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ABSTRACT

Purpose: We examined if the parameter of fetal bladder sagittal length (FBSL) could serve as
a monitor of normative and enlarged fetal bladder size.

Materials and Methods: There were 76 consecutive cases examined between 1984 and 2000
that included measurement of fetal bladder size as FBSL and postnatal urological followup. Fetal
images used to assess normal bladder size were derived from cases in which the bladder was
normal on prenatal imaging and postnatal testing. An enlarged bladder was categorized as being
greater than the 95% CI for a given gestational age (GA). The presence and extent of renal pelvic
dilatation were also noted and correlated with FBSL.

Results: Measuring normal FBSL in 39 fetuses showed an exponential growth pattern
(r � 0.76), which could be represented by the approximate linear formula FBSL � GA in weeks
�5 (�95% upper/lower CI � 7). An enlarged bladder was diagnosed in 37 fetuses. A dilated
bladder in 9 fetuses, defined as FBSL greater than the 95% upper CI of normal (ie between GA
� 2 and GA � 12), showed outcomes of posterior urethral valves, vesicoureteral reflux or a
normal outcome. Megacystis in 28 fetuses, defined as FBSL greater than 10 mm larger than that
of a dilated bladder (ie greater than GA � 12), showed additional outcomes of megacystis
megaureter/vesicoureteral reflux or prune-belly syndrome. A normal outcome was significantly
more likely in fetuses with a dilated bladder than in those with megacystis (p �0.05). The
incidence of azotemia in those with a dilated bladder or megacystis and pyelectasis was signif-
icantly lower than that in those with megacystis with hydronephrosis (p �0.03).

Conclusions: Postnatal diagnosis of fetuses that show an enlarged bladder is predicted based
on whether the bladder is enlarged as a dilated bladder or megacystis and if the renal pelvis is
enlarged as pyelectasis or hydronephrosis.
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Interpreting the meaning of a prominent bladder as im-
aged by ultrasound during the second or third trimester of
pregnancy (a common interval when structural anomalies
are noted) would be a practical clinical aid but to our knowl-
edge it is not yet possible. A review of the literature using a
computer search engine showed scant clinical outcome anal-
ysis of this topic. There are reports showing that fetal bladder
enlargement may be associated with good1 or lethal2 outcomes.

We evaluated if a useful and practical method to assess
fetal bladder size could be developed. Herein we present our
research on fetal bladder sagittal length (FBSL) as a meas-
urement that correlates with postnatal outcome, including
renal function status and urological diagnoses such as
posterior urethral valves (PUV), megacystis, prune-belly
syndrome (PBS) and vesicoureteral reflux (VUR).

MATERIALS AND METHODS

Study design. Of the several thousand pregnancies during
which ultrasound was done at the divisions of maternal fetal
medicine between 1984 and 2000 there were 523 consecutive
cases referred because of urological implications. Compre-
hensive sonograms were done at secondary and tertiary re-

ferral centers, which we staff. Images were obtained by cer-
tified sonographers and evaluated by us (BVP, SNM and
RES) using commercially available equipment, specifically,
the ATL 3500 and 5000 (Philips Medical Systems, Andover,
Massachusetts) and Acuson Sequoia (Siemens Medical Solu-
tions, Malvern, Pennsylvania).
Assessment of normal fetal bladder size by FBSL. FBSL is

a measure of bladder size that represents the distance from
bladder dome to bladder neck, preferably in the midline
sagittal plane. Measurement in a plane oblique to the sagit-
tal plane is also acceptable (fig. 1). Because images were
routinely taken over an extended interval of imaging, usually
an hour, the largest measurement noted was the FBSL,
likely representing the bladder at capacity.3 Other features
of bladder examination, such as thickness or echogenicity of
the detrusor, or ability of the bladder to empty, were noted.
Fetal images were used to assess normal bladder size derived
from control cases in which there was no suspicion of an
associated bladder malformation (multicystic kidney, uret-
eropelvic junction obstruction, ectopic ureter or twin with
normal ultrasound) and in which postnatal testing showed
a normal bladder. Fetal cases with evident causes of a dilated
bladder (eg ureterocele) were excluded.
Defining the enlarged fetal bladder as dilated bladder or

megacystis.We suggest that the general term enlarged blad-
der is one that shows a FBSL that is greater than the 95% CI
for a given gestational age (GA). Furthermore, we term the
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commonly used designations of dilated bladder and megacys-
tis, which have not been clearly defined, based on comparison
to the normative value as described.
Assessment. After normative bladder size was established

cases in which ultrasound showed FBSL greater than the
upper 95% CI were reviewed and the postnatal outcome was
assessed.

The kidneys were imaged to examine the extent of pelvic
dilatation, monitored as the extent of anteroposterior pyelec-
tasis. Dilatation was categorized as pyelectasis (anteroposte-
rior extent 4 mm or greater) or hydronephrosis (pyelocaliec-
tasis).

All postnatal outcomes were assessed personally by 1 of 2
pediatric urologists (MM or JTBH). Correlation of fetal ex-
aminations with postnatal urological followup was done.
Statistical analysis. Data were entered into a personal

computer database. Statistical evaluation was done using
GB-STAT software, version 8.0 (Dynamic Microsystems, Sil-
ver Spring, Maryland). Simple regression analysis was done
to evaluate a relationship between FBSL and GA, which
resulted in an exponential growth pattern. This relationship
was approximately linear between GAs 15 and 40 months,
and linear regression was used to make the data more prac-
tical. This line was used to calculate 95% CI linear bands for
analysis and define other terminology in relation to this
value. Means of continuous data were compared between the
2 groups using the Student t test and nominal data were
evaluated using the chi-square test with statistical signifi-
cance considered at p �0.05.

RESULTS

There were 79 fetuses in which FBSL could be measured.
There was available followup on 76 neonates and no followup
in 3 (followup refused in 2 and followup attempts unsuccess-
ful in 1).
Predicting normal FBSL. Regression analysis of FBSL vs

the GA of 39 fetuses with a normal postnatal bladder out-
come showed an exponential growth pattern (r � 0.76), rep-
resented by the formula, FBSL � 5.5389e0.04811*GA (fig. 2).
This exponential relationship was approximately linear in
the range of 15 to 40 weeks and it is represented by the
formula, FBSL � GA in weeks �5 (�95% upper/lower
CI � 7) (fig. 3).
Enlarged bladder. Bladder enlargement was diagnosed

when FBSL was greater than the upper 95% CI. There were
37 cases of enlarged fetal bladder, which are described.
Dilated bladder. Dilated fetal bladder was operationally

defined as FBSL between GA � 2 and GA � 12 (ie between
the upper 95% CI and 10 mm or less plus the 95% upper CI)
(fig. 3). Using this definition there were 9 fetal cases with a
dilated bladder and the kidneys in these cases showed pyel-
ectasis (7) or hydronephrosis (2) (figs. 4 and 5). The table lists
postnatal outcomes. Fetal dilated bladder and pyelectasis
showed outcomes of PUV, VUR or megacystis. Fetal dilated
bladder and bilateral hydronephrosis showed the newborn
outcome of PUV. The laterality of pyelectasis in all 7 cases of
dilated bladder and pyelectasis was distributed as unilateral
pyelectasis.
Megacystis.Megacystis was operationally defined as FBSL

greater than GA � 12 (ie greater than 10 mm plus the 95%
upper CI) (fig. 3). Using this definition there were 28 fetal
cases of megacystis and the kidneys in these cases showed
hydronephrosis (18) or pyelectasis (10) (figs. 6 and 7). Hydro-
nephrosis was bilateral in 14 cases and unilateral in 4. The
table lists postnatal outcomes. In this series only 1 case
(megacystis and hydronephrosis) showed aneuploidy. Pre-
term delivery was performed in 5 pregnancies because of
progression of hydronephrosis and onset of oligohydramnios.
Despite these interventions 3 of the 5 newborns (PUV in 2
and VUR in 1) showed azotemia. In 1 pregnancy a vesicoamni-
otic shunt was performed but the stillbirth showed megacystis
microcolon hypointestinal peristalsis syndrome (MMHPS). Pro-
gression in FBSL extent was not confined to a specific interval
during gestation and it up graded the categorization of enlarged
bladder from dilated bladder to megacystis in 5 of 18 cases
(28%).
Fetal ultrasound appearance and postnatal status: out-

come, urological diagnosis, azotemia and incidence of sur-
gery. A normal outcome (no surgery, no urinary tract infec-
tion and normal renal function) was significantly more likely

FIG. 1. Normal FBSL measured from bladder dome to bladder
neck (A) in midline sagittal plane with FBSL 21 mm at 23-week GA
(A) and in plane oblique to sagittal with FBSL 18 mm at 20-week
GA (B).

FIG. 2. Regression model of FBSL vs GA shows exponential rela-
tionship (r � 0.76).
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in fetuses with dilated bladder (3 of 8) than in those with
megacystis (4 of 24) (p �0.05, see table). The incidence of
azotemia in cases with of dilated bladder or megacystis and
pyelectasis (0 of 18) was significantly lower than in cases of
megacystis with hydronephrosis (3 of 10 or 30%) (p �0.03).
When necessary, surgery was done to remedy obstruction (for
PUV ablation of PUV was done) or reflux (for VUR vesi-
coureteral reimplantation was done). The incidence of sur-
gery in viable newborns was not significantly different in
those with dilated bladder (6 of 8 or 75%) or megacystis (13 of
24 or 54%) (p � 0.53, see table).

Various other aspects of fetal renal evaluation (eg lateral-
ity of renal dilatation, renal polar length, duplication or
echogenicity) or bladder evaluation (eg frequency of empty-
ing, detrusor thickness and echogenicity or ureteral dilata-
tion) did not significantly influence postnatal outcome.

DISCUSSION

Anomalies of the urinary tract account for about 25% of
malformations detected prenatally.4 Most often these anom-
alies involve dilatation or ectasia of the kidney, pelvis and/or
calices. Less often there is the additional finding of bladder
dilatation and least often isolated bladder dilatation is dis-

covered. To our knowledge this is the first report to present a
method to forecast the newborn urological outcome of fetal
instances of bladder dilatation with or without associated
renal pelvic dilatation. This method focuses on evaluating
bladder dilatation after GA 15 weeks, an interval commonly
used in obstetric imaging. This time frame is also the most
common period during fetal development when bladder dila-
tation can still be associated with a viable outcome.
Normative bladder development. Autopsy data show that

the fetal bladder contains urine after GA 11 weeks.5 This
corresponds to the consistent ability to image the bladder by
GA 13 weeks with transabdominal or transvaginal sonogra-
phy.6 At about GA 12 weeks bladder function is inferred
because there is visualization of bladder cycling. This is
thought to reflect the functions of storage and elimination of
urine.5 By the late third trimester the fetus or newborn
shows a circadian rhythm in bladder volume and there is a
decrease in mean bladder volume between midnight and
6 a.m. Various methods to assess bladder size, such as vol-
ume, have been tried, including measurement in humans7, 8
and comparisons with veterinary measurements.9 Since the
fetal bladder is more consistently ellipsoid than the bladder
in older children or adults, 2-dimensional linear ultrasound
measurements may be more accurate for assessing bladder
volume in the fetus than postnatally.10 However, Hedriana8

and Petrikovsky et al11 suggested that an accurate estimate
of bladder status could be obtained by measuring bladder
area in the sagittal ultrasonographic plane rather than by
calculating bladder volume.
Importance of imaging the fetal bladder. It is important to

consider bladder status during fetal sonography, especially
since it is recognized that the state of bladder filling may
influence the status of renal pelvic dilatation.11 While
Persutte et al reported striking variations in renal pelvic
size, they did note an association of pyelectasis with fetal
bladder size.12 Imaging the bladder is important to ensure
that the bladder is intact and not exstrophic.13 Clautice-
Engle et al suggested that if the bladder is not visualized on
imaging before 17 weeks, a normal outcome should be ex-
pected if ultrasound is otherwise normal (ie normal kidneys
and amniotic fluid volume).4
Abnormal bladder development during the late first trimes-

ter. An enlarged bladder may be recognized late in the first
trimester. In the course of studying nuchal translucency
thickness during 10 to 14 weeks of gestation Sebire et al
noted that normal bladder sagittal length is less than 6
mm.14 This measurement shows general agreement with the
formula proposed herein (normal mean FBSL � GA �5).
Sebire et al did not define megacystis but reported a preva-

FIG. 5. Outcome urological diagnosis of dilated fetal bladder and
hydronephrosis in regard to FBSL vs GA. Filled circles represent
PUV.FIG. 3. Exact exponential and approximate linear regression mod-

els of normal FBSL reveal that exact exponential regression (curved
line) relationship of FBSL and GA can be approximated by linear
regression model (solid line). Outliers (open circles) often showed
megaureter in newborn. Regions defining enlarged bladder as di-
lated bladder or megacystis are shown above 95% CI. Filled circles
indicate normal values.

FIG. 4. Outcome urological diagnosis of dilated fetal bladder and
pyelectasis in regard to FBSL vs GA. Filled circles represent PUV.
Squares represent VUR. Open circles represent normal values. Line
connecting open circles represents findings at different GAs in same
fetus.
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lence of the condition in 1/1,600 pregnancies between GAs 10
and 14 weeks. About half of the cases showed resolution of
dilatation and half showed obstruction. Aneuploidy affected
20% of the cases.
Abnormal bladder development during the late second tri-

mester. There is scant information to aid in clinical counsel-
ing in regard to evaluating the fetal bladder during the late

second or the third trimester (ie after about GA 20 weeks) for
eventual urological diagnosis, need for surgery or ultimate
renal function. There are a few unrelated items that are
generally accepted. It is common that cases of extreme blad-
der dilatation are likely associated with a lethal outcome15
which, when noted in a female fetus, is likely consistent with
MMHPS.16 Also, it is commonly agreed that certain fetal
ultrasound features are pathognomonic for outcome diagno-
sis (eg ureterocele and open bladder neck for bladder neck
obstruction). The onset of oligohydramnios and progressive
renal dilatation are grounds to consider fetal treatment for
presumed obstruction with a vesicoamniotic shunt or pre-
term delivery.

With the introduction of FBSL as an objective meas-
urement, we offer additional information to consider during
maternal counseling. 1) We suggest objective criteria to di-
agnose and differentiate the extent of bladder enlargement
by gestational age, specifically as dilated bladder or mega-
cystis. This distinction should provide consistency in compar-
ing the results of future studies of this topic. 2) Furthermore,
differentiating between cases of pyelectasis vs hydronephro-
sis in association with a dilated bladder or megacystis helps
predict the outcome of renal function. There is a significantly
higher association of azotemia in instances of hydronephrosis
and megacystis than in those of pyelectasis and megacys-
tis or dilated bladder. This distinction in the status of re-
nal dilatation is consistent with the views presented by
Montemarano et al.17 3) Distinguishing between differences
in the magnitude of enlarged bladder size and the pattern of
renal pelvic dilatation permits the forecasting of newborn
outcome diagnosis to be more accurate since as not all fetuses
with megacystis and hydronephrosis show posterior urethral
valves as newborns (see table).18 4) Progression in the extent
of FBSL was noted in about a third of the fetuses of mega-
cystis and it influenced outcome, resulting in azotemia and/or
the need for surgery in these newborns. This finding suggests
it is important to monitor the extent as well as the progres-
sion of bladder dilatation frequently. 5) The extent of bladder
dilatation in cases of PUV may be misleading because a
thick, fibrotic and, therefore, noncompliant bladder may not
dilate as much as a compliant bladder. This rigidity may
result in increased intrarenal pressures during development
and consequently adversely impact renal development. Nat-
urally these data do not address cases in which fetal ultra-
sound findings are normal, and yet there is late development
of an anomaly (eg ureterocele). 6) Cases of pyelectasis with
dilated bladder show that the incidence of an adverse new-
born outcome (4 of 7 or 57%) is almost 3-fold higher than the
literature accepted incidence of adverse outcome for pyelec-
tasis alone (20%).19 7) Megacystis microcolon may be sus-
pected if the fetus is female and FBSL is greater than 50 mm
at about 20 weeks of gestation.20

We do not have a ready explanation for the outliers in this

Fetal diagnosis vs postnatal outcome

Postnatal Outcome
No. Fetal Dilated Bladder No. Fetal Megacystis Total

No.� Pyelectasis � Hydronephrosis � Pyelectasis � Hydronephrosis

PUV 2 2 2 8*
PBS — — — 2
VUR 2 — 2 1
Megacystis — — 4 4
Normal† 3 — 3 1
MMHPS — — — 2

Totals 7 2 11 18 38
Fetal death 1 0 0 5‡ 6
No. viable neonates 6 2 11 13 32
No. surgery (%) 4 (66) 2 (100) 4 (36) 9 (69)

Normal outcome for dilated bladder was significantly more likely than for megacystis (p �0.05).
* Three terminations and 2 nonviable premature neonates.
† No surgery or urinary tract infection and normal renal function.
‡ Five pregnancies resulted in preterm delivery of a viable newborn.

FIG. 6. Outcome urological diagnosis of fetal megacystis and py-
electasis in regard to FBSL vs GA. Squares represent VUR. Trian-
gles represent PBS. Filled circles represent PUV. Open circles rep-
resent normal values. Line connecting circles represent findings at
different GAs in same fetus.

FIG. 7. Outcome urological diagnosis of fetal megacystis and hy-
dronephrosis in regard to FBSL vs GA. Filled circles represent PUV.
Seven nonbold triangles on left side represent PBS. Light squares
represent MMHPS. Bold triangles and 3 triangles on right side
represent megacystis megaureter/VUR. Dark squares represent
VUR. Open circle represents normal value. Lines connecting symbols
represent findings at different GAs in same fetus.
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series with enlarged FBSL, in which newborns showed
megaureter with a normal bladder evaluation (fig. 3). This
series of enlarged bladders did not contain instances of cloa-
cal malformation, which would be suspected in a female
fetus.

CONCLUSIONS

To our knowledge this is the first study to present a model
that calculates normal fetal bladder size using a simple,
single measurement, that is FBSL. The newborn outcome of
azotemia depends on the extent of FBSL enlargement,
namely dilated bladder or megacystis, and any associated
hydronephrosis or pyelectasis. A normal outcome is signifi-
cantly more likely in cases of dilated bladder than in mega-
cystis. The incidence of azotemia in cases of dilated bladder
or megacystis and pyelectasis was significantly lower than
that in cases of megacystis and hydronephrosis. The inci-
dence of postnatal surgery is similar among the groups.

Dr. Evelyn T. Maizels, Department of Cell and Molecular
Biology, Northwestern University Medical School, Chicago
provided advice and technical assistance with the illustra-
tions.
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