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The metal chelate 2,3-dimercaptosuccinic acid
(DMSA) complexed with **"Tc appears to be a
superior and safe renal scintigraphic agent,
regularly revealing corticomedullary morphol-
ogy with either a multihole or a pinhole colli-
mator. Fifty percent or more of administered
dose is retained by the renal cortex at 1 hr—
the highest proportion that has been reported
for any *"Tc complex. Scintiphotos of a variety
of renal diseases and preliminary kinetic data
are presented.

With the remarkable renal scintigraphic agent,
9mTc-caseidin, we obtained regularly, without spe-
cial or lengthy procedures, image detail adequate to
reveal the gross cortical and medullary morphology of
normally functioning kidneys (7). Such definition
became our principal criterion for judging the quality
of renal scintigraphic agents. Unfortunately, this
polypeptide casein derivative has not become readily
available. High absorbed radiation dose per millicurie
limits the image quality obtained with the radiomer-
curials and obviates their use for dynamic renal vas-
cular flow studies (2). In an attempt to overcome
these disadvantages, other **»Tc-labeled scintigraphic
agents have been evaluated: ?*mTc-diethyltriamine-
pentaacetic acid (DTPA) (3), #mTc-Fe ascorbic acid
(4-6), Renotec (7), and ®*™Tc-penicillamine acet-
azolamide (TPAC) (7,8). In our experience and that
of others, none revealed corticomedullary morphol-
ogy with multihole collimators as did **™Tc-caseidin
(1,9).

During an antischistosomiasis campaign in the
People’s Republic of China, many cases of antimony
poisoning occurred. The metal chelate 2,3-dimercap-
tosuccinic acid (DMSA ), molecular weight 182, was
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synthesized and used extensively in 1- to 2-gm doses
as treatment for antimony, lead, or mercury poison-
ing. It was effective, and no significant clinical or
laboratory adverse effects were noted (/0). In mice
the LD;, of DMSA was reported to be about 2 gm/
kg (10). DMSA complexed with SnCl; and **™TcO,~
has been shown in experimental animals to be an
excellent renal cortical imaging agent (I/). The
usual human dose of 5 mCi of ***Tc-DMSA con-
tains less than 0.5 mg of DMSA, so the margin of
safety appears to be large. We have demonstrated
in a clinical trial in 35 patients that it is a safe and
superior renal scintiphotographic agent, at least
rivaling the excellent image quality of **=Tc-caseidin.
The high percentage of ***Tc-DMSA retained in the
renal cortex results in the high gamma flux. and
appropriate photopeak responsible for the superior
resolution obtained. It is suitable for dynamic renal
vascular flow studies.

MATERIALS AND METHODS

Preparation of the chelate complex. The aqueous
solution of DMSA (0.547 mg/ml) and SnCl, (0.19
mg/ml) at pH 2-3, obtained in a sterile, pyrogen-
free kit,* was thoroughly mixed with an equal vol-
ume of oxidant-free **»TcO,~ solution. After incu-
bation at room temperature for 10-30 min, it was
injected intravenously.

Methods. The hydrated patient lay prone under
an Anger scintillation camera. For the kinetic phase,
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100 xCi of **»Tc-DMSA was injected for renal lo-
calization. The 4000-hole or, if necessary, the low-
energy diverging collimator was positioned over both
kidneys and 5 mCi of **»Tc-DMSA in less than 2-ml
volume was injected as a bolus. When the persistence
monitor scope began to show activity, the camera
output was recorded on Polaroid film, hand-pulled at
3-sec intervals for eight scintiphotos, then at 9-sec
intervals for eight additional scintiphotos, and simul-
taneously on 10 X 12-cm negative film by an Anger
80-lens sequential optical camera (/2) at 2.4 sec/
image.

In 21 patients, serial-timed blood samples were
drawn for 60 min; in seven patients, 2°I serum al-
bumin was injected just before the *°Tc-DMSA.
Both plasma and whole blood were counted in a
well counter with the window set at 130-150 keV
for the **»Tc energy. Iodine-125 plasma samples
were counted at 15—45 keV after the *®™Tc had de-
cayed. The fractional binding of **»Tc-DMSA to red
blood cells (RBC) was obtained by the following
calculation: {C, — (C,[1 — hct])}/C,, where C,
and C, were net counts per minute per milliliter of
whole blood and plasma, respectively, and hct the
microhematocrit. Both !’ albumin plasma volume
and **Tc-DMSA initial distribution volumes were
calculated by relating appropriate calibrated stand-
ards to the zero-time extrapolate of the relevant
plasma data. The fraction of administered dose ex-
creted in the urine was determined by comparing
9mTc activity in timed urine specimens with an
appropriate standard. Fractional renal retention was
calculated in eight patients. The whole-body distri-
bution of **»Tc-DMSA was studied in two patients
with the whole-body scanner (I3), renal activity
being related to total-body activity by a digital
computer system (/4). In seven, the background-
corrected kidney counting rate was compared with
that in a renal phantom consisting of a solution of
%mTc jn plastic containers of appropriate size
counted in renal geometry through Lucite absorbers.

Both patient and phantom data from the scintilla-
tion camera were digitized as time frames and a mini-
computer system was used for data manipulation.
One patient was studied before nephrectomy by both
methods; kidney activity was quantified after nephrec-
tomy with excellent agreement between the methods.

Scintiphotos of the kidneys were made at 1 hr
after injection for 400k counts with the 15,000-hole
high-resolution ?°Tc collimator. In addition, each
kidney image was fully enlarged by means of the
S-mm pinhole collimator for 200k counts. In six
patients, delayed scintiphotos were also made as
late as 17 hr after injection. The thyroid area was
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surveyed in 25 patients to evaluate the presence of
free pertechnetate. A breath-holding technique in-
tended to minimize the image-degrading effect of
respiratory movement was evaluated.

SUBJECTS

All of the 35 subjects were outpatients in good
general condition who had been referred for renal
scintiphotography. Written informed consent was
obtained in all cases, in accordance with Sec. 130.37
FDA regulations. All but two of the patients were
adults. One 6-year-old boy was studied for possible
congenital unilateral renal agenesis and a 15-year-
old girl with Goodpasture’s syndrome was studied.
Excretory urograms of 25 patients were available;
one patient had been studied with 2°®Hg-chlormero-
drin and two with *"Hg-chlormerodrin. In four pa-
tients the serum creatinine was elevated (2.3—4.6
mg/dl); in all others whose serum creatinine was
measured it was lower than 1.8 mg/dl. In 17 pa-
tients, !3'I-hippuran renography was performed the
day after the ***Tc-DMSA study.

RESULTS

The early plasma disappearance curves of %*™Tc-
DMSA in 15 of the 21 patients in whom this was
measured appeared to fit a single exponential func-
tion, though in six an additional single blood sample
drawn 14 hr after injection revealed that the plasma
contained 6-9% of injected dose, confirming that
in these cases the disappearance curve is more com-
plex than the early data suggest. The mean half-times
(ti2) of early plasma °*»Tc-DMSA disappearance
in these 15 patients was 62 min. Excluding the two
patients with serum creatinine exceeding 2.0 mg/dl
reduced this mean to 56 min (s.d. = 12 min). In

—

28 . o
a
— Jab . o i
| . R
o

.§ 20 * -

e o

E 164 A ]

[

2

B2 9 B

2

€

v 8 . -

) CUMULATIVE URINE EXCRETION IN 5 PATIENTS

A -
0 1 ] L L 1 1 ] | 1 1 1

0 2 4 6 8 10 12 14 16 18 20 22 24
Hours

FIG. 1. Cumvulative urinary ®™Tc.-DMSA excretion in five pa-
tients.
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ANTERIOR

5 MIN

FIG. 2. Whole-body scans at specified POSTERIOR

.mes after injection of *™Tc-DMSA, in pa-
tient with poor renal function (creatinine
clearance, 28 ml/min) (fop) anterior and
(bottom) posterior views. Shows initial
blood-pool distribution followed by clear-
ance, with rapid and progressive renal
accumulation and excretion into bladder of
small fraction. At 24 hr, trace of activity
is noted in thyroid gland. This is only
patient in whom any activity has been
identified in thyroid gland at any time.

the other six, the curve represented a sum of expo-
nentials that could not be solved from data accumu-
lated only over the first 60 min.

In each of the seven patients who received !2°1
serum albumin, the initial plasma distribution volume
from °*=Tc-DMSA slightly exceeded the respective
1251 plasma volume with a mean difference of 12.5%.

Of the 20 patients studied for RBC binding, 12
showed none whereas in eight, from 1.5 to 10%
(average 5%) of administered ™ Tc activity appeared
bound to RBC during the 1 hr over which blood
samples were obtained.

Cumulative urinary *=Tc-DMSA excretion was
plotted against time in five patients (Fig. 1). Four
to 8% of the injected dose was excreted in the first
hour; 8-17% cumulatively by 2 hr. In three pa-
tients from whom urine samples were collected for
14 hr or more, 26—29% of the administered dose was
excreted by the end of that period.

In two patients, one without significant renal dis-
ease, the other with progressive renal failure and a
creatinine clearance rate of only 28 ml/min, serial
whole-body scanning after the administration of
9%mTc-DMSA showed rapid and progressive renal
clearance of radioactivity from the blood (Fig. 2).
Quantitative analysis of the data from these two
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patients and from the phantom confirmed that
whereas more than 70% of the injected dose was
eventually found in the kidneys, approximately 50%
was already there in 1 hr. At 24 hr, that remaining
outside the kidneys appeared distributed throughout
the body, presumably in the vascular space, with less
than 0.1% apparent in the thyroid of one patient.
There was no evidence of *=Tc in the thyroid of
the second of these two patients or of any other
patient whose thyroid was imaged.

In all patients, each of the static scintiphotos ob-
tained with the high-resolution collimator 1 hr after
administration of ***Tc-DMSA demonstrated a non-
uniform distribution pattern of renal activity. This
pattern was not invariably visualized when the 4000-
hole collimator was used. Images taken later revealed
increasing renal detail with decreasing background.
The best scintiphotos were always those obtained
late, about 13 hr after injection of a 5-mCi dose.
At that time, about 7-8 min was required to accu-
mulate 400k counts with the high-resolution collima-
tor, imaging both kidneys simultaneously. When cor-
rection was made for physical decay, this appeared
to indicate that about one and one-half times as much
DMSA was in the kidney at 13 hr as after 1 hr when
the required exposure time was about 2-4 min.
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When the 5-mm pinhole collimator was used and
each kidney was enlarged to full crystal width, equiv-
alent resolution was obtained with 200k counts in
about’9 min, 15 hr after injection.

In one patient, scintiphotos taken 1 hr after injec-
tion during breath-holding only, at full expiration
and then at full inspiration, showed that each kidney
moved vertically about one-third of its length during
deep respiration with some renal compression and
slight rotation about the vertical axis. Each breath-
held scintiphoto with 50k counts was of excellent
quality whereas with deep breathing, as might have
been expected, the renal morphology was blurred.
With normal breathing, excellent definition was regu-
larly obtained by means of the high-resolution col-
limator with 400k counts or by pinhole enlargement
with 100k 1 hr after injection.

At no time did urinary radioactivity in the renal
calices or pelves cause artifacts (7). Activity in the
liver (7) or gastric mucosa (/5) did not interfere
with the renal image even in patients with poor cre-
atinine clearance.

No adverse effect attributable to this study was
noted in any patient.

From available clinical and laboratory data, the
kidneys of 18 of these 35 patients were judged to be
essentially normal (Fig. 3); the remaining 17 had
a variety of abnormal renal findings. In four patients,
the two kidneys differed markedly in size (Fig. 4).

FIG. 4. Contracted left kidney secondary to renal artery em-
bolus. Right corticomedullary structure not well seen at 1 hr with
4000-hole collimator. Anatomic detail of contracted left kidney well
seen on pinhole enlargement. Contracted kidney was not visualized
on excretory urograms or with chlormerodrin "Hg.
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FIG. 3. Typical pattern in patient with
normal renal function. High-resolution col-
limator late image reveals typical kidney
fine structure (14 hr postinjection), seen
even better in pinhole enlargements: (left)
400k, 363 sec; (middle) 200k, 377 sec; and
(right) 200k, 442 sec.

In four others, one or more renal cortical lesions
were identified (Fig. 5). In Patient 5A, a hyper-
nephroma 6 cm in diam was found at nephrectomy
at the upper pole of the right kidney in the site seen
on the scintiphoto. In Patient SB, the small cortical
cyst demonstrated in the periphery of the right kid-
ney by scintiphotography was also visualized by
nephrotomography and arteriography and confirmed
by needle aspiration. In Patient 5C, who had a his-
tory of recurrent urinary tract infections, retrograde
pyelography confirmed hydronephrosis of the lower
pole of the right kidney in the area visualized on the
scintiphoto. Obstruction at the ureteropelvic junction
was surgically corrected. Patient 5D, a 39-year-old
man who had been polycythemic for 8 years, pre-
sented with the clinical findings typical of a right
renal infarct. On the scintiphoto, a small, wedge-
shaped defect was seen on the periphery of the right
kidney in a site corresponding to a similar defect
demonstrated on renal arteriograms. In nine patients
(Fig. 6), the renal abnormalities were chiefly un-
even or diminished cortical concentration or marked
anatomic distortion due either to acute or chronic
pyelonephritis or to hydronephrosis. Patient 6A had
a history of bilateral chronic pyelonephritis. The scin-
tiphotographic study was made during an acute ex-
acerbation. Excretory urography could not be per-
formed because the patient was allergic to radiopaque
dyes. Patient 6B had marked hydronephrosis of the
left kidney as demonstrated by excretory urography.
The "2Tc-DMSA dynamic study revealed reduced
blood flow to the left kidney. The static images
showed poor cortical labeling, worse along the medial
margin of the kidney, suggesting renal pelvic dilata-
tion. The hippuran study revealed the excretion pat-
tern of obstruction on the left. A ureteropelvic junc-
tion band causing obstruction was resected. Patient
6C had hydronephrosis of the inferior two-thirds
of the left kidney due to surgically confirmed uretero-
pelvic junction obstruction. In Patient 6D, the left
kidney did not visualize on excretory urograms. Only
a portion of the left kidney is included in the illus-
tration here. At operation the hydronephrotic left
kidney measured 25 cm in length.
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FIG. 5. solitary renal cortical lesions
in four patients. Scintiphotos of Patient A,
with hypernephroma, show large mass
lesion at right upper pole. Three-second
image from dynamic study demonstrates
normal vascularity of this lesion. In Pa-
tient B, small cortical cyst is seen in right
kidney. In Patient C, defect at right lower
pole was proved to be hydronephrosis.
Patient D had polycythemia vera; small
right cortical lesion was renal infarct.

DISCUSSION

The 5-mCi bolus of **»Tc-DMSA appeared ade-
quate for assessing regional renal perfusion (16).
Blood disappearance and renal cortical labeling data
suggest that initially the volume of distribution of
9mTc-DMSA which is probably attached to plasma
proteins (11) is the plasma volume. The small dis-
parity between this and the '?°I plasma volume may
have been caused by renal extraction of a small
fraction of the **"Tc-DMSA from the plasma com-
partment before mixing was complete. On the basis
of both the plasma t,,, in normal patients of 56 min
and the renal accumulation in 1 hr of 50%, the
extraction fraction is estimated to be 4-5% per renal
passage.

Whole-body serial imaging over a 15-hr period
revealed little or no concentration of *™Tc outside
the kidney, bladder, or vascular compartment. In
particular, no concentration was noted in the thyroid
gland except in one patient, 24 hr after the adminis-
tered dose. This would indicate that the dissociation
of **»Tc-DMSA does not occur until late and even
then is small.

The definition and resolution of the **Tc-DMSA
images were slightly better than those we previously
obtained with ?®™Tc-caseidin (/) and were clearly
superior to those with Renotec (7). The improve-
ment appears to be the result of several factors. The
99mTc-DMSA seems to be largely bound to plasma
proteins (I1); this prevents significant filtration

FIG. 6. scintiphoto A is pattern typically seen with bilateral
chronic pyelonephritis. B, C, D, and Fig. 5C represent spectrum of
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through the glomeruli so that the renal pelvic urine
contains too little activity to cause artifacts. About
4-5% of **»Tc-DMSA in the renal blood is con-
tinuously extracted as it passes through the kidneys.
Quantitative data indicate that probably about 50%
of the administered dose is firmly bound to the kid-
neys in 1 hr. Table 1 shows that the retention of this
fraction of the dose was not equaled with any **=Tc-
labeled renal imaging agent reported heretofore.

image patterns seen with hydronephrosis. A, 16 hr; B, 6 hr; C, 16
hr; and D, 17 hr.
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TABLE 1. RENAL RETENTION OF VARIOUS
99mTc.LABELED SUBSTANCES
% of dose
retained in
®=7c-labeled 2 kidneys Animal
complex inl hr studied Reference
DTPA <05 Mouse 17
Renotec 2 Mouse 17
Fe-ascorbate 9 Rat 9
Caseidin 24 Rat 9
Glucoheptonate 22 ? 18
DMSA 54 Rat 10
DMSA =50 Man This paper
*%Hg-chlormerodrin 65 Rat 9

The cortical morphology of the normal kidney
appears in the images as a thin peripheral rim of
9mTc-DMSA activity which merges with a central
network of activity enclosing 4-8 relatively “cold”
areas (1,5,11). This reticular pattern probably re-
sults from the high activity in the cortical columns
of Bertin, extending into the “colder” medulla, and
separating it into several irregular pyramidal struc-
tures which, when viewed from the base, appear
polygonal. Normal variations of this new renal cor-
tical image must be learned to avoid misinterpreting
normal structures as renal defects.

All “pure” 9=Tc-DTPA chelates are filtered
(3,17) by the glomerulus and less than 0.5% is
retained in the renal cortex (I8); this small quantity
cannot be expected to give good static renal cortical
images. When we have used Renotec, a mixture of
®oTc-DTPA and °°=Tc-Fe ascorbate, renal pelvic
artifacts have distorted the cortical image (7) and
gamma flux is disturbingly low (/8). Technetium-
99m-caseidin gave images equivalent to ***Tc-DMSA
but its concentration in the renal cortex is slightly
less; furthermore, because it is a hydrolysate of
casein, it may possibly be allergenic. The complexes
of **mTc-penicillamine (8) hold promise as renal
cortical imaging agents, but appear to be metabolized
fairly rapidly (8), and published scintiphotos do
not reveal the cortical morphology. Very recently,
9mTc-glucoheptonate (19) has been introduced; but
since only 22% is retained in the kidney at 1 hr.
this agent probably will prove to be less efficient
than **=Tc-DMSA.

Radiation dosimetry. The absorbed radiation dose
per millicurie administered was calculated to be 1.4
rads to the kidney and 0.015 rad to the whole body.
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