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Gd-DTPA as a Contrast Agent in CT’

Johan L. Bloem, MD, PhD
John Wondergem, MD

An evaluation was done of the effect of
gadolinium diethylenetniaminepenta-
acetic acid (DTPA) on computed tomo-
graphic (CT) studies performed after
magnetic resonance (MR) imaging. CT
scans of two solutions of Gd-DTPA
demonstrated substantial attenuation. In
two patients who underwent CT after
Gd-DTPA-enhanced MR imaging, the
high attenuation of concentrated Gd-
DTPA was seen in the urinary bladder
and renal collecting system. However, in
the concentration presently used in MR
imaging, Gd-DTPA results in only mi-
nor enhancement of renal cortex.
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T HE rare-earth element gadolinium
chelated with diethylenetriamine-

pentaacetic acid (DTPA) has been used

for several years as a contrast agent in
magnetic resonance (MR) imaging in
controlled experiments. It has proved

to be a safe, well-tolerated, and effec-
tive contrast agent (1-5). In many pa-
tients who are referred for diagnostic
radiology, combinations of imaging
studies are performed. The combina-
tion of computed tomography (CT) and
MR imaging is frequently performed,

especially in correlative studies for effi-
cacy assessment. The purpose of this

study was to determine if a Gd-DTPA-
enhanced MR study performed prior to
a CT examination changes the informa-
tion in the CT images.

Materials and Methods

CT scans of several solutions were
obtained for comparison. Solutions of
Gd-DTPA manufactured by Scheming
(Berlin, Federal Republic of Germany)

for intravenous administration (Mag-
nevist; concentration of gadopentetate,
0.469 g/mL) and oral administration
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(SH L 452 F; concentration of gadopen-
tetate, 0.009 g/mL) were scanned and

compared with CT scans of ioxithala-
mate (Telebnix 35; Guerbet, Paris), with
a concentration of 350 mg iodine per
milliliter, and tap water. The test tubes
were scanned with a Philips scanner

(Shelton, Conn) to determine the atten-
uation of the various solutions. A 6-
mm-thick section was obtained with
120 kV, 200 mA, and an exposure time

of 2.4 msec. Subsequently a region of
interest was selected with a cursor. The

volume meaured 1 cm3.
In addition to the test tube studies,

two patients who had first been exam-
med with MR imaging were also exam-

med with CT after intravenous admin-
istration of Gd-DTPA. Informed con-
sent had been obtained. The first
patient, who had multiple exostoses,
was examined with CT 1 hour after in-
tmavenous injection of Gd-DTPA. In the
second patient, images were obtained
before and 30 seconds, 2 minutes, 3
minutes, and 9 minutes after adminis-
tration of Gd-DTPA; images were ob-
tamed of the liven, kidneys, and un-
nary bladder to evaluate the temporal

distribution of Gd-DTPA as demon-

strated by CT.

Results

In the test tube studies, the Gd-DTPA
solution with the highest concentra-

tion-that is, Gd-DTPA for intravenous
use-had the highest attenuation (Fig
1): 2,809 HU ± 43 (standard deviation).
The attenuation of Gd-DTPA for oral

use was only 77 HU ± 7, the attenua-
tion of tap water was 1 1 HU ± 5, and
the attenuation of ioxithalamate was
3,495 HU ± 0.

The Gd-DTPA-enhanced MR exami-
nation of the patient with multiple ex-

ostoses demonstrated the previously
described peripheral enhancement pat-
tern of cartilaginous tumors (6). The CT
scan obtained 1 hour after injection of
Gd-DTPA did not show increased at-

tenuation in the region that enhanced
at MR imaging; however, increased at-
tenuation was observed in the urinary

bladder and the pelvis of the kidneys
(Fig 2).

In the second patient, sequential CT
images were made before and after in-

jection of Gd-DTPA. The attenuation of
the renal cortex measured before injec-
lion was 37 HU ± 5; 30 seconds after
injection, 46 HU ± 5; 2 minutes after
injection, 46 HU ± 5; 3 minutes after
injection, 48 HU ± 6; and 9 minutes af-
ten injection, 43 HU ± 8. The attenua-

Figure 1. A 6-mm-thick CT section of three

solutions: Cd-DTPA for intravenous use

(upper left), Cd-DTPA for oral use (lower
left), and tap water in a plastic cup (night).

The two Cd-DTPA solutions were scanned

in their original containers of glass.

Figure 2. CT scan at the level of the un-

nary bladder 1 hour after injection of Cd-

DTPA. The bladder, because of renal excre-

tion, is filled with concentrated Cd-DTPA.
This results in a high attenuation of the

bladder lumen. No iodinated contrast agent

was used. Note the multiple exostoses.

tion of the liven pamenchyma before in-
jection was 63 HU ± 5; 30 seconds after

injection, 67 HU ± 5; 2 minutes after
injection, 65 HU ± 8; 3 minutes after
injection, 66 HU ± 5; and 9 minutes af-

ten injection, 63 HU ± 5.

Thirty seconds after injection of Gd-
DTPA, an increase in attenuation of

only 9 HU was found in the renal con-
tex, whereas no enhancement was ob-

served in the liver parenchyma. Al-
though the increase in attenuation of
renal cortex is small and was measured
in only one patient, the increased conti-
comeduilary differentiation constitutes
reliable evidence that real enhance-
ment takes place (Fig 3). Delayed im-
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Figure 3. Sequential CT images made at one level before (a) and 30 seconds to 9 minutes (b-e) after injection of Cd-DTPA (0.1 mg/kg body

weight). (a) CT scan at the level of the liver and kidneys obtained before Cd-DTPA injection. (b) Minor enhancement, demonstrated as an

increased corticomedullary differentiation, is observed 30 seconds after injection of Cd-DTPA. (c) The corticomedullary differentiation is

less pronounced on this image taken 2 minutes after injection, probably because of enhancement of the renal medulla. There is no enhance-

ment of the collecting system. (d) After 3 minutes, increased attenuation of Cd-DTPA is depicted in the renal collecting system. (e) At 9 mm-
utes, an increase in attenuation in both renal collecting systems is observed. No enhancement of liver parenchyma is seen.

ages showed high-attenuation contrast
in the collecting system of both kid-
neys and in the urinary bladder, identi-

cal to the images of the first patient. A
renal cell carcinoma, which was sus-
pected at ultrasound, was not found

with CT or MR imaging.

Discussion

Because of the paramagnetic proper-
ties of gadolinium-64, Gd-DTPA is an

effective contrast agent in MR imaging
(1,2). The complex is well tolerated by
humans, and no serious side effects

have been reported (3-5).

Gadolinium is characterized by a
high atomic number of 64, which corn-
pares favorably with that of the x-ray

contrast agent iodine (iodine-53). The
anticipated high attenuation by con-

centrated Gd-DTPA at CT was con-
firmed in the in vitro images (Fig 1).

The pharmacokinetics of intravenously
administered Gd-DTPA are similar to
those of the iodine contrast agents (7-
9). The CT examination performed in
the two patients after intravenous ad-
ministration of Gd-DTPA therefore

showed an increased attenuation in the
urinary bladder and collecting system

of both kidneys (Figs 2, 3). Only minor
enhancement of the renal cortex was
demonstrated, and no enhancement of

the liver was demonstrated. This is
probably caused by the low concentra-

tion of Gd-DTPA in the parenchyma of

kidney and liver (Fig 3).

This study demonstrates that the ap-

pearance of the urinary collecting sys-
tern at Gd-DTPA-enhanced CT imag-
ing is similar to that on iodine-en-

hanced CT images. This may be
important when reading CT scans that

were made directly after performance
of Gd-DTPA-enhanced MR studies.
Furthermore, Gd-DTPA may be an ai-
temnative to iodinated contrast agents

in CT of the urinary collecting system.
When Gd-DTPA is administered in the

concentration used in MR imaging, mi-
nor enhancement of the renal cortex
can be observed at CT. This observation
may warrant further research into the

potential of Gd-DTPA as a CT contrast

agent. U

References
1. Felix R, Sch#{246}mnerW, Laniado M, et al.

Brain tumors: MR imaging with gadolini-
um-DTPA. Radiology 1985; 156:681-688.

2. Bydder CM. Clinical application of gado-
linium-DTPA. In: Stark DS, Bradley WC Jr.

eds. Magnetic resonance imaging. St Louis:
Mosby. 1988; 182-200.

3. Slutsky RA, Peterson T, Strich C, Brown JJ.
Hemodynamic effects of rapid and slow in-

fusions of manganese chloride and gado-

linium-DTPA in dogs. Radiology 1985;

154:733-735.

4. Laniado M. Weinman HJ, Sch#{246}rner W, Fe-
lix R, Speck U. First use of gadolinium-

DTPA/dimeglumine in man. Physiol Chem

Phys Med NMR 1984; 16:157-165.

5. Sch#{246}rner W, Felix R, Laniado M, et al.

Prufung des kernspintomographischen

kontastmittels gadolinium-DTPA am men-

schen: vertr#{226}glichkeit, kontrastbeeinflus-
sung und erste klinische ergebnisse.
Fortschr Rontgenstr 1984; 140:493-500.

6. Bloem JL, Taminiau AHM, Bloem RM.
MRI of musculoskeletal disease. In: Falke
THM, ed. Essentials of clinical MRI. Bos-

ton: Martinus Nijhoff. 1988; 203-217.
7. Strich C, Hagan PL, Gerber KH. Slutsky

RA. Tissue distribution and magnetic res-

onance spin lattice relaxation effects of
gadolinium-DTPA. Radiology 1985;

154:723-726.

8. Runge VM, Clanton JA, Herzer WA, et al.
Intravascular contrast agents suitable for
magnetic resonance imaging. Radiology
1984; 153:171-176.

9. Weinmann H-J, Brasch RC, Press W-R, Wes-
bey CE. Characteristics of gadolinium-
DTPA complex: a potential NMR contrast
agent. AJR 1984; 142:619-624.




