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Effect of Dose and Field Strength on Enhancement with

Paramagnetic Contrast Media

Robert O. Lindsey, F. Zerrin Yetkin, Robert Prost, and Victor M. Haughton

PURPOSE: To compare contrast enhancement per unit of dose of contrast medium in MR imaging
at 0.5 and 1.5 T. METHODS: Contrast enhancement in images made at 0.5 and 1.5 T after 0.1
mmol/kg of gadopentetate dimeglumine and 0.3 mmol/kg of gadodiamide was measured and the
degree of contrast enhancement in the cavernous sinus and pituitary gland compared. RESULTS:
At both field strengths and both contrast medium doses, contrast enhancement was noted in the
cavernous sinus, pituitary gland, infundibulum, maxillary sinus mucosa, falx cerebri, and choroid
plexus on inspection of images. Enhancement was significantly and conspicuously less in the
cavernous sinus and pituitary gland at 0.5 T (96% and 33%, respectively) than at 1.5 T (160% and
102%, respectively). No tissues were identified that enhanced only with the larger dose or higher
field strength. CONCLUSION: In tissues that normally enhance after intravenous administration of
gadolinium chelates, enhancement is greater at 1.5 T than at 0.5 T.
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The enhancement from a paramagnetic con-
trast agent depends on the intrinsic relaxation
measured in the absence of the agent. In prin-
ciple, there is less contrast enhancement at
lower field strengths, because the relaxation
time of tissue is shorter at lower fields. To our
knowledge the effect of field strength on con-
trast enhancement has not been emphasized;
quantitative studies of contrast enhancement of
normal central nervous system tissues have fo-
cused primarily on 1.5-T imagers (1-3). We
measured the effect of field strength on contrast
enhancement of normal tissues in patients re-
ceiving paramagnetic contrast media.

Materials and Methods

Seventeen patients who were referred for magnetic res-
onance (MR) imaging and were enrolled in a phase Il drug
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investigation protocol were the subjects for this study. With
a computer-generated randomization schedule, patients
were assigned to receive gadopentetate dimeglumine
(Magnevist, Berlex Laboratories, Wayne, NJ) at a dose of
0.1 mmol/kg or gadodiamide (Omniscan, Sterling
Winthrop Pharmaceuticals, New York, NY) at a dose of 0.3
mmol/kg. The patients and investigators were blinded to
the drug used. The patients had a variety of intracranial
disease, including cerebral tumors, arteriovenous malfor-
mations, and metastases. Some patients had normal MR
findings. A 1.5-T Signa and a 0.5-T Signa unit (General
Electric Medical Systems, Milwaukee, Wis) were used for
imaging. T1-weighted images were obtained before and 5
minutes after an infusion over 1 minute of either gado-
pentetate dimeglumine (0.1 mmol/kg) or gadodiamide
(0.3 mmol/kg) administration into an antecubital vein.
The MR parameters were 400-600/10-20/2 (repetition
time/echo time/excitations). The same planes of section
to transmit and receive attenuation settings were used in
the preinjection and postinjection images. Five-millimeter
section thicknesses at 6-mm intervals with 25-cm fields of
view were used in most patients. Axial, sagittal, or coronal
planes were chosen depending on suspected clinical
disease.

Images were examined, and signal intensity was mea-
sured by one investigator without knowledge of the con-
trast agent used. Normal tissues that demonstrated en-
hancement at each field strength and dose were tabulated.
Contrast enhancement was measured in the pituitary
gland and cavernous sinus. Contrast enhancement was
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Fig 1. Coronal (A) and sagittal (B) im-
ages obtained at 0.5 T (above) and 1.5 T
(below) in a woman with an inhomoge-
neously enhancing pituitary gland. The cav-
ernous sinus, sinus mucosa, choroid plexus,
and straight sinus appear to enhance to a
greater degree at 1.5 T than at 0.5 T.

Fig 2. Contiguous contrast-enhanced
coronal images in a patient with a partially
resected pituitary adenoma. In the 0.5-T im-
ages (above) the pituitary gland and cavern-
ous sinus seem to enhance lessthanat 1.5 T
(below).

calculated from signal intensity measured with a region-
of-interest cursor. The size and shape of the cursor were
adjusted to maximize the sample to be measured while
minimizing the partial volume error. The cursor dimension
and location were the same in each preinjection and
postinjection image. Enhancement was calculated as the
difference between precontrast and postcontrast signal in-
tensities divided by the precontrast intensity. The mea-
surements were stratified by dose of contrast medium,
tissue type, and field strength.

To illustrate this article, cases were selected at random
from recently studied patients who had MR imaging of the
sella at two field strengths: 0.5 and 1.5 T.

Results

Enhancement was noted in the normal cav-
ernous sinus, infundibulum, pituitary gland,
maxillary sinus mucosa, falx cerebri, and cho-
roid plexus. Cerebrospinal fluid and cerebral
gray and white matter had no enhancement vis-
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ible with either gadopentetate dimeglumine or
gadodiamide. Of the studies that included coro-
nal sections through the cavernous sinus and
pituitary gland suitable for measuring enhance-
ment, four were at 1.5 T with 0.1 mmol/kg, five
at 0.5 T with 0.1 mmol/kg, seven at 1.5 T with
0.3 mmol/kg, and one at 0.5 T with 0.3 mmol/
kg. Contrast enhancement of the pituitary gland
and infundibulum was conspicuously greater
with the larger dose of contrast medium (Fig 1).
Six cases were identified from recent MR
studies that had comparable images of the sella
at both 1.5 and 0.5 T. The dose of contrast
medium (0.1 mmol/kg) was the same in each
study. The technical parameters and the planes
of section were equivalent at the two field
strengths. The images were filmed at identical
windows. In each case, the enhancement of the
pituitary gland and cavernous sinus appeared
greater at 1.5 T than at 0.5 T (Figs 1 and 2).
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PERCENT ENHANCEMENT AT 1.5T AND 0.5T IN
CAVERNOUS SINUS AND PITUITARY GLAND
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Fig 3. Enhancement (as a percent of baseline signal inten-
sity) in the cavernous sinus and pituitary gland at 1.5 and 0.5 T
after administration of 0.1 mmol/kg of gadopentetate dimeglu-
mine.

Average contrast enhancement measure-
ments for the 1.5- and 0.5-T imagers and the
0.1- and 0.3-mmol/kg doses are provided in
Figure 3. In images made on the 1.5-T imager,
the cavernous sinuses and pituitary glands en-
hanced, respectively, on average 162% and
102% (SD, 34% and 17%) with gadopentetate
dimeglumine at 0.1 mmol/kg. In images made
on the 0.5-T imager, these same structures en-
hanced 96% and 33%, respectively (SD, 42%
and 19%) at the same dose. These structures
enhanced 299% and 206%, respectively, with
gadodiamide at 0.3 mmol/kg at 1.5 T. The dif-
ferences in degree of enhancement at different
doses and field strength were significant at the P
< .05 level (Student’s t test).

Discussion

Enhancement was noticeably and measur-
ably greater for a given dose of contrast me-
dium with the 1.5-T imager than with the 0.5-T
imager. The relationship between field strength
and contrast enhancement can be predicted
from the relationship between T1 relaxation
times and enhancement: 1/T1_, = 1/T1jce0e +
1/T1 contrast mediums Where T1_,. is the relaxation
time of tissue to which contrast medium has
been added; T, is the relaxation time of
the tissue without contrast medium; and
T1 onirast medium 1S the change in relaxation time
caused by contrast medium. As the T1 in-

tissue
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creases, the effect of contrast enhancement in-
creases. Assuming the T1_ . i rast medium 1S 200
milliseconds and the Tl is 500 millisec-
onds, adding contrast medium will reduce the
T1.ps by 50%. If the T1,;4.. is less, the effect of
adding contrast medium will be less. For exam-
ple, if the T1.... is 100 milliseconds, the effect
of adding a relaxing agent with a T1 of 1000
milliseconds will be to reduce the T1_,, by 9%.
Contrast enhancement has a greater effect
when the intrinsic relaxation is slow.

The contrast enhancement measured with
gadopentetate dimeglumine at 0.1 mmol/kg at
1.5 T in this study agrees with previously ob-
tained results (1). Cerebrospinal fluid, gray
matter, and white matter did not appreciably
enhance quantitatively or qualitatively with ga-
dopentetate dimeglumine in this study as in the
previous study (1). Until two recently published
reports on this subject (4, 5), few measure-
ments of contrast enhancement at multiple field
strengths have been published (6). Contrast en-
hancement as a function of time (7) and dose
has been reported (8, 9).

Our measurements have some limitations,
which do not invalidate the conclusions of the
study. Precision in the measurements of con-
trast enhancement in this study was limited by
partial volume averaging, by small variations in
timing of the images with respect to injection,
by individual variation, and by the small sample
size. Studies can be designed in the future to
achieve higher accuracy. A cross-over design,
which would permit a more exact comparison of
the gadodiamide and gadopentetate dimeglu-
mine study, was not used, because the phase Il
trial was designed to obviate a second MR scan
in each patient. The two contrast media used in
the study differ little in relaxivity, plasma half-
life, and renal excretion, but differ significantly
in structure (ionic chelate versus nonionic che-
late). lon charge on the gadolinium chelate may
be an important factor in the enhancement of
cartilage (10) but probably not in other tissues.
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