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This report is the conclusion of the international consensus committee on renal transit time
(subcommittee of the International Scientific Committee of Radionuclides in Nephrourology)
and provides recommendations on measurement, normal values, and analysis of clinical utility.
Transit time is the time that a tracer remains within the kidney or within a part of the kidney (eg,
parenchymal transit time). It can be obtained from a dynamic renogram and a vascular input
acquired in standardized conditions by a deconvolution process. Alternatively to transit time
measurement, simpler indices were proposed, such as time of maximum, normalized residual
activity or renal output efficiency. Transit time has been mainly used in urinary obstruction,
renal artery stenosis, or renovascular hypertension and renal transplant. Despite a large
amount of published data on obstruction, only the value of normal transit is established. The
value of delayed transit remains controversial, probably due to lack of a gold standard for
obstruction. Transit time measurements are useful to diagnose renovascular hypertension, as
are some of the simpler indices. The committee recommends further collaborative trials.

Semin Nucl Med 38:82-102 © 2008 Elsevier Inc. All rights reserved.

his Consensus Conference document addresses a class of

techniques, namely the methods to assess renal transit
time (TT) with radionuclides (including simplified methods
providing transit indices) and the usefulness of this informa-
tion for patients. The objectives of this consensus were:

o to describe the advantages and the drawbacks of the differ-
ent techniques for measuring or assessing renal transit;
e to review the validation studies (methodological, exper-
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imental, and clinical) that have been undertaken to jus-
tify a given technique;

e to propose to the reader one or several valuable ap-
proaches in clinical routine; and

e o0 define the types of studies still missing and to suggest
their possible designs.

Methodology

A first draft was discussed by the committee by e-mail. Then,
an outline was proposed by Dr. Durand and approved by the
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Figure 1 Probability for a single molecule to stay in the renal ROL

other committee members. The whole text was then rewrit-
ten based on this outline by Dr. Durand and Dr. Blaufox,
including the comments and new references that were pro-
posed and classifying the level of evidence of the references.
This version was then submitted to the committee for com-
ments and changes. It is reminded here that a consensus does
not mean that all the authors agree with every word that is
printed.

Basic Facts on Renal TT

In 1956, Taplin and coworkers published the use of 13!I-
diodrast injected intravenously to produce dynamic ac-
quisitions of kidneys, thus obtaining a time-activity
curve.! These time-activity curves can be used to derive
relative renal function,? but they also provide information
on transit, that is, time during which the tracer stays in a
given part of kidney. A quantitative analysis of the renogram
suggesting the use of deconvolution was proposed as early as
1964.3 Very early, it was suggested that studying renal transit
time could be useful.*® In 1975, Kenny and coworkers de-
scribed the measurement of transit times in a series of 300
patients with various renal diseases and suggested that transit
was mostly lengthened in obstruction.’

Transit Time

TT can be defined as the time that the tracer would stay in a
given region if it were injected as a bolus directly into the
renal artery and if no tracer recirculation occurred.!® This
time reflects the behavior of a single molecule.!! If E refers to
extraction, then a molecule entering the kidney has a proba-
bility of E to be taken up by the kidney then staying in the
region of interest (ROI) until it leaves by the urinary tract, and
a probability of (1 — E) to stay only a short time in the

vascular bed, then leaving the ROI by the vein (Fig. 1). For
example, for diethylene-triamine-penta-acetic-acid (DTPA),
a molecule has an 80% probability of staying in the vascular
bed, with a transit of a few seconds, and a 20% probability of
being filtered, then staying at least a few minutes in the tu-
bules before leaving the kidney by the ureter.!? This results in
a function, called the renal retention function (RRF). This
function, also known as impulse response function, or resi-
due function will be noted R(®). It gives the probability that a
molecule that entered the kidney at time 0 is still remaining in
it at time t. In fact, as the pathways inside kidneys are not of
the same “lengths,” there is a distribution of transit times,
which results in a more complex shape for R (Fig. 2).

Various TTs

When analyzing the shape of R, it is possible to define several
characteristic times (Fig. 3). Also, although it is out of the
scope of this consensus, it is noteworthy that the plateau
height R, (Fig. 3) is proportional to individual renal func-
tion.'3 A transit time is the time that a given molecule remains

urinary
system

Figure 2 Distribution of transit times.
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Figure 3 Shape of the renal retention function. Here, for simplicity
sake, the vascular transit time (VIT) is assumed unique. The renal
transit time (RTT) is distributed between a minimal (RTTmin) and a
maximal (RTTmax) value with an average of RTTmean.

in a given domain. Several variants of renal transit time (RTT)
can be defined (Fig. 3) according to the region considered:

e Vascular transit time (VIT): time span when a molecule
of tracer stays in the renal vascular bed after entering
kidney and before getting out!*;

e Whole kidney transit time (WKTT): time span when a
molecule stays in the whole renal ROI; this time encom-
passes sojourn in vascular bed, nephrons and pelvica-
lyceal system;

e Parenchymal transit time (PTT): this is the time span
between entering the nephron via renal artery and en-
tering the calyces/pelvis; and

e Pelvic transit time (usually defined as WKTT - PTT).

It should be noted that assessing the transit in renal paren-
chyma or in pelvicalyceal cavities probably have very differ-
ent physiological significance. Moreover, as already seen, be-
cause renal structures are not uniform, the transit time is not
unique but follows a distribution that can be characterized by
several parameters:

its average value: mean transit time (MTT);

its minimal value (minRTT);

its maximal value (maxRTT);

the parenchymal transit time index, defined as the differ-

ence between mean and minimal transit times: PTTI =

MPTT — minPTT, has been suggested to diagnose ob-

structive nephropathy!>-17;

o the standard deviation of transit times SDTT was pro-
posed and claimed similar to the PTTI but easier to
calculate and more robust!®; and

e The time to decrease the RRF to 20% of its maximal

value (T20).1°

It was also proposed to deconvolve the pelvis activity by
the cortical activity to provide a pelvic retention function,?°
which aimed to characterize the urinary upper tract regard-
less of its input. This index was not further studied. It must be

emphasized that the term TT has been used in some publi-
cations where it has been defined as the time delay between
the appearance of the tracer in two distinct regions.?! This
usage is indeed a simple qualitative index of renal transit, but
itis not generally accepted as a reproducible and quantifiable
measure of transit time.

Convolution

Direct measurement of this time is obviously impossible in
routine where tracer enters the kidney continuously, given
by the plasma time activity curve P(t). However, everything
happens as if the kidney were receiving an infinite number of
infinitely small intraarterial injections, shifted in time and
scaled by P(t). The effect of each of these injections is given by
the RRF, also shifted in time and scaled by P(t). Summation of
all the effects of the small injections results in the renogram
K(t). This is illustrated in Fig. 4. Mathematically, this opera-
tion is called a convolution product?? and it is written as
follows:

>

Figure 4 If R(¢) is the renal retention function and P(t) is the plasma-
time activity curve, the renogram K(t) can be seen as the result of
sum of many small injections shifted in time and scaled by P(t), each
of these injection having the behavior of R(0).
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(Note: This formulation is explained more accurately and
thoroughly in the appendix published online at http:// K=RxP
www.ISCORN.org.) P KIDNEY

The renogram is therefore the convolution product of the /\: _ﬁ\ —
plasma-time activity curve P and of R. In fact, R is the ide-

alised renogram that would have been observed if a small
intraarterial bolus (approximating what mathematicians de-
scribe as a Dirac distribution and noted 6) had been injected,
without any recirculation (Fig. 5).

Both K and P can reasonably be measured routinely, so to
infer R, one only needs to invert Eq. 1. This is called decon-
volution and can be done in various ways. Therefore, in the-
ory, it is possible to indirectly determine R(t) and hence mea-
sure transit times in the kidney. This deconvolution
approach was validated against direct injection into renal
artery in man.?> In this study, routine renal arteriography was
used to perform renography by injecting DTPA directly into
the renal artery with correction for tracer recirculation. The
RRF obtained from this direct approach was compared with
deconvolution obtained from classical renography and they
matched reasonably well, with good agreement for MTT.

The approach of convolution is valid under two general
assumptions:

e linearity (which should in practice be fulfilled if we ne-
glect attenuation and scattering)** and

e stationarity, that is, time invariance (which is discussed
in the section “Renal Transit Measurement by Deconvo-
lution Techniques”)

Pathophysiological Meaning of TT

Despite an abundant literature on transit times, not many
data have been published about its pathophysiological mean-
ing. Direct consequences of a long transit time can be driven
in two circumstances: when urine stagnation facilitates bac-
terial infection or crystal growth in urolithiasis.?> Except for
these conditions, the transit time should be considered as a
complex parameter which depends on both flow Q and vol-
ume V. In a simple pipe model, whatever the velocity distri-
bution, the mean transit time is related to flow and volume by
the following equation?%:

MTT = V/Q

Interestingly, the same relation arises in a simple reservoir
model with a single compartment, when diffusion and con-
vection dominate flow. Transit time can therefore be in-
creased by volume increasing or by flow decreasing.

For VTT

For VTIT, the considered volume is the renal blood volume
and increase in VIT would be related to high resistance lead-
ing to reduced flow.?’

For PTT

For PTT, the considered volume is the nephron volume for
DTPA (which is filtered) and effective tubular volume for
mercaptoacetyl-tri-glycine acid (MAG3) (which is mostly se-

Figure 5 Convolution product: when a small unit intraarterial injec-
tion & (Dirac) enters the kidney, this results in the renal retention
function (RRF) R(t); when the input is different (here P), the result is
the convolution product of P and R, which gives the renogram.

creted). (Note: The behavior of MAG3 within the nephron
cells must also be considered.) The primary urine flow is the
glomerular filtration rate (GFR) and thus directly corre-
sponds to renal function. Transit is therefore strongly linked
to renal function.?® The final urine flow depends mostly on
hydration state. Of course, along the tubule, water and solute
reabsorption occurs so flow decreases continuously. Diuret-
ics and downstream resistance may also influence flow. The
dependence of mean parenchymal transit time (MPTT or
PTT, ) on urine flow was shown in animal models.?® A
decrease in renal perfusion pressure leads to greater water
reabsorption, smaller urine flow and increased MPTT.? This
effect occurs in approximately 6 seconds.?!

For Whole Kidney TT

For whole kidney transit, the effect on parenchyma is mixed
up with the effect on pelvicalyceal system. In hydronephro-
sis, pelvicalyceal cavities are, by definition, enlarged, which
increases MTT. It has been shown that pelvic size is corre-
lated with washout rate.?? These authors even suggested that
enlarged pelvic size was mostly responsible for washout de-
lay. Assessing pelvic volume may help to understand the
variations of RTT in hydronephrosis.?* Mean transit time for
whole kidney (MWKTT) was also negatively correlated with
urine flow rate but the relationship was less clear than for
MPTT possibly because of variations of the cavity volume.?®
Other authors found MPTT less dependent on hydration
state than MWKTT because tubular urine is less concentrated
than pelvic urine.’*% However, in humans, the hydration
state has been shown to influence MWKTT only slightly'” so
it is still not clear whether the hydration state influences
MPTT or MWKTT more.

Alternate Techniques to Measure TT

Electron-beam tomography (EBCT) was used to assess transit
in animal models (Fig. 6).7%37 Dogs do not have papillae, so
when using a scanner slice, images can be obtained without
any superimposition of structures. The problem is different
for a dynamic projection of the renal scan in humans where
distinction between different portions of nephrons cannot be
made. Some recent attempts were tried to assess transit with
MRI but the methodology is not well defined yet.?!-*8


http://www.ISCORN.org
http://www.ISCORN.org

E. Durand et al

@D D
Vas:ular @ @

wi @@
il Loop of Henle Collecting
A ,_—%Dlstal duct
120 - Descending tubule
Ascendingl
£ 100
‘;’.’- Q
3 80
€
3
[
- 60
(@)
40
20

0 | 4 L L] | ] J ) 1

20 40 60 80 100 120 140

Time, seconds

Figure 6 Transit times measured by EBCT (time-activity curves are
shown). (Reprinted with permission from Macmillan Publishers,
Ltd: Kidney International, 1996.37)

Assessment of Transit

The general technique to assess renal transit in nuclear med-
icine is to acquire a dynamic scan after a bolus injection. After
acquisition, either a qualitative assessment of transit can be
done or a quantitative one, which may be either a transit time
determination or assessment of a simpler index of transit.
(Here, “simple” indices should be understood as “easy to
determine.” They may however reflect less simple physio-
logic parameters.)

Acquisition Parameters

The recommendations proposed here are focused on transit.
However, renography should not be optimized to yield an
accurate result of only one parameter. It should be designed
to yield acceptable results for several aspects of the examina-
tion, such as split renal function, perfusion, morphology and
transit. The reader may find the reference data in previous
consensus or published guidelines.?.3%-#

Patient

Dehydration may induce functional renal impairment and
slow transit (see “Synthesis”) so patient should at least be
normally hydrated (diuresis renography is mentioned in the
section “Diuresis Renography”). Oral hydration is sufficient.
The patient should be either lying supine or sitting or in a
reclining position (supine is preferable to avoid motion but
further acquisition after upright posture is usually manda-
tory: see “Gravity-Assisted Drainage [Upright Posture]). The
patient should be instructed to remain still during the proce-
dure or motion should be restrained.

Radiopharmaceutical

The transit of glomerular agents such as inulin or **mTc-
DTPA is straightforward: after entering the renal artery, they
are rapidly filtered and progress along the nephron until its
end. Intrarenal transit of purely secreted substances is not so
well-known because of the time needed in the tubule from
basal uptake until apical secretion into the lumen. Finally,
tracers such as hippuran (orthoiodohippurate-OIH) or
9mTc-MAG3 are both filtered and secreted so their transit
depends on more parameters and reflects something more
complicated. However, because of the higher extraction, tu-
bular tracers have been more widely used for assessing uri-
nary transit® and for diuresis renography.** In theory, the
initial pathways are different between the two tracers, MAG3
being secreted in the proximal tubule whereas DTPA is fil-
tered. However, at the end of the proximal tubule, they share
the same behavior and, in practice, transit times were found
similar with MAG3 and DTPA. Both tracers are therefore
acceptable, with a preference for MAG3 because of greater
extraction.

The usual injected activities in adults are 150 MBq for
MAGS3 or 300 MBq for DTPA.?% For children, the injected
activities should follow the EANM recommendations.*® At
the present time, '>’I-hippuran is not used much because it is
expensive (recommended activity for adults was 20 MBq).
Transit of L, L-ethylenedicysteine (L,L-EC) was also tested
against MAG3 without significant difference.*” Simulations
suggest that, even if noise leads to underestimating MTT,
high injected activities are not mandatory, at least for MTT.*®
Similarly, simple indices do not require high activities. On
the contrary, a British standardization group recommended
that whole kidney reach at least 1,000 cps at peak.** No
consensus could be reached on injected activity: some mem-
bers advocated injecting higher activities to improve statistics
(especially for PTTI) but the majority agreed to keep with
these values.

Camera

The gamma-camera should be fitted with an all-purpose,
low-energy collimator, with kidneys and heart in the field of
view. Including bladder makes it possible to assess its full-
ness. The acquisition should be performed as a posterior
view, except for transplants.

Dynamic Sequence

The sequence should start just before the tracer injection.
Sequence duration is a matter of debate. If a diuresis renog-
raphy is performed with a F + 20 protocol, a long acquisition
(40 minutes) is preferable. In other circumstances, 20 min-
utes is usually recommended, except when very long transit
times are expected. Indeed, to properly measure transit, the
study should last longer than the maximum TT. If not, the
whole retention function will not be completely determined,
which will induce a bias.>® Therefore, when the RRF does not
fall to zero at the end of the study, it should be mentioned
that the transit time is longer (>) than the calculated value.
For vascular transit time, which is short (a few seconds), a
high rate (1 image per second) is recommended, with the
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drawback of poor counting statistics. Whenever a cardiac
curve is used (deconvolution, output efficiency or Patlak-
Rutland plotting), 10 s images are recommended.>** In
other cases, 10- to 20-second images are acceptable. For
VTT, 1-second images should be used. Although usually pro-
vided, matrix size is not the most relevant parameter: pixel
size is. However, with large-field cameras, a 128 X 128 ma-
trix is usually recommended?® to get a pixel size of about 3 to
5 mm. Zoom is recommended for small children. It should be
set so that the image should contain only the area between the
lower part of the heart and the bladder.

Obtaining of the Renogram

Renal ROI

The renal ROI can either encompass the whole kidney, in-
cluding pelvis, or select parenchyma. For functional assess-
ment, a whole kidney is necessary. Parenchymal ROIs may be
drawn by hand with the help of a parametric image such as a
transit time image,'%12 T, image, NORA image, or OE
image (q.v.).> Also, two images (early for parenchyma and
late for cavities) may be superimposed to help drawing.>*
Alternatively, the renogram can be derived from factorial
analysis, which is sometimes called “fuzzy ROL.">> However,
there is no reason why mathematical components extracted
this way would correspond to physiological components®
unless a priori information is added to the model. It must be
noted however that in nuclear medicine, because of unavoid-
able breathing motion, the kidney image is somewhat
blurred. This motion, obvious when looking at dynamic MRI
images, is not visible as such in nuclear medicine because of
the poor temporal and spatial resolutions that are used. The
effect exists however and can induce difficulties in differen-
tiating cortex from pelvicalyceal system.

Background Subtraction for Kidney

A kidney ROI contains at the same time vascular activity,
parenchymal (extracted) activity, and nonrenal activity. As
shown in the first section, parenchymal activity is of interest
and vascular activity is dealt with by the deconvolution tech-
niques. However, nonrenal activity remains and should be
subtracted lest underestimation of MTT would occur.*® The
influence of non renal background on MTT is discussed:
some authors have found it around 6%?2* or even negligible.>
Probably, as for assessment of renal function, background
subtraction is of more importance if renal function is low. As
the procedure is very simple and because some published
works support this, we recommend background subtraction.
Perirenal ROI was the recommendation of the international
consensus on renal function.? However, it cannot be recom-
mended for transit calculations because it will contain pelvi-
ureteral activity. So renal background ROIs should exclude
the ureteral activity from the background ROIL.*

Zero Time

For TT measurement, a duration is measured so the choice of
the origin of time has no effect. However, other simplified
indices are related to time. The recommended time for this is

the maximum in the input function obtained from the ROI
positioned over the heart (left ventricle).

Patient Motion Correction

Motion should be checked for after the procedure. Motion
violates stationarity and compromises the calculation of TT.
Moreover, a kidney moving out of the renal ROI could mimic
good drainage. Also, motion will affect pixel-by-pixel mea-
surement parameters; however, small motion (or registered
images after large motion) may not be a problem for global
activity measurement in one large ROIL. Where necessary, a
movement correction algorithm should be applied to the data
before application of the renal transit analysis.

Acquisition of the Input Function
Theoretically, the ideal input function would be the tracer
concentration in the renal artery. However, because of small
size, it is not a solution in practice and even the aorta is not
recommended. The ROI of choice for the input function C(t)
should be the left ventricle. If the time shift between left
ventricle and renal artery requires correction for perfusion
analyses, this time shift is probably negligible compared with
the image time (10 to 20 seconds) and therefore correction is
not recommended. During this time shift, the bolus also ex-
periences smearing. To support this point, it was shown that
even after an intravenous bolus injection, since tracer travels
faster in the center of the vessel, the bolus will smear about
20% of its mean transit time in an artery and twice this in
lungs.”” The effect of the latter on transit has not been as-
sessed. In contrast, this effect may not be negligible for VIT.
The cardiac curve C(t) does not reflect only the plasma
concentration P(t) but also interstitial background activity.*®
Indeed, unsubtracted extracardiac activity leads to underes-
timation of MTT*5% Ideally, the right proportion for subtrac-
tion can be determined by two plasma samples: if the blood
poolis described by the time-evolution P(t) and the heart (left
ventricle) ROI by the time evolution C(t), one must consider
that C also contains background activity that is proportional
to the activity in a background ROI X(t). Then, C(t) = a X P
(t) + ¢ X X(t), where a and ¢ are two constants. Because C(t)
and X(t) can be measured with gamma-camera, P(t) can be
sampled for two values of time so one can easily infer a and b
and therefore get a true blood curve P(t) instead of the heart
curve C(t) with a more realistic retention function.®® How-
ever, blood-sampling is cumbersome; therefore, finally, we
also recommend simple background subtraction for the in-
put curve to get a better estimation of P(t) from C(t). The ROI
should be placed between the upper poles of the kidneys
avoiding pelviureteral activity. The suggested factor for sub-
traction is 0.57.

Parameters Assessing Renal Transit

To assess renal transit, two different groups of methods were
developed: measurement of TT using deconvolution and es-
timation of renal transit through various indices. When deal-
ing with a patient, it may be both useful to obtain a parameter
with a continuous value, which makes follow up possible,
and a binary response, possibly through a threshold: eg, is
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surgery recommended (or not)? For quantitative parameters,
only thresholding leads to a binary choice since all parame-
ters are intrinsically continuous. One drawback of pooling
many studies is that thresholds were determined retrospec-
tively on the tested population.

Renal Transit Measurement

With Deconvolution Techniques

Deconvolution techniques can be divided into two main cat-
egories: on one hand “exact” methods (matrix, Fourier,
Laplace, orthogonal polynomials), where R is calculated from
the renogram and the input function and, on the other hand,
“nonexact” methods (constrained least-square) where R is
estimated using a priori information on its shape. (Details can
be found in the appendix online at http://www.ISCORN.
org.) Convolution equation is valid under the assumption of
linearity and stationarity. In practice, many circumstances
can violate the stationarity hypothesis:

e diuretics change the output flow;

e bladder filling may cause increasing resistance to the
upper urinary system,

o pelvicalyceal filling (especially after hydration and di-
uretics) changes the transit because of volume,®! espe-
cially during diuresis renography;

e urinary output to the ureters and bladder is not contin-
uous but peristaltic (this should have only a slight effect
given the high frequency of peristalsis compared with
the acquisition rate);

e renal plasma flow can change rapidly over time;

e a reflex pelvic contraction induced by swallowing was
suggested by one study®?;

e patient motion?*;

e intermittent obstruction®?; and

o reflux.o

Under the term RTT, many different parameters were as-
sessed. Their normal values are detailed hereafter under var-
ious conditions of hydration (unless otherwise specified,
these values were obtained without diuretics). When renog-
raphy incorporates a TT measurement, the consensus com-
mittee recommends displaying in the report, as a quality
control, the renal retention function R and the reconvolution
curve RxC (ie, the convolution product of the calculated re-
tention function with the input curve).

Vascular transit time. VTT has been only sparsely studied.
Theoretically, it is independent of the radiopharmaceutical.
Normal VTT depends on age, ranging from about 5 = 1.4
seconds to about 11 = 2 seconds in older people.'? In normal
transplants, VIT was less than 14 seconds.?”

Parenchymal (cortical) transit time (PTT). Normal paren-
chymal (or cortical) mean transit time (MPTT) for DTPA is
usually found between 2 and 3 minutes, depending on stud-
ies, age and hydration state (Fig. 7):

e From 2.7 = 0.8 minutes (163 % 49 seconds) in young
(1-9 years) to 4.7 = 1.3 minutes (280 = 79 seconds) in
elderly (70-79 years) people!?;
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Figure 7 PTT normal values (central squares indicate mean values
and lines show one standard deviation).

2 minutes (120 seconds) in a child, hydrated (1 1/1.73
m? body surface area)>*;

2.2 £ 0.2 minutes (131 * 24 seconds) (hydrated)?>,
2.7 = 1.2 minutes (163 * 71 seconds) (dehydrated)*;
2.7 minutes (160 seconds) (child, dehydrated)*,

2.9 = 0.2 minutes (171 * 11 seconds)®;

2.6 = 0.5 minutes®;

2.9 = 0.5 minutes®’;

1.2 = 0.8 minutes®®; and

2.7 = 0.4 minutes in transplanted kidneys.®

For MAG3, normal values lie in the same range:

1.7 to 4.5 minutes’?;

86 = 0.98 (158 * 53 seconds)’!;

2.4 = 0.5 minutes (144 = 30 seconds) (hydrated)*>;
2.9 = 0.7 minutes (173 = 41 seconds) (dehydrated)?’;
and

1.7 £ 0.1 minutes (104 * 7 seconds)”?

Hippuran yields similar results™:

e 2.2 * (0.7 minutes®®
e 2.5 minute (upper limit 7.4 minutes) in children’

Coefficient of variation was calculated in a model and
found to be 5.2% when only Poissonian noise was consid-
ered.?* PTT is less affected by dehydration than other param-
eters such as WKTT, NORA, Tmax, T;,.%° One problem of
parenchymal transit times in that, in practice, in a renal scan,
there is not clear distinction between pure parenchyma and
cavities, so determining this transit time is a technical chal-
lenge, especially for small children and when parenchyma is
thinned by dilated cavities.”™

Whole kidney transit time. Normal MWKTT for DTPA is
somewhat longer than parenchymal TT (usually in the range
2-4 minutes), depending on studies, age and hydration state
(Fig. 8):
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Figure 8 WKTT normal values (central squares indicate mean values
and lines show one standard deviation).

from 3.5 £ 1 minutes (209 * 60 seconds) in young (1-9
years) to 5.7 £ 2.1 minutes (343 * 128 seconds) in
elderly (70-79 years) people!?;

3 * 0.9 minutes (180 * 55 seconds) (hydrated)?>;

2.3 minutes (140 seconds) (child, hydrated) (1 1/1.73
m2)3*:

5.3 £ 2.9 minutes (315 = 171 seconds) (dehydrated)*;
6.7 minutes (400 seconds) (child, dehydrated)**;

3 = 0.5 minutes®?;

3.6 = 1.1 minutes!'?;

3.4 = 1.1 minutes®;

3.4 = 0.7 minutes!® in children; and

3.0 = 0.5 minutes in transplanted kidneys.®

For MAG3, the normal values were much more scattered:

3.5 = 1 minutes (211 * 62 seconds) (hydrated)*>;

4.9 * 1.1 minutes (291 * 63 seconds) (dehydrated)*>;
2.9 = 0.5 minutes’';

4.2 minutes (upper limit 8.2 minute) in children’;

4.8 = 1.2 minutes in normal transplants’;

3.0 = 1.8 minutes in normal transplants’®; and

1.6 £ 0.1 minutes (93 = 7 seconds) in normal
transplant.”?

MWKTT for Hippuran lay in the same range:

e 3.1 = 1.1 minutes® and
e 2.2 * 0.3 minutes (134 * 16 seconds)®

Coefficient of variation was calculated in a model and
found to be 3.2% when only Poissonian noise was
considered.?*

Intrarenal flow and parenchymat transit time index. Sev-
eral attempts were made to differentiate two populations of
nephrons (namely cortical and juxtaglomerular) by their TTs.
By analyzing the spectrum of transit times, Gruenwald pro-
posed to analyze the distribution of renal blood flow between
two populations of nephrons and found a reduced cortical
flow in hypertensive subjects compared with normoten-

sive.”” Wilkinson found similar results in cirrhosis.” To di-
agnose obstructive nephropathy, Britton proposed to use the
parenchymal transit time index ie, the difference between the
mean PTT and the minimal PTT.'® The rationale of this index
is to detect the increased proximal tubular reabsorption of
salt and water slowing transit. This assumes that the medul-
lary concentrating ability is reduced when there is an in-
creased resistance to outflow, subtracting minimal TT would
make this index less influenced by hydration state. No con-
sensus was reached on this index. One drawback of this
approach is its lack of precision when determining the slight
inflection where the curve deviates from its plateau. This is
especially true when one considers that in real life, the pla-
teau is not perfectly horizontal. Help could come however
from the Patlak-Rutland plot (the deviation from linearity
corresponds to the minimal transit time). Like the standard
deviation of PTT (SDPTT), PTTI is therefore an index of
dispersion of PTT. However, SDPTT was claimed more
robust.'®

Normal values for PTTI were mostly set for DTPA (Fig. 9):

e under 2.6 minutes (156 seconds) (with Whitaker’s test
as a reference)!6;

e 1.4 * 0.4 minutes (81 * 24 seconds)’®; and

e 1.1 = 0.4 minutes (67 = 25 seconds).®°

Similar values ware found for hippuran:
e 1.1 £ 0.3 minutes (63 * 17 seconds).®°

Jung and coworkers measured the SD of DTPA MPTT and
found a difference between the hydrated (0.4 minute.) and
dehydrated state (1.1 minutes).*> This shows that the disper-
sion of cortical transit time depends on hydration state and
strongly suggests that PTTI does also.

Synthesis. The term TT does not reflect a unique parameter
because of the many types of TT, sometimes sharing the same
name (eg, some authors refer to PTTI as PTT). In animal
models, reproducibility for MTT was experimentally shown
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Figure 9 PTTInormal values (squares indicate mean values and lines
show one standard deviation; dashed line indicates upper limit for
normal).
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Figure 10 T .. normal values (squares indicate mean values and lines
show one standard deviation).

for a given kidney when urine flow rate remained constant.
However, MTT depends on urine flow rate.?? According to
several clinical studies, hydration state clearly plays a role.
However, variation among centers seems to be even more
important. Indeed, to test the data analysis among British
hospitals, a large intercenter audit was performed and found
important variations in the determination of MTT.8! The
committee agreed that MTT has the potential to be robust,
but that this potential can only be realized with the develop-
ment of guidelines for performing the test.

Nondeconvolution Methods

(Assessment of Transit Without Measurement of TT)
Because TT measurement has not been an easy task to per-
form, especially in the early times when computers com-
puted slowly, other approaches were developed in parallel:
simpler, more intuitive, and less time-consuming but proba-
bly mostly empirical. The simplest of these methods do not
take the vascular input function into account so the transit
assessed in this way is mixed up with the effect of the input.
However, more elaborate methods were devised (NORA and
OE) trying to tackle this difficulty. These methods are pre-
sented here in an increasing level of complexity.

Visual assessment of images. The simplest way to assess tran-
sit is to look at the printed images and assess the quality of
drainage.8? Both the parenchymal transit and the urinary tract
transit can be assessed this way. It is probably used by most
physicians, at least to get a rough control of the results given by
more complex methods. However, it cannot be quantified and it
strongly depends on the physician’s own experience.

Pelvic appearance time. By looking at the image series, the
pelvic appearance time can be determined, which is a param-
eter of parenchymal transit. This is a very simple and quick
method, applicable everywhere. However, this parameter is
user-dependent and scaling-dependent. It requires that all
images be scaled to the same maximum reference. Tracing a
ROI around the pelvis may help to determine this time. Nor-
mal values should be around the PTTmin: 1.5 to 5 minutes

(90 to 300 seconds) according to the experience of the com-
mittee members but references are lacking. When the time
reference is taken from the time of first appearance in the
cortex instead of the injection time, the normal values are
2.2 * 0.5 minutes (129 * 30 seconds).®

Visual assessment of curves. This is described in the section
“Intrepretation” about diuresis renography.

Time to peak. The time to peak (T,,,,) corresponds to the
time of the maximum of the renogram. It represents the point
at which tracer outflow (drainage) equals tracer inflow (up-
take). It has the advantage of simplicity, except when the
renogram stays at a plateau where Tmax may vary much
among operators. It proved quite reproducible in the British
audit.8! However, it does not represent a simple physiological
parameter. One can only state that minRTT < T,,,. There-
fore, a normal or slightly abnormal T,,, can be useful to
assess normality. It was mostly applied to whole-kidney ROIs
so it mostly assesses urinary drainage. Normal values for
DTPA depend on hydration (Fig. 10):

e 4.4 = 1.6minutes (261 * 94 seconds) (hydrated)*> and
e 5.9 = 3.3 minutes (352 = 198 seconds) (dehydrated)*

And they are slightly lower (by a factor of 1.13 * 2.22) for
MAG38*:

e 3.8 £ 1.2 minutes (227 * 73 seconds) (hydrated)?5,

e 4.6 = 1.2 minutes (276 * 71 seconds) (dehydrated)*;
and

e 3.8 = 1.9 minutes (225 * 116 seconds).®

Here, the difference between DTPA and MAG3 is mostly
due to the higher extraction rate for MAG3 (which entails a
faster removal) so this difference lies more in the input func-
tion than in the transit itself. With a cortical ROI, Tmax was
2.6 = 0.5 minutes (156 * 32 seconds).®

Half-Time (T;,). The time to reach a decay of 50% (T,,,),
although simple in appearance, can have several definitions,
leading to different results (Fig. 11)8¢:

Thalf (min.)

dehydrated

@

o~
e
e—=o

Figure 11 Half-time normal values (squares indicate mean values
and lines show one standard deviation).
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e delay from a reference time, to reduce activity by 50%
and

e half-time taken from an exponential decay fitted on the
renogram.

The reference point can be the maximum activity, or for di-
uresis renography: the time of injection of diuretic, or the time
when the response to diuretic is visualized. Without diuretics,
normal values (T, was defined as the time from the peak to half
the peak) for DTPA depend on the hydration state:

13.6 = 6.6 minutes (814 = 393 seconds) (hydrated)* and

16.0 £ 6.7 minutes (961 = 404 seconds) (dehydrated)*

Normal values for MAG3 are much shorter, which again is
mostly related in the difference in the input function due to
higher extraction for MAG3:

e 6.2 = 2.5 minutes (370 * 148 seconds) (hydrated)®
e 7.4 * 1.8 minutes (446 = 110 seconds) (dehydrated)*
e 6.5 * 4.1 minutes (392 * 244 seconds)®’

NORA. Normalized residual activity is simply defined as the
ratio of the renogram value taken at a certain time to the value
taken during the second minute (between 1 and 2 minutes after
injection, which is shorter than the minimum transit time)®:

t+1 min

K
NORA() = ———

2 min
[ &
1 min

Therefore, it can be applied to different times and can be
combined with various interventions (condition of stationar-
ity is not required). This versatility has a drawback: compar-
ison between works is made harder because of lack of stan-
dardization so when using this index, mentioning the time is
mandatory. The most common time for determination is at
20 minutes after injection. The rationale of this index is to
scale the remaining tracer to the tracer taken by the kidney.
This is clearly better than previous indices (T, T1) but
some dependence on renal function remains: coefficient of
variation under 30% when the clearance of MAG3 exceeds
100 mL/min.®® This index has the advantages of simplicity
and robustness.®® Proposed normal values (threshold ob-
tained in nonoperated hydronephrotic kidneys) for MAG3
(Fig. 12) were <1.0 for NORA%® without diuretics.® A
slightly different index was determined in earlier studies: the
ratio of activity at 20 minutes to the activity in the third
minute (2-3 minutes). Its normal values depended on the
hydration state. For MAG3, they were as follows:

0.19 = 0.03 (hydrated)*;
0.28 = 0.09 (dehydrated)*;
0.22 * 0.14%; and

0.15 * 0.05 for cortical ROI.8

For DTPA, they were higher:

e 0.56 = 0.16 (hydrated)* and
e 0.69 *= 0.22 (dehydrated)*
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Figure 12 NORA normal values (squares indicate mean values and
lines show one standard deviation).

Washout index or excretion ratio or residual cortical activ-
ity (RCA). Instead of normalizing the residual activity to
activity at a fixed time such as for NORA, other authors
suggested to normalize the residual activity against the peak
of the renogram.8*°° The normal value for this index was
Ayo/A e normal <0.3.°! This index represents urine flow rate
and can be recommended as an aid to visual analysis of the
renogram.”! It does not represent however a true assessment
of transit time.

Renal output efficiency (OE). Like NORA, renal output ef-
ficiency (OE or ROE) was introduced to normalize output to
renal function®? cited by Chaiwatanarat.”® It is obtained by
fitting the integral of the plasma curve P(t) (in practice: cor-
rected heart curve) to the corrected renogram K(t). This gives
the total renal uptake:

t
m0=Bfo Q)
0

where B is a number obtained by the fitting process. By sub-
tracting the remaining activity in the kidney, on can then
easily compute the output as a fraction of the uptake.

ROE 1 alll
® ) 3

This fitting should be performed before any tracer leaves
the ROI, which can be defined as before pelvic appearance, or
on the straight part of the Patlak plot, or within a fixed range
(1-2 or 1-2.5 minutes). The fitting is made easier by using the
Patlak-Rutland plot (the principles of which were introduced
by Britton and Brown®*) or deconvolution both of which
giving the multiplication factor for fitting the integral of the
blood curve.!?

MTT and OE are (negatively) correlated but not equivalent
nor linearly correlated.’® The relationship between the two
depends on renal function. NORA and OE theoretically have
a very strong (negative) correlation.®”:%° They have a very
strong correlation to TT when renal function is not too low.
OE shows slightly better correlation with MTT than NORA.®7
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Like NORA, OE is versatile, with the same drawback ie, lack
of standardization. Here again, we recommend that the time
be specified, for instance, ROE(20). This index is slightly less
influenced by renal function than NORA but it is not inde-
pendent of renal function.'>% However, correction tech-
niques for this were recently proposed.®® Also, OE does not
take into account that cardiac ROI does not perfectly reflect
plasma activity.>® Normal values were published for MAG3:

e OE (40 minutes) >89% in children®” after 15 ml/kg
hydration and furosemide;

e OE (20 minutes) >86.3 * 3.7% in normal transplants’>
after furosemide; and

e OE (20 minutes) >81.6 * 5.4% in normal trans-
plants’63 after 500 mL of hydration and furosemide

Other transit indices. Other transit indices were proposed
and are detailed in the appendix online.

Interventions

Because transit depends on various conditions, interventions
were proposed to change TT: in obstruction, intervention
(diuretics) aims at increasing the urinary flow, while in reno-
vascular disease intervention (ACE inhibitors) aims at reliev-
ing the vasoconstriction of efferent arterioles. However, be-
cause of the need for stationarity in deconvolution, these
interventions are usually not associated with measurement of
TT but with the simplified transit indices described just
above.

Diuresis renography. To assess the effect of a high diuresis,
diuresis renography was proposed with probe renography in
1968 by Rado® and used in hydronephrosis by O'Reilly in
1978.9°

Rationale and Pathophysiology. In hydronephrosis, the in-
creased volume of cavities entails lengthening of RTT. The
rationale of the test?>1%° was to provoke hyperdiuresis to
wash out the cavities. In fact, several phenomena may occur
during such a test:

30
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Mean urinary flow rates following diuretic injection.
(Error bars indicate standard deviation).

Figure 13 kinetics of the effect of IV injection of furosemide. (Re-
printed from Brown et al?® with permission from Wiley-Blackwell.)

DIURETIC GIVEN DIURETIC GIVEN

ROUTINE WITH DIURESIS

RESPONSE | RESPONSE 1l

DIURETIC GIVEN DIURETIC GIVEN

RESPONSE illa RESPONSE 1lib

Figure 14 Classical patterns to interpret a diuresis renography. (Re-
printed with permission from O'Reilly et al.'?)

e anincrease in flow, which shortens the RTT, designed to
avoid false-positive results;

e an increase of the cavity volume (nearly doubled in chil-
dren younger than 2 years??), which may give false pos-
itive;

e a pyelic distension, which may mechanically increase
pyeloureteral resistances, which may reveal true posi-
tivel0l:

e an increase in flow, which sensitizes the test!!;

e an increase in pyelic pressure!®?; and

e vasodilation.

Protocol. The patient should be well-hydrated (7-10 mL/kg)
with a solution with low-content in NaCl (not purely isotonic
saline) to ensure a quick diuresis. The oral route suffices.
Recommended tracer is MAG3. Furosemide is injected intra-
venously (1 mg/kg in infants, 0.5 mg/kg in children and 40
mg in adults®). In case of renal failure, adapting furosemide
dose to the renal function remains controversial.!93-195 The
classical time for diuretic administration used to be 20 min-
utes post injection (“F + 20” protocol). The acquisition
should last at least 15 minutes after.

Later on, English and coworkers suggested that injecting
the furosemide 15 minutes before radiopharmaceutical (“F-
15” protocol) can reduce equivocal responses because max-
imum diuresis is obtained when the tracer is injected (Fig.
13).101.196 This would increase the sensitivity and specificity
of the test. For simplicity, it was also proposed to inject the
radiopharmaceutical and the diuretic simultaneously (“FO”
protocol), which is advantageous in case of difficult venous
access.*197 The respective value of the three protocols is
either in favor of F-15,101196 some finding more obstructive
patterns with F-15 protocol!® others finding less equivocal
results, %9119 or shows equivalent results for the three proto-
cols. 111112 The tendency nowadays is to use FO protocol but
this has the disadvantage like the F-15 of not providing in-
formation about the baseline state.
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Interpretation. Most of the criteria for interpreting diuresis
renography were established with the F + 20 protocol. A
classical way of interpreting diuresis renography is to look at
the curve pattern (Fig. 14). The type IV (Homsy’s sign) cor-
responds to a reascending curve, following initially good
drainage, was described as a sign of potential intermittent
obstruction, due to the high flow induced by diuretics.®® First
attempt to analyze diuretic renography by quantitative indi-
ces was done in 1973113 with T,, and T,,. Normal value for
Ty, in diuresis renography is less than 9 minutes'!* or 10
minutes!'!’® (undetermined between 10 and 20 minutes) Nor-
mal NORA is less than 0.23.%° Normal OE is >78% in
adults.”

Discussion. This test has some potential pitfalls, as de-
tailed*:

e Poor renal function leads to a poor diuresis and impairs the
test!16-118 hecause furosemide-induced flow is roughly pro-
portional to renal function.?®1° To circumvent this, it was
suggested to increase the furosemide dose in case of renal
failure!® but this remains debated.!®

o A very large pelvis may give a misleading response to

diuresis on the renogram, not because of obstruction,

but because of a large volume (reservoir effect).!'®

A full bladder may overlap renal ROI in infants.''6

e Bad hydration may lead to poor diuresis (diuretics alone
do not ensure a good diuresis).

e Bladder fullness can impede drainage.!?°

e Problems with renal immaturity in neonates was sug-
gested*™ but most neonates have an adequate diuretic
response.®?

o Accelerating transit can make the use of Patlak-Rutland
method difficult, especially in small children.!?!

It was suggested that diuresis renography had the advan-
tage of testing the urinary tract during pelvic dilation, which
may disclose intermittent obstruction that cannot be seen
during a baseline test.!?? Paradoxically, patients with large
pelves (therefore having bad indices of transit because of the
reservoir effect) will accept more easily a high urine load
because of pelvis compliance, whereas patients with small
pelves may rapidly develop high pelvic pressure, which may
lead to function loss. These authors suggest that this enlarge-
ment can be considered as a protective mechanism.33:122:123
Diuresis renography and MPTT assessment provide corre-
lated but not similar results.!** Very high hydration was sug-
gested by some authors but was questioned about safety!'?>
and we do not recommend its use.

The Use of Diuresis Renography. With TT Measurements
Injection of a diuretic clearly violates the stationarity assump-
tion and is therefore not suitable for pure TT measurement
(except if the TT is determined before the diuretic injection).
To make diuresis renography and TT measurement compat-
ible requires that the RTT be measured at a time when a
plateau is reached in the effect of the diuretic (Fig. 13). This
could be either F-15 protocol (RTT is measured when the

diuretic effect has reached a plateau) or F + 20 (perform RTT
measurement before injecting the diuretic).

Micturition. False obstruction aspects may disappear after
micturition.'?%126 Bladder fullness increases renal pelvic
pressure in rats!?’ and in humans.!?® In case of prolonged
transit, it is therefore essential to add images after micturition
at the end of the acquisition. This is even more important in
patients with a double-pigtail ureteral catheter for whom a
pseudoobstructive pattern is common when the bladder is
full. 29 An additional argument to perform postmicturition
images in the infant is that a huge bladder may often overlap
onto the pelvis and give false-positive results. The normal
value for postmicturition NORA is <0.1.8% Renal output
efficiency is more difficult to assess after micturition when
diuresis is performed (as it is usually) out of the camera:
some kind of interpolation is required for the vascular
curve for OE.®7

Gravity-assisted drainage (upright posture). Renography
can often show an “obstructive pattern” that normalizes after
upright position maneuver.12%130 Indeed, bladder fullness in-
duces a dilation in pelvicalyceal cavities,!*! maybe because of
the anatomical change of the ureteral orifice at the uret-
erovesical junction.!3? In case of prolonged transit, it is es-
sential therefore to add images after mobilization at the end of
the acquisition. However, a question arises: even if drainage
is good when the patient is upright, are we certain that the
kidneys do not suffer when the patient is lying down eg,
during the night?

ACE inhibitors. Inrenovascular hypertension, a stenosisin a
renal artery induces secretion of renin to maintain the filtra-
tion pressure by vasoconstriction (induced by angiotensin II)
in the efferent artery. The principle of the test is to administer
an inhibitor of the angiotensin-converting enzyme system,
which relieves the vasoconstriction and induces a drop in
glomerular filtration rate. This increases the parenchymal
transit time.*!

Summary

To assess renal transit, two kinds of methods exist. The first
one is a measurement of transit time by deconvolution,
which was mostly applied to parenchymal transit with DTPA
(MAG3 was not introduced until 1986). This measurement
provides a parameter that is physiologically relevant (namely,
the duration that a molecule stays in the nephron, which is
the ratio of the nephron volume to the urine flow). However,
a British audit showed a poor intercenter reproducibility of
the data processing.®! The second one is an estimation of
transit by several indices, which have no direct physiological
significance. Some of them are very simple but in an attempt
to get rid of the influence of the input function, two indices
were proposed: NORA is the simplest, OE is more complex
but depends less on renal function. These simple indices have
the advantage of easy reproducibility. However, there is a
lack of standardization, especially in the time when these
indices should be calculated.
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Application of MTT
in Clinical Situations

Renal transit was mostly studied in 3 clinical situations: hy-
dronephrosis, renovascular hypertension (RVHT), and kid-
ney transplantation.

Hydronephrosis and Obstruction

Defining hydronephrosis is simple: anatomic dilation of the
collecting system, irrespective of the cause.?® Obstruction is
more complex, even though a huge number of papers deal
with urinary obstruction. Paradoxically, no universally ac-
cepted definition exists for obstruction. Obstructed uropathy
can be defined as obstruction of outflow independent of kid-
ney function.?® Obstructive nephropathy can be defined as
renal dysfunction resulting from past or present uropathy.
One widely accepted definition for clinically significant ob-
struction was given by Koff: “Any restriction to urinary flow
that, left untreated, will cause a progressive renal deteriora-
tion”13? with its variant “. . . limiting the functional potential
of the developing kidney.”!3* This definition is relevant to
clinical practice because it indicates which patients may ben-
efit from surgery. However, it has the drawback of being
retrospective and not easy to assess because of ethical con-
siderations. To be certain about a patient’s obstruction re-
quires seeing his/her renal function deteriorate! If the patient
is preemptively operated, it will become impossible to know
if the function would have decreased if surgery had not been
performed. With such a definition, no test will give a diag-
nosis of obstruction, only a correlation with the potential for
progressive renal deterioration.!?> Moreover, concentrating
ability would be a better marker of renal function than glo-
merular filtration rate in these patients!*>13° Lack of a simple
gold standard makes the assessment of the utility of transit
times very difficult. The clinically relevant questions could be
formulated as follows:

o If kidney is not operated, will its function deteriorate?

o If kidney is not operated and function is preserved, will
it be at the cost of a compensatory mechanism?

o If function decreases and kidney is operated, will func-
tion recover?

e What is the long-term prognosis of unoperated patients?

After complete acute obstruction, renal function deterio-
rates within a few hours and recovers after relief if it does not
last more than a few days.!?” The situation is quite clear-cut
and isotopes are rarely required. Therefore, here, only partial
or intermittent obstruction will be considered. In fact, hydro-
nephrosis probably encompasses many distinct diseases and
at least two clinical conditions should be distinguished: neo-
natal hydronephrosis and adult hydronephrosis (even if the
adult hydronephrosis may in some cases be the result of
neonatal hydronephrosis). More complexity can be added
when one considers that obstruction may be intermittent. In
this case, any test performed outside the period of obstruc-
tion will remain normal.%® Also, one of the problems in fol-

low-up is that renal dysfunction can be induced by other
renal diseases (such as infection).

Pathophysiology and Animal Models

An important part of the knowledge of obstruction patho-
physiology comes from animal models, with the reservation
that they cannot necessarily be transposed to humans. The
sequence of events leading to renal damage is not fully un-
derstood but appears to result from increased pressure with
reduction in renal blood flow.!1® Acute obstruction results in
increased pelvic pressure and a decreased renal blood
flow.138 Though it appears reasonable that increased pressure
is the cause of renal damage, during chronic dilation, baseline
pressure is only marginally (if even) elevated and cannot be
used as a diagnostic criterion.!**1*2 Others have suggested
that obstructive damage may be due to renal ischemia.!*?
Pelvic volume in itself would not necessarily be a pejorative
criterion and hydronephrosis could even be seen as a mech-
anism to protect kidney from pressure increase.'** After in-
creasing ureteral pressure in rats by 25 to 40 mm Hg, Rector
and coworkers observed a reduction in GFR by 20 to 37%
with an increase in tubular fluid reabsorption, an enlarge-
ment in tubular volume by 23% to 56% and an increase in
tubular transit time by 67% to 245%.'* This increase in
tubular TT therefore seems to be caused by both a reduction
in flow and an increase in volume, making it a theoretically
sensitive parameter in this animal model. However, in con-
genital ureteropelvic junction obstruction, the tubule volume
is not increased (and may even be decreased),*1*7 proximal
tubules being decreased in length and smaller in sectional
area while distal tubules are unchanged. An increase in
MWKTT as well as in MPTT was observed in experimental
obstruction with a correlation between MPTT and the pelvic
baseline pressure.!*® However, the level of “obstruction,” as
assessed by the renal scan, was not correlated with renal
function loss.'* In an animal model, T,,, and MTT were
sensitive for diagnosis of obstruction but they lacked speci-
ficity.’>® A nonobstructive (grade I) pattern though seems a
good indicator of an unobstructed pelvis.!>! It must be em-
phasized here that patients with dilated but unobstructed
cavities may have transit times larger than normal.

Surrogate Gold Standards

The Whitaker test. The Whitaker’s test was proposed as
early as 1969 by Johnston,'* then published in 1973, with-
out any true validation in the original paper!'>? nor after-
ward?>1°315% This test consists of infusing the pelvis with a
constant flow of 10 mL - min~! while measuring the pelvic
pressure. It could be performed either by a nephrostomy tube
or by percutaneous puncture. The rationale of this test is that
an elevated pressure is the cause of renal damage in obstruc-
tion. If the pelvic pressure exceeds the bladder pressure by at
least 22 ¢cm H,O, the test is considered positive (“ob-
structed”). If it remains <15 cm H,O above the bladder pres-
sure, it is considered normal. Between the two, it is consid-
ered equivocal. The flow rate of 10 mL - min~!is in the upper
range of physiological final urine flow for both kidneys so it
may be nonphysiological for one single kidney taken sepa-
rately.!?? In medicine, independent (intensive in physics)
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variables include pressure, temperature, concentration (they
are unrelated to body size) and do not need any scaling (such
as temperature/kg). Volumes, masses, amounts and flows are
dependent (extensive in physics) and need adjustment for
size (plasma volume/kg) to define normal values across pop-
ulations, so adapted flows were alternatively proposed espe-
cially for children.!” It had the advantage over diuresis
renography of independence of renal function. However, it is
invasive and has morbidity.?> This test may be hindered by
leakage around the intrapelvic catheter. In one study, no
correlation was found between the pressure study and the
functional outcome of surgery.!”® This test has now been
abandoned in most countries.!41:157-161

Surgical or pathological finding. Histopathological changes
can be found in hydronephrosis.!62163 However, no proof
exists that these changes are primary or secondary,'®* nor
that they entail a poor prognosis, so their value is still not
clear.

Clinical Situation

Antenatally discovered hydronephrosis is not a rare condi-
tion, occurring in about 1/500 pregnancies.!®>10 After the
advent of systematic antenatal ultrasound tests, there was a
major increase in diagnosis of dilated pelvis in infants. Ini-
tially, it was recommended that all these infants would be
operated.!®” Then, the Whitaker’s test and diuresis renogra-
phy were considered as criteria for operation. It was later
shown that most newborns with severe unilateral hydrone-
phrosis can be safely managed conservatively at least when
relative function of the dilated side exceeds 40%.15°-168-173
When initial function is <40%, operation results in an im-
provement of relative function!’! but even with function
<40%, the majority of patients recovered function sponta-
neously in two series.19%17* A randomized, prospective study
also showed that even if pyeloplasty did improve the grade of
hydronephrosis and the renographic pattern, function was
not significantly different in the operative group than in the
conservative group.!”> Other studies suggested the same con-
clusion.!”® Some retrospective studies however suggested
higher risk with conservative management.?”"-18! It is still not
clear whether early operation results in a better functional
prognosis!’®180 or not.176:182.183 The tendency nowadays is to
concentrate on function, not on transit. A logistic regression
analysis suggested that deconvolution techniques helped less
than standard renography to differentiate normal from
acutely obstructed patients.'8* However, this study used a
20-second frame duration (which is now considered as too
long for deconvolution). The PTTI was not tested here.

Role of Transit Assessment

Estimation of the usefulness of transit time in hydronephrosis
is made very difficult by the lack of a gold standard: many
clinical studies were published in the last 30 years but, in
most of them, criteria for obstruction were not even clearly
defined. When criteria were defined, they were acceptable
only in a few cases. In the other cases, diagnostic criteria
either included the results of the renal scan (which results in
a self-fulfilling prophecy), used the results of nonvalidated

procedures (such as the Whitaker’s test or other transit indi-
ces) or showed a postoperative improvement in a transit in-
dex but not in the patient’s condition (volume reduction
from pyeloplasty intrinsically accelerates transit) nor on the
level of renal function.® The potential of transit assessment is
twofold: TT assesses obstructive nephropathy, whereas di-
uresis renography assesses urodynamics.>* Probably, even
without any obstruction, hydronephrosis induces urine stag-
nation, which can be assessed by transit time and increases
the risks of infection as well as urolithiasis.?

Pathological findings. In a short series of patients, response
to renography was shown to correlate with the presence of
pathological changes.'®> The visual analysis of the renogram
was correlated with histopathological changes in the upper
urinary tract.!8® However, the clinical significance of these
pathological changes remains uncertain.

Whitaker’s test. As the Whitaker’s test was once considered
a gold standard, many studies compared transit parameters
to this test and generally found correlation but not equiva-
lence.102.162.187-191 Diyresis renography was discordant with
Whitaker’s test in patients with poor renal function and very
large pelves.'? Discrepancies between diuresis renography
and the Whitaker test may be due to the flow rate differences
(in some cases, hyperdiuresis may give flows higher than 10
mL - min~").'%3 PTTI was highly correlated with the Whitak-
er’s test results.!® For operated patients, PTTI was normalized
after surgery.'6

Negative predictive value of fast transit. In a large multi-
centric study, acutely obstructed adults and chronically ob-
structed children had a significant increase in MTT.!° A neg-
ative diuresis test seems to be associated with a good
prognosis without surgery.'% In a prospective study, when a
child presented with hydronephrosis, diuresis renography
was performed (with a huge fluid load of 4% BW and 0.3 mg
- kg™! furosemide) and patients were operated if the reno-
gram had an “obstructive” shape; result was an overall in-
crease in relative renal function after operation and stability
without operation; only 2 children (6%) initially classified as
“non obstructed” required operation later.'”* Similar results
were found retrospectively by others in children.8? A good-
drainage diuresis renography is generally recognized as an
acceptable criteria for the absence of obstruction in chil-
dren® but also in a global population,® though intermittent
obstruction could result in false-negatives. Sufficient data
therefore support the consensus that normal transit parame-
ters have a good negative predictive value.

Positive predictive value of slow transit In a small series,
MWKTT paradoxically increased in as many cases as it de-
creased after pyeloplasty!'®> in pediatric patients with highly
dilated systems, but without obstruction on simple follow-
up, 43% were false-positive using MWKTT with DTPA and a
threshold of 5 minutes.” Diuresis renography was unable to
predict which children would undergo surgery in a prospec-
tive trial of conservative management.!68.169171 An extensive
metananalysis review of the literature was published in
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2002, concluding that among the 474 children for whom
it was decided to follow up without surgery, 10% crossed
over to surgery (mostly for decrease in function or increase in
pelvic volume) and only 3 kidneys (0.6%) significantly lost
function. Diuresis renography wrongly identified “obstruc-
tion” in 87% of these kidneys. This suggests that the positive
value of an ‘obstructive’ diuresis renography pattern is ex-
tremely poor. However, doubts remain about the long-term
prognosis of these nonoperated children.!6!

Summary on Obstruction

TT may be useful in obstruction. Obstruction remains diffi-
cult to define in a given patient and no gold standard exists.
Therefore, the evaluation of the role of transit time assess-
ment in obstruction remains debated, without proven evi-
dence. A normal transit assessment probably has a good neg-
ative predictive value. On the contrary, no criteria are
universally accepted, which allow interpretation of impaired
drainage as obstruction® and we still lack a properly-de-
signed prospective study assessing the value of radionuclides
in hydronephrosis.'” So, at least in children, in hydrone-
phrosis it is not the type of transit test (sophisticated or not)
which is the real question, but if a slow transit (regardless of
the method) has a positive predictive value.

Renal Artery Stenosis and
Renovascular Hypertension

In 1963, Dore suggested that transit time studies could be
useful in renovascular hypertension (RVHT).* Renovascular
hypertension is generally due to renal artery stenosis. How-
ever, most of patients with renal artery stenosis do not have
RVHT. The main criterion for RVHT is relief of hypertension
after revascularization and renal artery stenosis can be proved
by arteriography. Gold standards do exist here and the case is
therefore much simpler that for hydronephrosis.

Hemodynamically

Significant Renovascular Hypertension

As explained in “ACE Inhibitors,” a main issue is to assess an
increase in transit times after administration of ACEL An
increase of Tmax of more than 5 minutes or an increase of
MPTT of more than 20% after ACEI were predictive of suc-
cess after revascularization.'®® A multicenter study showed
that T ., O curve pattern analysis performed well in diagnos-
ing RVHT.!? An increase in A,¢/A,, of more than 0.19 (for
OIH) or 0.22 (for DTPA) was a sign of RVHT.2%

In the SNM procedure guideline for diagnosing renovas-
cular hypertension, a 0.15 change in A)y/A,, ratio (ie, an
increase from the 0.30 normal upper limit to at least 0.45)
was considered significant, an increase between 0.1 and 0.15
being considered borderline.®! In the same guideline, the use
of T was suggested (positive with increase of at least 2
minute or 40%). The visual interpretation of the curve was
suggested (positive if change in renogram grade). The use of
parenchymal transit time measurement was recommended if
available, without criteria. An increase of at least 2 minutes in
the pelvic appearance time was also considered as positive.*!
Even without pharmacological intervention, baseline transit

was proposed to diagnose RVHT: increased MPTTS” or PTTI
(improperly called PTT in their paper)”® would be a criterion
for RVHT. A prospective study provided evidence for predic-
tive ability of DTPA MPTT.%® MTT would also be useful to
select patients with renal failure that can benefit from ACE
inhibitors (when MTT does not increase with this drug).
Tmax would not provide the same information but data were
not presented.?’! We can conclude that transit assessment
has a proved utility in this indication but that simple param-
eters perform as well as true TT measurement.?°> One poten-
tial interest of TT is to provide a number, which makes inter-
pretation and intercenter comparison easier to perform.

Renal Artery Stenosis

Rutland and coworkers suggested that transit time assess-
ment alone could diagnose renal artery stenosis. However,
the thresholds were determined retrospectively.?> Others
also proposed to use increased MPTT as a criterion to diag-
nose RAS without pharmacological intervention.®> The ma-
jority of studies compared baseline transit to transit after
ACEL It was shown that an increase of MPTT of more than
20% or an increase of Tmax of more than 5 minutes after
ACEI is predictive or renal artery stenosis.'?82%* However,
visual inspection of the renogram performed as well in diag-
nosing renal artery stenosis during the ACEI test.?®> One
study has shown better correlation with the degree of stenosis
for the SDTT than for the T,,.'® Others found no advantage
of deconvolution techniques over simple renogram analysis
in this indication.?° Here again, transit assessment has a
proven utility but no superiority was found for TT measure-
ments over simple indices.

Assessment of Transplanted Kidneys
Transplanted kidneys are at risk for many disorders, espe-
cially in the first days after transplantation, including isch-
emia, acute rejection (AR), acute tubular necrosis (ATN), and
obstruction. The gold standard is here not so easy to define.
However, the evolution under treatment of these acute dis-
orders usually permits reliable diagnosis. Vascular transit
would have a role in differentiating AR from ATN. ATN
would have normal VIT, whereas all other transplant disor-
ders (especially AR) would have increased VIT.'* However,
in this study, thresholds were determined retrospectively.
This utility was supported by another study.?’

Parenchymal transit time was able to separate ATN or AR
from normal (but so did pelvic appearance time) but it did
not separate ATN from AR.”? Another retrospective study
showed contradictory results comparing MTT in outer and
middle regions.® In transplants, obstruction is usually acute
so diagnosis is much easier than discussed above (rapid and
significant decrease of plasma creatinine after drainage, with-
out other confounding cause). A few studies suggested that
transit assessment is useful to differentiate obstructed from
normally functioning transplants using either MWKTT?%7 or
diuresis renography: in transplants without obstruction, after
furosemide, OF was above 77% with MAG3.7° Using a cut-off
of 75% (20 minutes diuresis F + 10) gave a sensitivity/spec-
ificity of 92%/87% in diagnosing obstruction.”
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Miscellaneous

In case of a poor injection (eg, partially subcutaneous injec-
tion), the renogram cannot be interpreted. However, the RRF
can still be determined and is very similar to the RRF ob-
tained in the same patient after a proper IV injection?0864
Long renal transit time indices in patient without renal dis-
ease would give a pejorative prognosis of developing renal
insufficiency after cardiac transplantation in patients without
previous renal disease.?”® Mean transit times were signifi-
cantly higher in a large series of patients with vesico-ureteral
reflux (even after operation).'” No explanation was provided
but one could postulate a dilation of tubules. A dilated col-
lecting system such as seen in grade III- V reflux, or even a
reflux phenomenon occurring during the renogram might be
falsely interpreted as an increase of transit time.

Conclusion

Purest transit parameters (measured transit times) can be
obtained by deconvolution but they lack intercenter repro-
ducibility. Simple parameters are more influenced by the
input function and do not reflect truly physiological param-
eters. Moreover, transit is affected by many parameters (hy-
dration state, arterial pressure, reservoir effect, full bladder,
posture, etc) More standardization is therefore desirable for
both classes of methods. In obstruction, no consensus was
reached among the committee members. The majority think
that no clinically relevant utility of transit assessment is
proved, except probably a normal transit, which can be assessed
by any method and has a good negative predictive value. Some
other members think that transit assessment is useful in the
diagnosis of obstruction. In transplant assessment and RVHT,
transit is useful but there is no proof that exact transit time
determination is clinically more relevant than using simple tran-
sit indices.*® To progress in the technical aspects of assessing
renal transit, things could go in 4 steps:

e Standardization of procedures for a few parameters (eg,
MPTT and PTTI, NORA and OE in diuresis renogra-
phy); pressure on manufacturers would also be needed
to provide user-friendly software

e International audit to assess the intercenter reproduc-
ibility with a database of blinded studies (for this, it
would be needed to construct a global database to which
different centers may contribute data acquired to agreed
specifications). Both data acquisition under standard-
ization (hydration, etc) and post processing could thus
be assessed. In children, it would be important to have a
database of assumed “normal kidneys” (the contralateral
side of abnormal kidneys). The second important data-
base should be the group of dilated kidneys for which
obstruction is unlikely: for instance the residual dilation
after pyeloplasty or the major vesicorenal reflux.

e Multicenter determination of normal values under stan-
dardized conditions

e Prospective multicenter assessment of clinical useful-
ness of these measurements, with well-defined gold
standard (eg, a randomized prospective study in func-

tionally symmetric kidneys using transit as operation
criterion). The methodology should be validated before-
hand by specialized statisticians.

Appendix
Available online at http://www.ISCORN.org.

Note on References

Only peer-reviewed papers were considered for clinical evi-
dence, not editorials, letters, abstracts, books, or personal
communications. Other papers have be taken as useful for
their ideas but not for clinical or experimental evidence. The
quoted references were classified along the following catego-
ries?10211 (we must however remark that this classification
was designed for therapeutic studies, not for diagnostic stud-
ies as here). Additional categories were used to adapt the
original categories to the specific nature of transit assessment.
The levels of evidence were:

e Cl = Level I (at least one properly randomized con-
trolled trial)

e C2-1 = Level II-1 (well-designed controlled trials with-
out randomization)

e (C2-2 = Level 1I-2 (well-designed cohort or case-control
analytic studies, preferably from more than one center
or research group)

e (C2-3 = Level II-3 (multiple time-series with or without
intervention; dramatic results in uncontrolled experi-
ments could also be regarded as this type of evidence)

e C3 = Level III (opinion of respected authorities, based
on clinical experience, descriptive studies or reports of
experts committees)

e U = Studies that were uncontrolled, retrospective or
otherwise failed to fulfil the previous criteria (note that
prevalidation studies where threshold was determined
retrospectively are classified here)

e M = Mathematical evidence
e O = Opinion/Review

e P = Physiological data

e A = Animal model

e N = Numerical simulations
e B = Book

e [ = Letter

e S = Survey

e R = Abstract

The article category is noted at the end of each reference.

References

1. Taplin GV, Meredith OM Jr, et al: The radioisotope renogram: An
external test for individual kidney function and upper urinary tract
patency. J Lab Clin Med 48:886-901, 1956 [U]

2. Prigent A, Cosgriff P, Gates GF, et al: Consensus report on quality
control of quantitative measurements of renal function obtained from
the renogram: International Consensus Committee from the Scientific
Committee of Radionuclides in Nephrourology. Semin Nucl Med 29:
146-159, 1999 [C3]


http://www.ISCORN.org

E. Durand et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Colin F, Mercenier P, Kornreich F, et al: Bases expérimentales d'une
interprétation quantitative du rénogramme. Acta Cardiol 6:546-557,
1964 [M]

Dore EK, Taplin GV, Johnson DE: Current interpretation of the
sodium iodohippurate I-131 renocystogram. JAMA 185:925-932,
1963 [U]

Coe FL, Burke G: A Theoretical approach to the I-131-hippuran reno-
gram. ] Nucl Med 5:555-561, 1964 [M]

Coe FL, Burke G: Renal transit time: Its measurement by the 131-1
hippuran renogram. J Nucl Med 6:269-274, 1965 [M]

Zierler KL: Equations for measuring blood flow by external monitor-
ing of radioisotopes. Circ Res 16:309-321, 1965 [M]

Meldolesi U, Roncari G, Fidanza MA, et al: First attempts of clinical
application of a method for the quantitative interpretation of reno-
gram with radiohippuran. J Nucl Biol Med 13:94-102, 1969 [U]
Kenny RW, Ackery DM, Fleming JS, et al: Deconvolution analysis of
the scintillation camera renogram. Br J Radiol 48:481-486, 1975 [C3]
van Stekelenburg LH: Hippuran transit times in the kidney: A new
approach. Phys Med Biol 23:291-301, 1978 [M]

Peters AM: Fundamentals of tracer kinetics for radiologists. Br J Radiol
71:1116-1129, 1998 [O]

Rutland MD: A comprehensive analysis of renal DTPA studies. I. The-
ory and normal values Nucl Med Commun 6:11-20, 1985 [C3]
Fleming ]S, Kemp PM: A comparison of deconvolution and the
Patlak-Rutland plot in renography analysis. ] Nucl Med 40:1503-
1507, 1999 [N]

Rutland MD: A comprehensive analysis of renal DTPA studies. II.
Renal transplant evaluation. Nucl Med Commun 6:21-30, 1985 [U]
Britton K, Nimmon CC: The measurement of renal transit times by
deconvolution analysis, in. Blaufox MD (ed): Evaluation of Renal
Function and Disease with Radionuclides (ed 2). Basel, New York,
Karger Press, 1989 [O]

Britton KE, Nimmon CC, Whitfield HN, et al: Obstructive nephrop-
athy: Successful evaluation with radionuclides. Lancet 1:905-907,
1979 [U]

Britton KE, Nawaz MK, Whitfield HN, et al: Obstructive nephropathy:
Comparison between parenchymal transit time index and frusemide
diuresis. Br J Urol 59:127-132, 1987 [U]

Russell CD, Japanwalla M, Khan S, et al: Renal vascular transit time
and tubular transit time dispersion for 99Tem-MAG3. Nucl Med
Commun 18:832-838, 1997 [U]

Piepsz A, Ham HR, Erbsmann F, et al: A co-operative study on the
clinical value of dynamic renal scanning with deconvolution analysis.
Br J Radiol 55:419-433, 1982 [C2-2]

Diffey BL, Hall FM, Corfield JR: The 99mTc-DTPA dynamic renal scan
with deconvolution analysis. ] Nucl Med 17:352-355, 1976 [U]
Jones RA, Easley K, Little SB, et al: Dynamic contrast-enhanced MR
urography in the evaluation of pediatric hydronephrosis: Part 1, func-
tional assessment. AJR Am J Roentgenol 185:1598-1607, 2005 [U]
Bassingthwaighte JB: Circulatory transport and the convolution inte-
gral. Mayo Clin Proc 42:137-154, 1967 [M]

Erbsmann F, Struyven J, Ham H, et al: Analysis of errors and systemic
biases in the calculation of the renal retention function, in Brill AB,
Price PR, McClain W]J (eds): Information Processing in Medical Imag-
ing. Oak Ridge National Laboratory Press, 1978 [C3]

Rottman GA, Zhang CG: Precision of mean transit time measurements
in 99Tcm-DTPA renal scintigraphy: A Monte Carlo study. Phys Med
Biol 37:1847-1858, 1992 [N]

Whitaker RH: The Whitaker test. Urol Clin North Am 6:529-539,
1979 [O]

Fine EJ: Interventions in renal scintigraphy. Semin Nucl Med 21:116-
127, 1991 [O]

Chaiwatanarat T, Laorpatanaskul S, Poshyachinda M, et al: Deconvo-
lution analysis of renal blood flow: Evaluation of postrenal transplant
complications. ] Nucl Med 35:1792-1796, 1994 [U]

Brown SC, Upsdell SM, O'Reilly PH: The importance of renal function
in the interpretation of diuresis renography. Br J Urol 69:121-125,
1992 [C3]

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Frokiaer J, Knudsen L, Flo C, et al: Reproducibility of iodine-123-
hippuran renoscintigraphy in the normal pig at various flow rates.
Scand J Urol Nephrol Suppl 125:87-93, 1989 [A]

Rodriguez-Porcel M, Lerman LO, Sheedy PF 2nd, et al: Perfusion
pressure dependency of in vivo renal tubular dynamics. Am J Physiol
273:F667-F673, 1997 [A]

Steele JE, Brand PH, Metting PJ, et al: Dynamic, short-term coupling
between changes in arterial pressure and urine flow. Am ] Physiol
265:F717-F722, 1993 [A]

Keir MJ, Lee RE: The interpretation of renogram curves from the
dilated renal tract. Br J Radiol 58:270-271, 1985 [C3]

Koff SA, Binkovitz L, Coley B, et al: Renal pelvis volume during di-
uresis in children with hydronephrosis: Implications for diagnosing
obstruction with diuretic renography. J Urol 174:303-307, 2005 [C3]
Vivian G, Barratt TM, Todd-Pokropek A, et al: Physiological vari-
ations of normal transit time in children. Eur ] Nucl Med 11:179-
181, 1985 [C3]

Jung HS, Chung YA, Kim EN, et al: Influence of hydration status in
normal subjects: Fractional analysis of parameters of Tc-99m DTPA
and Tc-99m MAG3 renography. Ann Nucl Med 19:1-7, 2005 [C2-2]
Lerman LO, Rodriguez-Porcel M, Sheedy PF 2nd, et al: Renal tu-
bular dynamics in the intact canine kidney. Kidney Int 50:1358-
1362, 1996 [A]

Lerman LO, Rodriguez-Porcel M, Romero JC: The development of
x-ray imaging to study renal function. Kidney Int 55:400-416,
1999 [A]

Jones RA, Perez-Brayfield MR, Kirsch AJ, et al: Renal transit time with
MR urography in children. Radiology 233:41-50, 2004 [U]

O'Reilly P, Aurell M, Britton K, et al: Consensus on diuresis renogra-
phy for investigating the dilated upper urinary tract. Radionuclides in
Nephrourology Group. Consensus Committee on Diuresis Renogra-
phy. J Nucl Med 37:1872-1876, 1996 [C3]

Gordon I, Colarinha P, Fettich J, et al: Guidelines for standard and di-
uretic renography in children. Eur J Nucl Med 28:BP21-30, 2001 [C3]
Taylor A, Nally J, Aurell M, et al: Consensus report on ACE inhibitor
renography for detecting renovascular hypertension. Radionuclides in
Nephrourology Group. Consensus Group on ACEI Renography.
J Nucl Med 37:1876-1882, 1996 [C3]

Blaufox MD, Dubovsky EV, Hilson AJ, et al: Report of the Working
Party Group on Determining the Radionuclide of Choice. Am J Hy-
pertens 4:747S-748S, 1991 [C3]

Nally JV Jr, Chen C, Fine E, et al: Diagnostic criteria of renovascular
hypertension with captopril renography. A consensus statement. Am J
Hypertens 4:749S-752S, 1991 [C3]

Conway JJ, Maizels M: The “well tempered” diuretic renogram: a
standard method to examine the asymptomatic neonate with hydro-
nephrosis or hydroureteronephrosis. A report from combined meet-
ings of The Society for Fetal Urology and members of The Pediatric
Nuclear Medicine Council-The Society of Nuclear Medicine. ] Nucl
Med 33:2047-2051, 1992 [C3]

Conway JJ: “Well-tempered” diuresis renography: its historical devel-
opment, physiological and technical pitfalls, and standardized tech-
nique protocol. Semin Nucl Med 22:74-84, 1992 [O]

Piepsz A, Hahn K, Roca [, et al: A radiopharmaceuticals schedule for
imaging in paediatrics. Paediatric Task Group European Association
Nuclear Medicine. Eur ] Nucl Med 17:127-129, 1990 [C3]
Prvulovich EM, Bomanji JB, Waddington WA, et al: Clinical evalua-
tion of technetium-99m-L,L-ethylenedicysteine in patients with
chronic renal failure. ] Nucl Med 38:809-814, 1997 [C3]

Gullquist RR, Fleming JS: Error analysis by simulation studies in
renography deconvolution. Phys Med Biol 32:383-395, 1987 [N]
Cosgriff PS, Lawson RS, Nimmon CC: Towards standardization in
gamma camera renography. Nucl Med Commun 13:580-585,
1992 [C3]

Kuyvenhoven JD, Ham H, Piepsz A: Is deconvolution applicable to
renography? Nucl Med Commun 22:1255-1260, 2001 [B]

Fleming JS: Functional radionuclide imaging of renal mean transit
time and glomerular filtration rate. Nucl Med Commun 9:85-96,
1988 [U]



ISCORN consensus on renal transit time measurements

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Li DJ, Miles KA, Barber RW, et al: Computer-derived regions of inter-
est for the determination of renal parenchymal transit time. Nucl Med
Commun 14:176-180, 1993 [U]

Lawson RS: Application of mathematical methods in dynamic nuclear
medicine studies. Phys Med Biol 44:R57-98, 1999 [M]

Vivian GC, Barratt TM, Todd-Pokropek A, et al: Renal parenchymal
determination and analysis during dynamic 99Tcm-DTPA scans in
children. Nucl Med Commun 5:35-40, 1984 [U]

Samal M, Nimmon CC, Britton KE, et al: Relative renal uptake and
transit time measurements using functional factor images and fuzzy
regions of interest. Eur J Nucl Med 25:48-54, 1998 [M]

Basic M, Popovic S, Mackovic-Basic M, et al: Extravascular back-
ground subtraction using deconvolution analysis of the renogram.
Phys Med Biol 33:1065-1073, 1988 [N]

Kuikka JT, Bassingthwaighte JB, Henrich MM, et al: Mathematical
modelling in nuclear medicine. Eur J Nucl Med 18:351-362, 1991 [O]
[P] Bell SD, Peters AM: Extravascular chest wall technetium 99m
diethylene triamine penta-acetic acid: Implications for the measure-
ment of renal function during renography. Eur J Nucl Med 18:87-90,
1991 [P]

Piepsz A, Ham H: Factors influencing the accuracy of renal output
efficiency. Nucl Med Commun 21:1009-1013, 2000 [N]

Fleming JS: Measurement of Hippuran plasma clearance using a
gamma camera. Phys Med Biol 22:526-530, 1977 [C3]

Bratt CG, Granerus G: Estimation of renal pelvic dilatation with di-
uresis renography, in Joekes AM, Constable AR (eds): Radionuclides
in Nephrology, Vth International Symposium. London, Academic
Press, 1982, pp 157-160 [R]

Merrick MV, Griffin TM: Evidence for a reflex provoking contraction
of the renal pelvis (with some comments on its clinical implications).
Eur J Nucl Med 21:521-524, 1994 [C3]

Homsy YL, Mehta PH, Huot D, et al: Intermittent hydronephrosis: A
diagnostic challenge. ] Urol 140:1222-1226, 1988 [C3]

Valkema R, Boot CN, Pauwels EK: Sharp peaks in the downslope
phase of the diuresis renogram. Semin Nucl Med 24:350-353,
1994 [O]

Al-Nahhas A, Marcus AJ, Bomanji J, et al: Validity of the mean paren-
chymal transit time as a screening test for the detection of functional
renal artery stenosis in hypertensive patients. Nucl Med Commun
10:807-815, 1989 [U]

Bevis CR, Lawson RS, Shields RA, et al: 99Tem-TDG renography with
deconvolution analysis: a comparative study with 99Tem-DTPA and
123I-hippuran. Nucl Med Commun 5:513-517, 1984 [C3]
Gruenewald SM, Collins LT, Antico VF, et al: Can quantitative renog-
raphy predict the outcome of treatment of atherosclerotic renal artery
stenosis? J Nucl Med 30:1946-1954, 1989 [U]

Gruenewald SM, Stewart JH, Simmons KC, et al: Predictive value of
quantitative renography for successful treatment of atherosclerotic
renovascular hypertension. Aust N Z J Med 15:617-622, 1985 [C2-3]
Mizuiri S, Hayashi I, Takano M, et al: Fractional mean transit time in
transplanted kidneys studied by technetium-99m-DTPA: Compari-
son of clinical and biopsy findings. J Nucl Med 35:84-89, 1994 [U]
Jalfri RA, Britton KE, Nimmon CC, et al: Technetium-99m MAG3, a
comparison with iodine-123 and iodine-131 orthoiodohippurate, in
patients with renal disorders. ] Nucl Med 29:147-158, 1988 [C3]
Gonzalez A, Puchal R, Bajen MT, et al: 99Tcm-MAG3 renogram de-
convolution in normal subjects and in normal functioning kidney
grafts. Nucl Med Commun 15:680-684, 1994 [C3]

Russell CD, Yester MV, Dubovsky EV: Measurement of renal paren-
chymal transit time of 99mTc-MAG3 using factor analysis. Nuklear-
medizin 29:170-176, 1990 [U]

Carlsen O, Kvinesdal B, Nathan E: Quantitative evaluation of iodine-
123 hippuran gamma camera renography in normal children. J Nucl
Med 27:117-127, 1986 [C3]

Hunter GJ, Gordon I, Sweeney L, et al: 99mTc DTPA scanning with
diuretic washout. Is it useful in the investigation of obstruction in
the presence of gross renal tract dilatation? Br J Urol 59:208-210,
1987 [U]

Spicer ST, Chi KK, Nankivell BJ, et al: Mercaptoacetyltriglycine di-

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

uretic renography and output efficiency measurement in renal
transplant patients. Eur J Nucl Med 26:152-154, 1999 [C3]
Nankivell BJ, Cohn DA, Spicer ST, et al: Diagnosis of kidney trans-
plant obstruction using Mag3 diuretic renography. Clin Transplant
15:11-18, 2001 [U]

Gruenewald SM, Nimmon CC, Nawaz MK, et al: A non-invasive gam-
ma-camera technique for the measurement of intrarenal flow distri-
bution in man. Clin Sci (Lond) 61:385-389, 1981 [C3]

Wilkinson SP, Smith IK, Clarke M, et al: Intrarenal distribution of
plasma flow in cirrhosis as measured by transit renography: relation-
ship with plasma renin activity, and sodium and water excretion. Clin
Sci Mol Med 52:469-475, 1977 [C3]

Gruenewald SM, Collins LT: Renovascular hypertension: Quantitative
renography as a screening test. Radiology 149:287-291, 1983 [U]
Cosgriff P, Berry JM: A comparative assessment of deconvolution and
diuresis renography in equivocal upper urinary tract obstruction.
Nucl Med Commun 3:377-384, 1982 [U]

Houston AS, Whalley DR, Skrypniuk JV, et al: UK audit and analysis
of quantitative parameters obtained from gamma camera renography.
Nucl Med Commun 22:559-566, 2001 [S]

Wong JC, Rossleigh MA, Farnsworth RH: Utility of technetium-99m-
MAGS3 diuretic renography in the neonatal period. ] Nucl Med 36:
2214-2219, 1995 [C3]

Makoba GI, Nimmon CC, Kouykin V, et al: Comparison of a corti-
copelvic transfer index with renal transit times. Nucl Med Commun
17:212-215, 1996 [U]

Bratt CG, Larsson I, White T: Scintillation camera renography with
99mTc-DTPA and 1311-Hippuran. Scand J Clin Lab Invest 41:189-
197, 1981 [C3]

Esteves FP, Taylor A, Manatunga A, et al: 9mTc-MAG3 renography:
Normal values for MAG3 clearance and curve parameters, excretory
parameters and residual urine volume. AJR Am J Roentgenol 187:
W610-W617, 2006 [C3]

Connolly LP, Zurakowski D, Peters CA, et al: Variability of diuresis
renography interpretation due to method of post-diuretic renal pelvic
clearance half-time determination. J Urol 164:467-471, 2000 [C3]
Piepsz A, Tondeur M, Ham H: NORA: a simple and reliable parameter
for estimating renal output with or without frusemide challenge. Nucl
Med Commun 21:317-323, 2000 [N]

Kuyvenhoven JD, Ham HR, Piepsz A: The influence of renal function
on normalized residual activity. Nucl Med Commun 25:151-154,
2004 [N]

Piepsz A, Kuyvenhoven JD, Tondeur M, et al: Normalized residual
activity: usual values and robustness of the method. J Nucl Med 43:
33-38,2002 [U]

Steiner D, Steiss JO, Klett R, et al: The value of renal scintigraphy
during controlled diuresis in children with hydronephrosis. Eur
J Nucl Med 26:18-21, 1999 [U]

Taylor AT Jr, Fletcher JW, Nally JV Jr, et al: Procedure guideline for
diagnosis of renovascular hypertension. Society of Nuclear Medicine.
J Nucl Med 39:1297-1302, 1998 [C3]

Britton K, Brown NJ: The value in obstructive nephropathy of the
hippuran output curve derived by computer analysis of the renogram,
in. IAEA (ed): The Proceedings of the International Symposium on
Dynamic Studies With Radioisotopes in Medicine. Vienna, IAEA,
1971

Chaiwatanarat T, Padhy AK, Bomanji JB, et al: Validation of renal
output efficiency as an objective quantitative parameter in the evalu-
ation of upper urinary tract obstruction. ] Nucl Med 34:845-848,
1993 [U]

Britton K, Brown N: Clinical Renography. London, Llyod-Luke,
1971 [O]

Kuyvenhoven JD, Ham HR, Piepsz A: Influence of renal function on
renal output efficiency. ] Nucl Med 43:851-855, 2002 [N]

Nimmon CC, Samal M, Britton KE: Elimination of the influence of
total renal function on renal output efficiency and normalized residual
activity. J Nucl Med 45:587-593, 2004 [N]

Saunders CA, Choong KK, Larcos G, et al: Assessment of pediatric



100

E. Durand et al

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

hydronephrosis using output efficiency. J Nucl Med 38:1483-1486,
1997 [U]

[C3] Rado JP, Banos C, Tako J: Radioisotope renography during fu-
rosemide (lasix) diuresis. Nucl Med (Stuttg) 7:212-221, 1968 [C3]
O'Reilly PH, Testa HJ, Lawson RS, et al: Diuresis renography in equiv-
ocal urinary tract obstruction. Br ] Urol 50:76-80, 1978 [U]

O'Reilly PH, Lawson RS, Shields RA, et al: Idiopathic hydronephro-
sis—the diuresis renogram: a new non-invasive method of assessing
equivocal pelvioureteral junction obstruction. J Urol 121:153-155,
1979 [U]

English PJ, Testa HJ, Lawson RS, et al: Modified method of diuresis
renography for the assessment of equivocal pelviureteric junction ob-
struction. Br J Urol 59:10-14, 1987 [U]

Poulsen EU, Frokjaer J, Taagehoj-Jensen F, et al: Diuresis renography
and simultaneous renal pelvic pressure in hydronephrosis. ] Urol
138:272-275, 1987 [C3]

Hunsche A, Press H, Taylor A: Increasing the dose of furosemide in
patients with azotemia and suspected obstruction. Clin Nucl Med
29:149-153, 2004 [U]

Mandell GA, Cooper JA, Leonard JC, et al: Procedure guideline for
diuretic renography in children. Society of Nuclear Medicine. J Nucl
Med 38:1647-1650, 1997 [C3]

O'Reilly PH: Standardization of the renogram technique for investi-
gating the dilated upper urinary tract and assessing the results of
surgery. BJU Int 91:239-243, 2003 [O]

Upsdell SM, Testa HJ, Lawson RS: The F-15 diuresis renogram in
suspected obstruction of the upper urinary tract. Br J Urol 69:126-
131, 1992 [U]

Rosenthall L, Tyler JL, Arzoumaniana A: A crossover study comparing
delayed radio hippurate images with diuretic renograms. Diagnostic
Imaging 52:267-275, 1983 [U]

Foda MM, Gatfield CT, Matzinger M, et al: A prospective randomized
trial comparing 2 diuresis renography techniques for evaluation of
suspected upper urinary tract obstruction in children. J Urol 159:
1691-1693, 1998 [U]

Turkolmez S, Atasever T, Turkolmez K, et al: Comparison of three
different diuretic renal scintigraphy protocols in patients with dilated
upper urinary tracts. Clin Nucl Med 29:154-160, 2004 [C3]
Upsdell SM, Testa HJ, Lawson RS: The uses and interpretation of
modified diuresis renography, in Blaufox MD, Hollenberg NK, Rey-
naud C (eds): Radionuclides in Nephro-Urology. Basel, Switzerland,
Karger, 1990, pp 103-107 [R]

Adeyoju AA, Burke D, Atkinson C, et al: The choice of timing for
diuresis renography: the F + 0 method. BJU Int 88:1-5, 2001 [C2-2]
Donoso G, Kuyvenhoven JD, Ham H, et al: 99mTc-MAG3 diuretic
renography in children: a comparison between FO and F+20. Nucl
Med Commun 24:1189-1193, 2003 [U]

Camargo EE: Renogram modification caused by furosemide. Nucl
Med (Stuttg) 12:240-251, 1973 [C3]

Koff SA, McDowell GC, Byard M: Diuretic radionuclide assessment of
obstruction in the infant: guidelines for successful interpretation.
J Urol 140:1167-1168, 1988 [C3]

Karam M, Feustel PJ, Goldfarb CR, et al: Diuretic renogram clearance
half-times in the diagnosis of obstructive uropathy: Effect of age and
previous surgery. Nucl Med Commun 24:797-807, 2003 [U]

Thrall JH, Koff SA, Keyes JW Jr: Diuretic radionuclide renography and
scintigraphy in the differential diagnosis of hydroureteronephrosis.
Semin Nucl Med 11:89-104, 1981 [O]

Hjortso E, Fugleberg S, Nielsen L, et al: Diuresis renography in
patients with reduced renal function. Dan Med Bull 35:294-295,
1988 [C3]

[C3] Kletter K, Nurnberger N: Diagnostic potential of diuresis renog-
raphy: Limitations by the severity of hydronephrosis and by impair-
ment of renal function. Nucl Med Commun 10:51-61, 1989
Upsdell SM, Leeson SM, Brooman PJ, et al: Diuretic-induced uri-
nary flow rates at varying clearances and their relevance to the
performance and interpretation of diuresis renography. Br J Urol
61:14-18, 1988 [C3]

Karacalioglu O, Ilgan S, Arslan N, et al: Unilateral temporary func-

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

tional stasis in the upper urinary tract caused by “a filled bladder” on
Tc-99m DTPA diuresis renography: A teaching case. Ann Nucl Med
19:511-514, 2005 [C3]

Donoso G, Ham H, Tondeur M, et al: Influence of early furosemide
injection on the split renal function. Nucl Med Commun 24:791-795,
2003 [C2-3]

Koff SA: Pathophysiology of ureteropelvic junction obstruction. Clin-
ical and experimental observations. Urol Clin North Am 17:263-272,
1990 [O]

Koff SA, Shore RM: Diuretic radionuclide urography. Urol Radiol
5:189-195, 197, 1983 [O]

Neal DE, Simpson W, Bartholomew P, et al: Comparison of dynamic
computed tomography, diuresis renography and DTPA parenchymal
transit time in the assessment of dilatation of the upper urinary tract.
BrJ Urol 57:515-519, 1985 [C3]

Donohoe K: Caution in the use of volume expansion diuretic renal
scan. J Nucl Med 29:133-134, 1988 [L]

[U] Gordon I, Mialdea-Fernandez RM, Peters AM: Pelviureteric junc-
tion obstruction. The value of a post-micturition view in 99mTc DTPA
diuretic renography. Br J Urol 61:409-412, 1988 [U]

Smyth TB, Shortliffe LM, Constantinou CE: The effect of urinary flow
and bladder fullness on renal pelvic pressure in a rat model. J Urol
146:592-596, 1991 [A]

Jones DA, Lupton EW, George NJ: Effect of bladder filling on upper
tract urodynamics in man. Br ] Urol 65:492-496, 1990 [C2-3]
Greenstein A, Chen J, Matzkin H, et al: Potential pitfalls in the ob-
structive renal scan in patients with double-pigtail ureteral catheters.
J Urol 141:283-284, 1989 [C2-3]

Rossleigh MA, Leighton DM, Farnsworth RH: Diuresis renography.
The need for an additional view after gravity-assisted drainage. Clin
Nucl Med 18:210-213, 1993 [U]

Gill WB, Curtis GA: The influence of bladder fullness on upper uri-
nary tract dimensions and renal excretory function. J Urol 117:573-
576, 1977 [C3]

Pierce JM Jr, Braun E: Ureteral response to elevated intravesical pres-
sures in humans. Surg Forum 11:482-484, 1960 [U]

Koff SA: Problematic ureteropelvic junction obstruction. J Urol 138:
390, 1987 [O]

Peters CA: Urinary tract obstruction in children. J Urol 154:1874-
1883; discussion 1883-1874, 1995 [O]

Bratt CG, Aurell M, Jonsson O, et al: Long-term followup of maximum
concentrating ability and glomerular filtration rate in adult obstructed
kidneys after pyeloplasty. J Urol 140:273-276, 1988 [C2-2]
Kekomaki M, Rikalainen H, Ruotsalainen P, et al: Correlates of di-
uretic renography in experimental hydronephrosis. J Urol 141:391-
394, 1989 [A]

Jones DA, George NJ, O'Reilly PH: Postobstructive renal function.
Semin Urol 5:176-190, 1987

[A] Frokiaer J: Obstructive nephropathy in the pig. Aspects of renal
hemodynamics and hormonal changes during acute unilateral ure-
teral obstruction. APMIS Suppl 82:7-48, 1998 [A]

Underwood W: Recent observations on pathology of hydronephrosis.
Proc R soc Med 30:817-826, 1937 [C3]

Johnston JH: The pathogenesis of hydronephrosis in children. Br J
Urol 41:724-734, 1969 [U]

Djurhuus JC, Frokiaer J, Jorgensen TM, et al: Methods of diagnosing
ureteral obstruction. Semin Urol 5:192-196, 1987 [O]

Holden D, George NJ, Rickards D, et al: Renal pelvic pressures in
human chronic obstructive uropathy. Br J Urol 56:565-570, 1984
[C3]

[O] Tripp BM, Homsy YL: Neonatal hydronephrosis—the contro-
versy and the management. Pediatr Nephrol 9:503-509, 1995 [O]
Koff SA: The diagnosis of obstruction in experimental hydrouretero-
nephrosis. Mechanisms for progressive urinary tract dilation. Invest
Urol 19:85-88, 1981 [A]

Rector FC Jr, Brunner FP, Seldin DW: Mechanism of glomerulotubu-
lar balance. I. Effect of aortic constriction and elevated ureteropelvic
pressure on glomerular filtration rate, fractional reabsorption, transit



ISCORN consensus on renal transit time measurements

101

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

time, and tubular size in the proximal tubule of the rat. J Clin Invest
45:590-602, 1966 [A]

Rajabi H, Pant GS: Optimum filtration for time-activity curves in
nuclear medicine. Nucl Med Commun 21:823-828, 2000 [N]
Huang WY, Peters CA, Zurakowski D, et al: Renal biopsy in congenital
ureteropelvic junction obstruction: Evidence for parenchymal malde-
velopment. Kidney Int 69:137-143, 2006 [P]

Frokiaer J, Jensen FT, Djurhuus JC, et al: The impact of unilateral
ureteral obstruction on pelvic and parenchymal transit times in the
pig kidney. Eur ] Nucl Med 16:349-352, 1990 [A]

Provoost AP, Van Aken M, Molenaar JC: Sequential renography and
renal function in Brown-Norway rats with congenital hydronephrosis.
J Urol 146:588-591, 1991 [A]

Piepsz A, Ham HR, Collier F, et al: Sensitivity of cortical transit and
furosemide response in the diagnosis of renal obstruction. An exper-
imental model. Uremia Invest 9:245-252, 1985 [A]

Harving N, Christiansen P, Taagehoj-Jensen F, et al: Experimental eval-
uation of furosemide renography in unobstructed and partially ob-
structed upper urinary tracts in pigs. Urology 37:590-594, 1991 [A]
Whitaker RH: Methods of assessing obstruction in dilated ureters. Br ]
Urol 45:15-22, 1973 [U]

Witherow RO, Whitaker RH: The predictive accuracy of antegrade
pressure flow studies in equivocal upper tract obstruction. Br J Urol
53:496-499, 1981 [U]

Ryan PC, Maher K, Hurley GD, et al: The Whitaker test: Experimental
analysis in a canine model of partial ureteric obstruction. J Urol 141:
387-390, 1989 [A]

Fung LC, Khoury AE, McLorie GA, et al: Evaluation of pediatric hy-
dronephrosis using individualized pressure flow criteria. J Urol 154:
671-676, 1995 [U]

Djurhuus JC, Sorensen SS, Jorgensen TM, et al: Predictive value of
pressure flow studies for the functional outcome of reconstructive
surgery for hydronephrosis. Br J Urol 57:6-9, 1985 [C2-2]
Woodbury PW, Mitchell ME, Scheidler DM, et al: Constant pressure
perfusion: A method to determine obstruction in the upper urinary
tract. J Urol 142:632-635; discussion 667-638, 1989 [A]

Kass EJ, Majd M, Belman AB: Comparison of the diuretic renogram
and the pressure perfusion study in children. J Urol 134:92-96,
1985 [U]

Dhillon HK: Prenatally diagnosed hydronephrosis: The Great Or-
mond Street experience. Br J Urol 81 Suppl 2:39-44, 1998 [C2-2]
Wahlin N, Magnusson A, Persson AE, et al: Pressure flow measure-
ment of hydronephrosis in children: A new approach to definition and
quantification of obstruction. J Urol 166:1842-1847, 2001 [U]
Josephson S: Antenatally detected, unilateral dilatation of the renal
pelvis: A critical review. 2. Postnatal non-operative treatment—long-
term hazards, urgent research. Scand ] Urol Nephrol 36:251-259,
2002 (O]

Lupton EW, Richards D, Testa HJ, et al: A comparison of diuresis
renography, the Whitaker test and renal pelvic morphology in idio-
pathic hydronephrosis. Br J Urol 57:119-123, 1985 [C3]

Hanna MK, Jeffs RD, Sturgess JM, et al: Ureteral structure and ultra-
structure. Part 1I: Congenital ureteropelvic junction obstruction and
primary obstructive megaureter. J Urol 116:725-730, 1976 [C3]
Gosling JA, Dixon JS: Functional obstruction of the ureter and renal
pelvis. A histological and electron microscopic study. Br J Urol 50:
145-152, 1978 [C3]

Eskild-Jensen A, Gordon I, Piepsz A, et al: Congenital unilateral hy-
dronephrosis: A review of the impact of diuretic renography on clin-
ical treatment. J Urol 173:1471-1476, 2005 [O]

Nguyen HT, Kogan BA: Upper urinary tract obstruction: Experimen-
tal and clinical aspects. Br J Urol 81:13-21, 1998 [O](suppl 2)

King LR, Coughlin PW, Bloch EC, et al: The case for immediate
pyeloplasty in the neonate with ureteropelvic junction obstruction.
J Urol 132:725-728, 1984 [U]

Ulman [, Jayanthi VR, Koff SA: The long-term follow up of newborns
with severe unilateral hydronephrosis initially treated nonoperatively.
J Urol 164:1101-1105, 2000 [C2-2]

Koff SA, Campbell KD: The nonoperative management of unilateral

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

neonatal hydronephrosis: Natural history of poorly functioning
kidneys. J Urol 152:593-595, 1994 [C2-2]

Koff SA, Campbell K: Nonoperative management of unilateral neona-
tal hydronephrosis. J Urol 148:525-531, 1992 [C2-2]

Freedman ER, Rickwood AM: Prenatally diagnosed pelviureteric
junction obstruction: A benign condition? J Pediatr Surg 29:769-772,
1994 [U]

Subramaniam R, Kouriefs C, Dickson AP: Antenatally detected pelvi-
ureteric junction obstruction: Concerns about conservative manage-
ment. BJU Int 84:335-338, 1999 [C2-2]

Dejter SW Jr, Eggli DF, Gibbons MD: Delayed management of neona-
tal hydronephrosis. ] Urol 140:1305-1309, 1988 [C2-2]

Ransley PG, Dhillon HK, Gordon I, et al: The postnatal management
of hydronephrosis diagnosed by prenatal ultrasound. J Urol 144:584-
587; discussion 593-584, 1990 [U]

Palmer LS, Maizels M, Cartwright PC, et al: Surgery versus obser-
vation for managing obstructive grade 3 to 4 unilateral hydrone-
phrosis: A report from the Society for Fetal Urology. J Urol 159:
222-228, 1998 [C1]

Ylinen E, Ala-Houhala M, Wikstrom S: Outcome of patients with
antenatally detected pelviureteric junction obstruction. Pediatr Neph-
rol 19:880-887, 2004 [U]

McAleer IM, Kaplan GW: Renal function before and after pyeloplasty:
Does it improve? ] Urol 162:1041-1044, 1999 [U]

Chertin B, Fridmans A, Knizhnik M, et al: Does early detection of
ureteropelvic junction obstruction improve surgical outcome in terms
of renal function? ] Urol 162:1037-1040, 1999 [U]

Capolicchio G, Leonard MP, Wong C, et al: Prenatal diagnosis of
hydronephrosis: Impact on renal function and its recovery after py-
eloplasty. J Urol 162:1029-1032, 1999 [U]

Cornford PA, Rickwood AM: Functional results of pyeloplasty in pa-
tients with ante-natally diagnosed pelvi-ureteric junction obstruction.
Br J Urol 81:152-155, 1998 [U]

Takla NV, Hamilton BD, Cartwright PC, et al: Apparent unilateral
ureteropelvic junction obstruction in the newborn: Expectations for
resolution. J Urol 160:2175-2178, 1998 [U]

MacNeily AE, Maizels M, Kaplan WE, et al: Does early pyeloplasty
really avert loss of renal function? A retrospective review. J Urol 150:
769-773, 1993 [U]

Salem YH, Majd M, Rushton HG, et al: Outcome analysis of pediatric
pyeloplasty as a function of patient age, presentation and differential
renal function. J Urol 154:1889-1893, 1995 [U]

Kempi V, Sutton DG: Estimating the diagnostic yields resulting from
renography and deconvolution parameters: A logistic regression anal-
ysis. J Nucl Med 36:147-152, 1995 [N]

Lupton EW, Testa HJ, O'Reilly PH, et al: Diuresis renography and
morphology in upper urinary tract obstruction. Br J Urol 51:10-14,
1979 [C3]

English PJ, Testa HJ, Gosling JA, et al: Idiopathic hydronephrosis in
childhood—a comparison between diuresis renography and upper
urinary tract morphology. Br J Urol 54:603-607, 1982 [U]

Hay AM, Norman W], Rice ML, et al: A comparison between diuresis
renography and the Whitaker test in 64 kidneys. Br J Urol 56:561-
564, 1984 [C3]

Whitaker RH, Buxton-Thomas MS: A comparison of pressure flow
studies and renography in equivocal upper urinary tract obstruction.
J Urol 131:446-449, 1984 [U]

Gonzalez R, Chiou R: The diagnosis of upper urinary tract obstruction
in children: Comparison of diuresis renography and pressure flow
studies. J Urol 133:646-649, 1985 [U]

O'Reilly P: Nuclear medicine in urology—an update. Contrib Nephrol
56:215-224, 1987 [O]

Pawar HN, Abdel-Dayem HM: Diuretic renography and urodynamic
pressure studies in evaluating dilated bilharzial ureters. A preliminary
report. Clin Nucl Med 9:402-404, 1984 [C3]

Dacher J, Pfister C, Thoumas D, et al: Shortcomings of diuresis scin-
tigraphy in evaluating urinary obstruction: Comparison with pressure
flow studies. Pediatr Radiol 29:742-747, 1999 [C3]

Lupton EW, Holden D, George NJ, et al: Pressure changes in the



102

E. Durand et al

194.

195.

196.

197.

198.

199.

200.

201.

dilated upper urinary tract on perfusion at varying flow rates. Br J Urol
57:622-624, 1985 [C3]

Nauta J, Pot DJ, Kooij PP, et al: Forced hydration prior to renography
in children with hydronephrosis. An evaluation. Br J Urol 68:93-97,
1991 [C2-2]

Verboven M, Achten R, Keuppens F, et al: Radioisotopic transit pa-
rameters in obstruction of pelviureteral junction. Urology 32:370-
374,1988 [U]

Josephson S: Antenatally detected, unilateral dilatation of the renal
pelvis: a critical review. 1. Postnatal non-operative treatment 20 years
on—is it safe? Scand J Urol Nephrol 36:243-250, 2002 [O]

Piepsz A, Biggi A, Sixt R, et al: Symposium on radionuclides in pae-
diatric nephro-urology. Nucl Med Commun 24:11-22, 2003 [O]
Dondi M, Fanti S, De Fabritiis A, et al: Prognostic value of captopril
renal scintigraphy in renovascular hypertension. ] Nucl Med 33:2040-
2044, 1992 [C2-2]

Fommei E, Ghione S, Hilson A]J, et al: Captopril radionuclide test in
renovascular hypertension: A European multicentre study. European
Multicentre Study Group. Eur J Nucl Med 20:617-623, 1993 [C2-2]
Blaufox MD, Fine EJ, Heller S, et al: Prospective study of simultaneous
orthoiodohippurate and diethylenetriaminepentaacetic acid captopril
renography. The Einstein/Cornell Collaborative Hypertension Group.
J Nucl Med 39:522-528, 1998 [C2-2]

[U] Datseris IE, Bomanji JB, Brown EA, et al: Captopril renal scintig-
raphy in patients with hypertension and chronic renal failure. ] Nucl
Med 35:251-254, 1994 [U]

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

Russell CD, Japanwalla M, Khan S, et al: Techniques for measuring
renal transit time. Eur J Nucl Med 22:1372-1378, 1995

Rutland MD, Stuart RA: A comprehensive analysis of renal DTPA
studies. III. Renal artery stenosis. Nucl Med Commun 7:879-885,
1986 [U]

Dondi M, Monetti N, Fanti S, et al: Use of technetium-99m-MAG3 for
renal scintigraphy after angiotensin-converting enzyme inhibition.
J Nucl Med 32:424-428, 1991 [C2-2]

Dondi M, Franchi R, Levorato M, et al: Evaluation of hypertensive
patients by means of captopril enhanced renal scintigraphy with tech-
netium-99m DTPA. ] Nucl Med 30:615-621, 1989 [C2-2]

Fine EJ, Li Y, Blaufox MD: Parenchymal mean transit time analysis
of 99mTc-DTPA captopril renography. ] Nucl Med 41:1627-1631,
2000 [U]

Bajen MT, Puchal R, Gonzalez A, et al: MAG3 renogram deconvolu-
tion in kidney transplantation: Utility of the measurement of initial
tracer uptake. J Nucl Med 38:1295-1299, 1997 [U]

Diffey BL, Hall FM, Piepsz A, et al: Renal deconvolution and the poor
injection. Eur J Nucl Med 3:145-146, 1978 [C3]

Aigner RM, O’'Mara RE, Fueger GF, et al: Renography before heart
transplantation in patients with cardiomyopathy. J Nucl Med 39:
2153-2158, 1998 [C3]

The periodic health examination: 2. 1987 update. Canadian Task Force
on the Periodic Health Examination. CMAJ 138:618-626, 1988 [C3]
Hayward R, Wilson MC, Tunis SR, et al: How to use a clinical practice
guideline. Available from: http://www.cche.net/usersguides/guideline.

asp


http://www.cche.net/usersguides/guideline.asp
http://www.cche.net/usersguides/guideline.asp

	International Scientific Committee of Radionuclides in Nephrourology (ISCORN) Consensus on Renal Transit Time Measurements
	Methodology
	Basic Facts on Renal TT
	Transit Time
	Various TTs
	Convolution
	Pathophysiological Meaning of TT
	For VTT
	For PTT
	For Whole Kidney TT

	Alternate Techniques to Measure TT

	Assessment of Transit
	Acquisition Parameters
	Patient

	Radiopharmaceutical
	Camera
	Dynamic Sequence

	Obtaining of the Renogram
	Renal ROI
	Background Subtraction for Kidney
	Zero Time
	Patient Motion Correction

	Acquisition of the Input Function
	Parameters Assessing Renal Transit
	Renal Transit Measurement With Deconvolution Techniques
	Vascular transit time
	Parenchymal (cortical) transit time (PTT)
	Whole kidney transit time
	Intrarenal flow and parenchymat transit time index
	Synthesis

	Nondeconvolution Methods (Assessment of Transit Without Measurement of TT)
	Visual assessment of images
	Pelvic appearance time
	Visual assessment of curves
	Time to peak
	Half-Time (T1/2)
	NORA
	Washout index or excretion ratio or residual cortical activ-ity (RCA)
	Renal output efficiency (OE)
	Other transit indices

	Interventions
	Diuresis renography
	Rationale and Pathophysiology
	Protocol
	Interpretation
	Discussion
	The Use of Diuresis Renography
	Micturition
	Gravity-assisted drainage (upright posture)
	ACE inhibitors



	Summary
	Application of MTT in Clinical Situations
	Hydronephrosis and Obstruction
	Pathophysiology and Animal Models
	Surrogate Gold Standards
	The Whitaker test
	Surgical or pathological finding

	Clinical Situation
	Role of Transit Assessment
	Pathological findings
	Whitaker's test
	Negative predictive value of fast transit
	Positive predictive value of slow transit

	Summary on Obstruction

	Renal Artery Stenosis and Renovascular Hypertension
	Hemodynamically Significant Renovascular Hypertension
	Renal Artery Stenosis

	Assessment of Transplanted Kidneys
	Miscellaneous

	Conclusion
	Appendix
	Note on References
	References


