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INTERVENTIONAL NEURORADIOLOGY

Low-field interventional MRI
in neurosurgery: finding the right dose

of contrast medium

Abstract MRI is increasingly being
used as an interventional tool in
neurosurgery. The field strength of
“intraoperative” MR systems is
usually lower than that of imagers
commonly used for diagnostic pur-
poses. However, lesion enhance-
ment and apparent lesion extent
depend on field strength. The aim of
this study was to compare the con-
trast between intracranial, contrast-
enhancing space-occupying lesions
and the surrounding white matter
obtained with low-field (0.2 T) and
high-field (1.5 T) MR imaging and
to find the contrast medium dosage
for low-field MRI that produces the
same lesion-to-white-matter con-
trast as the one obtained with high-
field MRI after the administration
of a standard dose of the contrast
medium. A total of 38 patients with
intracranial metastases or high-
grade glioma were enrolled in this
study. T1-weighted spin-echo se-
quences were acquired. High-field
(1.5 T) studies were performed after
the i.v. administration of 0.1 mmol
gadolinium-DTPA /kg body weight.
For low-field MRI (0.2 T) a dose es-
calation technique was used. T1-
weighted sequences were repeated
after each of three i.v. injections of
0.1 mmol gadolinium-DTPA/kg
body weight. Thus, at the low-field
examinations three T1-weighted se-
quences with a contrast medium
dosage of 0.1, 0.2 and 0.3 mmol ga-

dolinium-DTPA /kg body weight
were obtained. Lesion-to-white-
matter contrasts were calculated
and compared. The average lesion-
to-white-matter contrast obtained
with high-field MR examinations
was 1.63 (standard deviation 0.32).
In the low-field MR examinations
the average lesion-to-white-matter
contrast was 1.34 (0.2) after a single
dose, 1.57 (0.2) after a double dose,
and 1.71 (.19) after a triple dose of
contrast medium. The lesion-to-
white-matter contrast of the high-
field MR examination after a single
dose of contrast medium was signif-
icantly higher than that of the low-
field study after a single dose

(P < 0.0001), but did not differ sig-
nificantly from the low-field studies
after a double (P = 0.28) or a triple
dose (P = 0.17) of contrast medium.
In a series of patients with contrast-
enhancing space occupying brain le-
sions low-field MRI (0.2 T) after a
double dose of contrast medium
yielded the same lesion-to-white-
matter contrasts as high-field MRI
(1.5 T) after a standard dose. This is
an important finding to avoid errors
in intraoperative MRI due to the
immanently lower degree of lesion
enhancement in low-field MR imag-
ing.
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Introduction

MRI is increasingly being used in neurosurgical inter-
ventions. In the recent past different concepts for the in-
traoperative use of this valuable imaging modality have
been developed [1, 2, 3, 4, 5]. At present MR imagers
with a field strength of either 0.2 T [2, 4, 5] or 0.5 T [1,
3] are commonly being used.

Currently, there are three mainindications for intraop-
erative MRI: stereotactic procedures (e. g. biopsies, cyst
drainage) under MRI guidance; MRI monitoring of inter-
stitial therapy (e. g., laser-induced thermal therapy, cryo-
therapy); and assessment of the completeness of removal
of brain tumours. However, use of MRI for these indica-
tions is based on the premise that the appearance and ex-
tent of the lesion on intraoperative images on low-field
imagers is the same as that on diagnostic MRI, for which
a high field is commonly used. This is especially critical
for the third of these indications, as assessment of the ex-
tent of tumour removal may depend on similar demon-
stration of the margins of a contrast-enhancing tumour.

Image contrast and contrast enhancement depend on
field strength [6]. However, previous studies have com-
pared image contrast and intracranial lesion enhance-
ment at 0.5 T and 1.5 T [7, 8] or 2.0 T [9] or used a low
field (0.2 T), but focussed on regions other than the cen-
tral nervous system [10, 11, 12].

Our aim study was to compare the contrast between
intracranial contrast-enhancing space-occupying lesions
and surrounding white matter (lesion-to-white-matter
contrast) at with low (0.2 T) and high (1.5 T) fields and
to find the dose of contrast medium for low-field MRI
which produces lesion-to-white-matter contrast not sig-
nificantly different from given by a standard dose of ga-
dolinium-DTPA (0.1 mmol Gd-DTPA/kg body weight)
at a high field.

Materials and methods

We studied 38 patients, 15 women and 23 men, mean age
56.3 + 12.5 years (range 27-75 years). The histologically proven di-
agnoses were metastases in eight patients and high-grade glioma in
30. Informed consent was obtained from each patient and the study
was approved by the local ethics committee.

High- and low-field examinations were performed at 1.5 and
0.2 T, respectively. T1-weighted spin-echo images were acquired
with repetition time 674 ms and echo time 20 ms, slice thickness
6 mm, field of view 200-250 mm, and matrix 192 x 256, and three
excitations for the low- and two for the high-field studies (this dif-
ference does not affect lesion-to-white-matter contrast). All sec-
tions were aligned parallel to the intercommissural line for
optimum comparability.

High-field studies were performed 5 min after intravenous ad-
ministration of 0.1 mmol gadolinium-DTPA/kg body weight. For
the low-field examinations a dose escalation technique was used:
T1-weighted sequences were repeated after each of three intrave-
nous injections of 0.1 mmol/kg body weight, giving three sets of
T1-weighted images doses of contrast medium of 0.1, 0.2 and
0.3 mmol/kg body weight.

The signal intensity of the lesion and normal white matter were
measured (in the arbitrary units on the manufacturer’s console) in
identical regions of interest (ROI), minimum size 10 pixels, in
each of the four studies. In the cases of multiple metastases or mul-
ticentric glioma only one contrast-enhancing lesion was measured
to ensure that each patient contributed equally to the statistical
evaluation. Lesion-to-white-matter contrast was calculated.
Paired, two-tailed Student’s r-tests were performed for each pair
of studies; a P value less than 0.05 was considered significant.

Results

The average lesion-to-white-matter contrast at high
field was 1.63 (SD 0.32), and at the low field it was 1.34
(0.20) after a single, 1.57 (0.20) after a double, and 1.71
(0.19) after a triple dose of contrast medium. At the
low field, each increase in dose of contrast medium led

Table 1 Lesion-to-white-matter contrasts at different field strengths and contrast medium doses

Lesion-to-white-matter contrast (SD) 15T 02T

0.1 mmol/kg 0.1 mmol/kg 0.2 mmol/kg 0.3 mmol/kg
All 38 patients 1.63 (0.32) 1.34 (0.20) 1.57 (0.20) 1.71 (0.19)
Eight patients with metastases 1.74 (0.37) 1.44 (0.21) 1.67 (0.21) 1.76 (0.17)
Thirty patients with high-grade glioma 1.6 (0.30) 1.31 (0.19) 1.55(0.20) 1.69 (0.19)

Table 2 Summary of statistical results for all 38 patients. The lower left part of the table shows which field strength/contrast medium dose
combination yielded the higher lesion-to-white-matter contrast; the upper right part gives the level of significance (Student’s t-test)

15T 02T
0.1 mmol/kg 0.1 mmol/kg 0.2 mmol/kg 0.3 mmol/kg
1.5 T; 0.1 mmol/kg < 0.0001 0.28 0.17
0.2 T; 0.1 mmol/kg < < 0.0001 < 0.0001
0.2 T; 0.2 mmol/kg = > < 0.0001
0.2 T; 0.3 mmol/kg = > >
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Fig.1 A 69-year-old woman with a right-hemispheric glioblastoma
multiforme involving the splenium of the corpus callosum. Top A
T1-weighted image obtained at 1.5T (0.1 mmol gadolinium-
DTPA/kg body weight). Bottom T1-weighted images obtained at
02T after left 0.1, middle 0.2 and right 0.3 mmol gadolinium-
DTPA/kg body weight. At the lower field, parts of the tumour (ar-
rows) are seen to enhance only after the double or triple dose

to significantly higher lesion-to-white-matter contrast
(P <0.0001). After a single dose, contrast was signifi-
cantly higher at the high-field than at the low field
(P <0.0001), but did not differ significantly between
the high- and low-field studies after the double
(P =0.28) or triple (P =0.17) dose (Tables 1, 2). Figs. 1
and 2 compare T1-weighted images at the high field im-
ager after a standard dose of contrast medium with
those at the different doses at the low field. In our statis-
tical evaluation we included both patients with gliomas
and with metastases. When the two groups were as-
sessed separately, the results were almost identical (Ta-
ble 1), although the levels of significance were lower,
because of the smaller number of cases.

Discussion

For a given dose of contrast medium, lesion-to-white-
matter contrast was significantly lower at the lower field
(other parameters, except the number of excitations, be-
ing kept constant); this is neither surprising nor new
[7:9].

Elster [6] worked out the physics underlying this phe-
nomenon: The change in tissue relaxation rate and thus
contrast enhancement, is proportional to the concentra-
tion of the contrast medium and inversely proportional
to its to the relaxation rate of the tissue prior to its ad-
ministration. Relaxivity of both the contrast medium
and the tissue is a function of field strength. The func-
tions are both nonlinear and nonintuitive [6], and the
tissue concentration of the contrast medium is not
known. Therefore, there is practically no way of calcu-
lating the dose of contrast medium which gives the
same lesion-to-white-matter contrast at high and low
fields after of a standard dose.

Previous studies have either compared image con-
trast and intracranial tumour enhancement at 0.5T
and high fields [7, 8, 9] or lesion enhancement in low
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Fig.2 A 61-year-old woman with a bifrontal glioblastoma multi-
forme involving the rostrum of the corpus callosum. Images as in
Fig.1: at the lower field, the full extent of the tumour can seen
only after the double or triple dose of contrast medium

(0.2 T) and high fields in other parts of the body [10,
11, 12]. In our study, there were no significant differen-
ces in lesion-to-white-matter contrasts between low-
field MR examinations after a double dose of contrast
medium and high-field MR examinations after a stan-
dard dose. This finding is valid for both patients with
intraparenchymal metastases or high-grade glioma. It
is reasonable to assume, but scientifically not proven,

that this finding can be transferred to other intracranial
enhancing tumor entities.

Prompted by our results, we use a double dose of
contrast medium to perform intraoperative MRI in pa-
tients with contrast-enhancing intraparenchymal tu-
mours of the central nervous system [2] and strongly
recommend this approach. The danger of using a stan-
dard dose of contrast medium at low field is obvious: be-
cause of the lower lesion-to-white-matter contrast, the
more weakly enhancing parts of a tumour might not be
detected and therefore erroneously not resected.
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