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SUMMARY Information on 82 children in Finland, treated during the years 1974 to 1983 for
polycystic kidney disease, was collected retrospectively. The occurrence was of the order of
1:8000 births. Fifty-one of the children had early lethal disease and 31 survived for over 28 days.
These children came from 69 families. They were divided by family studies into three groups:

autosomal dominant polycystic kidney disease (DPKD) in 11 families, autosomal recessive
polycystic kidney disease (RPKD) in 14 families, and sporadic cases in 44 families. In three of the
DPKD families there were two or more sibs with DPKD which manifested neonatally. The
majority of the grandparents of the children with RPKD and sporadic polycystic kidney disease
were born in the same sparsely populated areas in northern, central, and eastern Finland, which
suggests that most of the sporadic cases are also actually RPKD.
The purpose of this study was to find patients with polycystic kidney disease manifesting in

childhood and to categorise them using genetic criteria. The observed series of cases genetically
classified as DPKD and RPKD will serve as a basis for the further aim of defining clinical criteria
for the differential diagnosis of these two entities.

Polycystic kidney disease comprises two main clini-
cal entities: autosomal dominant polycystic kidney
disease (DPKD), which is also called adult polycys-
tic kidney disease, and autosomal recessive polycys-
tic kidney disease (RPKD), which is also called
infantile polycystic kidney disease or polycystic
kidney disease of childhood. As the adult disease
may manifest in childhood and children with the
infantile disease may survive into adulthood, it has
been suggested that the disease entities should be
called 'dominant' and 'recessive' instead of 'adult'
and 'infantile'.' Various cystic conditions of the
kidneys have erroneously been called 'polycystic',
but the term should be used in a restricted sense,
meaning only the two major types of heritable cystic
disorder.2
DPKD and RPKD differ from each other by their

different modes of inheritance as is indicated by
their names, but clinically they may resemble each
other. There are no simple clinical or morphological
definitions for these entities because the clinical
picture of DPKD is highly variable and because
Received for publication 20 October 1986.
Revised version accepted for publication 5 January 1987.

RPKD seems to consist of two or more subtypes.2
DPKD usually manifests at the age of 30 to 40

years. The kidneys are enlarged and contain numer-
ous roundish cysts of different sizes. The cysts are
mostly of tubular origin but they may originate from
any part of the nephron. There may be cysts in the
liver, especially in older patients. The presenting
symptoms are usually haematuria, pain, or hyper-
tension. There is slowly progressive renal insuffi-
ciency. Some members of the family possessing the
gene may remain symptomless throughout life.3
There are several reports of DPKD occurring in
children, even newborns, but usually the symptoms
are slight or absent in childhood.
RPKD manifests neonatally or later in childhood.

The kidneys are large and filled with more or less
fusiform cysts of tubular origin. The liver is always
involved, with proliferation of intrahepatic bile
ducts and periportal fibrosis.2 Symptoms vary from
perinatal death of a baby with a Potter habitus to
renal insufficiency of variable progression in infancy
or portal hypertension in later childhood. The early
lethal form of RPKD seems to be genetically
distinct,2 but there is controversy over whether the
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milder forms are manifestations of a clinically wide
spectrum of one disease 4 or whether they can be
further subdivided by clinical, genetic, and histo-
logical criteria.5
The overall incidence of polycystic kidney disease

in childhood is not known. The frequency of RPKD
in paediatric necropsy material varies from 1-3/103
to 5 9/103 childhood necropsies.6 7 There are no
estimates of the number of surviving cases of RPKD
or of childhood DPKD.
The purpose of this nationwide study was to

collect all children with polycystic kidney disease
from a 10 year period in order to discover the
occurrence of the disease in Finnish children, to
classify the patients by genetic criteria, and to
investigate some of the genetic aspects of the
disease.

Patients and methods

All children under 16 years of age treated for
various cystic kidney diseases in Finland during 1974
to 1983 were collected retrospectively from three
sources. (1) Children who had died with the
diagnosis of any cystic kidney disease were sought
from the data of the Central Statistical Office of
Finland for the 10 year period concerned. (2)
Surviving cases were collected from computerised
diagnosis lists for the same 10 year period from all
the five Finnish university hospitals except the
University Hospital of Turku, where computerised
listing was only started in 1977. Cases with polycys-
tic kidney disease, dysplastic and other cystic
kidneys, various kidney malformations, hepatic
cysts, hepatic fibrosis, or Banti disease were col-
lected. (3) All families who had received genetic
counselling for polycystic kidney disease at the
Department of Medical Genetics in Vaestoliitto
during the time concerned were included. The
Finnish Register of Congenital Malformations8 was

also searched, but all the cases found there had
already been found through some other source.
By this preliminary screening 286 children were

found. Their hospital records were checked and 81
were considered to have polycystic kidney disease
when using the following criteria.

(1) The patients had to have had at least
ultrasound or computed tomography of the kidneys
or a kidney biopsy or, if they died neonatally before
such studies, a necropsy with both macroscopic and
microscopic studies of the kidneys.

(2) The patients had to have at least one

'macroscopic' cyst in each kidney and more than one
in one kidney detected by ultrasound or computed
tomography or findings suggesting several 'micro-

scopic' cysts in both kidneys found by ultrasound,
computed tomography, or histological studies.

(3) The patients were not to have other urinary
tract malformations, signs of any syndrome, or
findings suggesting some other defined structural
renal disease.

In addition, one infant, who had died neona-
tally, was included although necropsy was not
performed. She had huge kidneys and died of
respiratory insufficiency. The diagnosis was con-
sidered definite even without necropsy as her sister
had died neonatally from polycystic kidney disease
which was verified at necropsy. The diagnoses of the
remaining 204 children are presented in the table.
The families of the children with polycystic kidney

disease were approached differently depending on
whether the proband had survived the neonatal
period or not. If the child had survived, the parents
were contacted through the paediatrician. Family
histories were taken and, if positive, checked from
hospital records. Ultrasound examination of the
kidneys and liver was performed on parents and
sibs. If the child had died neonatally, the parents
and sibs were not contacted or studied. It was
thought unethical to examine family members long
after the death of the patient, as the possibility of
finding a disease was considered to be very small,
whereas the risk of arousing anxiety was high.
The number of sibs was checked from the

population register. The cause of death for dead sibs
was found through hospital records. The birthplaces
of grandparents were checked from the population
register to look for possible close consanguinity and
to find out the geographical distribution of the
birthplaces of the ancestors.

It was considered that there was DPKD in the
family if one of the parents of the proband was
affected and RPKD if there were at least two
affected sibs and the parents were unaffected.

TABLE Diagnoses of the 204 children who were initially
screened for the study but had a disease other than
polycystic kidney disease

Diagnosis No of patients

Bilateral dysplastic kidneys
and perinatal death 46

Unilateral dysplastic kidney 46
Banti disease (without cystic kidneys) 15
Tuberous sclerosis 5
Meckel syndrome 6
Solitary kidney cyst 8
'Nephronophthisis-like disease with

hepatic fibrosis resembling the patients
published by Bolchis et at' I

Various kidney and liver malformations,
unrecognised syndromes, etc. 77
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Results

Of the 82 children with polycystic kidney disease,
one was stillborn, 50 died neonatally, and 31
survived beyond the neonatal period. The cystic
kidneys were noticed immediately after birth in 69
cases, at six weeks in one case, at six to eleven years
in six cases, and at 13 to 15 years in six cases. All the
patients were found independently of their affected
sibs or parents and are thus index cases in this study.
They came from 69 families.
The parents were contacted in 30 families where

at least one proband had survived beyond the

neonatal period. The kidneys of 41 parents were
studied by ultrasound and four parents by in-
travenous pyelography. No studies were done on six
parents, who had already had DPKD diagnosed,
and on eight parents the spouses of whom had had
DPKD diagnosed. One father refused to be exam-
ined. There were 35 probands in these 30 families,
and they had 41 full sibs and three half sibs from
another marriage of the affected parent. In addition
to the probands, three sibs had already had poly-
cystic kidney disease diagnosed but they had been
treated before or after the period of this study. Of
the remaining sibs, 31 were studied by ultrasound,
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FIG 2 The pedigrees of the 14 families with RPKD. For svmbols see fig 1.
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one by intravenous pyelography, seven refused to be
examined, and two had been stillborn.
The 39 families where all the probands had died

neonatally were not contacted. Through the popula-
tion register it was found that the 47 probands in
these families had 56 full sibs, nine of whom had
died neonatally. Of these, seven had had polycystic
kidney disease confirmed at necropsy. Two had died
with respiratory difficulties and necropsy was not
performed.
The family studies gave the following results.

There was DPKD in 11 families. The affected parent
was the mother in seven families and the father in
four families. The affected parents in these 11
families had 31 children, of whom 18 were affected,

10 were normal by ultrasound, and three were not
studied. The pedigrees of these 11 families are
shown in fig 1 including the age of every affected
person at diagnosis and at death or at the time of this
study.
There was RPKD that was not neonatally lethal in

three families. The kidneys of the parents at 35 to 52
years of age were normal by ultrasound. There were
13 full sibs altogether and two were affected in each
sibship. Altogether six were affected, four had
normal kidneys by ultrasound, and three were not
studied. One sib was stillborn; enlarged kidneys
were not mentioned in the hospital records and
necropsy was not performed.
There was neonatally lethal familially occurring

FIG 3 The birthplaces ofgrandparents ofthe patients with RPKD (A) and of the sporadic patients (B). One dot marks
the birthplace ofone grandparent. The area limited by the broken line belonged to Finland before the second world war.
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polycystic kidney disease which was considered to
be RPKD, though the parents were not studied, in
11 families. There were 43 full sibs altogether. Of
them, 26 had been affected, at least two in each
sibship. The remaining 17 were alive but polycystic
kidneys had not been ruled out by ultrasound.
The pedigrees of the 14 families with RPKD and

the age of each patient at diagnosis and at death or
at the time of this study are shown in fig 2.
There were 44 sporadic cases. The parents of the

16 probands who had survived the neonatal period
were studied and found to be normal. Of the 35 full
sibs in these families, the 16 probands were affected,
17 were normal by ultrasound, one was stillborn
with normal kidneys at necropsy, and one was not
studied. The parents and sibs of the 28 probands
who had died neonatally were not studied. There
were 60 full sibs altogether in these families. Of
them, the 28 probands had been affected. Two more
had died neonatally, but necropsies had not been
performed and as the clinical information was
scanty, it is impossible to judge whether these two
had polycystic kidneys or not. The remaining 30
were alive but polycystic kidneys were not ruled out.
The sex ratio of the children affected by DPKD

was 1, of the children affected by RPKD 0-88, and
of the sporadic cases 1.1.
The ancestors were traced back only as far as

grandparents. No consanguineous marriages were
found. The mother of one sporadic proband was the
first cousin of the father of four affected sibs. The
nephew of the mother of another sporadic proband
had an affected child, born after this study. In both
kindreds all patients had died neonatally. The
geographical distribution of the birthplaces of the
grandparents of the probands in 14 families with
RPKD and of the 44 sporadic cases are shown in fig
3.

Discussion

A total of 82 children with polycystic kidney disease
was found retrospectively during the years 1974 to
1983 in Finland. The dead cases were all found from
the data of the Central Statistical Office of Finland,
where the cause of death is compulsorily registered.
As cysfic kidneys can hardly be overlooked at
necropsy, only those cases in which necropsy had
not been performed could have been missed through
this source. From the data of the Central Statistical
Office of Finland it can be estimated that at least
80% of stillborn infants or those who had died in the
neonatal period had had necropsies during 1974
to 1983.
The surviving cases were sought from university

hospitals only. It was assumed that children with
such a rare and often serious disease were, as a rule,
referred to a university clinic. However, one mild
case that had been treated only at a district hospital
was found from the Department of Medical
Genetics at Vaestoliitto.
The criteria for polycystic kidney disease were

chosen in order to find all the children who had been
treated for either DPKD or RPKD. When collecting
patients with RPKD, Lieberman et al4 considered
enlargement of the kidneys and liver to be an
obligatory finding. This was not suitable for the
purpose of the present study, as children with
DPKD have a normal liver and in the early phase of
the disease the kidneys are also of normal size. Blyth
and Ockendens included in their material only cases
with histological verification of the diagnosis.
Nowadays, histological studies are performed less
frequently as imaging techniques have developed,
and thus patients with kidney cysts verified only by
ultrasound or computed tomography were included
in our study. However, children with cystic dysplastic
kidne s might have been erroneously included. Bear
et al" regarded one cyst in each kidney and more
than one in one kidney as minimal criteria for
diagnosing DPKD in asymptomatic members of
affected kindreds. His criteria were used in this
study, but without the need for a positive family
history, because cysts in the kidneys of healthy
children are rare1' and even a few cysts suggest
polycystic kidney disease in childhood. However,
early cases of DPKD with only one or two kidney
cysts would have been missed. Moreover, as most
children with DPKD are totally asymptomatic'2 13
there must be many children with DPKD who have
never been treated and thus were not found.
During 1974 to 1983 the total number of births in

Finland was 650 827. Thus 1 in 7937 births was
found to have polycystic kidney disease. This is not
an accurate way to express the occurrence of the
disease because many of the probands were born
before the study period and because some children
born during that period may have their disease
diagnosed many years later.
There are no comparable estimates of occurrence

of polycystic kidney disease in childhood. Early
estimates of the incidence of 'polycystic kidneys' in
children were based on paediatric necropsy material
and mixed with cases that would rnow be called
'dysplastic' or 'multicystic' instead of 'polycystic', as
well as syndromic cases. 14 15 Even a recent study of
'polycystic kidneys' from the Hungarian Congenital
Malformation Registry for the years 1970 to 197816
included all polycystic kidneys of Potter types I and
II; the latter should be called dysplastic cystic
kidneys.'7 18 Therefore it is difficult to compare
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their figure of 011/103 births with the present
material. If only the cases diagnosed during the first
year of life are counted, and if the children with
dysplastic cystic kidneys found in the course of this
study are added, a figure of 0- 18/103 is achieved.
Though this figure is higher than that of the
Hungarian Congenital Malformation Registry, it
may only reflect different methods of collecting the
material and not any true difference in incidence.
The incidence in the paediatric necropsy material

in North Finland7 was higher than in a similar study
from France6 but this evidently represents a local
cluster in North Finland (fig 3). There are no
estimates of the number of children with polycystic
kidney disease who survive and from published
reports one gets the impression that these patients
are not extremely rare anywhere.4 5 1 It seems that
no form of the disease is exceptionally common in
Finland. Thus polycystic kidney disease does not
belong to the group of monogenic diseases over-
represented in Finland called 'the Finnish disease
heritage'.
The disease was interpreted as being DPKD in

families 1 to 11 (fig 1). The proportion of affected
sibs in these families was 0 58, which is higher than
expected as some of the children may still manifest
the disease. It has been estimated that only 66% of
those affected by DPKD can be diagnosed by
ultrasound by 15 years of age."' Among the sibs
found to be normal, four were still under 15 years of
age. The high proportion of those affected and
manifesting the disease in childhood is due to
ascertainment as the study originated from affected
children, not affected parents.
DPKD manifested neonatally in nine children

from four families (fig 1). At least 30 such families
have been reported before.5 20-39 In eight families
(families 1, 2, and 6 in this series and five families
previously published5 27 28 30 35), DPKD manifested
neonatally in more than one sib. As the disease was
not exceptionally early or severe in the affected
parent or other relatives, there was apparently
nothing exceptional in the gene itself. The affected
parent was the mother in 19 and the father in 15
families; thus the sex of the affected parent did not
seem to influence the early manifestation. The four
children with neonatal DPKD in family 1 (fig 1) had
two different fathers, which is not in keeping with
the idea of some effect of the allele from the
unaffected parent. Whatever the cause for the early
onset of DPKD, the risk of recurrence of that type
in a sibship seems to be higher than would be
expected.
The disease was interpreted to be RPKD in

families 12 to 25 (fig 2). In families 15 to 25 the
parents were not studied but the inheritance was

assumed to be recessive, as it was considered highly
unlikely that DPKD would manifest in its very
unusual form, a neonatally lethal disease, in all
affected sibs. Nevertheless, this had been the
situation in family 1 before the birth of the youngest
child who survived and is now three years old. Thus,
families with neonatally lethal polycystic kidney
disease should not automatically be assumed to be
RPKD, but instead it would be wise to examine the
kidneys of the parents by ultrasound to exclude the
possibility of DPKD, at least if careful histological
studies have not been performed. The clinical
picture was highly variable in families 12 to 14 but
very uniform in families 15 to 25, which supports the
assertion1 4 that the early lethal or 'perinatal' form
of RPKD is a genetically separate entity, but milder
forms cannot be further classified by clinical course
as they seem to vary intrafamilially.

Family studies of the early lethal form of infantile
polycystic kidney disease have suggested autosomal
recessive inheritance, but the material has been
small.'5 4(' No family studies have been performed
to confirm the mode of inheritance in milder forms
of RPKD, but recessive inheritance has been
assumed as there are several examples of typical
recessive families. In this study there were 14 typical
recessive families with at least two affected sibs and
unaffected parents. The proportion of affected sibs
can be calculated only after the sporadic cases have
been classified as DPKD or RPKD by morpho-
logical, imaging, or other clinical criteria.
The sex ratio in DPKD, RPKD, and in the

sporadic cases was very close to 1, as expected in
autosomal inheritance.

Fig 3 shows the geographical distribution of the
birthplaces of the grandparents of the children with
RPKD and of the sporadic cases. These maps
resemble each other closely. They also resemble the
corresponding maps of some of the 20 rare recessive
disorders overrepresented in Finland.4' It is typical
of these maps that most of the ancestors of the
patients came from the sparsely populated areas in
the northern, central, and eastern parts of Finland
that were permanently settled as late as the 16th
century. This could mean that most sporadic cases
actually do have RPKD and that the frequency of
the recessive gene (genes) is so low that regional
isolates are often needed before homozygotes
appear.

Detailed studies of the present material are in
progress. The classification of the material primarily
by genetic criteria is serving as the basis for defining
other criteria, clinical, imaging, and histological, by
which any sporadic case can be reliably classified.
At this point it seems that almost all of the sporadic
cases in this study actually have RPKD.
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