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Genitourinary Radiology

Richard C. Semelka, MD ¢ Hedvig Hricak, MD ¢ Ernesto Tomei, MD e«
Andreas Floth, MD ¢ Marshall Stoller, MD

Obstructive Nephropathy:
Evaluation with Dynamic
Gd-DTPA-enhanced MR Imaging!

The potential of dynamic gadolini-
um diethylenetriaminepentaacetic
acid (DTPA)-enhanced magnetic
resonance (MR) imaging for the ex-
amination of obstructive nephropa-
thy was analyzed in 27 subjects (five
healthy subjects, seven patients
with dilated nonobstructed kidneys,
six patients with acute obstruction,
and nine patients with chronic ob-
struction) with use of a 1.5-T mag-
net. Morphologic findings were
compared with quantitative analy-
sis of temporal changes in signal in-
tensity. Dynamic postcontrast im-
ages of the normal kidney demon-
strated four phases of enhancement:
cortical enhancement phase, early
tubular phase, ductal phase, and ex-
cretory phase. The pattern of en-
hancement in dilated nonobstructed
kidneys was similar to that in nor-
mal kidneys. In acutely obstructed
kidneys, cortical enhancement was
similar to that in normal kidneys
(17% increase), but medullary en-
hancement was higher than normal,
resulting in diminished corticomed-
ullary differentiation. The early tu-
bular phase was prolonged (until 2.5
minutes after injection), with de-
layed appearance of the ductal and
excretory phases. In chronically ob-
structed kidneys, the increase in
cortical intensity was less than that
in normal kidneys (13% increase).
The early tubular phase was pro-
longed, and the ductal phase was di-
minished or absent.

Index terms: Gadolinium ¢ Hydronephrosis,
81.84 « Kidney, function ¢ Kidney, MR studies,
81.1214 « Kidney, stenosis or obstruction,

81.84 « Magnetic resonance (MR), contrast media
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HE distinction between obstruc-
tive and nonobstructive hydro-
nephrosis is an occasionally difficult
but not uncommon diagnostic prob-
lem in urologic practice. The radio-
logic studies used in evaluating hy-
dronephrosis are ultrasound (US),
intravenous urography (IVU), com-
puted tomography (CT), and nuclear
scintigraphy. US is suitable for mor-
phologic evaluation but does not
supply information about renal func-
tion. IVU allows morphologic and,
with regard to glomerular filtration
rate, functional evaluation of the kid-
ney. Sometimes, however, it may be
difficult to distinguish between ob-
structive and nonobstructive hydro-
nephrosis on the basis of IVU find-
ings. Dynamic contrast material-en-
hanced CT is a tomographic
technique with excellent spatial and
temporal resolution (1), but, to our
knowledge, there are no reports in
the literature discussing the CT tem-
poral changes in the evaluation of re-
nal obstruction. CT can, however, be
used to identify the level of obstruc-
tion in the presence of obstructive
hydronephrosis. To date, diuretic io-
dine-131 iodohippurate sodium (Hip-
puran; Mallinckrodt, St Louis) stud-
ies have provided the most reliable
data for differentiating obstructive
from nonobstructive hydronephrosis
(2-5). There are, however, limitations
to this modality, since nonvisualiza-
tion of the kidney following I-131 io-
dohippurate injection does not ex-
clude obstruction, even in the pres-
ence of recoverable renal function
(6). In addition, studies with I-131 io-
dohippurate lack spatial resolution,
limiting morphologic evaluation.
Gadolinium diethylenetriamine-

pentaacetic acid (DTPA)-enhanced
magnetic resonance (MR) imaging is
presently being evaluated for its po-
tential in the evaluation of renal
function (7-11). This technique is
well suited for studying the kidney,
offering both excellent spatial resolu-
tion and direct multiplanar imaging
capability. With use of gradient re-
called acquisition in a steady state
(GRASS), images can be rapidly ac-
quired during a breath hold, provid-
ing the temporal resolution neces-
sary to study renal parenchymal en-
hancement. Changes in the signal
intensity (SI) of renal parenchyma
are based on the concentration of the
contrast agent and permit evaluation
of tubular concentrating ability (7).
The purpose of this study was to de-
fine the usefulness of Gd-DTPA-en-
hanced MR imaging in differentiat-
ing obstructive from nonobstructive
hydronephrosis and acute from
chronic obstruction.

SUBJECTS AND METHODS

Subjects

A total of 27 subjects were examined.
There were 17 men and 10 women, rang-
ing in age from 18 to 75 years (mean, 42
years). The study group included five
healthy volunteers (10 normal kidneys),
six patients with acute obstruction (six
normal kidneys and six acutely obstruct-
ed kidneys), nine patients with chronic
obstruction (nine normal kidneys and
nine chronically obstructed kidneys), and
seven patients with dilated nonobstruct-
ed kidneys (one normal kidney, 12 dilat-
ed nonobstructed kidneys, and one
chronically obstructed kidney). At the be-
ginning of the study, two of the 27 pa-
tients were examined twice. For the first
study, fluid was withheld for 5 hours be-
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Abbreviations: DTPA = diethylenetriamine-
pentaacetic acid, GRASS = gradient recalled ac-
quisition in a steady state, IVU = intravenous
urography, SI = signal intensity, SD = stan-
dard deviation.
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Figure 1. GRASS images of a healthy subject. (a) Precontrast image. Minimal corticomedullary contrast is present. (b) Cortical enhancement
phase. Cortex Sl is increased by 17%. Columns of Bertin are well visualized. Corticomedullary boundary is distinct due to differential blood
flow. Note high increase in SI of spleen with serpiginous low-SI bands (normal appearance) and lower increase in SI of liver. (c) Early tubu-
lar phase. SI of medulla is transiently increased while there is little change in cortical SI. (d) Ductal phase. SI of medulla is decreased (6%
from vascular phase) due to concentration of Gd-DTPA in distal convoluted tubules and collecting ducts. There is minimal decrease in corti-
cal SI (2%). Decreased SI is apparent in the inner medulla and therefore mainly represents concentrated Gd-DTPA in collecting ducts. (e) Ex-

cretory phase. Concentrated (low-SI) urine appears in renal collecting systems. (f) Excretory phase (15 minutes after injection). No cortico-
medullary contrast is apparent. Urine contains dilute (high-SI) Gd-DTPA (arrows) because of rapid clearance of Gd-DTPA from the body.

Figure 2. Temporal course of SI changes
for renal cortex (O) and medulla (@). Sl is
expressed as a ratio to SI of psoas muscle.
Bars represent standard deviation (SD). Hor-
izontal axis shows time, expressed in min-
utes; CTR = control (preinjection). Kidneys
grouped into each classification included all
kidneys of that type from the entire study
population. For normal and dilated nonob-
structed kidneys, only those kidneys in
which the early tubular phase was well
demonstrated were included in the calcula-
tions. (a) Normal kidneys (n = 14). (b) Dilat-
ed nonobstructed kidneys (n = 8). (c) Kid-
neys with acute renal obstruction (n = 6).
(d) Kidneys with chronic renal obstruction
(n=10).

fore imaging. For the second study, the
patients were well hydrated by means of
oral or intravenous administration of ap-
proximately 200 mL of fluid 30 minutes
before imaging. All other subjects were
examined after 5 hours of fluid and food
restriction. Informed consent was ob-
tained from all patients in accordance
with requirements of the Institutional
Review Board for Protection of Human
Subjects.

MR findings were compared with the
findings from clinical and appropriate ra-
diologic studies (IVU in 19 cases, percuta-
neous nephrostography in four cases).
Acute obstruction was defined as the on-
set of obstruction, as evidenced by the
history and/or radiologic findings, with-
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in 3 days (12). All cases were high-grade
obstruction as demonstrated at IVU and
were due to renal calculus. IVU inclusion
criteria were delayed appearance of con-
trast material in the collecting system un-
til 10-15 minutes after the injection, in-
creasing nephrogram, and demonstration
of little or no passage of contrast material
beyond the obstructing calculus.

Chronic obstruction was defined as ob-
struction of longer than 3 months dura-
tion (12). All cases were high-grade or

SIGNAL INTENSITY

T T T T T T
CTR 05 1 15 2 25 3 35 4 45 5 15

b.
1419
13
>
|-
[}
z 124
H
2
H 1.1
z
o
3
1.0 1
09 4+ v ————— v
CTRO0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 15
d.

complete obstruction. Inclusion criteria
included delayed appearance of contrast
material in the collecting system until 10-
15 minutes after the injection and demon-
stration of little or no passage of contrast
material beyond the level of obstruction.
The causes of chronic obstruction includ-
ed renal calculus (n = 6), surgical compli-
cation after calculus removal (n = 1), ma-
lignant retroperitoneal fibrosis (n = 1),
and ureteropelvic junction fibrosis (n
=1).

June 1990



The causes of dilation of nonobstructed
kidneys included calculus removal (n =
1), long-standing bladder outlet obstruc-
tion due to prostatic hypertrophy re-
lieved by Foley catheter drainage (n = 1),
bladder cancer with percutaneous renal
drainage (n = 1), cervical cancer with per-
cutaneous renal drainage (n = 2), retro-
peritoneal benign fibrosis with unilateral
drainage and contralateral obstruction (n
= 1), and bilateral repaired ureteropelvic
junction obstruction (n = 1). In all cases of
dilated nonobstructed kidneys, obstruc-
tion had been relieved for a minimum of
3 days.

Absence of obstruction was confirmed
with percutaneous nephrostography in
four cases and with IVU in three cases.
Inclusion criteria included visualization
of free drainage of contrast material from
the renal collecting system through the
percutaneous nephrostomy tube at percu-
taneous nephrostography or a normal-ap-
pearing nephrogram and normal tempo-
ral appearance of contrast material in the
collecting systems at IVU. The Whitaker
test was not performed in any of the sub-
jects.

Imaging Technique

MR images were obtained on a 1.5-T
cryogenic magnet (Signa; GE Medical
Systems, Milwaukee). GRASS images
(repetition time = 33 msec, echo time =
13 msec, flip angle = 70°) were obtained
at one or two levels in the axial or coronal
plane with flow compensation. The field
of view was 32-38 cm?. The matrix size
was 256 X 128, and two excitations were
used. A bolus injection of gadopentetate
dimeglumine (Magnevist; Berlex Imag-
ing, Wayne, NJ) Gd-DTPA (0.1 mmol/kg
of body weight) was followed immediate-
ly by acquisition of GRASS images (the
first at 0.5 minute and subsequent ones
every 0.5 minute for 5 minutes). At 15
minutes after the injection, a repeat
GRASS image was obtained. There were
no changes in any imaging parameters
between the GRASS image acquisitions.
Image acquisition took 13 seconds per im-
age and was performed during a breath
hold in all subjects.

Image Analysis

The data were analyzed both qualita-
tively and quantitatively. Qualitative
analysis was performed by means of visu-
al assessment by two of the authors
(R.C.S., H.H.). Changes in SI, the time
course of enhancement, the pattern of en-
hancement (uniform or patchy), and the
morphologic appearance of the kidney
(renal size, cortical and medullary thick-
ness, and size of the collecting system)
were evaluated.

Quantitative analysis was performed by
one of the authors (E.T.), who was blind-
ed to the diagnosis, on a remote console
with regions of interest placed manually
over the renal cortex, renal medulla, renal
calyces, liver, spleen, retroperitoneal fat,

Volume 175 ¢ Number 3

and psoas muscles. The size of the region
of interest was 0.08 cm?. Region-of-inter-
est measurements were made bilaterally
in the cortex, medulla, and collecting sys-
tem of the upper, middle, and lower por-
tions of the kidneys. Four determinations
were made in the liver, spleen, perirenal
fat, and psoas muscles of each subject. A
total of 11,016 data points were processed.
Because SI varies from image to image
and from side to side, it was expressed as
the ratio of the SI of the tissue of interest
to the SI of the ipsilateral psoas muscle on
the same image. In addition, renal cortical
to medullary contrast was expressed as
the SI of the cortex minus the SI of the
medulla, divided by the SI of the psoas
muscle. The percentage of contrast was
calculated as the absolute value of two
measurements divided by the mean of the
two measurements. The percentage of SI
increase was calculated as the difference
between two measurements divided by
the first of the two measurements. All cal-
culations were made on mean values.

RESULTS

Images were of diagnostic quality
in all cases, and no subjects were ex-
cluded from the study. None of the
subjects experienced any adverse ef-
fects after the Gd-DTPA injection.

Normal Kidneys

In normal kidneys, the precontrast
GRASS image demonstrated minimal
corticomedullary differentiation
(2.3% difference) (Fig 1). After injec-
tion of Gd-DTPA, the pattern of en-
hancement demonstrated four
phases: cortical enhancement, early
tubular, ductal, and excretory.

In the cortical enhancement phase,
seen at 0.5 minute after Gd-DTPA in-
jection, both the cortex and the me-
dulla demonstrated signal enhance-
ment. The SI increase in the cortex,
including the columns of Bertin, was
17%. The SI increase in the medulla
was 5%. The disparity in corticomed-
ullary enhancement (13% contrast)
allowed excellent differentiation (Fig
1b).

In the early tubular phase, appar-
ent at 1 minute after injection, the SI
of the cortex remained similar to that
in the cortical enhancement phase,
but there was increased enhance-
ment of the medulla, decreasing cor-
ticomedullary differentiation (12.6%
contrast) (Fig 1c). In 12 of 26 normal
kidneys, this phase was too brief to
be isolated with a temporal resolu-
tion of 30 seconds between images.

In the ductal phase, which ap-
peared at 1.5 minutes after injection,
there was a slight decrease in the SI
of the cortex (2%), with decreased ap-

preciability of the columns of Bertin.
The SI of the medulla, however, de-
creased to a greater extent (6% from
the cortical enhancement phase, and
1% from precontrast levels), once
again accentuating corticomedullary
differentiation (20% contrast) (Fig
1d).

In the excretory phase, which ap-
peared at 2 minutes after injection,
the SI of the cortex decreased, where-
as the SI of the medulla increased
(except for the papillary region,
which appeared even darker), result-
ing in loss of the corticomedullary
boundary. The calyces and infundib-
ula were demonstrated for the first
time during this phase, showing the
low SI of concentrated Gd-DTPA in
the urine (Fig 1e). In three patients,
pronounced susceptibility-induced
image distortion of the collecting sys-
tems was present. In the 15-minute
GRASS image, the excreted urine be-
came higher in SI (Fig 1f).

Figure 2a demonstrates the tempo-
ral course of SI changes in the cortex
and medulla. For normal kidneys,
renal size ranged from 10 to 13 cm
(mean, 12 cm), the cortex measured
0.5-1.0 cm in thickness (lateral to the
renal hilum) with distinct columns
of Bertin, and the medulla was con-
ical.

Dilated Nonobstructed Kidneys

Dilated nonobstructed kidneys
demonstrated the normal pattern of
the four phases of enhancement (Fig
2b). Images demonstrating the ductal
and excretory phases are shown in
Figure 3. In two patients, pro-
nounced susceptibility-induced im-
age distortion of the renal collecting
systems was seen during the excre-
tory phase. The kidneys tended to be
larger than normal, measuring 10-15
cm (mean, 13.5 cm). The cortex was
of normal thickness, but the renal
medulla appeared flattened.

Acute Obstruction

In acute obstruction, the appear-
ance of the cortical enhancement
phase was similar to that in normal
kidneys but with a higher SI increase
in the medulla (15.5% vs 5.0%, result-
ing in diminished corticomedullary
contrast [2.8%]). The early tubular
phase was prolonged, and cortical
and medullary enhancement persist-
ed until 2.5 minutes. Concentration
of Gd-DTPA in the ductal phase was
delayed, appearing at 2.5 minutes,
and the SI of the medulla did not de-
crease to the same extent as in nor-
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mal kidneys. The SI of the medulla
remained higher than in precontrast
studies. Figure 2c illustrates the tem-
poral SI changes in the cortex and
medulla. The excretory phase was de-
layed until 2.5-3.0 minutes. The
urine in the collecting system was of
normal low SI in two patients (dura-
tion of obstruction, less than 12
hours) and of high SI in four patients
(duration of obstruction, 1-3 days).
In two subjects, pronounced suscepti-
bility-induced image distortion was
seen in the renal collecting system of
the contralateral normal kidney.
Morphologically, the kidneys were
enlarged, measuring 13-16 cm
(mean, 15 cm). The cortex was well
preserved, but the columns of Bertin
were thinned, and the medulla was
flattened. The renal collecting system
was dilated. Images from the cortical
enhancement, ductal, and early and
late excretory phases in acute ob-
struction are shown in Figure 4.

Chronic Obstruction

In chronic obstruction, the cortical
enhancement phase demonstrated di-
minished parenchymal enhancement
compared with that in normal kid-
neys (13% cortical enhancement), re-
sulting in decreased appreciability of
corticomedullary differentiation
(7.1% contrast). The early tubular
phase was prolonged until 2.5 min-
utes after injection, and the ductal
phase was diminished or absent. The
excretion phase was delayed or inap-
parent, and the urine in the collect-
ing system was of high SI. In two of
these subjects, the contralateral nor-
mal kidneys showed pronounced
susceptibility-induced image distor-
tion during the excretory phase. Se-
lected postcontrast images are shown
in Figure 5. Figure 2d illustrates the
temporal SI changes in the cortex
and medulla. The renal length
ranged from 13 to 15 cm in six of the
nine patients and from 7.5 to 10 cm
in three patients. The cortex was nor-
mal in four of the nine patients but
thinned in five, and the columns of
Bertin were always compressed and
occasionally (in two patients) not
perceived. The medulla was invari-
ably compressed. In three of the pa-
tients with cortical thinning, the cor-
tical enhancement was patchy, and
the temporal changes in the medulla
were heterogeneous.

Both bilateral and unilateral ob-
structions were present in this group.
Although in unilateral obstruction
the contralateral kidney functions
differently from normal due to the
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Figure 3. GRASS images of a subject with a dilated nonobstructed kidney on the right and
a normal kidney on the left. (a) Ductal phase. Low SI of medulla appears simultaneously in
the dilated nonobstructed right kidney and in the normal left kidney. (b) Excretory phase.
Excretion of concentrated urine appears symmetrical bilaterally. Note susceptibility-induced
image distortion of the renal collecting systems due to the high concentration of Gd-DTPA.

increased blood flow and glomerular
filtration (12), the pattern of en-
hancement was not different from
that in the kidneys in healthy sub-
jects; therefore, the contralateral kid-
neys were included with the kidneys
from healthy subjects in the quantita-
tive analysis.

Spleen, Liver, and Psoas Muscle

The enhancement patterns of the
spleen and liver were also deter-
mined. The temporal course is illus-
trated in Figure 6. Values for the
spleen are the mean for all subjects in
the study. The spleen showed a
marked initial SI increase, with a het-
erogeneous appearance in 12 subjects
(Fig 1b). At 1 minute, the SI became
homogeneous in all subjects, and
there was a slow decline in enhance-
ment. Analysis of SI enhancement of
the liver revealed two patterns. In
patients with a history of chronic re-
nal obstruction, the liver enhance-
ment was increased and prolonged
compared with that in healthy sub-
jects, patients with dilated nonob-
structed kidneys, and patients with
acute renal obstruction. The psoas
muscles demonstrated an SI increase
of 3.0% + 1.7% (mean + SD) on the
initial postcontrast image.

DISCUSSION

The use of MR contrast media in
renal imaging has been described in
animal models (the rabbit [7,8] and
the Yucatan micropig [9,10]) and in
humans (11). Early studies demon-
strated the usefulness of MR contrast
media in the assessment of renal
function and its potential in the diag-
nosis of obstruction (11). This study
confirms previous results and further
extends the findings.

Technique

Breath-hold GRASS technique was
used to allow dynamic assessment of
contrast enhancement. SI measure-
ments were performed to quantify
the degree of enhancement and to
demonstrate its temporal course.
Since a number of variables (eg, field
strength, gradient strength, band
width, radio frequency, receiver at-
tenuation, echo time, repetition time,
flip angle, magnetic susceptibility of
the subject) contribute to the relative
SI of tissues, and since absolute, and
even relative, SIs may not be compa-
rable between different experimental
designs, the data were expressed as
the ratio of the SI in the tissue of in-
terest to the Sl in the ipsilateral psoas
muscle. The psoas muscle was select-
ed because, although there is mini-
mal psoas enhancement with Gd-
DTPA administration (an average of
3% increase in SI), the muscle was
uniformly identified and homoge-
neous, unlike perirenal fat, which on
occasion was heterogeneous and
sometimes too scant to quantify. By
expressing the data as ratios, side-to-
side variation due to magnetic-field
inhomogeneity, time-related change,
and magnetic susceptibility differ-
ences between individuals were min-
imized.

The contrast agent used in this
study was Gd-DTPA (gadopentetate
dimeglumine), which is freely fil-
tered at the glomerulus and is nei-
ther secreted nor reabsorbed by the
tubules (13). We hypothesize that the
cortical enhancement phase is mainly
due to the presence of contrast mate-
rial in the intravascular and intersti-
tial spaces and to a smaller degree in
the proximal convoluted tubules. The
early tubular phase is due to the pres-
ence of Gd-DTPA predominantly in
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Figure 4. GRASS images of a subject with an acutely obstructed kidney on the left and a normal kidney on the right (a) Cortical enhance-
ment phase. Acutely obstructed left kidney is larger and swollen compared with the right kidney. Obstruction to venous drainage results in
abnormal pattern of contrast enhancement on obstructed side, with increased parenchymal SI and decreased corticomedullary distinction.
(b) Ductal phase. Tubular concentration is apparent on normal right side but not on the obstructed left side. Cortical enhancement is persis-
tent on the obstructed side analogous to the persistent nephrogram on IVU examinations. (c) Excretory phase. Delayed image obtained at 3.5
minutes shows dilute (high-SI) urine in dilated calyces on the left (arrows). Concentrated (low-SI) urine is excreted from the right kidney.
(d) Excretory phase (15 minutes after injection). Dilute urine is excreted on the normal side. Excretion into dilated calyces can be better ap-

preciated.

Figure 5. GRASS images of a subject with a chronically obstructed kidney on the right and
a dilated nonobstructed kidney on the left. (a) Cortical enhancement phase. Normal cortico-
medullary enhancement on the left demonstrates corticomedullary distinction. Cortical en-
hancement is lower in chronically obstructed kidney on the right, with no distinction be-
tween cortex and medulla apparent. Low-SI Gd-DTPA-free urine is present in both collect-
ing systems (arrows). (b) Excretory phase. Concentrated urine is excreted by the dilated
nonobstructed left kidney. There is no apparent excretion by the chronically obstructed
right kidney, no development of corticomedullary contrast, and no significant change in pa-
renchymal SI from the cortical enhancement phase.

the proximal tubules. The ductal
phase reflects concentration of Gd-
DTPA in the distal convoluted tu-
bules and collecting ducts. The excre-
tory phase reflects excretion from the
collecting ducts into the calyces. The
tissue SI after Gd-DTPA injection de-
pends on its concentration (11).
While this paramagnetic contrast
agent always shortens both T1 and
T2, at lower concentrations (0.63-6.3
mmol/L) T1 shortening predomi-
nates, resulting in tissue enhance-
ment on T1-weighted images. At
higher concentrations (25-50 mmol/
L), the effect of short T1 is maximal,
and T2 shortening is the dominant
effect, resulting in decreased SI of tis-
sue on T1-weighted images (11).

The state of hydration affects the
concentrating ability of the kidney,
which influences the pattern of Gd-
DTPA enhancement (7). In our
study, hydration of the subjects was
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standardized so that the concentra-
tion pattern would not be influ-
enced by total body fluid content
and would mainly reflect differ-
ences in renal function. The tabulat-
ed data are from studies in which
fluid intake was restricted for at
least 5 hours prior to imaging. Data
from two studies in which the sub-
jects were well hydrated prior to im-
aging were not included. In those
two patients, the four phases of en-
hancement could not be observed,
and specifically the ductal phase
(Fig 7) was not demonstrated. To de-
finitively demonstrate the effect of
hydration on the SI changes in the
renal parenchyma, a larger number
of patients in varying states of hy-
dration would have to be studied.
The appearance of four phases de-
pends on the temporal resolution of
the technique used, as well as on in-
dividual variations in renal transit
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Figure 6. Temporal SI changes in the
spleen (A) and liver. Liver enhancement fol-
lowed two patterns: that seen in patients
with a history of chronic renal obstruction
and in subjects with acute obstruction in
normal kidneys (@) and that seen in subjects
with dilated nonobstructed kidneys (O). SI
is expressed as a ratio to SI of psoas muscle.
Bars represent SD. Horizontal axis shows
time, expressed in minutes; CTR = control
(preinjection).

time. The effect of hydration on renal
concentrating ability has been recog-
nized in dynamic CT as well (1).

Cortical Enhancement Phase

The cortical enhancement phase is
seen at 0.5 minute after injection of
Gd-DTPA. In acute obstruction, this
phase is similar to that in normal
subjects except that there is a higher
Sl increase in the medulla. The
pathophysiologic basis for this may
be increased medullary blood flow
and congestion caused by elevated
ductal and tubular pressure in acute
obstruction (14,15). In chronic ob-
struction, however, there was greatly
diminished or no corticomedullary
differentiation in four of nine sub-
jects. This probably stems from gen-
eralized vasoconstriction (12,16),
which eliminates the differential
blood flow.
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Figure 7. GRASS images of healthy subject in Figure 1 while in a well-hydrated state (200 mL of fluid was administered 30 minutes before
imaging). (a) Cortical enhancement phase. Appearance is similar to that in this phase when patient was dehydrated. (b) Ductal phase. Con-
centration of Gd-DTPA has not developed in the ductal phase because dilute Gd-DTPA is present in the distal convoluted tubules and col-
lecting ducts, resulting in higher SI of the medulla. (c) Excretory phase. At 2 minutes after injection, dilute (high-SI) urine is excreted bilater-

ally (arrows point to renal collecting systems).

Early Tubular Phase

The early tubular phase starts at 1
minute and lasts, in normal and dilat-
ed nonobstructed kidneys, until 1.5
minutes. In acute obstruction, the ear-
ly tubular phase is prolonged until 2.5
minutes, and there is persistence and
a slight increase in cortical enhance-
ment. This finding is analogous to the
persistent nephrogram seen at IVU
and at iodine contrast material-en-
hanced CT. The prolonged early tubu-
lar phase is presumably due to delay
in the passage of Gd-DTPA through
the tubules. The pathophysiologic ba-
sis, although controversial, is proba-
bly a combination of obstruction to
venous drainage, continued filtration
of contrast material into dilated col-
lecting tubules subjected to increased
pressure with continued reabsorption
of water, and vasoconstriction (12,13-
15,17-22). In chronic obstruction, cor-
tical enhancement is reduced and pro-
longed compared with that occurring
in healthy subjects. The basis for this
finding is that obstruction to venous
drainage causes relative ischemia,
which, with time, reduces blood flow,
resulting in decreased cortical en-
hancement (12,14,16-19,22).

Ductal Phase

In normal and dilated nonobstruct-
ed kidneys, the ductal phase appears
at 1.5 minutes. In acute obstruction it
is delayed, appearing at 2.5 minutes.
In chronic obstruction it is delayed to
2.5 minutes or is absent. The appear-
ance of either increased or decreased
medullary SI in the ductal phase is
affected by the level of antidiuretic
hormone. When these levels are low
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(as in overhydration), water reab-
sorption from the collecting ducts is
diminished, and free water clearance
is high; as a result, the Gd-DTPA in
the urine is dilute (high SI). When
antidiuretic hormone levels are nor-
mal or elevated (as they are during
fluid restriction), the transit time is
prolonged; as a result, the Gd-DTPA
in the urine is concentrated (low SI).
As in the early tubular phase, the
temporal resolution of imaging in
this study did not allow separation of
the delivery of Gd-DTPA to the distal
convoluted tubules (which could be
called the late tubular phase) from
the delivery of Gd-DTPA to the col-
lecting ducts (true ductal phase). In
all patients with acute obstruction,
there was delayed appearance of the
ductal phase, which probably result-
ed from increased intratubular pres-
sure and dilation of the collecting
system (12,14,15). In four of nine sub-
jects with chronic obstruction, the
ductal phase was apparent at 2.5 min-
utes, presumably on the same basis as
in acute obstruction. In the other
five, concentration of Gd-DTPA in
the ductal phase did not occur, possi-
bly because of loss of tubular func-
tion due to tubular damage (20). Tu-
bular damage, however, is not limit-
ed to chronic obstruction and can be
seen in a number of renal diseases
and in renal vein thrombosis.

Excretory Phase

The change in Sl in the renal col-
lecting system provides additional
information. In the nonobstructed
kidneys, the SI of the calyces and the
infundibula was low at 2 minutes,
even when the collecting system was

dilated. On the delayed 15-minute
image, SI in the calyces was in-
creased, due to the dilution of Gd-
DTPA. In acute obstruction, concen-
trated Gd-DTPA was excreted in two
patients with obstruction of less than
12 hours duration. In four patients
with renal obstruction of 1-3 days
duration, excreted urine was dilute.
In both cases, excretion was delayed
until 2.5-3.0 minutes. In chronic ob-
struction, the renal calyces showed
either increased SI or no apparent
change. Lack of apparent change in
Sl intensity was interpreted as repre-
senting minimal or no excretion of
contrast media.

SI changes were measured in the
calyces rather than the renal pelvis
because Gd-DTPA layers in a gradi-
ent of concentration when located in
a larger structure, such as the bladder
or dilated renal pelvis. SI changes in
the calyces were interpreted as repre-
senting the true concentration of the
urine as excreted by the renal papil-
lae.

Since both Gd-DTPA-free urine in
a dilated renal collecting system and
concentrated Gd-DTPA in urine are
low in SI, the distinction between the
two can be a problem. At least four
features can be used to distinguish
them: (a) The low SI of Gd-DTPA-
free urine is visible during the corti-
cal enhancement phase. (b) The low
SI of concentrated Gd-DTPA in urine
is apparent only in the excretory
phase after the development of low
SIin the medulla during the ductal
phase. (c) The initial part of the ex-
cretory phase is always accompa-
nied by low Sl in the papillary tips.
(d) Susceptibility-induced distortion
of the renal collecting system can ac-
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company concentration of Gd-DTPA
in urine (seen in 14 kidneys in this
study) but does not occur with Gd-
DTPA-free urine in the collecting
system (10).

Spleen and Liver

The spleen showed high SI in-
crease at 0.5 minute after injection
with a heterogeneous pattern of
splenic opacification in 12 of the sub-
jects in this study. This appearance
has been described in the CT litera-
ture and appears to be due to differ-
ing blood flow patterns within the
various stromal compartments of the
spleen (23). This was followed by a
slow decrease in splenic SI.

The hepatic SI increase was more
variable. Compared with subjects
with normal renal function, patients
with chronic renal obstruction dem-
onstrated increased and prolonged
enhancement of the SI of the liver
(Fig 6). It is our hypothesis that this
may be caused by vicarious excretion
of Gd-DTPA (24). It has been report-
ed, however, that glomerular filtra-
tion remains the predominant route
of elimination of Gd-DTPA in pa-
tients with renal failure (25). It has
been shown that there is significant
correlation between creatinine clear-
ance and total body clearance of Gd-
DTPA, with the half-life of plasma
Gd-DTPA ranging from 1.4 to 10
hours, depending on the severity of
renal failure (25). Although some
contribution from prolonged Gd-
DTPA clearance was most probably
present in our study as well, we hy-
pothesize that vicarious excretion
was also responsible for the increase
in hepatic SI because no difference in
splenic SI between the two groups
was observed. In our study, however,
neither delayed (24-hour) imaging
nor laboratory work was performed
to confirm this hypothesis. Further
work on a large number of patients is
required for better understanding of
the pharmacokinetics of Gd-DTPA in
humans.

SUMMARY

Several conclusions can be drawn
from the results of this study:

1. Four phases of contrast en-
hancement can be recognized in the
kidney, and the cortical enhance-
ment phase can be distinguished
from the ductal phase, although the
two phases are similar in appearance.

2. Standardization of patient hy-
dration may be important prior to ex-
amination.
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3. In acute obstruction of less than
12 hours duration, excreted urine is
concentrated. In acute obstruction of
1-3 days duration, however, excreted
urine is dilute. A larger number of
patients must be studied to confirm
this impression.

4. Patients with chronic renal ob-
struction may have detectably de-
creased cortical enhancement.

5. Patients with chronic renal
obstruction may have increased and
prolonged enhancement of hepat-
ic SI.

In summary, by evaluating both
the temporal changes in renal paren-
chymal SI and the morphologic ap-
pearance of the kidneys, dynamic
Gd-DTPA-enhanced MR imaging
may permit differentiation of acute
from chronic obstruction and ob-
structive from nonobstructive hydro-
nephrosis. Larger numbers of pa-
tients with more varied length and
severity of obstruction should be
studied to determine whether this
distinction can be made reliably. The
morphologic detail of images ac-
quired with dynamic Gd-DTPA-en-
hanced MR imaging permits appreci-
ation of the heterogeneous function
of nephrons in normal and diseased
kidneys. This information may be of
value when an assessment of subseg-
mental function of the kidneys is re-
quired. Possible clinical applications
include determination of optimal
percutaneous approaches to drainage
and identification of the most func-
tional segment of kidney for uretero-
calyceal anastomosis. H
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