
]
!
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clearance, plasma-creatinine, or ability both to concentrate
and to acidify the urine.

There was a less significant correlation between the
extent of the structural changes in the glomeruli and
creatinine clearance, plasma-creatinine, and ability to
concentrate urine.

The extent of the glomerular changes was not sig-
nificantly correlated with either ability to acidify urine or
with urinary protein excretion; nor was the extent of
tubular atrophy correlated with urinary protein excretion.

Both fibroelastic intimal hyperplasia and hyaline

TABLE I1—WILCOXON’S TESTS

Wilcoxon’s test for
Comparison two samples P
(no. in samples)
Hyaline change and age 19 31 0-05
Fibroelastic intimal hyperplasxa and
age . 22 28 001
Hyaline change and dwstollc blood-
pressure . 19 31 0-02
Fibroelastic intimal hyperplasm and
diastolic blood-pressure . 22 28 005
Hyaline change and glomerular mdex 19 31 0-01
Fibroelastic intimal hyperplasia and
glomerular index .. 22 28 01
Hyaline change and tubular atrophy .19 31 01
Fibroelastic intimal hyperplasw and
tubular atrophy © .. .. 22 28 005

arteriolar change were significantly correlated with age and
with diastolic blood-pressure.

There was a significant correlation between fibroelastic
intimal hyperplasia and the extent of tubular atrophy, and
between the presence of hyaline arteriolar change and the
extent of glomerular changes, but no correlation between
fibroelastic intimal hyperplasia and the extent of
glomerular changes, nor between hyaline arteriolar change
and the extent of tubular atrophy.

Discussion

This report stems from an analysis of biopsy findings
and renal function in 290 patients with diseases of the
kidney. It became clear that renal function was more
closely related to the structural changes observed in the
tubules than to those seen in the glomeruli. The validity
of this impression was tested in 50 of the 70 cases of per-
sistent glomerular nephritis, 20 patients being excluded
for reasons given above,

Glomerular lesions were assessed by the derivation of a
glomerular index from an estimation of the proportion of
each of ten glomeruli occupied by abnormal eosinophilous
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deposits: tubular lesions were assessed in terms of the
number out of ten microscopic fields in the cortex of each
specimen which contained atrophic tubules. In a disease
such as glomerular nephritis, in which the lesions tend to
affect the kidney diffusely, the changes present in speci-
mens obtained by needle biopsy are probably reasonably
representative of those in the kidney as a whole (Kellow
et al. 1958).

We found a close and statistically highly significant
correlation between the extent of the tubular changes and
the degree of functional deterioration measured by
creatinine clearance, plasma-creatinine concentration, and
the ability of the kidney to concentrate and to acidify the
urine. Comparable data in persistent glomerular nephritis
are lacking, although in their series of cases of acute
glomerular nephritis, Hutt, Pinniger, and de Wardener
(1958) noted the possible significance of tubular lesions.

In our series there was a significant correlation between
the extent of the eosinophilous deposits in the glomeruli
and the creatinine clearance, plasma-creatinine, and the
ability of the kidney to concentrate the urine. The
correlations between these functions and the glomerular
changes were less striking than those found between the
extent of the tubular lesions and alterations in renal
function. For example, the correlation coefficient (r)
between creatinine clearance and the glomerular index was
—0-28 (fig. 1), whereas that between creatinine clearance
and tubular atrophy was —0-7 (fig. 2). Again, the correla-
tion coefficient (Spearman) between plasma-creatinine
and glomerular index was - 0-35, while that between
plasma-creatinine and tubular atrophy was 4-0-77 (table 1).

These findings suggest that in glomerular nephritis the
structural damage in the tubules may have much more
effect on the glomerular filtration-rate than does the
structural damage in the glomeruli. This conclusion is
not so paradoxical as it might at first appear, since it
seems likely that creatinine clearance, while an adequate
measure of the glomerular filtration-rate in the normal
kidney, is not necessarily so in the abnormal kidney. For
example, lissamine-green, which like creatinine and inulin
tends to pass down normal renal tubules without being
reabsorbed or secreted, is in fact reabsorbed from the
damaged proximal convoluted tubules in rats rendered
anuric with mercuric chloride (Bank et al. 1967). It is
possible, therefore, that in some renal diseases the
apparent glomerular filtration-rate, as measured with
creatinine, may be much lower than the true rate of
filtration through the glomeruli, because creatinine is
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leaking from the lumina of tubules into the interstitial
spaces and into the blood.

The relation of the creatinine clearance to both the
extent of tubular atrophy and changes in the glomeruli is
illustrated in fig. 3. In this figure there are three
combinations of glomerular and tubular damage, In six
biopsies the glomerular changes were slight (glomerular
index <13) whereas tubular lesions were extensive,
atrophy being present in 5 or more out of the 10 micro-
scopic fields examined; creatinine clearance ranged
between 10 and 60 ml. per minute. In these patients,
therefore, the diminution in creatinine clearance could
well have been due principally to tubular damage. In 1l
of these patients a second renal biopsy was done twenty
months later at a time when the creatinine clearance had
returned to normal—i.e., it had risen from 19 to 112 ml.
per minute. In the second specimen the glomerular
changes were still inconspicuous, whereas tubular atrophy
was far less striking than it had been in the first biopsy.
Independent assessment of the extent of tubular atrophy
present in the two biopsies from this patient made by two
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Fig. 3—Relationship between glomerular index, tubular atrophy (per 10

microscope fields), and creatinine clearance (ml. per minute).

The rectangles in the top-left and bottom-right corners enclose the points
-of especial interest (see text).
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of us were 0 and 1 (mean 0-5) microscopic fields out of 10
in the second specimen, as opposed to 6 and 7 (mean 6-5)
out of 10 in the first.

In nine other biopsy specimens glomerular changes
were severe (glomerular index 20—40) but tubular damage
was slight, atrophy being present in 2 or less out of 10
microscopic fields examined; creatinine clearance was
above 80 ml. per minute. This suggests that even
extensive glomerular deposits may not significantly inter-
fere with glomerular filtration.

In fig. 3, the largest group consisted of 35 cases in
which tubular and glomerular lesions were of about the
same severity. In most of these cases creatinine clear-
ance tended to be low when tubular and glomerular
lesions were severe, and to be within normal limits when
they were not. In these cases the creatinine clearance
seemed essentially to be a measure of damage to the
kidney as a whole. There were, however, 3 cases in
which, although the creatinine clearances were more than
100 ml. per minute, the renal-biopsy specimen contained
conspicuous lesions both in tubules and in glomeruli. The
discrepancy between structure and function in these
instances is difficult to explain.

With regard to the changes observed in the renal
arterioles, these showed, as expected, a significant correla-
tion with both age and diastolic blood-pressure. It was
possible to correlate the glomerular lesions with the
presence of hyaline arteriolar change, and the tubular
lesions with the presence of fibroelastic intimal hyper-
plasia, The first correlation is understandable on the
assumption that in glomerular nephritis the pathogenic
mechanisms responsible for the deposition of eosino-
philous material in the arteriolar wall and glomerular
capillary are the same. The relationship between fibro-
elastic intimal hyperplasia and tubular atrophy is more
obscure.

We thank Dr. A. Pollard for the biochemical estimations and
Dr. J. J. Jones for his great help with the statistical analyses.
Requests for reprints should be addressed to J. C. L.
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Part I A clinico-pathological study of 76 cases

syNnopsis  The clinical and pathological findings in 150 children submitted to partial or total
nephrectomy have been reviewed. Histological examination of the kidney removed at operation
showed evidence of renal dysplasia in 76 (51%). These 76 patients were divided into three
main groups on the basis of the pathological changes found in the kidney and the associated
urinary tract anomalies. In group 1, gross cystic renal dysplasia was associated with absence
or atresia of the renal pelvis and ureter. In group 2, renal dysplasia was segmental ; the ureter,
although patent, had some anatomical or functional abnormality which resulted in urinary
stasis or reflux. In many of these patients dysplasia was confined to the upper pole of a
‘duplex’ kidney which was drained by an ectopic ureterocele. In group 3, renal dysplasia was
associated with obstruction of the lower urinary tract, most commonly by posterior urethral
valves. In group | dysplasia was total, involving the whole kidney, whilst in groups 2 and 3
dysplasia tended to be segmental; in the majority some normal renal tissue was present,
Pyelonephritis was a very common complication, but was present only in patients from groups
2 and 3, in whom a lumen was present in the draining ureter, and not in patients from group 1
in whom the ureter was atretic or absent, and the kidney not functioning. It appears that
urinary obstruction, stasis, or reflux are the principal factors predisposing to and promoting
pyelonephritis in dysplastic kidneys. There seems to be no reason to suppose that dysplastic
renal tissue is abnormally susceptible to infection since pyelonephritic changes were lacking
in those cases in which dysplasia was most severe.

Renal dysplasia is the abnormal, disorganized diminished branching of the ampullary portion
development of renal parenchyma due to anom- of collecting ducts derived from the ureteric bud,
alous differentiation of metanephric tissue. with resulting cyst formation and failure to
Histologically the normal renal architecture is induce normal nephron formation in the meta-
distorted; the glomeruli, tubules, and collecting nephric blastema. The cause of inhibition of
ducts are deficient in number, appear morpho- ampullary activity in these cases is unknown, but
logically immature, and often undergo cystic it has been suggested that the frequent association
changes (Kissane, 1966). The extent of the of urinary tract obstruction may be an important
abnormality varies from a grossly disorganized factor (Bernstein, 1968). The present study was
multicystic dysplasia involving the whole kidney undertaken in order to assess the frequency of
to a less severe segmental change in which part of renal dysplasia in kidneys surgically resected in
the kidney is unaffected. Osathanondh and children and to correlate the clinical and patho-
Potter (1964), in a study of the pathogenesis of logical changes found. Pyelonephritis compli-
polycystic kidneys based. on microdissection, cating renal dysplasia was found to be confined
concluded that cystic dysplasia was due to to those cases in which the lumen of the draining
Received for publication 14 May 1970, ureter was patent.
57
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Patients

The pathological material has been reviewed
from 150 consecutive cases of children submitted
to total or partial nephrectomy at the Hospital
for Sick Children between 1962 and 1969. The
case records of these children were also examined
in order to correlate the clinical and histopatho-
logical findings. Seventy-three were boys and 77
girls, ranging in age between 1 week and 12 years
6 months at the time of operation. The kidney
tissue removed was fixed in buffered formalin
(pH 7-0) and between one and five blocks of
tissue from each specimen were embedded in
paraffin wax. Sections of 5 u thickness were cut
and stained routinely by Ehrlich’s haemotoxylin
and eosin (H & E) and, in the majority of cases,
by van Gieson’s mixture. Other stains were also
used when necessary.

The patients fell into six categories (Table I).
The main clinical findings and pathological

R. A. Risdon

abnormalities, particularly the associated anom-
alies found in the ureters and lower urinary
tracts, are shown. ‘Hypoplastic’ kidneys were
congenitally small; the five examples examined
all weighed less than 9 g. Gross multicystic
kidneys were those in which the kidney consisted
of a disorderly non-reniform mass of cysts of
varying size, in which no normal renal paren-
chyma was recognizable. Partially cystic kidneys
were those in which the structural disorganization
and cystic change was somewhat less marked and
in which some renal parenchyma was present.

Assessment of the Histological Changes
In each case the histological sections were
examined for evidence of renal dysplasia and

pyelonephritis.

RENAL DYSPLASIA
The histological diagnosis of renal dysplasia

Category

Pathological Abnormalities Uni-  Bi- Sex Age at Operation  Operation No. of
- lateral lateral ——— Range (median) Performed Patients
Kidney Ureter Lower Urinary  Other M F
Tract
Gross multi- Atresia (10)* Rectal agenesis 14 0 7 7 lwktollyr Unilateral 14
cystic Absence (4) 10 mth total
MNon-develop- (3% mth) nephrectomy
ment of
abdominal
wall (1)
Crossed renal
ectopia (1)
‘Duplex’ Ectopic lower end 57 (1] 16 51 1 wkto8yr Upper pole 67
of upper pole 8 mth heminephrec-
ureter (62) (7 mth) tomy (52)?
Associated with Unilateral total
ureterocele nephrectomy (15)
(55)
Partially cystic  Ectopic lower T 1 5 2 lwkto8yr Unilateral 7
(2) or ‘hypo- end of ureter 7 mth total
plastic’ (5) [¢3] 3 yr) nephrectomy
Ureterocele (2)
Vesicoureteric
reflux (3)
Hydronephrosis Hydroureter Posterior urethral 1] 18 18 0 IwktoSyr Unilateral 1%
valves (17) 7 mth total
Urethral atresia (6 wk) nephrectomy
()]
Hydronephrosis Pelvi-ureteric 17 i 13 4 2mthto [2yr Unilateral 17
obstruction 6 mth total
(3 yr 6 mth) nephrectomy
Severe Ectopic lower Calculus for- 27 0 15 12 1 mthto 11 yr Unilateral 27
pyelonephritis end of ureter mation (16) 8 mth total
3) Rectal agenesis (3 yr 8 mth) nephrectomy
Congenital 3)

megaureter (2)
Vesico-ureteric
reflux (3)

Table I Main clinical and pathological findings in 150 children submitted to partial or total nephrectomy

1The numbers in brackets refer to numbers of patients. 2Nine of these patients subsequently had the remaining lower pole removed.
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depended primarily upon disorganization of the
renal parenchyma, and the presence of ‘primitive’
ducts. These structures are lined by columnar
epithelium and surrounded by concentric mantles
of cellular mesenchyme (Fig. 1). They are thought
to be derived from the branches of the ureteric
bud (Ericsson and Ivemark, 1958a). Often they
are aggregated, forming nodular collections
(Fig. 2). A case was classified as dysplastic only
when these features were present. Foci of
metaplastic cartilage (Fig. 3) were also regarded
as definite evidence of renal dysplasia, but these
were present in only a proportion of the cases
showing parenchymal disorganization and
‘primitive’ ducts. Other so-called ‘dysplastic’
structures sought were ‘foetal’ glomeruli (Paster-
nack, 1960), ‘primitive’ tubules and ductules
(Ericsson and Ivemark, 1958a), and tubular and
glomerular cysts (Rubenstein, Meyer, and Bern-
stein, 1961). These are illustrated in Figures 4
and 5.

Fig. 1 Renal dysplasia. A ‘primitive’ duct lined by
columnar epithelium and surrounded by concentric
rings of mesenchymal cells. H. & E. x 20.

PYELONEPHRITIS

Histological evidence of pyelonephritis sought
was the presence of conspicuous acute or chronic
inflammation of the renal interstitial tissues and
of the mucosa lining the renal pelvis (Figs. 6 and
7). Periglomerular fibrosis, glomerular sclerosis,
and foci of tubular atrophy (Fig. 8) were almost
invariably present in the inflamed areas.

Results

These are summarized in Tables II, III, and IV
and in Figure 10.

Histological evidence of renal dysplasia was
present in 76 (51 %) of the 150 patients studied
(Table II). These 76 patients were divided into
three main groups (Table III) on the basis of the
pathological changes found in the kidneys and
the associated anomalies in the urinary tract.

Pyelonephritis was a common complication
in the cases with renal dysplasia; histological

Fig. 2 Renal dysplasia. A group of ‘primitive’ ducts
aggregated to form a nodular collection. H. & E. X
10.
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Fig. 3 Renal dysplasia. Bars of metaplastic cartilage
and ‘foetal’ glomeruli. H. & E. X 40.

Fig. 4 Renal dysplasia. ‘Primitive’ tubules and
ductules and glomeruli. Glomerular cysts are also
present, H. & E. X 20.

Fig. 5 Renal dysplasia. Large fibrous-walled cysts.
H. & E. x 0.
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Fig. 6 Pyelonephritis. Marked interstitial chronic
inflammation with lymphoid follicle formation.
H. & E. X 40.

Fig. 7 Pyelonephritis. Chronic inflammation of the
renal pelvis. H. & E. X 10.

Fig. 8 Pyelonephritis. Periglomerular fibrosis and
glomerular sclerosis in an area of chronic in-
Aammation. H. & E. X 40.




62

evidence of this condition was present in 58
(76 %), but was found only in patients in groups
2 and 3 (Table IV). Two patients in group 1 had
clinical evidence of urinary tract infection (pyuria
and bacteriuria) but in both the opposite kidney
was abnormal; in one intravenous pyelography
showed a small kidney with clubbed calyces, and
in the other hydronephrosis due to stenosis of the
pelvi-ureteric junction was found.

The blood urea concentration, which in each
case was measured a few days before operation,
was often raised in all three groups (Fig. 9).
In group 1 the urea concentration was normal or
moderately raised in all but two cases in which
the levels were more markedly raised (141 and
153 mg/100 ml). In these instances there were
marked abnormalities in the opposite kidney. In
group 2, one case had a urea level of 150 mg/100

Patient Main Pathological No. with Total No.
Category Abnormalities Renal of Patients
Dysplasia
1 Gross multicystic dysplasia 14 14
‘Duplex’ kidney with double
ureters 38 67
3 Partially cystic or
‘hypopilastic’ kidney 7 7
4 Hydronephrosis due to
lower urinary tract
obstruction 17 18
5 Hydronephrosis due to
pelvi-ureteric stenosis 1} 17
i Severe pyelonephritis 0 27
Total 76 150

Table II  Number of patients in each category
showing histological evidence of renal dysplasia
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Renal Dysplasia Pyurial and Histological Evidence
Bacteriuria of Pyelonephritis

Group | (14 cases) 2 1]

Group 2 (45 cases) 31 44

Group 3 (17 cases) 13 14

Table IV Incidence of pyelonephritis in the three
groups of patients with renal dysplasia

ml. This child died two days after operation. In
the remainder the initial urea level was often
raised, but in every case fell to less than 35
mg/100 ml following operation. In group 3 the
blood urea was usually raised and was less than
40 mg/100 ml in only six cases.

Mortality was highest amongst patients in
group 3, five of whom died of renal failure between
three weeks and 30 months after operation. In
group 1, one patient died of renal failure. This
child had severe hydronephrosis of the contra-
lateral kidney due to stenosis of the pelvi-ureteric
junction. In group 2, one child died in the post-
operative period. He had severe bilateral
hydronephrosis due to an obstructing ectopic
ureterocele in the urinary bladder.

Discussion

The criteria on which the histological identifi-
cation of renal dysplasia is based are unsatis-
factory. The diagnosis depends on the recognition
of various ‘dysplastic’ structures in the kidney
including ‘primitive’ ducts and tubules (Ericsson
and Ivemark, 1958a), metaplastic cartilage

Group Pathological Abnormalities Sex Age at Operation Nephrectomy Side Follow up (mth)  Total No.
Range (median) —  Range (mean) of
Kidney Ureter and Lower M F Total Partial R L  No. of Cases Patients
Urinary Tract
I Gross multicystic Atresia of ureter (10) 7 7 1 wkto 1) yr 10 14 i 5 9 2t060 14
Absence of ureter (4) mth 200
(3% mth) 13 cases
2 ‘Duplex’ (38)! Ectopic insertion of )
upper pole ureter
(38)
Ectopic ureterocele |
(36) |13 32 1wkto8yr8mth |6 30 29 17 30to 140 45
‘Hypoplastic or Ectopic insertion of (9 mth) 1 1 38
partially cystic (7) ureter (2) (bilat) (bilat) 41 cases
Ureterocele (2)
Vesico-ureteric
reflux (3)
} Hydronephrosis Hydroureter (17) 17 0 1wktoSyr7mth 17 u 4 8 1lto82 |
Posterior urethral (6 wk) (28)
valves (16) 17 cases

Urethral atresia (1)

Table 11l Main pathological findings in patients with renal dysplasia

'The numbers in brackets refer to numbers of patients.
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Fig. 9 Blood urea estimations immediately before
operation in the three groups of patients with renal
dysplasia.

(Bigler and Killingsworth, 1949), ‘foetal’ glom-
eruli (Pasternack, 1960), and renal cysts (Ruben-
stein et al, 1961). However, Bernstein (1968) has
demonstrated in the kidneys of young children
that an apparently ‘primitive’ morphology may
be induced in glomeruli, tubules, and ductules as
a result of ischaemic damage, or even by scarring
following renal biopsy, without there being any
suggestion of maldevelopment. For these reasons,
in the present study, the histological diagnosis
was based on the presence of structural dis-
organization of the renal parenchyma as a result
of abnormal development, and on the presence of
‘primitive’ ducts of the type described by
Ericsson and Ivemark. These structures are
thought to represent branches of the ureteric bud,
and are not seen in conditions other than renal
dysplasia (Bernstein, 1968). Bars of metaplastic
cartilage have also been regarded as definite
evidence of renal dysplasia (Bigler and Killings-
worth, 1949), but since they are not always present
even in obviously dysplastic kidneys, their
presence was regarded more as useful con-
firmation of the diagnosis. Dysplastic changes
may sometimes be confused with those due to
hydronephrosis, particularly when the two con-
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Fig. 10 Hydronephrosis. Flattening of the renal
papilla and atrophy of the medulla. The collecting
ducts are separated by fibrous connective tissue.
H & E. x 10.

ditions coexist. Flattening of the renal papillae
as a result of back pressure causes a tangential
rather than a radial alignment of the collecting
ducts. The ducts become separated by fibrous
connective tissue which may condense around
the tubules and mimic mantles of mesenchyme
(Fig. 10). Such cases may account for descriptions
of so-called pure medullary dysplasia (Gwinn
and Landing, 1968). In the cases studied it was
usually evident that hydronephrosis primarily
produced atrophic changes in the medulla, the
cortex becoming thin only at a late stage. In renal
dysplasia the cortex was disorganized and usually
markedly thinned by comparison with the
adjacent medulla. ‘Primitive’ ducts were often
aggregated together and formed nodules (Fig.
2), a feature not seen in pure hydronephrosis.

In the present series, histological evidence of
renal dysplasia was found in 519 of cases.
Consideration of the pathological changes in
the kidneys and the associated urinary tract
abnormalities allowed their division into three
groups (Table III). In group 2 cases of ‘duplex’
kidney with double ureters were included with
cases in which the kidneys were ‘hypoplastic’ or
partially cystic. This was considered reasonable,
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since in all the dysplastic changes were segmental,
and in all the ureter draining the dysplastic
kidney, whilst possessing a lumen, showed some
structural or functional abnormality which result-
ed in urinary stasis or reflux.

Elevation of the blood urea concentration was
seen in a proportion of patients from all three
groups, but was most common in those in group
3 with obstruction of the lower urinary tract.
In fact, in most cases in group 3 the initial blood
urea level had been higher, but the establishment
of bilateral ureterostomies or nephrostomies
produced a fall in the blood urea. Nephrectomies
were performed when urine formation was so
slight as to suggest little useful renal function.
In all cases in group 2 with raised blood urea
concentrations, ectopic ureteroceles (Berdon,
Baker, Becker, and Uson, 1968) were present in the
urinary bladder. The fact that urea levels fell
after operation suggests that the initial elevation
may have been due to urinary obstruction by the
ureterocele. In group 1, the blood urea levels
were markedly raised in two cases in which
abnormalities were also present in the contra-
lateral kidney and moderately raised (57 and
74 mg %) in two others. Both of these were young
infants, less than 2 weeks old. The raised blood
urea level in these cases may reflect a relative
inability of the opposite ‘normal’ kidney to cope
as a result of some functional immaturity.

The mortality was highest in patients in group
3, five of whom died of renal failure. This was
not surprising since they all presented with
bilateral hydronephrosis and hydroureters and
the resulting renal damage was sufficient to
destroy entirely the function in at least one
kidney.

Pyelonephritis was a very common compli-
cation in those patients with renal dysplasia.
Histological evidence of pyelonephritis was
found in 76%; of the cases. This association has
also been emphasized by others (Marshall, 1953;
Ericsson and Ivemark, 1958b; Pasternack, 1960).
These authors concluded that dysplastic renal
tissue was abnormally susceptible to infection in
much the same way as areas of scar tissue in the
kidney (Rocha, Guze, Freedman, and Beeson,
1958). Marshall (1968) even suggested that most
cases of pyelonephritis in the adult arise from
infection of areas of renal dysplasia. In the
present study, although pyelonephritis was
common, it occurred only in patients in groups
2 and 3 in whom a lumen was present in the
draining ureter, and not in group 1 in whom the
ureter was absent or atretic, and the kidney was
not functioning. Two patients in group 1 had
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clinical evidence of a urinary tract infection, but
in both there were marked abnormalities of the
opposite kidney. Such a finding is not uncommon
in cases of cystic renal dysplasia (Pathak and
Williams, 1964). In both these cases histological
evidence of pyelonephritis was lacking in the
resected dysplastic kidney. In any case, pyuria and
bacteruria in the voided urine could hardly have
arisen in this kidney since it was effectively
isolated by an atretic ureter.

It appears that a lumen is necessary in thedrain-
ing ureter for infecting organisms to gain access
to the dysplastic kidney. Structural or functional
abnormalities in the ureter or lower urinary tract
causing urinary stasis or reflux seem to be the
most important factors in promoting pyelo-
nephritis in dysplastic kidneys as in other situ-
ations. There is no reason to conclude that
dysplastic renal tissue is abnormally prone to
infection since pyelonephritis was absent in those
cases in group 1 in which dysplasia was most
widespread and severe. Absence or atresia of
ureter in these cases may be a secondary phenom-
enon. Dysplasia was marked and affected the
whole kidney and it seems unlikely that urine
formation could have occurred at any stage in its
development. It is possible that the maintenance
of a lumen in the developing ureter requires the
passage of urine and in its absence the lumen
either does not develop or even the ureter may
disappear.
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Part I A necropsy study of 41 cases

syNopsis, The pathological findings at necropsy have been reviewed in 121 children with
congenital malformations of the kidney and lower urinary tract. Histological examination of
the kidneys revealed evidence of renal dysplasia in 41 (34%;). Comparison of these 41 cases
with other cases in which renal dysplasia was found in kidneys removed surgically showed a
much higher incidence of bilateral involvement and of other associated major congenital
abnormalities. Histological evidence of pyelonephritis was less common except in those cases
in which renal dysplasia was associated with lower urinary tract obstruction. A total of 34
children with bilateral hydronephrosis and hydroureters due to congenital urethral obstruction
was found, and in these cases severe degrees of renal dysplasia were present only in those

dying'in the first two months.

Many previous reviews have been made of
multicystic and ‘hypoplastic’ renal dysplasia
(Elkstrom, 1955; Spence, 1955; Coppridge and
Ratliff, 1958; Parkkulainen, Hjelt, and Sirola,
1959; Vellios and Garrett, 1961) but rather less
emphasis has been given to renal dysplasia
associated with congenital lower urinary tract
obstruction (Pathak and Williams, 1964 ; Rattner,
Meyer, and Bernstein, 1963). For this reason a
separate quantitative study was made of the
incidence and degree of renal dysplasia presentin
the 34 children with obstruction of the lower
urinary tract included in the present series.

Patients

A review of the necropsy records at the Hospital
for Sick Children for the period between 1954
and 1969 revealed 157 congenital malformations
of the kidney and lower urinary tract occurring
in 121 children. Eighty-four were boys and 37
girls ranging between 1 day and 13 years 6 months
at death. The various anomalies encountered are
shown in Table 1. In each case histological sections
from  the kidneys were examined. Blocks of
kidney tissue had been fixed in buffered formalin
(pH 7-0) and embedded in paraffin wax. Sections

were cut of 5 u and stained routinely by Ehrlich’s
haematoxylin and eosin (H and E); other stains
were employed where necessary.

Assessment of the Histological Changes

In each case the histological sections were

Classification No. of
Cases

1 Anomalies of Structure
(a) Agenesis 15
(b) Polycystic disease 10
(c) Simple renal ‘hypoplasia’ 12
{d) Renal dysplasia 41

2 Anomalies of Position or Shape
(a) Renal ectopia 9
{b) Renal fusion 10
{¢) ‘Duplex’ kidney 11

3 Anomalies of Lower Urinary Tract
{a): Extrophy of the bladder 5
(b) Duplication of the bladder 1
(c) Rectourethral fistula 6
(d) Megacystic-megaureter without obstruction 3
(e) Congenital urethral obstruction 34

Total 157

Table I Classification of 157 congenital
abnormalities of the kidneys and lower urinary tract
Sfound at necropsy in 121 children
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examined for evidence of renal dysplasia and
pyelonephritis using the criteria described pre-
viously (Risdon, 1970).

In addition a separate quantitative assessment
of the degree of renal dysplasia present in the
kidneys from the 34 children with bliateral
hydronephrosis and hydroureters due to con-
genital lower urinary tract obstruction was made
as follows: O = where there was no histological
evidence of renal dysplasia. + — where occasion-
al foci of renal dysplasia were seen, but most of
the renal parenchyma was normally differentiated
(Fig. 1). +-+ - where renal dysplasia was seg-
mental, with areas of normally and anomalously
differentiated parenchyma present (Fig. 2).

= where renal dysplasia was total, but
some separation of the renal parenchyma into
cortex and medulla was discernible. Cystic
changes tended to be prominent in the sub-
capsular zone (Fig. 3). ++ 44+ — where dys-
plasia was total and complete disorganization of
the renal parenchyma was associated with
marked cystic changes (Fig. 4).

In 33 of the 34 cases sections from both
kidneys were examined. In the remaining case,
unilateral renal agenesis was present, and a
section from the single kidney was examined.

Results

Histological evidence of renal dysplasia was
present in 41 (34%) of the cases studied and was
bilateral in just over half of them (23 cases).

The 41 children with renal dysplasia were
divided into three groups (Table II) on the basis
of the pathological changes in the kidney and the
associated anomalies in the draining urinary
tract as described previously (Risdon, 1970).
Dysplasia was bilateral in 23 (63%) and
additional congenital abnormalities were fre-
quently present both in the urogenital system and
also in other systems, particularly the cardio-
vascular and gastrointestinal systems. These are
summarized in Table III.

Histological evidence of renal infection or
pyelonephritis was present in two of nine cases
from group 1, three of the 10 cases from group 2,
and in 17 of the 22 cases from group 3.

Of the two cases affected in group 1, in the
first, evidence of pyelonephritis was confined to
the contralateral non-dysplastic kidney, in which
there was hydronephrosis due to mid-ureteric
obstruction. In the other case, there was focal
abscess formation in the cystic dysplastic kidney
and a pyonephrosis in the other kidney due to
pelvi-ureteric stenosis. In group 2, the three cases
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Fig. 1

Renal dysplasia (group 3). Grade + changes.
A focal dysplastic area is shown, but most of the
renal parenchyma is normally differentiated. H & E x
15.

Fig. 2 Renal dysplasia (group 3). Grade ++
changes. Adjacent areas of renal parenchyma, on the
left showing normal development and on the right
dysplasia. H& E x 10.
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Fig. 3 Renal dysplasia (group 3). Grade ++ 1+
changes. Renal dysplasia is total but some
differentiation of cortex and medulla is seen. Sub-

Fig. 4 Renal dysplasia (group 3). Grade +-+++

changes. There is complete disorganization of the

renal parenchyma and cystic changes are marked.

capsular cyst formation is prominent. H & E X 10. H&E X 10.
Dysplasia No. of  Unilateral  Pathological Abnormalities Bilateral Pathological Abnormalities
Patients Involvement ~ Involvement

Kidney Ureter and Lower Kidney Ureter and Lower
Urinary Tract Urinary Tract
Group1 9 Gross Absence of ureter (1* 3 Gross Bilateral atresia of
(M6; F3) 6 multicystic Atresia of ureter (3) multicystic ureters (2)
Gross narrowing of Absence of one ureter
ureter (2) and atresia of contra-~
lateral ureter (1)
Group 2 10 ‘Duplex’ (1) Ectopic insertion of
{M5; F5) 6 upper pole ureter (1)
‘Hypoplastic’ or Ureterocele (1) Ectopic insertion of
partially cystic (5) Ectopic insertion of 4 ‘Hypoplastic’ or one ureter; the opposite
ureter (2) partially eystic (4) ureter hypoplastic (1)
hydroureter (2) Bilateral hypoplastic
ureters (1)
Bilateral hydroureters
)
Group 3 22 62 Hydronephrosis Hydroureter (6) Hydroureters (16)
(M22) Posterior urethral 16 Hydronephrosis Posterior urethral
valves (5) (16) valves (12)

Urethral stenosis (1)

Urethral stenosis (2)
Urethral atresia (1)

Table Il Main pathological findings in kidneys and draining urinary tract in three groups of cases with
renal dysplasia.

1The numbers in brackets refer to the numbers of patients.
*This figure refers to the incidence of unilateral renal dysplasia. In this group, hydronephrosis was invariably bilateral with the exception
of one case where agenesis of one kidney was present.
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Renal Associated Anomalies in the Associated Anomalies in Other Systems
Dysplasia Urogenital System
Kidney and Ureter (iefarr Cardiovascular Gastrointestinal System Central Nervous Other
System Systems
Group 1  Contralateral renal Extrophy of Patent ductus Imperforate anus (2) Arnold-Chiari Harelip (1)
(9 cases) agenesis (1) bladder (1) arteriosus (3) Tracheoesophageal malformation (1)
fistula with oesophageal Meningo-
Contralateral Rectovesical Atrial septal defect (2) atresia (2) myelocoele (1)
hydronephrosis due to  fistula (1) Coarctation of the Anorectal agenesis (2)
ureteric stenosis (2) Bicornuate aorta (1) Duodenal atresia (1)
Ectopia of dysplastic uterus (1) Ventricular septal Exomphalos (1)
kidney (1) defect (1) Annular pancreas (1)
Renal fusion (1) Agenesis of gall-
bladder (1)
Group 2  Contralateral Ventricular septal Tracheoesophageal Spina bifida
(10 cases) hydronephrosis due to defect (1) fistula with acculta (1)
ureteric stenaosis (1) oesophageal atresia (1)
Hiatus hernia (1)
Intrahepatic biliary
atresia (1)
Group 3 Unilateral renal Tracheoesophageal ‘Prune belly’
(22 cases) agenesis (1) fistula with oesophageal syndrome (4)
atresia (1)

Rectal agenesis (1)

Table III Associated congenital anomalies in the urogenital and other systems in the three groups of

cases with renal dysplasia

Children dying aged less
than 2mths.

Children dying aged
2mths or more.
Kidney

(No.) 18

| ‘\7

| = L
0+ ++ et
Renal Dysplasia

Fig. 5 Histwlogical grading of the degree of renal
dysplasia present in sections from each kidney in the
34 cases with congenital lower urinary tract
obstruction correlated with the age at death.

s

S
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with histological evidence of pyelonephritis were
aged 6 weeks or more at the time of death,
whereas the seven cases in which pyelonephritis
changes were absent were aged 19 days or less
at death,

Of the 34 cases with bilateral hydronephrosis
and hydroureters due to congenital lower urinary
tract obstruction, histological evidence of renal
dysplasia was present in 22 (65 %,). Severe degrees
of renal dysplasia (++, +++, or ++++)
were present only in those children dying in the
first two months (Fig. 5).

Discussion

In the previous account of renal dysplasia
in surgically resected kidneys in children (part
1) the cases were divided into three main groups
according to the pathological changes in the
kidney and the associated anomalies in the
draining urinary tract. Group 1 comprised cases
of gross multicystic renal dysplasia associated
with absence or atresia of the ureter and renal
pelvis (Fig. 6). In group 2 renal dysplasia was
segmental, and the draining ureter, whilst it
possessed a lumen, showed some structural or
functional abnormality which interfered with
urinary drainage (Figs. 7 and 8). In group 3,
renal dysplasia was associated with bilateral
hydronephrosis and hydroureter due to lower
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Fig. 6 Renal dysplasia (group 1). Gross multicystic
renal dysplasia with atresia of the draining ureter.

urinary tract obstruction (Fig. 9). A similar group-
ing was used to classify the cases in the present
survey of postmortem cases, and this emphasized
important differences in the relative incidence of
cases placed in the various groups in the two
series. In two cases of unilateral multicystic
dysplasia discovered at necropsy, the draining
ureter, although grossly narrowed and hypo-
plastic, was not entirely atretic. These cases were
included in group 1 because the changes in the
kidney were entirely similar to the other cases in
the group in that the cystic changes were gross
and po normal renal parenchyma was discernible.
Four cases included in group 3 in the postmortem
series had congenital absence of the abdominal
muscles, and were examples of the so-called
‘prune belly’ syndrome (McGovern and Marshall,
1959). All four had bilateral hydronephrosis and
hydroureters and severe renal dysplasia. In three
there was urethral obstruction due to urethral
atresia or stenosis, but in the fourth case, although
the posterior urethra was dilated, no definite
mechanical obstruction was demonstrated. In-
clusion of this case in group 3 seemed justified,
since in all other respects the findings were
indistinguishable.

Amongst the surgical cases, the numerically
largest category were those in group 2 with

69

‘duplex’ kidneys in which the upper pole was
dysplastic. Only one such case was present in the
necropsy series. In the whole survey of post-
mortem cases there were 11 instances cf ‘double
kidneys’ with pelvic duplication, but in none of
these was there any parenchymal dysplasia. It is
of interest that in all of these the double ureters
fused to form a single structure before insertion
into the bladder, and the ureteric orifice was
normally situated in the trigone. In contrast,
‘duplex’ kidneys with dysplasia of the upper pole
invariably had two separate ureters draining the
upper and lower poles. In every case fully investi-
gated the ureter draining the dysplastic pole was
inserted ectopically into the bladder, and in the
majority of cases this was associated with a
ureterocele (Berdon, Baker, Becker, and Uson,
1968).

Cases of congenitally small ‘hypoplastic’
dysplastic kidneys, and partially cystic dysplastic
kidneys placed in group 2, were slightly more
common in the postmortem series. As in the
surgical cases, structural abnormalities of the
draining ureter were almost universal, being
present in all but one case. The ureteric abnor-
malities were similar, and included ectopic
insertion into the bladder, ureterocele, ureteric
dilatation without obstruction, and ureteric
hypoplasia.

In contrast to the surgical series in which all
the cases placed in groups 1 and 2 had unilateral
renal dysplasia, seven of the 19 postmortem cases
in groups 1 and 2 showed bilateral involvement.
In addition there were major congenital abnor-
malities in other systems in 10 instances. These
anomalies, which are summarized in Table III,
principally involved the cardiovascular and
gastrointestinal systems, a finding also noted by
Rubenstein, Meyer, and Bernstein (1961). These
findings in groups 1 and 2 constituted the main
difference between the surgical and necropsy
series, Involvement of both kidneys or the pres-
ence of other major and often multiple congenital
abnormalities were not compatible with survival.

In three of the cases placed in groups 1 and 2
in the necropsy series there was hydronephrosis
of the contralateral kidney due to ureteric
stenosis. In two the stenosis was at the pelvi-
ureteric junction and in the third the stenosis was
at the junction of the upper and middle thirds of
the ureter. Similar findings were present in two
of the surgical cases. This type of abnormality in
the opposite kidney is an important and not
uncommon finding in cases of multicystic renal
dysplasia, as has been emphasized by Pathak and
Williams (1964). Early diagnosis of the contra-



70

I l

CMS 1
Fig. 7.

Fig. 7 Renal dysplasia (group 2). Congenitally small
(Chypoplastic’) kidney with a central dysplastic
segment.

Fig. 8 Renal dysplasia (group 2). Partially cystic
renal dysplasia. The cysts are separated by renal
parenchymal tissue.

Fig. 9 Renal dysplasia (group 3). There is obstruction
of the posterior urethra by valves and bilateral
hydronephrosis and hydroureters. A ‘stag horw’
caleulus is present on the left.

Fig. 9.
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Renal dysplasia: A necropsy study of 41 cases

lateral hydronephrosis is vital if progressive
destruction by back-pressure and ascending
infection is to be avoided in this single functional
kidney.

The pattern of secondary pyelonephritis
differed somewhat between the surgical and the
necropsy series. None of the surgically resected
dysplastic kidneys placed in group 1 showed
histological evidence of pyelonephritis. Of the
cases in group 1 found at necropsy, one case
showed evidence of infection in the dysplastic
kidney; scattered abscess formation and focal
pyogenic inflammation were present. However,
in this case infection was clearly bleod-borne,
since a pyonephrosis due to pelvi-ureteric
obstruction was found in the opposite kidney.
This was the only instance of infection in a
multicystic dysplastic kidney in the 23 cases in
both series in which the draining ureter was
atretic or absent. This finding emphasizes the
importance of ascending infection in the patho-
genesis of pyelonephritis complicating renal
dysplasia (Risdon, 1970). Histological evidence of
pyelonephritis was less common in the cases in
group 2 in the present series, only three of the 10
cases being affected, whereas all but one of the 45
surgical cases in this group showed pyelo-
nephritic changes. This discrepancy probably
reflects the difference in ages in the two series.
The three cases in group 2 in the necropsy series
were all aged 6 weeks or more at the time of
death whereas the seven without pyelonephritic
changes were aged 19 days or less. These seven
cases all had either bilateral renal dysplasia or
other major congenital abnormalities, these
factors being responsible for their early death.

In all the cases found at necropsy to have
bilateral hydronephrosis and hydroureters due
to congenital lower urinary tract obstruction,
including the cases of ‘prune belly’ syndrome,
death had resulted from renal failure. This was
variously due to a combination of pyelonephritis,
renal atrophy due to hydronephrosis, and renal
dysplasia. In order to assess the importance of
renal dysplasia in this context, quantitative
assessment was made in all cases of the degree of
renal dysplasia in sections from both kidneys.
Histological changes of renal dysplasia were
found in 22 (65%) of the 34 cases, and was
bilateral in 16. This compares with an incidence
of 10 out of 21 (eight bilateral) in a similar
necropsy survey by Rattner ef al (1963). Apart
from the six cases in which only one kidney
showed dysplastic changes, quantitative assess-
ment showed that the degree of renal dysplasia
present often varied in the two kidneys. In three
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instances severe renal dysplasia was present in
one kidney and absent in the contralateral kidney.
The occurrence of such marked variation in the
degree of dysplasia in the two kidneys probably
explains the much higher incidence of renal
dysplasia in the surgical cases with congenital
lower urinary tract obstruction, all but one of
which were affected. In these, unilateral neph-
rectomy was performed to remove a non-function-
ing kidney. They were, therefore, highly selected
in terms of disparate function on the two sides,
and renal dysplasia might reasonably be expected
to be commener in the resected organ. Corre-
lation of the age at death in the cases in this group
coming to necropsy with the degree of renal
dysplasia found in the kidneys showed that severe
degrees of dysplasia were associated with early
death, before the age of 2 months. Treatment
of ascending infection and relief of the obstruc-
tion should not be expected to affect the outcome
when both kidneys are severely deformed, but,
as Rattner and his colleagues have emphasized,
in other cases early diagnosis with surgical
intervention and treatment of infection may be
successful in preventing further progressive renal
damage.

I should like to thank Professor A. E. Claireaux
and Mr D. 1. Williams for their helpful advice
and criticism in the preparation of this paper. I
am also indebted to Mr D. 1. Williams for per-
mission to use the clinical records of the cases
studied.
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