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ABSTRACT

Objective Detection of congenital urinary system anoma-
lies is an important part of the prenatal wultrasound
examination. The present study compares prenatal ultra-
sonographic findings and postmortem examinations of
fetuses and infants with renal and urinary tract anomalies.

Design  Criteria for inclusion were an ultrasound exam-
ination at the National Center for Fetal Medicine
(Trondheim, Norway) and autopsy performed during the
period 1985-94. Results from the ultrasound examination
and autopsy regarding urinary system anomalies were
categorized according to the degree of concordance.

Results Urinary system anomalies were found in 112
(27%) of 408 fetuses with congenital anomalies. The renal
and/or urinary tract anomaly was the principal reason for
induced abortion or cause of death in 50 cases (45%). In
97 (87%) of the 112 cases there was full agreement
between the ultrasound observations and the autopsy
findings. In five cases the autopsy revealed minor findings
not mentioned in the ultrasound report. The wmain
diagnosis was thus correct in 102 cases (91%). In four
cases major autopsy findings had not been found by
ultrasound examination; in another four, none of the
autopsy findings were suspected by ultrasound, and in
two, minor ultrasound findings were not confirmed at
autopsy.

Conclusions The accordance between ultrasound diag-
noses and postmortem examinations proved to be satisfac-
tory. The close co-operation between ultrasonographers
and perinatal pathologists is mutually beneficial. In
addition to complementing prenatal diagnosis, postmor-
tem examination is of vital importance for the quality
control of ultrasonography in fetal diagnosis and plays an
important role in genetic counseling.

INTRODUCTION

Detection of fetal anomalies is an important part of
prenatal care. The introduction of routine fetal ultrasono-
graphic examination has improved the detection rate of
fetal anomalies, while the technical developments of
ultrasound equipment have increased diagnostic accuracy.
As a consequence, congenital anomalies are diagnosed
earlier than previously. In cases where abortion is elected,
the physical and psychological trauma to which these
women are exposed may be reduced'. The decreasing
gestational age at termination of pregnancy (TOP), and
thus the small size of the fetus represents a challenge in
perinatal pathology which requires a high level of
experience and expertise.

The overall prevalence of congenital urinary system
anomalies has been reported as two per 1000 live births?.
Urinary system abnormalities represent a large group of
fetal anomalies detected by sonography®. Sonographic
screening has disclosed an overall frequency of fetal
uropathy of 0.28% and about two-thirds of these
demonstrated urinary tract dilatation®’. In two different
antenatal studies the most frequent cause of significant
urinary tract dilatation was obstruction of the ureteropel-
vic junction®’. Upper urinary tract dilatation and renal
dysplasia constitute the largest group of urinary system
anomalies>*®?. The incidence of bilateral renal agenesis is
low, with an incidence of 0.1-0.3/1000 births'®~!2.

Autopsy studies comparing the prenatal ultrasound
diagnosis with postmortem examination have shown that
the prenatal detection of renal anomalies varies from 60%
to over 90%. In these studies the urinary system anomaly
was part of a general analysis of all types of anomalies and
did not focus specifically on particular organ systems'>~'°.
A few studies comparing prenatal and postnatal urinary
system anomalies have focused on both clinical follow-ups
and postmortem examinations, where the detection rate
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Figure 1 Eighteen-week fetus with cystic dysplastic right kidney and agenesis of the left kidney. (a) Ultrasound scan of right kidney (arrow); (b)
in situ photograph at autopsy including right kidney and both suprarenal glands (arrows on suprarenal glands); (c) cut surface of right kidney.

has varied from 65% to 100%%?°7%2. Except for one
study??, they all comprised a limited number of cases, and
minor renal anomalies were studied in only one study®2. To
our knowledge, a comprehensive focus on prenatal
diagnoses of urinary system anomalies comparing them
with autopsy results has not been done.

This study was designed to prospectively evaluate the
correlation between prenatal ultrasound and autopsy
examination, and at the same time record urinary system
anomalies in mixed low-risk and high-risk populations.

MATERIALS AND METHODS

Autopsied fetuses and infants which had been examined

prenatally at the Ultrasound Laboratory, Department of
Obstetrics and Gynecology, Trondheim University Hospi-
tal, and later proved to have a urinary system abnormality,
are included in this study. The hospital serves the city of
Trondheim (Norway) and surrounding areas with a total of
250 000 inhabitants. The National Center for Fetal
Medicine was established in 1990 and is the Norwegian
referral centre for pregnant women with suspected or
verified fetal anomalies.

Four hundred and eight autopsies of fetuses and infants
with developmental anomalies were performed between
1985 and 1994, 365 of these at the Department of
Pathology, Trondheim University Hospital, and the rest
at other hospitals co-operating with the centre. In 112

Figure 2 Twenty-week fetus with urethral obstruction, dilated urinary bladder, hydronephrosis of the right kidney and a cystic dysplastic left
kidney. (a) Ultrasound scan of urinary bladder (U bl) and left kidney (arrow); (b) ultrasound scan of kidneys (arrows; 1 left, 2 right); (c) in situ
photograph at autopsy including bladder (U bl) and both kidneys (arrows).
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Table 1 Main diagnosis classified according to organ system in 112
cases with urinary system anomalies

Organ Total Proportion
system (n) of total (%)
Urinary system 50 45
Central nervous system 20 18
Cardiovascular system 19 17
Diaphragm/abdominal wall defects 12 11

Fetal hydrops/cystic hygroma 7 6
Miscellaneous 4 3

Total 112 100

(27%) of the 408 cases, urinary system anomalies were
diagnosed and included in this study.

The anomalies were suspected or diagnosed during the
routine fetal ultrasound examination offered to all
pregnant women at 18 weeks, or at a selective ultrasound
scan performed because of hereditary risk factors or an
abnormally developing pregnancy. A thorough description
of the ultrasound findings was recorded, including
information about supplementary examinations. All data
were prospectively stored in a computer database and the
comparisons were based on the recorded findings in the
ultrasound and autopsy reports. The ultrasound examina-
tions were performed by obstetricians working at the
centre using Hitachi EUB 565 (Tokyo, Japan), Dornier Al
3200 (Germering, Germany) and Vingmed Sound CFM
750 (Horten, Norway) machines. The machines were
equipped with transducers with frequencies ranging from
3.5 to 7.5 MHz.

At the Department of Pathology, Trondheim University
Hospital, a standardized autopsy was carried out. From
1985 to 1989 the autopsies were performed by doctors in
training, and from 1990 by a consultant pathologist with
experience in perinatal pathology who became part of the
team at the National Center for Fetal Medicine. The
ultrasound report was available for the pathologist prior to
the autopsy. Postnatal radiography of the fetus or infant
and photographic documentation of dysmorphic features
and anomalies were regularly performed after 1990. At
autopsy, all organs were examined. In some cases where

Table 2 Cases including urinary system anomalies: main diagnoses
and additional findings (n = 112)

Main Additional  Total

finding (n) finding (n) (n)
Urinary system 50 62 112
Cardiovascular system 19 14 33
Central nervous system 20 4 24
Gastro-intestinal system 2 21 23
Skeletal system 2 21 23
Diaphragm/abdominal wall defects 12 7 19
Fetal hydrops 7 6 13
Genital system 9 9
Lungs 1 1
Total 112
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special photographic documentation was desirable, the

kidneys were left in situ after removal of other organs

(Figures 1 and 2). When the autopsies were performed at

other hospitals, permission to use the report was obtained.
The ultrasound and autopsy findings were categorized as

follows>*3,

1. Full agreement between the ultrasound and autopsy

findings.

2. Minor autopsy findings not found or not recorded at the

ultrasound examination.

3. Major autopsy findings not detected at the ultrasound

examination, although other ultrasound findings indicated

termination of pregnancy.

4. No autopsy findings suspected at the ultrasound

examination. In these cases the fetus or infant deceased

naturally in utero or shortly after birth.

5. Minor ultrasound findings not confirmed at autopsy.

This category includes findings supplementary to other

detected anomalies which were confirmed at autopsy.

6. Major ultrasound findings not confirmed at autopsy. In

addition to false positives this category includes cases

where postmortem changes interfered with making a

proper morphological diagnosis.

RESULTS

Eighty-eight (79%) of the 112 cases were referred from all
over the country, the rest came from the city of Trondheim.
The sex distribution was 47% female and 53% male. The
mean age of the mothers at the time of abortion or birth
was 28 years (range 18-42). A previous pregnancy loss
had been experienced by 32% of the women. The average
gestational age of the fetus or infant was 28 weeks in 1985
compared with 25 weeks in 1994 (range 16-40). In 75
(67%) of the 112 cases TOP was carried out, two (2%)
were spontaneous abortions, 11 (10%) were intrauterine
deaths and 24 (21%) were liveborn.

A urinary system anomaly was the main diagnosis in 50
of the 112 cases (Table 1). The renal or urinary tract
anomaly was isolated in 38 (76 %) of the 50 cases. Thirty-
five were either renal agenesis or various forms of cystic
renal disease, two cases were intrauterine fetal deaths with
urethral obstruction and dilated bladder, and one case
was a fetus with hydroureter and hydronephrosis. The
latter was spontaneously aborted after drainage for
polyhydramnios. In the other 12 cases where the main
diagnosis of urinary system anomaly was associated with
abnormalities of other organs, anal atresia was the most
frequent associated anomaly (five of 12 cases).

In 62 cases, the renal or urinary tract anomaly was
considered less important than an anomaly in another
organ system (Table 2). Considering all organ manifesta-
tions associated with urinary system anomalies, congenital
heart defects were the most common.

More than one urinary system anomaly was registered in
49 (44%) of the 112 cases. The total number of urinary
system anomalies found was 171, of these 44 (26%) were
multicystic renal dysplasias, 18 of which were associated
with ureteral hypoplasia, posterior urethral valves or
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Table 3 Classification of urinary system anomalies (7 = 112)

Number Proportion

Diagnosis (n) (%)
Renal agenesis

Bilateral 11 6.4

Unilateral 17 9.9
Renal hypoplasia 2 1.2
Duplication of renal pelvis and ureter 2 1.2
Horseshoe kidney 15 8.8
Multicystic renal dysplasia

Bilateral 28 16.4

Unilateral 16 9.3
Multicystic renal dysplasia associated with

Ureteral hypoplasia 10 5.8

Posterior urethral valves 1 0.6

Urethral atresia 7 4.1
Congenital hydronephrosis

Bilateral S 2.9

Unilateral 9 5.2

Ureteropelvic obstruction 9 5.2
Anomaly of the ureter

Duplication 1 0.6

Dilatation 2 1.2

Atresia 3 1.8
Polycystic disease 6 3.5
Meckel-Gruber syndrome 2 1.2
Renal disease uncertain classification 1 0.6
Medullary cystic disorders 2 1.2
Anomalies of the bladder

Dilatation 6 3.5

Agenesis 9 52

Duplication 2 1.2
Anomalies of the urethra

Posterior valves 2 1.2

Atresia 3 1.8
Total 171 100

urethral atresia. In 15 (13%) of 112 cases a horseshoe
kidney was found. In 12 of these 15 cases the karyotype
was known; nine were associated with a chromosomal
aberration (three Turner syndrome, six trisomy 18). The

Isaksen et al.

classification of the urinary system anomalies is shown in
Table 3.

In 97 (87%) of the 112 cases there was full agreement
between the ultrasound observations and the autopsy
findings (Table 4; category 1). Discrepancies between the
sonographic observations and the autopsy findings were
found in the remaining 15 cases. Different degrees of
accordance were registered and are listed in Table 3, cases
1-7 from the period 1985-89 and cases 8-15 from the
period 1990-94.

In five cases the autopsy revealed minor findings not
mentioned in the ultrasound report (Table 5; category 2)
and in four cases major urinary system anomalies
registered at autopsy were not mentioned in the ultrasound
report (Table 5; category 3). Four other fetuses and infants
had autopsy findings not observed at the routine ultra-
sound examination (Table 5; category 4). These died in
utero between 23 and 38 weeks’ gestation.

Two cases were classified in category 35; dysplastic
kidneys were suspected at the ultrasound examination in
case 7, but autopsy revealed bilateral renal agenesis. A
horseshoe kidney in case 15 was interpreted on ultrasound
as agenesis of the right kidney with a dysplastic left kidney.
In this case other anomalies led to TOP. None of the 15
horseshoe kidneys was diagnosed at the ultrasound
examination; they are listed separately in Table 6.

The main diagnosis was correct in 102 cases (91%). This
includes cases with full agreement (category 1) and cases
with minor autopsy findings not detected prenatally
(category 2) see Table 4. If we compare the two time
periods 1985-89 and 1990-94, the overall accordance
between ultrasound and autopsy diagnoses was approxi-
mately the same during the two periods; 85% and 88%,
respectively. As for the types of anomalies not detected,
there seem to be no major differences.

Of the 112 cases with urinary system anomalies, an
amniocentesis or fetal blood sampling for chromosomal
analysis was performed in 82 cases. Karyotyping was not
successful in seven of them due to cell culture problems. A
chromosomal abnormality was detected in 28 (37%) of the

Table 4 Correlation of prenatal ultrasound findings and autopsy; renal and urinary system anomalies (7 = 112)

1985-1989 1990-1994 1985-1994

Category (n) (%) (n) (%) (n) (%)

(1) Full agreement 39 85 58 88 97 87

(2) Minor autopsy findings not 3 7 2 3 5 4
found by ultrasound

(3) Major autopsy findings not 2 4 2 3 4 3.5
found by ultrasound

(4) None of the autopsy findings 1 2 3 4 4 3.5
suspected by ultrasound

(5) Minor ultrasound findings 1 2 1 2 2 2
not confirmed at autopsy

(6) Major ultrasound findings 0 0 0 0 0 0
not confirmed at autopsy

Total 46 100 66 100 112 100
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Table 7 Frequency of chromosomal abnormalities

Normal Abnormal
Cases karyotyped
Years (n) W) (%)
1985-89 23 15 65 8 35
1990-94 52 32 62 20 38
1985-94 75 47 63 28 37

75 cases that were successfully karyotyped (Table 7). The
karyotype was known in 23 (50%) of all 46 cases and 52
(79%) of all 66 cases during the earlier and later time
periods, respectively.

DISCUSSION

The aim of this study was to register renal and urinary tract
anomalies and to compare the findings of ultrasonographic
examination with the postmortem findings in 112 fetuses
and infants with urinary system anomalies. The frequent
occurrence of serious urinary system anomalies such as
multicystic renal dysplasia reflects that this is a selected
population in which almost 80% of patients were referred
from elsewhere for examination. The possibility of bias
will always be present. Some anomalies may be missed
when other more important anomalies are sufficient for
further management, or the finding of one anomaly may
trigger the attention to look for other anomalies. This may
influence the diagnosis of subtle lesions.

In our study, full agreement between the ultrasound
examination and the autopsy report was found in 87% of
cases. In 91% the main diagnosis was correct (Table 4).
Other follow-up studies of ultrasonography of urinary
system anomalies include, for the most part, a combination
of clinical and postmortem cases. Postnatal confirmation
of the prenatal diagnoses is described in 50% to 78% of
cases from the late 1980s*°*"%3, In a recent study of 55
cases, there was an agreement of 81% between antenatal
and postnatal diagnoses®. The major discrepancies consisted
of difficulties in discriminating dysplastic kidneys from
hydronephrosis. In an early second-trimester sonographic
screening, 21 anomalies consisting of unilateral renal
agenesis, pelvic kidney and double collecting system were
all confirmed postnatally or at postmortem examination®?.

Oligohydramnios or anhydramnios will usually trigger
the attention towards a thorough examination of the
urinary system. The presence of oligohydramnios or
anhydramnios makes the interpretation of the ultrasound
findings more difficult and can therefore be responsible for
inaccuracies' !¢,

In our series, a better agreement was found between the
prenatal and postnatal diagnoses in cases with central
nervous system (CNS) anomalies** than with urinary tract
anomalies. The opposite was true for congenital heart
defects; in this study the correlation between the two
methods was better for urinary system anomalies than for
congenital heart defects*’. This has also been found by
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others'®?”. Unlike small ventricular septal defects and
aortic coarctations which are difficult or impossible to
detect ultrasonographically, even moderate obstructions of
the urinary tract can be detected as they may lead to
dilatation of the renal pelvis. While early obstruction is
more likely to cause renal dysplasia, late obstruction may
lead to hydronephrosis, which is therefore more likely to
be observed at a later stage in pregnancy>®*’.

Isolated unilateral kidney lesions such as agenesis,
hypoplasia or dysplasia escape detection more often than
bilateral lesions, probably because they will not cause
amniotic fluid alterations and thus will not trigger the
awareness for a renal anomaly. Focal dysplastic lesions,
especially if subtle, can also be difficult to detect. The
importance of detecting minor renal abnormalities has
been emphasized, and of these unilateral agenesis is the
most common??,

Bilateral dysplastic lesions do not pose any great
diagnostic problems whereas bilateral renal agenesis can
be difficult to discern both because of reduced amniotic
fluid and also the adrenals in these cases may mimic
kidneys>3°. Later in pregnancy, the kidneys become more
hypoechogenic which makes them even more difficult to
differentiate from the adrenal glands**°. In one case from
the first time period, bilateral renal agenesis was falsely
interpreted on ultrasound as dysplastic kidneys. This did
not have any consequences for management.

The level and severity of urinary tract obstruction and
the time of its onset influences the morphologic
changes?”?'2. Of five discrepant cases with urinary
tract obstruction, two had hydronephrosis and hydrour-
eter, one had ureteropelvic junction atresia, and two had
obstructive lesions of the urethra (Table 5). In the above
mentioned cases, the fetus or infant was either live born or
died in wutero, but the obstructive lesions were not
considered as the cause of death. These urinary tract
obstructions may have occurred later in pregnancy thus
accounting for the diagnosis being missed at the 18th week
routine ultrasound examination.

Horseshoe kidneys are difficult to detect because the
connection may be missed on the two-dimensional plane”.
They occur in one in 600 individuals and represent one of
the more frequent renal anomalies®. The horseshoe kidneys
in our material were all associated with other anomalies;
none of them was detected by ultrasound examination.
During the later years the ability to diagnose horseshoe
kidneys has improved considerably.

The percentage of overlooked minor ultrasound findings
was reduced from the first (1985-89) to the second (1990—
94) time period (Table 4). The numbers are small, but we
believe this is an expression of improved ultrasound
expertise. The downward shift in gestational age at
abortion or birth from 28 weeks during the first year of
registration to 25 weeks during the last year acknowledges
both the introduction of the routine ultrasound examination
at 17-18 weeks’ gestation and the technical improvements
of ultrasound equipment'®.

In our study, uni- or bilateral multicystic renal dysplasia
was the most common anomaly and occurred in 39% of
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the fetuses. Except for one intrauterine fetal death with
unilateral dysplastic and hypoplastic kidney and one fetus
with holoprosencephaly and cystic renal dysplasia, the
renal dysplasias were either suspected or correctly diag-
nosed prenatally, giving a detection rate of 95%. Uretero-
pelvic obstruction and duplication anomalies were less
common, which was expected considering the examina-
tions were postmortem. The detection rate for hydro-
nephrosis and ureteropelvic obstruction was 87%.
Obstructive lesions were most often found in connection
with other more serious anomalies.

Central nervous system anomalies and congenital heart
defects were the most frequently associated conditions,
followed by gastro-intestinal anomalies, diaphragmatic
hernia and abdominal wall defects. When the urinary
system anomaly was associated with a CNS anomaly, the
latter was usually the reason for TOP or cause of death.
Multiple organ anomalies with combinations of renal
anomalies, CNS anomalies and congenital heart defects
have previously been described'*=!7*1*3=35 " An abnormal
karyotype is often present in such cases and was demon-
strated in 25% of all the urinary system anomalies in this
study. According to other authors, between 2% and 33% of
renal anomalies are associated with chromosomal aberra-
tions' 3¢ and approximately 50% are associated with other
anomalies'®!'"*7. The combination of urinary system
anomalies and anal atresia is understandable considering
that during embryonic development the distal urinary tract
and the distal gut have a common origin in the cloaca®®°.

At autopsy, renal anomalies, if not subtle like some
medullary cystic disorders, are usually easy to diagnose.
Distinguishing between polycystic disease of the kidneys and
multicystic renal dysplasia may be difficult on gross
examination. The examination by light microscopy usually
renders the correct diagnosis. Dilatations of the urinary tract
are easy to discern, though it may be difficult to determine
the level of obstruction. The diagnosis of urethral obstruc-
tion, specifically posterior urethral valves, may be missed at
gross inspection, even with careful dissection.

Apart from complementing prenatal diagnosis, post-
mortem examination is considered important for the
quality control of ultrasonography in fetal diagnosis.
Considering the variety of etiologic factors governing
renal cystic lesions, the morphologic diagnosis classifying
them into non-hereditary and hereditary forms is impor-
tant not only for epidemiologic studies but also for the
genetic guidance of the parents™.

CONCLUSION

In our project consisting of 408 fetuses and infants with
developmental anomalies, renal and urinary tract anoma-
lies occurred with a frequency of 27%, next after CNS
anomalies (34%). The prenatal ultrasound findings from
this tertiary centre were compared with the results of
postmortem examination. The main diagnosis in the 112
cases with urinary system anomalies was correct in 91%,
thus showing a good correlation between the prenatal and
postmortem examination. This comparison of ultrasound
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and autopsy diagnoses does not differ greatly from the
results observed in cases with CNS anomalies and
congenital heart defects**?5,

ACKNOWLEDGMENTS

We wish to thank the county of Ser-Trendelag, Norway for
financial support. The text was revised by Ms Nancy Eik-
Nes.

REFERENCES

1 Salvesen KA, Jyen L, Schmidt N, Malt UF, FEik-Nes SH.
Comparison of long-term psychological responses of women
after pregnancy termination due to fetal anomalies and after
perinatal loss. Ultrasound Obstet Gynecol 1997; 9: 80-5

2 Daneman A, Alton DJ. Radiographic manifestations of renal

anomalies. Radiol Clin North Am 1991; 29: 351-63

Avni EF, Donner C, Houben JJ, Rodesch F, Schulman CC. The

detection and follow-up of fetal diseases: contributions of

ultrasound. Acta Chir Belg 1989; 89: 34—6

4 Kubota M, Suita S, Shono T, Satoh S, Nakano H. Clinical
characteristics and natural history of antenatally diagnosed fetal
uropathy. An analysis of 55 cases. Fetal Diagn Ther 1996; 11:
275-85

5 Helin I, Persson P-H. Prenatal diagnosis of urinary tract
abnormalities by ultrasound. Pediatrics 1986; 78: 879-83

6 Gunn TR, Mora JD, Pease P. Antenatal diagnosis of urinary tract
abnormalities by ultrasonography after 28 weeks’ gestation:
incidence and outcome. Am | Obstet Gynecol 1995; 172: 479-86

7 Ashe RGCN, Dornan JC. Antenatal detection of renal abnorm-

alities. Ir | Med Sci 1992; 161: 626-9

Ahmed S, LeQuesne GW. Urological anomalies detected on

antenatal ultrasound: a 9 year review. Aust Paediatr | 1988; 24:

178-83

Kim E-K, Song T-B. A study on fetal urinary tract anomaly:

antenatal ultrasonographic diagnosis and postnatal follow-up. |
Obstet Gynecol 1996; 22: 569-73
10 Potter EL. Bilateral renal agenesis. | Pediatr 1946; 29: 68-76
11 Scott RJ, Goodburn SE Potter’s syndrome in the second
trimester—prenatal screening and pathological findings in 60
cases of oligohydramnios sequence. Prenat Diagn 1995; 15: 519-
25

12 Woolf AS. Clinical impact and biological basis of renal malforma-
tions. Semin Nephrol 1995; 15: 361-72

13 Manchester DK, Pretorius DH, Avery C, Manco-Johnson ML,
Wiggins J, Meier PR, Clewell WH. Accuracy of ultrasound

diagnosis in pregnancies complicated by suspected fetal anomalies.
Prenat Diagn 1988; 8: 109-17
14 Clayton-Smith J, Farndon PA, McKeown C, Donnai D. Examina-
tion of fetuses after induced abortion for fetal abnormality. Br
Med ] 1990; 300: 295-7
15 Rutledge JC, Weinberg AG, Friedman JM, Harrod MJ, Santos-
Ramos R. Anatomic correlates of ultrasonographic prenatal
diagnosis. Prenat Diagn 1986; 6: 51-61

16 Chescheir NC, Reitnauer PJ. A comparative study of prenatal
diagnosis and perinatal autopsy. | Ultrasound Med 1994; 13:
451-6

17 Julian-Reynier C, Macquart-Moulin G, Philip N, Scheiner C,
Potier A, Gambarelli D, Ayme S. Fetal abnormalities detected by
sonography in low-risk pregnancies: discrepancies between pre-
and post-termination findings. Fetal Diagn Ther 1994; 9: 310-20
18 Sabbagha RE, Sheikh Z, Tamura RK, DalCompo S, Leigh Simpson
J, Depp R, Gerbie AB. Predictive value, sensitivity, and specificity
of ultrasonic targeted imaging for fetal anomalies in gravid women
at high risk for birth defects. Am | Obster Gynecol 1985; 152:
822-7

19 Saari-Kemppainen A, Karjalainen O, Ylostalo P, Heinonen OP.

(O8]

o

\O

Ultrasound in Obstetrics and Gynecology



Urinary system anomalies

20

21

22

23

24

25

26

27

28

29

Fetal anomalies in a controlled one-stage ultrasound screening
trial. A report from the Helsinki Ultrasound Trial. | Perinat Med
1994; 22: 279-89

Sholder AJ, Maizels M, Depp R, Firlit CE, Sabbagha R, Deddish R,
Reedy N. Caution in antenatal intervention. | Urol 1988; 139:
1026-9

D’Ottavio G, Bogatti P, Rustico MA, Mandruzzato GP. Anatomic
correlates of ultrasound prenatal diagnosis of urinary tract
abnormalities. Eur | Obstet Gynecol Reprod Biol 1989; 32: 79—
87

Bronshtein M, Bar-Hava I, Lightman A. The significance of early
second-trimester sonographic detection of minor fetal renal
anomalies. Prenat Diagn 1995; 15: 627-32

Scott JES, Renwick M. Antenatal diagnosis of congenital
anomalies in the urinary tract. Results from the Northern Region
Fetal Abnormality Survey. Br | Urol 1988; 62: 295-300

Isaksen CV, Eik-Nes SH, Blaas H-G, Torp SH. Comparison of
prenatal ultrasound and postmortem findings in fetuses and
infants with nervous system anomalies. Ultrasound Obstet
Gynecol 1998; 11: 246-53

Isaksen CV, Eik-Nes SH, Blaas H-G, Torp SH, Tegnander E.
Comparison of prenatal ultrasound and postmortem findings in
fetuses and infants with congenital heart defects. Ultrasound
Obstet Gynecol 1999; 13: 117-26

Shen-Schwarz S, Neish C, Hill LM. Antenatal ultrasound for fetal
anomalies: importance of perinatal autopsy. Pediatr Pathol 1989;
9: 1-9

Grant HW, MacKinley GA, Chambers SE, Keeling JW, Muir BB.
Prenatal ultrasound diagnosis: a review of fetal outcome. Pediatr
Surg Int 1993; 938: 1-3

McVary KT, Maizels M. Urinary obstruction reduces glomerulo-
genesis in the developing kidney: a model in the rabbit. J Urol
1989; 142: 646-51

Bierkens AF, Feitz WF], Nijhuis JG, de Wildt MJAM, Flos MS]J, de

Ultrasound in Obstetrics and Gynecology

30

31

32

33

34

35

36

37

38

39

40

Isaksen et al.

Vries JDM. Early urethral obstruction sequence: a lethal entity?
Fetal Diagn Ther 1996; 11: 137-45

Bronshtein M, Amit A, Achiron R, Noy I, Blumenfeld Z. The early
prenatal sonographic diagnosis of renal agenesis: techniques and
possible pitfalls. Prenat Diagn 1994; 14: 291-7

Blane CE, Barr M, DiPietro MA, Sedmann AB, Bloom DA. Renal
obstructive dysplasia: ultrasound diagnosis and therapeutic
implications. Pediatr Radiol 1991; 21: 274-7

Chevalier RL. Effects of ureteral obstruction on renal growth.
Semin Nephrol 19955 15: 353-60

Weston M]J, Porter HJ, Andrews HS, Berry PJ. Correlation of
antenatal ultrasonography and pathological examinations in 153
malformed fetuses. | Clin Ultrasound 1993; 21: 387-92

Nyberg DA, Hallesy D, Mahony BS, Hirsch JH, Luthy DA,
Hickok D. Meckel-Gruber Syndrome. Importance of prenatal
diagnosis. | Ultrasound Med 1990; 9: 691-6

Siebert JR, Benjamin DR, Juul S, Glick PL. Urinary tract
anomalies associated with congenital diaphragmatic defects. Am
J Med Genet 19905 37: 1-5

Nicolaides KH, Cheng HH, Abbas A, Snijders R]M, Gosden C.
Fetal renal defects: associated malformations and chromosomal
defects. Fetal Diagn Ther 1992; 7: 1-11

Newbould MJ, Lendon M, Barson AJ. Oligohydramnios sequence:
the spectrum of renal malformations. Br | Obstet Gynecol 1994;
101: 598-604

O’Rahilly R, Miiller F. Developmental stages in human embryos.
Washington DC Carneg Instn Publications, 1987

Larsen WJ. Development of the urogenital system. In Larsen WJ,
ed. Human Embryology. New York: Churchill Livingstone, 1993:
266-7

Rapola J. The kidneys and urinary tract. In Wigglesworth JS,
Singer DB, eds. Fetal and Perinatal Pathology. Boston: Blackwell
Scientific Publications, 1991: 1109-39

185



