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Prenatal diagnosis from fetal urine in bladder outlet
obstruction: Success rates for traditional
cytogenetic evaluation and interphase fluorescence

in situ hybridization

Alan E. Donnenfeld, MD?, David Lockwood, PhD?, Trace Custer’, and Allen N. Lamb, PhD’

Purpose: To determine the optimal approach to the prenatal chromosome analysis of fetal urine from fetuses with
bladder outlet obstruction. Methods: Retrospective evaluation of traditional cytogenetic and interphase fluores-
cence in situ hybridization (FISH) analysis on fetal urine specimens from fetuses with bladder outlet obstruction.
Results: Traditional cytogenetic analysis was successful on 71 (95%) of 75 samples, and FISH was informative on
20 (65%) of 31 specimens. The combination of traditional cytogenetic analysis and FISH yielded a 96% diagnostic
success rate. The mean turnaround time was 8 days (range 5-14) for traditional cytogenetic analysis and 1.6 days
(range 1.0-4.0) for FISH. Chromosome abnormalities were detected in 6 (7.9%) of 76 pregnancies. Conclusion:
Traditional cytogenetic analysis achieves a high success rate (95%) and is superior to FISH for chromosome
evaluation of fetal urine. However, FISH, when informative, can complement traditional cytogenetics as it will
expeditiously rule out common trisomies in fetuses with bladder outlet obstruction. Genet Med 2002:4(6):444 -
447.
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The management of a fetus with a prenatally diagnosed
bladder outlet obstruction has undergone a dramatic change in
the past two decades as our understanding of the natural his-
tory of this condition has improved. Left untreated, neonatal
death due to pulmonary hypoplasia and renal dysplasia com-
monly occur, especially in those pregnancies in which oligohy-
dramnios and prenatally diagnosed hyperechogenic renal pa-
renchyma or subcortical cysts are identified.! The most
important advance in the treatment of fetuses with this condi-
tion involves intervention in the form of in utero vesicoamni-
otic shunting for carefully selected fetuses. Criteria for selec-
tion of candidates for fetal bladder shunting include those with
favorable prognostic signs based on a thorough ultrasound ex-
amination evaluating the appearance of the fetal kidneys and
ruling out other congenital malformations, sequential fetal
urine electrolyte analysis, [,-microglobulin concentration,
and chromosome analysis.>? If favorable sonographic, bio-
chemical, and cytogenetic results are obtained and the fetus is
at an appropriate gestational age to consider in utero interven-
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tion (usually between 16 and 32 weeks), expeditious placement
of a vesicoamniotic shunt is recommended to bypass the blad-
der outlet obstruction, relieve the increased pressure in the
urinary tract which has led to vesicoureteral reflux and hydro-
nephrosis, and allow amniotic fluid to accumulate to reduce
the risk or severity of pulmonary hypoplasia.

In experienced hands, fetal urine can be aspirated easily un-
der ultrasound guidance in cases of bladder outlet obstruc-
tion.* In these cases, a distended megalocystic bladder is often
present. In addition, as most amniotic fluid is derived from
fetal urine, amniocentesis is often not possible because of oli-
gohydramnios from the obstructive uropathy.

Although several authors have reported the use of fetal urine
for prenatal cytogenetic analysis, most publications have been
isolated case reports.>® In addition, although a recent review
regarding the management of fetal obstructive uropathy
stressed the importance of chromosome analysis for fetuses
with bladder outlet obstruction and noted that this could be
performed by either amniocentesis or chorionic villus sam-
pling (CVS), the authors did not include the option of cytoge-
netic analysis from fetal urine.> We present our experience
involving the chromosome analysis of 75 fetal urine specimens
from fetuses with bladder outlet obstruction, including 31
evaluated by interphase fluorescence in situ hybridization
(FISH). This investigation provides information on the effi-
cacy and reporting time of cytogenetic and FISH evaluation
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from fetal urine and the optimal approach to the laboratory
evaluation of fetuses with bladder outlet obstruction.

MATERIALS AND METHODS

A systematic review was performed of the Genzyme Genet-
ics database from January 1995 to April 2001 for fetal urine
specimens submitted for analysis. The laboratory requisitions
accompanying these samples were checked to confirm that the
samples represented fetal urine and not amniotic fluid from
fetuses with obstructive uropathies. In all cases, the referring
obstetrician noted explicitly on the requisition form that the
sample was fetal urine and the indication for prenatal chromo-
some analysis was bladder outlet obstruction. Information on
gestational age, sample volume, cytogenetic results, FISH re-
sults, and turnaround time was queried. Information on the
amount of in utero amniotic fluid, including whether oligohy-
dramnios was present and whether other associated fetal ab-
normalities were identified, was not available in most cases.
Similarly, it was not known whether the fetal urine samples
were obtained specifically because the amniotic fluid volume
was diminished. Analysis of amniotic fluid specimens, chori-
onic villus samples, and fetal blood specimens from fetuses
with prenatally diagnosed bladder outlet obstruction was not
included in this investigation.

Cytogenetic and interphase FISH analysis on fetal urine was
performed according to standard techniques, using the same
protocols as for amniotic fluid.” In-house FISH probes® were
used with early samples, with the AneuVysion probe set (Vysis,
Inc., Downers Grove, IL) used since January 1998. These FISH
probes are designed to detect numerical aberrations of chro-
mosomes 13, 18,21, X and Y.

RESULTS

Seventy-nine fetal urine specimens were initially identified
in the database. Four cases were excluded from the investiga-
tion because of test cancellation prior to attempting analysis.
These tests were canceled because alternate sources of cytoge-
netic information, two amniotic fluid specimens and one case
each of chorionic villi and fetal ascites, were available for chro-
mosome analysis. Of interest, one of these four canceled cases
was determined to be trisomy 21 on cytogenetic study of am-
niotic fluid. Therefore, 75 specimens were included in the in-
vestigation of cytogenetic and FISH success rates on fetal urine.

Traditional cytogenetic analysis was attempted on all 75
specimens. FISH was attempted on 31 samples. The determi-
nation to perform traditional cytogenetic analysis, FISH, or
both was based on the referring physician’s request. Tradi-
tional cytogenetic analysis was successful on 71 (95%) of 75
samples with no cell growth in four specimens. FISH evalua-
tion was successful on 20 (65%) of 31 specimens. In one case,
traditional cytogenetic analysis was unsuccessful but FISH was
informative, allowing us to obtain chromosome information
which would not have otherwise been available. We were able
to obtain chromosome information (cytogenetics and FISH)
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on 72 (96%) of 75 fetal urine specimens. Of the 11 unsuccessful
FISH studies, all were due to insufficient cells.

The mean gestational age was 20.3 weeks (range 15-32), and
the mean sample volume was 22.5 mL (range 4.5-50). The
mean turnaround time, from receipt of the specimen in the
laboratory until a final result was reported, was 8 days (range
5-14) for traditional cytogenetic analysis and 1.6 days (range
1-4) for FISH. Ninety-four percent (29/31) of the FISH results
were available within 48 hours.

Chromosome abnormalities were detected in 6 (7.9%) of 76
pregnancies with bladder outlet obstruction. There were two
males with trisomy 21, one female with trisomy 13, one male
with an interstitial deletion of chromosome 13, one male with
an unbalanced translocation involving additional unidentified
material on the short arm of chromosome 20, and one male
with an apparently balanced de novo reciprocal translocation.
Eighty-six percent of samples were from male fetuses. Chro-
mosome information was obtained from either cytogenetic
analysis, FISH evaluation, or chromosome study of the prod-
ucts of conception in 76 (96%) of 79 pregnancies with bladder
outlet obstruction. This includes the four cases that were ex-
cluded from the cytogenetic and FISH portion of the investi-
gation due to cancellation of fetal urine testing because alter-
nate tissue sources for cytogenetic evaluation were available. In
three instances, no cytogenetic information was obtained. Mo-
saicism was not encountered in any sample analyzed. The
breakdown of chromosome complements in fetuses with pre-
natally diagnosed bladder outlet obstruction and known
karyotypes is presented in Table 1.

DISCUSSION

Chromosome abnormalities are found in a significant pro-
portion of fetuses with prenatally diagnosed bladder outlet ob-
structions. Qureshi et al.? identified aneuploidy in 5 (4.5%) of
110 fetuses with obstructive uropathy. In a series involving 53
patients with genitourinary malformations, cytogenetic ab-
normalities were identified in 5 (9.4%).° Both Nicolaides et
al.’9 and Brumfield et al.!* identified aneuploidy in 23% of
their fetuses with bladder outlet obstruction involving 39 and

Table 1
Chromosome findings in 76 fetuses with a prenatally diagnosed bladder
outlet obstruction

Chromosome finding n (%)
46,XY 60 (79)
46,XX 10 (13)
47,XY+21 2 (2.6)
47,XX+13 1(1.3)
46,XY,add(20)(p13) 1(1.3)
46,XY,t(9;16)(q22.3;q24) 1(1.3)
46,XY,del13(q22q31.2) 1(1.3)
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30 fetuses, respectively. Our investigation revealed a 7.9%
prevalence of aneuploidy (Table 1).

There are two major disadvantages involving FISH evalua-
tion of fetal urine specimens. First, the current probes are un-
able to rule out deletions, translocations, mosaicism, and chro-
mosome abnormalities other than the common aneuploidies.
Second, there is a limited success rate since 35% of samples in
this study were uninformative because of insufficient cells.
When successful, the rapid turnaround time is the most advan-
tageous aspect of FISH as results were available in <48 hours
from receipt of the sample for 18 (90%) of 20 specimens in this
study. However, our data revealed that three of the six chro-
mosome abnormalities would not have been identifiable with
FISH (Table 1). Based on this information, it may be prudent
to await a full karyotype prior to performing a bladder shunt
procedure. Other techniques that can provide rapid cytoge-
netic results when amniotic fluid is unavailable include CVS
(either transabdominally or transcervically) and fetal blood
sampling. Both these techniques have the advantage of provid-
ing complete cytogenetic information as opposed to FISH,
which is most commonly used to detect numerical abnormal-
ities of chromosomes 13, 18, 21, X and Y. However, fetal blood
sampling is associated with a 1.4% risk of fetal loss'> and con-
fined placental mosaicism is known to occur in approximately
1% of CVS samples. In addition, drainage of fetal urine to
evaluate electrolyte values and determine the prognosis for re-
nal function is a crucial step in the evaluation of a fetus with
bladder outlet obstruction. By obtaining both urinary electro-
lyte information and cytogenetic analysis from fetal urine, a
second needle insertion, as required for transabdominal CVS
and fetal blood sampling, can be avoided.

Another advantage of FISH analysis following the diagnosis
of bladder outlet obstruction is the rapid identification of fetal
gender. The determination of fetal gender is important in the
evaluation of a fetus with obstructive uropathy. Often, sono-
graphic visualization of external genitalia is hindered because
of oligohydramnios. Therefore, reliance on the cytogenetic re-
sults for determining the sex of the fetus is necessary. The pre-
dominant etiology for bladder outlet obstruction in male fe-
tuses is posterior urethral valves. This condition is most
amenable to fetal intervention in the form of vesicoamniotic
shunting. Female fetuses comprise a minority of cases involv-
ing bladder outlet obstruction. In our series, we identified a
female karyotype in 14% of samples. A previous series reported
that 20% of fetuses with bladder outlet obstruction were fe-
male. In that series, when a female fetus was affected, there was
a significantly increased risk of an extrarenal anomaly or a
complex genitourinary tract malformation.’ Counseling for
the parents regarding pregnancy outcome is altered with the
knowledge that their fetus with a bladder outlet obstruction is
female. This is due to the higher rate of associated defects in-
cluding cloacal abnormalities and the possibility of conditions
such as the megacystis-microcolon-hypoperistalsis syndrome.
Data on amniotic fluid volume and other associated anomalies
were not obtained in this investigation. However, this infor-
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mation is critical in addressing prognosis in cases of fetal blad-
der outlet obstruction.

In the current study, when results were informative from
both traditional cytogenetic analysis and FISH from the fetal
urine sample, there was complete agreement of cytogenetic
and FISH results (19/19) without any false-negative or false-
positive FISH results. The application of FISH to fetal urine
was first reported in 1994.5

Approximately 5% to 10% of amniotic fluid samples will have
uninformative FISH results. The reasons for an uninformative
result are predominantly technical artifact, insufficient cells, and
maternal cell contamination, especially with blood-contaminated
samples or from fetuses with oligohydramnios.'? In cases of po-
tential maternal cell contamination, the reporting of normal fe-
male results could lead to false-negative results or incorrect sex
determination. There were 11 uninformative FISH samples in our
investigation; all were due to insufficient cells to perform the anal-
ysis. This is likely due to a lower cell concentration of transitional
cells in fetal urine than the cell concentration found in amniotic
fluid. There was no evidence that the FISH failure rate was related
to gestational age or to transport time as all samples were received
in the laboratory within 48 hours of being drawn. It is clear that
the success rate for obtaining an informative FISH result from
fetal urine is significantly less than the success rate achieved with
amniotic fluid.

The American College of Medical Genetics has recommended
that irreversible therapeutic decisions not be based on FISH re-
sults alone but should include chromosome analysis and/or other
medical information.'* In addition, FISH should not be used as a
stand-alone test but, whenever possible, as an adjunct to tradi-
tional cytogenetic analysis. However, the combination of a struc-
tural fetal anomaly and an abnormal FISH result should allow for
definitive management decisions.!>!¢ Therefore, the presence of
an abnormal FISH result in conjunction with a megalocystic blad-
der, oligohydramnios, and abnormal-appearing kidneys may be
useful to many couples in making the decision to continue or
terminate the pregnancy. Conversely, expeditious vesicoamniotic
shunting may be considered in the presence of a presumed blad-
der outlet obstruction when a normal male FISH result is identi-
fied and urinary electrolytes are found to be in the good prognosis
range. However, awaiting the final cytogenetic results may be
preferable as other cytogenetic findings not diagnosable by FISH
may be identified in a significant proportion of fetuses with blad-
der outlet obstruction.

We conclude that traditional cytogenetic analysis from fetal
urine is readily achievable with a high success rate—in our
series, 95%. The addition of FISH resulted in a 96% success
rate in obtaining chromosome information. FISH was unsuc-
cessful in approximately one third of cases, all due to insuffi-
cient cells to permit analysis. We believe that although FISH
may provide rapid information on fetal gender (which alters
prognosis) and can expeditiously rule out the most common
trisomies, awaiting the results of traditional cytogenetic studies
prior to bladder shunt intervention is preferable as FISH will
not identify a significant proportion of chromosome abnor-
malities in fetuses with bladder outlet obstruction.
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