
Journal of Pediatric Urology (2019) 15, 18e26
aConsultant Paediatric
Urologist, Chelsea &
Westminster Hospital, London,
UK

bAnatomy Lecturer, Selwyn
College, University of
Cambridge, Cambridge, UK

* Corresponding author.
Consultant Paediatric
Urologist, Chelsea &
Westminster Hospital, 369
Fulham Road, London SW10 NH,
UK.
m.farrugia@nhs.net (M.-K.
Farrugia)

Keywords

Hydronephrosis; Megaureter;
Urinary tract dilatation;
Obstruction; Peristalsis;
Diuretic renography; Uretero-
pelvic junction

Received 17 March 2018
Accepted 13 November 2018
Available online 22 November
2018
https://doi.org/10.1016/j.jpu
1477-5131/ª 2018 Journal of P
Review article
The search for the definition, etiology,
and effective diagnosis of upper urinary
tract obstruction: the Whitaker test then
and now
M.-K. Farrugia a,*, R.H. Whitaker b
Summary

Introduction
Robert Whitaker, inspired by Dr William W Scott at
the Brady Institute at Johns Hopkins and by Sir David
Innes Williams at Great Ormond Street Hospital for
Children in the late 1960s, spent much of his career
exploring the meaning of persistent dilatation of the
upper urinary tract, in an attempt to define
obstruction and to find a means of diagnosing it
accurately.

Objective
This is a historical review of Bob Whitaker’s journey
from his definition of obstruction to the inception of
his eponymous test.

Results
In 1975, he proposed a theory to explain the path-
ophysiology behind obstructive hydronephrosis and
megaureter. He was among the first pediatric urol-
ogists to observe that ‘it is wrong. to assume that
dilatation necessarily indicates obstruction’, a
statement that was widely stated and even
appeared in the textbooks at the time. He defined
obstruction as ‘an increased pressure in the pelvi-
calyceal system of the kidney at normal physiolog-
ical flow rates such that the renal function is
adversely affected’. This realization led to the
development of a percutaneous pressure-measuring
technique at controlled flows, later referred to as
rol.2018.11.011
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the Whitaker test. It predated and later assisted in
the interpretation of diuretic renograms.

Discussion
Whitaker questioned the etiology of ‘hydro-
nephrosis’ and challenged other hypotheses pro-
posed at the time, which often included causes of
mechanical occlusion at the ureteropelvic junction
(UPJ) or ureterovesical junction (UVJ). Whitaker’s
hypothesis is that ‘obstruction’ at UPJ and UVJ
levels is not mechanical but the result of a failure of
normal peristalsis to form and propagate a bolus.
This, in turn, depends on the potentially abnormal
distensibility of the renal pelvic and ureteric wall
whether it be congenital or acquired. The aim of this
review is to recall the history of the development of
a technique to evaluate dilated upper urinary tracts
and to re-evaluate various theories that might
explain the etiology of the dilatation in the light of
more recent evidence. Robert (or Bob, to his col-
leagues) Whitaker was among the founder members
of the British Association of Paediatric Urologists,
which now has more than 50 members, in 1992.
Together with his colleagues Philip Ransley and
David Thomas, Whitaker established the annual pe-
diatric urology course for pediatric surgery and
urology trainees in Cambridge, U.K., which still runs
to this day. He retired from his surgical practice in
1990 and up until the present time has taught clin-
ical anatomy in the Cambridge University School of
Medicine.
The definition of ‘obstruction’

It may come as a surprise to the younger uro-
logical readership that management of upper
tract dilatation in children is ‘recent’ history
over the last 50 years. There is little doubt
that up to that time there was a general
perception that if the upper tract was
‘dilated’ it was good evidence of obstruction.
Hinman stated in early editions of Campbell’s
Urology that ‘if it is dilated, it is obstructed,’
and this was unquestioned for decades. It was
Shopfner who first begged to differ. In adults
with prostatic enlargement or in the presence
of ureteric stones, obstruction is easily diag-
nosed, whereas in children with posterior
urethral valves or megaureters, the problem is
much more difficult [1].

Whitaker argues that the word ‘dilated’ is
confusing as it is the past tense of ‘dilate’,
with the implication that the diameter of the
upper tract was at some stage normal. Rarely,
there is proof that this is true. In children with
wide ureters that neither reflux nor show
ll rights reserved.
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evidence of obstruction, for instance, in the megaureter/
megacystis syndrome, there is no evidence that the ureters
were ever of the normal size. It is hypothesized that some
upper tracts have intrinsically deficient renal pelvic or
ureteric walls, a notion supported by Hinman [2]. Whitaker
tried to avoid the word ‘dilated’ and preferentially rec-
ommended calling them ‘wide’. He proposed a classifica-
tion which first made a distinction into ‘refluxing’ and
‘nonrefluxing’ (as opposed to ‘obstructive,’ which is clearly
not the opposite of ‘refluxing’) with a further subdivision
into primary or secondary [3]. It should be mentioned that
it is quite possible to have both reflux and obstruction
together at the ureterovesical junction (UVJ), and Whitaker
and Flower [4] offered an explanation for that.

Whitaker questioned whether there was any clinical
significance or harm in there being an abnormally wide
ureter or, indeed, a small degree of obstruction. He argued
that what matters clinically are the renal function and the
risk of infection. But what aspect of obstruction directly
leads to deterioration in renal function has to be defined. It
simply must be a rise in pressure that decreases the ability
of the nephron to function correctly. How much pressure
and for how long it is applied to the kidney remain debat-
able. It seems probable that the increased pressure within
the system leads to dilatation, and this in turn alters the
compliance, probably in a beneficial way. For instance, in a
partially obstructed megaureter with a brief diuresis, the
increased pressure may not be sufficient to adversely affect
the renal function, whereas a prolonged diuresis would
more probably give a sustained raised pressure that could
well be harmful [5].

Furthermore, it is not the ureter or the obstruction that
is producing the raised pressure, but the secretion pressure
of the kidney itself is trying to overcome the obstruction. In
an uninfected system, Whitaker concluded that pressure
must be the harmful factor, and it was on this basis that he
decided that a measurement of the level of pressure was
the only way that could accurately and definitively di-
agnose obstruction. Whitaker followed on from the work by
Kiil [6] on urinary transport in 1957, Backlund and Reuter-
skiold [7], and Johnston [8] who had discussed obstruction
in terms of pressures.

To put the history of the investigation of obstruction in
the upper urinary tract in perspective, it is important to
state what investigations were available in the late 1960s.
Intravenous urography was well established, and micturi-
tion cystography was increasingly being used. By the early
1970s, renography was in its infancy but looked as if it was
to become a useful addition to the armamentarium in the
investigation of obstruction. During this time, Whitaker
was working with Sir David Innes Williams at Great Ormond
Street Hospital for Sick Children in London and attended
his twice-weekly radiological review sessions where de-
bates often arose over radiographs of boys with persis-
tently wide ureters after posterior urethral valve
resection. The question was always whether there was a
secondary obstruction at the level of the UVJ caused by a
thick-walled bladder. Despite many of these boys
emptying their bladders adequately on a micturating cys-
togram, the concept of persistent increased bladder
pressure between voids was not initially appreciated. That
came later with the onset of urodynamic studies.
Throughout many pediatric urological centers worldwide,
operations were undertaken to reimplant these persis-
tently wide ureters in boys into a thick-walled bladder on
the presumption that there was an obstruction at the
ureterovesical level and more often than not the results
were either disappointing or disastrous. Thus, there was
an urgent need to confirm or refute obstruction at this
level.
Pressure/flow studies

In 1973, Whitaker published a description of what would
later become known as the ‘Whitaker test’dcarried out in
the St. Peter’s Group of Hospitals, the Hospital for Sick
Children at Great Ormond Street, and the London Hospital
over the previous 2 years, in patients with dilated upper
tracts but with no vesicoureteric reflux [9]. The principle of
the test was to perfuse the whole or part of the upper uri-
nary tract at a constant flow rate with saline or contrast
medium from above downwards. This was performed
through a nephrostomy tube or wide-bore cannula, and
simultaneously, the pressure was measured within the renal
pelvis or ureter through the same channel. Thus, the pres-
sure that was recorded was the pressure necessary to drive
the fluid through the system at a fixed flow rate, taking into
account the resistance offered by the tubing and cannula.
The procedure was performed under sedation or anesthesia,
with the patient prone [9]. The original apparatus used by
Whitaker is shown in Fig. 1A and in use is shown in Fig. 1B.

Children were prehydrated, and perfusion commenced
at 10 ml/min per kidney: it was concluded that this flow
rate could be used to stress the system adequately to
induce a pathological rise in pressure. Further studies were
conducted during open operations and by percutaneous
puncture of the renal pelvis, and it became evident that
unobstructed ureters and renal pelvises could tolerate
flows of 10 ml/min with pressures no greater that 12e15 cm
of water. Obstructed systems at this flow rate showed
pressures in excess of 20 cm of water, and many studies
were stopped when the pressure continued to rise well
above these levels [9]. Although several other investigators
have used higher flow rates, it was always believed that the
flow rate used was kept within physiological limits.

During the development of the technique, experiments
were performed to measure the effect of perfusing with
contrast medium as opposed to water. Small differences
were noted but discounted. All perfusate was used at room
temperature. By inserting a catheter in the bladder, it was
possible to assess the renal pressure with either the bladder
filling or with it draining freely, thus detecting any bladder
hypertonicity on filling (Fig. 2). When both the pressure
generated by the fixed resistance of the perfusion cannula
and the bladder pressure were subtracted from the renal
pressure, a true pressure drop across the UVJ was obtained
[9]. Fig. 3A and B illustrate traces from an obstructed (A)
and unobstructed (B) system.

In 1976, Whitfield et al. published the outcome of
antegrade pressure flow studies in 24 children aged 4
months to 17 years (21 males, 34 renal units) with upper
tract dilatation secondary to PUV, suspected uretero-pelvic
junction obstruction (UPJO), megaureters, prior



Fig. 1 A) Original apparatus used for the Whitaker test, seen in use during the test (B).

Fig. 2 Whitaker’s diagram to illustrate the eponymous test.
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reimplantation, and neuropathic bladder. Obstruction was
held to be present when a pressure differential of more
than 20 cm water developed at a perfusion rate if 10 ml/
min. The test excluded obstruction in 21 renal units,
confirmed obstruction in eight, was equivocal in three, and
failed in one [10].

Whitaker performed more than 270 studies, which
became the basis for clinical decisions in his practice and in
the practices of many other urologists, with patients
referred from all over the U.K. and other parts of the world
[11]. Whitaker had his critics, of course, mostly because of
the invasive nature of the test, but the rebuttal was that
the only complication was hematuria. On the other hand,
the test was saving many children from a much more
invasive operation that might well not be justified.

Lupton and George [12] reviewed the place of the Whi-
taker test in 2010, 35 years after its inception, and
concluded that it determined or contributed to the clinical
management in 84% of the cases studied. O’Reilly [13] fully
reviewed the various methods of diagnosing upper urinary
tractesuspected obstruction.
Renography

Meanwhile, renography was becoming more sophisticated
with the addition of diuresis, parenchymal transit times, and
estimation of renal function. Eighty-eight of 276 patients
also had a renogram in addition to the pressure/flow test,
and we were able to compare the results [11]. Two impor-
tant conclusions emerged. One was that in the presence of a
grossly dilated system in children with poor renal function
and thin parenchyma, a renogram tends to suggest
obstruction when none is present due to isotope pooling.
The second observation was that in a solitary kidney with a
dilated system but good renal function, there was a ten-
dency for a renogram to miss the presence of obstruction.
The full force of the diuresis is emptying the single renal



Fig. 3 Traces obtained from an obstructed (A) and unob-
structed (B) urinary tract.
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pelvis at the cost of a higher pressure. Therefore, although
renography became a useful adjunct and indicator of the
likelihood of the presence or absence of obstruction, it could
not accurately diagnose the presence or degree of
obstruction.
Whitaker’s hypothesis on the etiology of
obstruction

Under the influence of Sir David Innes Williams, Whitaker
was among the first to fathom the definition of urinary tract
obstruction as ‘An increased pressure in the pelvicalyceal
system of the kidney at normal physiological flow rates such
that the renal function is adversely affected.’ He ques-
tioned the etiology of hydronephrosis and challenged hy-
potheses being proposed at the time, which mainly
included causes of mechanical occlusion at the UPJ. These
Fig. 4 Principles of
included increased collagen [14], abnormal musculature
[15]; and more commonly, the presence of vessels, adhe-
sions, kinks, valves, and the high insertion of the ureter on
the renal pelvis [16]. He proposed that ‘obstruction’ at UPJ
and UVJ levels is not mechanical but the result of a failure
of normal peristalsis to form and propagate a bolus. This, in
turn, depends on the potentially abnormal distensibility of
the renal pelvic and ureteric wall whether it be congenital
or acquired.

In 1975, Whitaker proposed a theory to explain the
pathophysiology behind obstructive hydronephrosis and
megaureter [17]. He believes that although the muscle of
the ureter and pelvis is a mixture of circular, longitudinal,
and oblique or spiral, the forces can be resolved from a
functional point of view into just circular and longitudinal.
The circular component in a normal pelvis and ureter is
capable of obliterating the lumen, which is the initiation of a
bolus and provides a ‘fixed point’ for the longitudinal muscle
to pull up the walls over the bolus and allow the circular
contraction to pass downwards and thus propel the bolus on
its way. On reaching the ureteric orifice, the longitudinal
muscle effectively pulls open the orifice over the bolus and
allows the circular muscle to squeeze the bolus through
(Fig. 4). For simplicity’s sake, we have illustrated the bolus
as fusiform but appreciate that it is ‘wedgeform’ in front
and has a further expansion just before the contraction ring.

When it comes to peristalsis in the renal pelvis, the
peristaltic ‘wave’ begins high in the pelvicalyceal system
and approaches the UPJ. In a normal funneled junction,
there will be point at which the circular muscle contraction
can occlude the pelvic walls and, as with the ureter, can
form a bolus. Further contraction of the circular and lon-
gitudinal muscle will propel the newly formed bolus
through the UPJ and on down the ureter (Fig. 5). It is clear
from the above that the occlusion of the pelvic or ureteric
wall is vital for effective bolus formation and onward
transport of urine. An inability to form such a bolus will now
be considered in the ureter (Fig. 6).

If a ureter is wider than normal, the circular muscle can
no longer occlude the ureter and thus cannot form a bolus.
The urine that would have been enclosed as a bolus escapes
back up through the ineffective circular muscle contrac-
tion, but the contraction continues downwards until it
reaches the lowest point of the ureter, the UVJ, where it
can, at last, occlude the ureter and does so forcefully,
causing an obstruction (Fig. 6). In other words, the energy
normal peristalsis.



Fig. 5 Normal renal pelvic peristalsis.

Fig. 6 Principles of abnormal peristalsis.
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expended by the circular muscle that should have formed a
bolus is now expended forcefully on the UVJ.

Similarly, in the dilated renal pelvis, if there is no
funneling, resulting in coaptation of the pelvic walls, the
circular contraction cannot occlude the pelvic lumen and
will continue downwards until it finally can occlude the
lumen at the UPJ. The forceful circular contraction now is
strong enough to cause an obstruction at that point (Fig. 7).
The higher the pressure that is produced by this obstruc-
tion, the stronger the contraction of the circular muscle so
that the obstruction is, at least to some extent, self-
perpetuating.

The question now arises as to how the ureter and the
renal pelvis do eventually allow drainage in most patients.
It seems probable that at a certain level of intraluminal
pressure, the respective orifices open passively enough to
allow some urine to pass through (image on far right in
Fig. 7). In the case of the renal pelvis, the UPJ can remain
closed for an extended period, resulting in a painful ‘Dietl’s
crisis’. The urine is then removed from the renal pelvis by
Fig. 7 Abnormal pelvic peristalsis with absence of bolus formatio
causing obstruction. UPJ, ureteropelvic junction.
venous and lymphatic backflow until the pressure is
reduced sufficiently to allow effective bolus formation.
Alternatively, it may be that as a diuresis diminishes, the
shape of the renal pelvis returns to a more normal config-
uration with a funneled UPJ, allowing a return of compe-
tent peristalsis.

A simple experiment at the time of a dismembered
pyeloplasty gives excellent evidence (Fig. 8). The ureter is
transected a short distance from the distended renal pelvis
and observed. In a true ureteropelvic obstruction, there
will be no flow of urine. The small section of ureter is then
progressively excised until there is virtually no length and
gives the appearance of a hole in the pelvis. Even then, no
urine flows. A small probe is then inserted through the
orifice, and on its withdrawal, there is a flow of urine that
turns into a series of drops and then finally stops altogether.
This suggests that it is muscular action that is holding the
orifice closed. Indeed, it is difficult to suppose that any-
thing else could be closing it. Fibrous tissue, for example,
would not behave like this.
Spontaneous resolution

What is quite clear from a number of publications is that
prenatally discovered hydronephrosis often subsides with
conservative follow-up and only a relative few progress
with deterioration in renal function. It is worth considering
these two phenomena. First, there are several reasons why
the hydronephrosis might resolve. With general growth of
the tissues, it is conceivable that the renal pelvis and upper
ureter will increase in size and be able to cope with the
inevitably larger flow rates as the child grows. Poiseuille’s
Law tells us that if the radius is increased twofold, the flow
rate will increase to the power of 4. This suggests that the
smallest increase in the size of the UPJ will allow a large
increase in the flow and thus a diminution of the renal
n such that the circular muscle contracts as it reaches the UPJ,



Fig. 8 Experiment at time of pyeloplasty.

Fig. 10 Distensibility of the renal pelvis associated with fluid
load, leading to abnormal peristalsis. PUJO, pelvi-ureteric
junction obstruction.
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pelvic pressure. This, in turn, could lead to an improved
funnel at the UPJ and more effective peristalsis.

A second reason for improvement might be the disap-
pearance of fetal folds. These were first described by
Ostling, and at the time when intravenous urography was
frequently used, they were frequently seen in neonates but
almost never in older children, suggesting that they are
possibly part of the normal upper ureteric development
[18]. Fig. 9A shows a typical example of fetal folds in a
neonate, with Whitaker’s original operative technique
illustrated in Fig. 9B.

Deterioration may be associated with inevitable
increasing urine production with age, when the flow rate
increases leading to an increase in renal pelvic pressure,
stronger circular muscle contraction, and stronger occlu-
sion of the UPJ (Fig. 10). Another possible reason for
deterioration also concerns peristalsis. There is a higher
pressure within a normal bolus than there is in the renal
pelvis, and as long as a bolus is forming correctly, the renal
pelvis is protected from excessive pressures. In the pres-
ence of a wide ureter with no bolus formation, the pressure
in the whole system is equal. At low flow rates, this pres-
sure may be acceptable, but during a diuresis, the pressure
in the whole system may rise to abnormal levels and
potentially damage the kidney, whereas in the presence of
a diuresis and in the presence of a minor degree of
obstruction, effective bolus formation could protect the
kidney (Fig. 8).
Fig. 9 (A) Historic IVU demonstrating typical ureteric fetal folds
trating his surgery (B). IVU, intravenous urogram.
Alternative hypotheses

Whitaker’s hypothesis contrasts that proposed by Murna-
ghan [19], who perfused the excised tissue after
pyeloplasties and showed that at increased filling of the
renal pelvis, the flow decreased when it might be expected
to increase. He showed that the circular muscle in the renal
pelvis is arranged as spirals with occasional thick bundles
running obliquely. Toward the UPJ, the spirals become
intermixed with oblique fibers in all directions, which
extend into the upper ureter, such that the exact junction
is difficult to define [14]. At low perfusion pressures of
congenital hydronephrosis specimens, the peristaltic waves
begin in the pelvis and toward the upper ureter. As the
perfusion pressure rises, the peristaltic wave begins closer
to the UPJ but does not traverse it, while the upper ureter
contracts independently and at a slow rate. Although the
peristaltic wave stops, the lumen is maintained, and there
is some emptying of the pelvis with filling of the upper
ureter. Histologically, the mixed muscle spindles are
replaced by longitudinal muscle, which is thought to cause
a shortening, and hence a kinking, at the UPJ. This process
is thought to precede the development of adhesions which
bind the upper ureter to the pelvis [14].
in a neonate and Bob Whitaker’s original operative note illus-
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Gosling and Dixon [20] used histological, histochemical,
and electron microscopic techniques to compare dilated
and normal caliber segments of ureter and renal pelvis in
cases of idiopathic hydronephrosis and primary obstructive
megaureter. They showed that in both conditions, a marked
increase in collagen and elastic tissue occurs in the wall of
the distended segment, and this infiltration extends
throughout the proximal dilated ureter and renal pelvis.
The authors argued that as smooth muscle cells are directly
involved in the synthesis of connective tissue elements,
these findings support the view that the primary anomaly in
idiopathic hydronephrosis and primary obstructive mega-
ureter can be attributed to a malfunction of smooth muscle
cells in the ureter and renal pelvis. Muscle bundles were
continuous from dilated to normal ureter across the ‘nar-
row’ zone and no preponderance of circularly orientated
muscle was noted in any region. In trichrome preparations,
the distribution of connective tissue in the normal caliber
ureter below the obstructing lesion was identical to that in
normal ureter. However, an abrupt increase in connective
tissue began in the junctional region between the normal
caliber and the dilated ureter and extended throughout the
proximal part of the ureter and renal pelvis. In the dilated
portions of the ureter and renal pelvis, the smooth muscle
cells were separated from one another by unusually large
amounts of connective tissue. The latter consisted of bun-
dles of randomly orientated collagen fibers together with
numerous pale staining elastic fibers. On the basis of these
findings, the authors concluded that it is unlikely that the
pathological conditions are caused by a discrete, inelastic
segment of ureter confined to the distal end of the dilated
portion. They hypothesized that a primary anomaly of
ureteric and renal pelvic smooth muscle is present in both
conditions which is reflected in fine structural and histo-
chemical changes associated with the manufacture of
excessive amounts of connective tissue. The other alter-
native is that the morphological features which occur in the
wall of the dilated ureter and renal pelvis could arise as
secondary changes in response to distension, the latter due
to obstruction from as yet indeterminate causes [20].

Lupton et al. [21] supported these findings in a study
where they examined specimens (by light and electron
microscopy) from 25 pyeloplasty/nephrectomy patients
who had undergone diuretic renography pre-operatively. All
patients with an obstructive curve were noted to have
excessive amounts of collagen and elastic fibers in between
and within their renal pelvic muscle bundles, separating
individual muscle cells from one another. Findings in un-
obstructed patients were the same as the controls. No
definite correlation was found in cases of obstructive
hydronephrosis between the degree of structural abnor-
mality and the age of the patients or the length of
history nor could a consistent relationship be demonstrated
between the degree of obstruction demonstrated on
diuresis renography and the severity of the morphological
changes in these patients [21].

In a series of studies in the 80s, Koff [22] argued that
renal pelvic dilatation is a compensatory mechanism which
protects the kidney against elevated intrapelvic pressure
caused by an obstruction at the UPJ [23,24]. He performed
experimental pelvimetrics in dogs with partially obstructed
ureters and showed that intrapelvic pressure fluctuated
over the first 12 weeks of obstruction above the normal
threshold of 15 mmHg. After 12 weeks, pressures tended to
decrease and normalize in all animals. He described two
levels of hydronephrosis in his results: one experimental
group reached a pressure equilibrium at a pelvic volume
below 100 ml, developing a milder hydronephrosis with a
thick parenchyma; in another group, dilation continued
progressively until a massive hydronephrosis with a thin
parenchymal ‘shell’ ensued. Despite the varying degrees of
dilatation, all kidneys developed normal intrapelvic pres-
sures after 3 months, suggesting that pressure changes did
not distinguish kidneys which were destined to become
hydronephrotic. This is an interesting observation as it may
explain the difference between a normal renal pelvis,
which is able to accommodate rising pressures, and an
abnormal renal pelvis, the dynamics of which accentuate
obstruction at the UPJ [22]. In a different manner, Koff also
came to the conclusion that factors other than obstruction
are determinants to progression, including renal pelvic
compliance and renal function.

More recently, deficits in Cajal cells, critical mediators
for propagation of peristaltic contraction, were implicated
as the cause of urinary tract obstruction. In an effort to
look beyond simple plumbing mechanics, several studies
have examined the interstitial cells of Cajal (ICC) density in
UPJ obstruction; the results have been at odds (decreased,
no change, or increased), which leaves their potential
contribution unclear [25,26,27]. Solari et al. [28] first pro-
posed that the altered density of c-Kit positive cells in UPJ
obstruction may have a role in the failure of transmission of
peristaltic waves across the UPJ.

Senoll et al. [29] added to this body of inquiry, proving a
decreased density of Cajal cells at the UPJ of patients
operated on for UPJ obstruction. They investigated the
UPJs of 19 pyeloplasty patients and 12 nephrectomy con-
trols at a mean age of 116 months (14 males, 5 females) and
279 (9 males, 3 females), respectively. The mean intersti-
tial Cajal cell number in the UPJ obstruction and the con-
trol groups were 2.37�2.19 and 24.5�9.73, respectively
(p < 0.0001). Thirteen (68.4%) patients had very few, five
(26.3%) patients had few, and one (5.3%) patient had many
Cajal cells in the UPJ obstruction group. In the control
group, all patients had more than seven cells per high-
power field. The authors argued that the association of
change in the ICC density and obstruction was correlative
but that the pathophysiologic inferences remain specula-
tive (cum hoc ergo propter hoc fallacy, or correlation is not
causation). At the simplest level, the loss of Cajal cells
could decrease peristalsis, as in the GI system, and directly
impair drainage. Or, as the authors allude, a ‘two hit’ hy-
pothesis for the progression of UPJ obstruction could be
present: some initial drainage impairment followed by
‘burn out’ or loss of ICC, which then cements the obstruc-
tion [29].

A similar study by Kart et al. performed in patients with
primary obstructive megaureters (POM) showed that the
number of ICCs was significantly lower in the UVJ of the
POM compared with the control group (p < 0.01) [26]. The
UVJ of the POM group had 1.75�1.14 ICCs, whereas the
control group had 5.76þ-2.99 ICCs.

The absence or scarcity of ICC at the UVJ may cause the
cessation of peristaltic waves and local dysmotility, which
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result in obstruction or an impaired ureteral valve mecha-
nism. In fact, ICCs have also been shown to play a role in
vesico-ureteral reflux (VUR), and a decrease in ICCs has
been shown at the UVJ of patients with VUR. However,
whether the decrease or absence of ICC at the UVJ of pa-
tients with VUR is a primary or secondary phenomenon is
debatable. Furthermore, Kang et al. [30] showed that the
number of ICCs was significantly lower in the UVJ of
refluxing megaureter compared with obstructive
megaureter.

Conclusion

In an era when prenatal diagnosis was at its inception and
dilatation was presumed to reflect obstruction, Whitaker
was among the first to challenge this concept and define
obstruction as an increased pressure in the pelvicalyceal
system of the kidney at normal physiological flow rates such
that the renal function is adversely affected. In partnership
with Innes Williams, he went on to prove his definition by
devising an antegrade study to differentiate between the
‘obstructed’ or merely ‘wide’ ureterdwhich saved
numerous children with dilated urinary tracts secondary to
PUV, congenital megaureters, previous reimplantations or
neuropathic bladders, and children undergoing unnecessary
surgery. The test predated and enabled a better interpre-
tation of diuretic renography, which is the gold standard
todaydbut is still useful in cases of solitary dilated kidneys
or where diuretic renography is inconclusive.
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