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EDITORIAL

Tracking the Natural History of Infantile Hydronephrosis with

Diuretic Renography

ongenital anomalies of the geni-

tourinary system have a preva-
lence estimated at 4-7/1000 (/).
These malformations, which account
for a substantial number of children
with renal failure, can be reliably iden-
tified with ultrasound between 16 and
18 wk of gestational age (2). Specific
anatomic diagnoses can be defined
sonographically and include uretero-
pelvic junction (UPJ) obstruction, du-
plex systems with polar hydrone-
phrosis and ureterovesical junction
obstructions with megaureter (3).
However, “obstruction is not a single
disease process, and its outcome can-
not be predicted purely by anatomic
appearance” (4). Hence many of the
genitourinary anomalies initially de-
fined sonographically are susceptible
to later investigation by nuclear im-
aging techniques.

The sensitivity of ultrasonographic
diagnosis is such that a wide spectrum
of degrees of hydronephrosis (HN),
including cases of minimal severity,
are encountered. Management of
these complex disorders presents a
major, unresolved clinical problem in
terms of natural history, and the un-
settled question of the indications for
surgery (4). Consequently there is a
pressing clinical need for a reliable test
to assess the necessity or appropriate-
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ness of surgical intervention in af-
fected children.

A consideration of the functional
significance of HN is fundamental to
an understanding of the relevant di-
agnostic armamentarium. In the past,
HN has always been considered to be
pathologic. However, the condition
does not necessarily worsen, and
many patients have no reduction in
renal parenchymal function. Up to
40% of patients after pyeloplasty for
UPJ obstruction show no measurable
postoperative improvement (5).

This clinical evidence for non-
progression of HN is consistent with
experimental studies where surgically
created ureteric obstruction is not fol-
lowed universally by dilation of the
kidney (6). Some have gone as far as
to say that HN should be viewed as a
beneficial compensatory mechanism.

It has been proposed (4) that the
potential for development of HN de-
pends on four salient factors:

1. Urinary output and flow rates
during diuresis.

2. Anatomy and tightness of the
obstruction.

3. Glomerular and tubular func-
tion.

4. Changes in compliance of the
renal pelvis.

It should be noted that nuclear
medicine techniques directly measure
only Parameter 3. Parameters 1 and 2
are assessed partly and indirectly, and
Parameter 4 is not estimated.

SIGNIFICANCE OF URETEROPEL-
VIC JUNCTION (UPJ) OBSTRUC-
TION

This anomaly is the most common
cause of prenatally diagnosed HN (7).
Its etiology can be broken down into
factors which may be extrinsic (ves-
sels, bands, adventitial tissues), or in-
trinsic (an adynamic segment or true
narrowing). Current evidence suggests
that these two patterns are associated
with different types of flow patterns
across the UPJ and hence determine
progression or equilibrium of the un-
derlying pathology (8).

The classification of UPJ obstruc-
tion as intrinsic versus extrinsic may
also be relevant to interpretation of
the diuretic renogram. The test may
be most reliable in the presence of
moderate intrinsic obstruction, with
or without additional extrinsic ob-
struction. In this situation, the pres-
sure-exit flow curves will be flat so
that normal flow rates are possible
only when intrapelvic pressure is
above normal (as is produced by the
diuretic challenge). Here the slow
emptying rate can be easily detected.

In mild intrinsic obstruction, the
dilated pelvis may have reached a new
equilibrium so it can respond to an
increased flow rate by emptying nor-
mally: hence, the potential for false-
negative test results. With extrinsic
obstruction, the diagnosis can only be
made when the kidney is overdis-
tended.
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A further problem complicating the
assessment of treatment response and
other aspects of the natural history of
UPJ obstruction arises from the limi-
tations of the surgical observation. It
is important to bear in mind a func-
tional definition of “obstruction™: it
cannot be defined on the basis of a
clinical test, nor on a surgical obser-
vation. Obstruction may be best de-
fined as “any restriction to urinary
outflow that, left untreated, will cause
progressive renal deterioration” (4),
or, we would add, prevent normal
growth and development of an im-
mature kidney.

DIAGNOSTIC EVALUATION OF UPJ
OBSTRUCTION

Over the last two decades, two di-
agnostic tests have appeared that have
major usefulness in assessing obstruc-
tion in the hydronephrotic kidney.

The Pressure Flow Study (Whit-
taker Test)

The pressure-flow test was intro-
duced (9) to assess the severity of up-
per urinary tract outflow obstruction.
A basic hypothesis underlying this test
is that obstruction produces a con-
stant resistance to outflow, necessitat-
ing elevated pressures to transport
urine at high rates. The requisite pres-
sure gradient is measured between the
upper urinary tract and the bladder
with a catheter in place. Perfusion at
a high rate is used to stimulate the
system, simulating diuresis, and the
resultant pressure is recorded. Pres-
sure > 20 cm H,O with a flow of 10
cc/min is consistent with obstruction.

While the pressure-flow method has
been a major advance in the assess-
ment of UPJ obstruction, usefulness
of the test is reduced by major limi-
tations. First, not all obstructions are
constant. Second, a “gray zone” of
pressure recording (from 15 to 20 cm
H,0) is indeterminate for the presence
of obstruction. Third, response of the
renal pelvis to a distended, not a phys-
iologic, situation is measured. Fourth,
normative values have not been estab-
lished for the young child.

Recently, a modification of the

pressure-infusion method has been in-
troduced (10), using a constant pres-
sure system that compares concomi-
tant flow rates. Lower flow at the same
pressure suggests more “obstruction.”
The clinical applicability of this ap-
proach remains to be determined.

Diuretic Renography

This safe noninvasive technique for
assessing UPJ obstruction was intro-
duced in the late 1970’s (/1) and its
clinical application has been detailed
(12-14). The method depends on an
underlying theory of delayed tracer
mixing with the dilated compartment
formed by a hydronephrotic pelvis.

The essence of the procedure in-
volves the use of an effective radio-
pharmaceutical to monitor the rate of
transit through the parenchyma in-
cluding the collecting system. With
incomplete drainage of tracer from
the pelvicalyceal system, the patient is
challenged so as to promote tracer
excretion, by administration of an os-
motic diuretic, typically furosemide
(Lasix) 0.3-1 mg/kg, intravenously.
The basic protocol for the perform-
ance of the diuretic renogram is well
known to nuclear medicine practi-
tioners and detailed in standard texts
(15).

In this setting, the report of Choong
et al. in the present issue of the Jour-
nal involves a retrospective review of
18 patients with suspected UPJ ob-
struction. Their interesting commu-
nication illustrates several aspects of
the diagnostic usefulness of diuretic
renography (DR), as well as raising
some issues that pertain to the limi-
tations of the technique.

They have been specifically con-
cerned that inadequate hydration may
be a factor hindering optimal employ-
ment of the DR technique, as have
others (14,16,17). Consequently, they
used as a provocative stimulus for the
patients both volume expansion (10
ml/kg of 0.9% sodium chloride solu-
tion administered intravenously over
30 min preceding the scan), as well as
furosemide (1 mg/kg). They classified
the results of their studies as reflecting
a status of the collecting system that
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was obstructed, nonobstructed or in-
determinate.

Dr. Choong and coworkers con-
clude that intravenous hydration op-
timizes diagnostic accuracy in the di-
uretic study. In our practice, we have
not used volume expansion as part of
our evaluation and hence cannot offer
comparative data. Our impression,
however, is that their prevalence of
indeterminate scans, 6/28 (21.4%), is
not dissimilar to our experience, using
the diuretic challenge during the pa-
tient’s usual level of hydration. As
these authors note, with commenda-
ble prudence, the diagnostic accuracy
of the “volume-expanded” DR cannot
be established conclusively from the
present study, given the retrospective
nature of the analysis.

Choong et al. usefully remind us of
the limitations diagnostically, and
prognostically, of a single scan not
showing an obstructive pattern. Of a
total of 20 indeterminate or nonob-
structive appearing cases in their se-
ries, five were subsequently consid-
ered to have developed obstruction on
progress scans. However, the basis for
their results raises interesting ques-
tions about interpretation of the DR.

In arriving at their classification of
renal excretion, the authors relied sub-
stantially on a quantification of tracer
drainage, using estimates of the half-
times for furosemide washout. The
assessment of the half-time is de-
scribed as having been done by “using
a monoexponential curve fitted to the
maximum slope”.

This method may be open to some
objection as being unduly subjective.
In our experience, the washout curve
frequently is multiphasic, with. a
succession of slopes. In such cases, the
selection of the maximum slope may
be dependent on a subjective interpre-
tation of where the curve breaks, and
is open to some interobserver varia-
tion. As an approach to dealing with
this difficulty, we always record the
percent residual of the pre-furosemide
activity level of the time-activity curve
and use that as an additional param-
eter for inferring possible outlet ob-
struction.
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The use of furosemide washout
time as a sole criterion can be mis-
leading, in our view, for the diagnosis
of obstruction. Many patients present
a complex, multislope curve when the
time-activity curve is displayed to re-
flect furosemide response. No consen-
sus has been determined as to the
proper approach for analysis of these
mathematically complex functions.
Linear, logarithmic and linear-loga-
rithmic transformations of the data all
have been advocated, and estimates of
the washout are reached from the ex-
trapolated data. Therefore, depending
on the method used, the reported
washout time may be dramatically
different.

The difficulties presented in at-
tempting to analyze a complex, mul-
tiple slope type of furosemide washout
curve are illustrated by the data pre-
sented for Choong et al.’s Patient 16
(presented in their Fig. 1B). Here the
initial study at 2 mo is classified as
normal because a half-time of 15 min
is obtained. This estimate is obtained
from a fit to the first exponential com-
ponent. The fractional retention of
the tracer present before furosemide
administration can be approximated
from the radioactivity rates indicated
on the graph ordinate. A ratio of the
initial to the finally observed values is
of the order of 5400/8922, 65.2%. In
our laboratory, such a value would
always be regarded as abnormal, irre-
spective of the furosemide half-time,
as estimated from the initial slope.

A further problem complicating the
assessment of treatment response and
other aspects of the natural history of
UP]J obstruction lies in the absence of
a “gold standard” of obstruction. As
already mentioned, the obstruction is
most accurately interpreted as an ab-
normality of function, and therefore
requires a functional definition.

In the study of Choong et al., the
“final diagnosis” was based on sur-
gical findings (with histopathologic
correlation, when available). We
would not find these criteria to be
conclusive, however, since the obser-
vation of a UPJ obstruction at sur-
gery, in our experience, is not based
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upon any standard of appearance, cal-
iber, or configuration. Most, if not all,
UPJs examined at the time of surgery
for “obstruction” are probe-patent,
often to a large caliber. To state that
surgical observation confirms the ex-
istence of “obstruction” simply begs
the basic question. Fundamentally,
too little is known concerning the
pathophysiology of congenital kidney
obstruction to permit a clearcut state-
ment assessing the presence of signif-
icant obstruction. Furthermore, the
maintenance of equilibrium alone
may not be beneficial in the infant
kidney that would otherwise grow and
develop with great rapidity during the
first year of life. The effects of congen-
ital obstruction upon renal growth
and development remain to be eluci-
dated.

Stimulated by the findings of
Choong et al,, it is timely to review
several issues pertaining to the con-
duct of the DR in the child presenting
with possibly obstructive HN.

OPTIMIZATION OF DR FOR AS-
SESSMENT OF UPJ OBSTRUCTION
Need for Detailed Individualized
Study Design

DR is preeminently not the kind of
test which should be delegated exclu-
sively to the technologist. It is essential
that the nuclear physician frequently
checks the real-time image, and
“quarterbacks” all details of the ac-
quisition. While it is essential to have
a general protocol for the conduct of
DR, equal importance should be at-
tached to modification of the basic
plan according to the needs of the
individual patient: a “tailored” ex-
amination is essential.

In illustration of this general state-
ment, a particular mistake is to give
the diuretic invariably, at 20 min, or
other fixed time, after the tracer injec-
tion. The collecting system must be
filled with tracer, extending right up
to the point of questioned obstruction
before the diuretic challenge. Other-
wise, unlabeled urine fills up with
radiopharmaceutical after the diuretic
challenge, and hence obstruction may
be misdiagnosed.

Need for Standardization of DR to
Allow Interinstitutional Comparison
of Results

As discussed above, we believe it
possible to offer a somewhat different
interpretation of furosemide washout
data in the study of Choong et al. by
using a different analysis parameter.
This difference of view points up the
need for a standardization of ap-
proach so that studies from different
centers can be directly compared, per-
mitting valid assessment of data from
multicenter trials.

In the Division of Nuclear Medi-
cine at Children’s Hospital, we have
practiced, and taught to our residents,
over 15 yr, a standardized approach
to the interpretation of the DR. For
example, on the “parenchymal phase”
(60-120 sec) image, the percentage
uptake of tracer is estimated visually,
and quantitatively, and recorded on a
standardized scoring sheet. In a simi-
lar manner, other parameters, such as
cortical transit time, image appear-
ance in the final/or immediate pre-
furosemide image, and analysis of the
diuretic washout are systematically
noted. The final impression is based
on a consideration of all these param-
eters, and not on a single factor, such
as the lasix washout time.

Many of these attempts at produc-
ing a measure of standardization into
the DR appear again in a more recent
proposal by a consortium of the So-
ciety for Fetal Urology and the Pedi-
atric Nuclear Medicine Club of the
Society of Nuclear Medicine (/8).
There seems no doubt that careful
attention to detail, and standardiza-
tion both of how the DR is acquired
and interpreted, can only improve the
quality of the information obtained,
and facilitate exchange of knowledge
both among nuclear medicine practi-
tioners, and among our “consumer”
clinician-colleagues.

Need for a Keener Sense Among
Nuclear Medicine Diagnosticians of
the Limitations of the DR

Our sense is that there is insufficient
awareness of clinical circumstances
which may substantially limit the di-
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agnostic conclusions which may be
reached from a DR. The study must
always be interpreted in light of all
other evidence of renal function. Fun-
damentally, renal function must be
sufficient to extract tracer at a concen-
tration permitting visualization of the
pelvicalyceal compartment. Glomer-
ular and tubular function must be
adequate to ensure a diuretic re-
sponse. Coexisting reflux of tracer into
the pelvis is a notorious mimic of
obstruction, and cannot always be de-
tected from history. For this reason,
we catheterize patients routinely, un-
like Choong et al., who reserved this
measure for patients reporting reflux.
Catheterization also avoids confusion
by the “pseudo-obstruction” to tracer
transit sometimes produced by an ov-
erdistended bladder.

Consideration of the Issue of Func-
tional Immaturity of the Kidneys in
the Interpretation of the DR in the
Very Young Child

Functional immaturity of the kid-
ney in the very young child may pres-
ent as a relatively sluggish rate of cor-
tical transit and pelvic distribution of
tracer. This situation presents a prac-
tical problem in interpretation of the
clinical study, since clear normative
values in these younger children have
not been established.

In the child with unilateral HN, it
has been suggested that an evaluation
can be made by using the function of
the contralateral kidney to establish
the level of maturity that has been
reached by the patient. If the appar-
ently uninvolved kidney is function-
ally mature, then one can evaluate the
UPJ at question by the criteria for a
mature kidney.

Employment of a Standard Radio-
pharmaceutical for DR

Technetium-99m-mercuroacetyl-
triglycylglycine (Mag3; Mallinckrodt,
St Louis, MO) has emerged as the
radiopharmaceutical of choice for
DR. MAGS3 is comparable in its do-
simetry to ®™Tc-DTPA (/9) and of-
fers considerably higher initial renal
clearance (20). In our hands, the per-

centage uptake assessed on the para-
metric phase image at 2 min with
MAGS3 tends to be 8-10 times greater
than we had previously found with
DTPA in a similar patient population.
As would be anticipated from such
favorable pharmacodynamics, MAG3
allows satisfactory quantification of
renal function (21).

We have tried to present in bare
outline the emerging concepts about
the pathogenesis of congenital hydro-
nephrosis and UPJ obstruction. There
appears to be increasing recognition
that HN must be regarded as a func-
tional abnormality, played out against
a variable setting of morphologic phe-
nomena. Because of its capability to
provide a unique set of functional
data, diuretic renography, when per-
formed with punctillious care, plays—
and will continue to play— a major
part in the evaluation of the child with
congenital hydronephrosis.

However, for the optimal deploy-
ment of this useful technique, nuclear
medicine physicians must have a re-
alistic awareness of the clinical situa-
tions where the method can be em-
ployed most effectively (criteria that
are clearly normal or clearly consist-
ent with high-grade UPJ obstruction),
and of situations where there is a
lower level of diagnostic certainty
(multislope furosemide washout
curves, question of obstruction raised
in a setting of reduced renal function,
etc.). Especially in the clinical setting
presented by equivocal situations, it
would seem not only legitimate but
ethical for us to lobby with our clinical
colleagues for a greater number of se-
rial DR studies so that the interaction
of the disease process with renal mat-
uration can be gauged. The attention
to this aspect by Choong et al., who
obtained serial DR in 13 out of 16
nonsurgically correlated kidneys, is a
major strength of their study. In our
view, this emphasis on serial exami-
nation should become the rule, rather
than the exception, in the nuclear
medicine evaluation of the child with
HN.

Furthermore, the nuclear medicine
physician arguably needs to have a
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greater appreciation of current re-
search aimed at an understanding of
the pathophysiology and thereby op-
timal diagnosis and management of
congenital HN. The collaborative in-
terinstitutional study mentioned is
one of several that are underway to
compare outcomes of observational
and surgical management approaches.
The critical, yet elusive requirement
for any present or future studies ap-
proaching these questions is the de-
velopment of an adequate method for
assessment of outcomes.

The functional parameters meas-
ured in DR, although reflective of
vital components, are not a global
assessment of renal function. Partic-
ularly in a unilateral UPJ obstruction,
little can be said directly about con-
centrating ability, acid/base and elec-
trolyte handling. The long-term la-
tency of complications from some
kidney obstructions further compli-
cates making an assessment of the
relative clinical outcomes of different
grades of HN. The absence of differ-
ences in the short term, using insen-
sitive or irrelevant endpoints, does not
establish the comparability of treat-
ments, and therefore the validity of

" the diagnostic methods used.

CONCLUSION

Diuretic renography will continue
to provide a unique and essential role
in the evaluation of the child with
congenital hydronephrosis, raising the
question of UPJ obstruction. We rei-
terate four points which appear essen-
tial for the most effective utilization
of the method:

1. Meticulous technique, with con-
tinuous monitoring, and atten-
tion to details including routine
catheterization.

2. Systematic, multiparametric an-
alysis of the study, as opposed to
reliance on a single parameter,
such as the half-time of furose-
mide response.

3. Serial studies, to increase relia-
bility of assessment of UPJ func-
tion. (The achievement of
Choong and co-workers in this
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regard should be applauded and
emulated).

4. Vigorous pursuit of attempts to
standardize the technique of DR
among different laboratories, al-
lowing more effective compari-
son of data by various investi-
gators.

When performed to these specifi-
cations, DR can be used not only to
help with the diagnostic problems of
the individual patient, but also as a
vital tool in the task of arriving at a
true understanding of the natural his-
tory of congenital HN, and of its ef-
fects on functional maturation of the
developing kidney. This accomplish-
ment should in turn allow the long-
awaited achievement of establishing a
rational policy for the management of
the child with congenital HN.

Lorcan A. O’Tuama

S. Ted Treves

Craig A. Peters

Children’s Hospital and Harvard Medical
School

Boston, Massachusetts
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