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Preliminary Clinical Results of Proton CH} Imaging of 
Cranial Neoplasms: In vivo Measurements of T1 and 
Mobile Proton Density 
Thomas J. Brady,' Ferdinando S. Buonanno,2 Ian L Pykett,' Paul F. J. New,' Kenneth R. Davi s,' 
Gerald M. Pohost,3 and J. Philip Kistler2 

Proton nuclear magnetic resonance (NMR) images reflect ing 
T, relaxation time and approximating proton density were ac
quired and used to generate T, rate (1 / T,) maps. By region-of
interest selection, measurements of T , relaxation time were 
made from discrete volumes of the imaging plane. Such tech
niques were applied to the study of human cranial neoplasia and 
associated conditions of differential diagnostic importance (e.g. , 

postoperative changes, radiation necrosis). Inversion-recovery 
NMR images exhibit a high lesion-detection sensitivity. In all 
patients, the specificity of NMR imaging is low since all abnormal 
areas appear as lesions darker than surrounding normal brain, 
reflecting a decreased proton density, prolonged T, values, or 
both. T, relaxation times are prolonged within neoplastic foci ; 
however, absolute T, values overlap with those found in other 
lesions. 

During the last decade, in vitro nuclear magnetic resonance 
(NMR) spectroscopic stud ies by several investigators [1-3] have 
demonstrated prolonged proton T , relaxation times in various ma
lignant tissues when compared with values obtained from normal 
tissue. Prolongation of T , in tumors has been associated with, 
among other things, an increase in ti ssue water content [4]; how
ever, the mechanism produc ing this phenomenon has not been fu lly 
elucidated. 

In th is preliminary study, NMR images were obtained that provide 
both subjec tive assessment and quantitat ive measurements of T , 
relaxation time of normal and patholog ic brain structures. Th is 
approach attempts to determine the utility of NMR imag ing in 
detecting cen tral nervous system (CNS) tumors and related diag
nostic problems and to determine whether the detected lesions 
have specific NMR characteristics. 

Materials and Methods 

The study population compri sed four patients with CNS tumors 
and three patients with related problems, including rad iat ion necro
sis, abscess, and postoperati ve changes. All pat ients had rout ine 
and neurologic history and physical examination , laboratory studies, 
and computed tomography (CT). Informed consent , according to 
the guidelines of the Massachusetts General Hospital Subcommit
lee of Human Studies , was obtained from all patients before NMR 

study. Histopathologic confirmation of the diagnosis was obtained 
in six patients. 

NMR images were obtained using a prototype head imag ing 
system developed by Technicare Corp . (Solon, OH). A static mag
netic fi eld of 0 .147 tesla, corresponding to a proton resonance 
frequency of 6 .26 MHz, is generated by a four co il , resistive 
elec tromagnet. True three-d imen sional vo lumetric data are acqu ired 
using two combined rad iofrequency (RF) pulse sequences, as pre
viously reported [5] . PostproceSSing of th e data allows reconstruc
tion of images in any arbi trary plane, inc lud ing levels corresponding 
to those of CT scans. Reconstruction of data from a saturation 
recovery-type technique wi th the 90 0 _90 0 interpu lse delay r set to 
1 sec generates images where the signal intensity is mainly de
pendent on mobile proton density (PO). Reconstruction of data from 
an inversion-recovery (IR) type of sequence with the 180 0 - 90 0 

interpulse delay r set to 400 msec provides images that are heavi ly 
T,-weighted. The spatial resolution is abou t 3-4 mm and is isotropic , 
that is, equal in all directions. 

Results and Discussion 

Figure 1 contains representative images th rough a ventricular 
plane in a normal vo lunteer. The image that approx imates PO (fi g . 
1 A) has un iform signal intensity within the brain parenchyma bu t 
has decreased signal intensity in regions of markedly prolonged T " 
such as cerebrospinal fluid (CSF) . The skull appears dark because 
of decreased mobile proton concentration . In the IR image (f ig . 1 B), 
the signal intensity is highly weighted wi th T , in formation, wh ich 
provides excellent ti ssue discrim ination. Subcutaneous fat, with its 
short T " appears bright; wh ite matter, gray matter, and CSF, with 
progressively longer T , va lues , exhibit decreasing intensities. 

The T , rate image (map) (fig . 1 C) c losely resembling th e IR 
image, has signal intensity that is inversely proportional to T , 
relaxation times in mil liseconds, w ith short T , values appearing 
bright. The T , rate map is computer-generated pixe l by pixe l from 
the PD and IR images. Using region-of-interest selec tion, T , relax
ation time is measured d irec tl y from any desired area on the T , 

map. 
The images in fi gure 2 are from a patient with a c linical history 

and neurodiagnostic evaluation strongly suggesti ve of glioma. Un
fortunately, th is is the only case in this series from whom histopath-
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Fig. 3. -PO (A) and IR (B) images in patient with biopsy-proven grade II 

astrocytoma in right hemisphere. 
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Fig . 1 .- Approximate PO (A) and IR 
(B) images and computed T, rate map 
(C) at ventricular level in norm al volun
teer. 

Fig. 2.-IR (A), T, rate map (B), and 
PO image (C) from patient with sus
pected right parietal glioma. Small area 
of diminished image intensity (arrow). 

ologic confirmation was not obtained . The IR image (fig . 2A) and T 
map (fig . 28) demonstrate the right parietal lesion as a region oi 
decreased signal intensity consistent with prolonged T ,. The PO 
image (fig . 2C) does not demonstrate this pattern . The small area 
of decreased image intensity may represent either decreased mo
bile proton density or, more likely, a focal area of markedly pro 
longed T, . 

Figure 3 displays images from a patient with grade II astrocytoma 
On the IR image (fig. 38) the lesion appears as a central region of 
marked decreased signal intensity surrounded by a zone of lesser 
reduction in signal. While some of the reduced signal may be 
ascribable to normal sylvian cortex, this pattern may represent one 
of primary tumor with surrounding edema. The PO image (fig . 3A) 
fails to demonstrate this pattern. 

Figure 4 presents data from a patient with a surgically confirmed 
olfactory groove men ingioma. The CT image (fig . 4C) demonstrates 
an enhancing midline lesion with associated bifrontal and temporal 
cerebral edema. The IR image (fig . 48) depicts the edema as a 
reg ion of markedly decreased signal intensity corresponding to a 



AJNR:4 . May / June 1983 NUCLEAR MAGNETIC RESONANCE 227 

Fig. 4 .-PO (A). IR (8). and CT (C) 
images at correspondin9 levels in patient 
with midline subfrontal meningioma. 

Fig. 5. -lmages from patient with his
tolog ically proven radiation necrosis. CT 
image (C) demonstrates enhanc ing le
sion and marked left-sided edema. IR 
image (A) has heterogeneous decrease 
in signal intensity while PO image (8) is 
essentially normal except for mass ef
fecI. 

A 

prolonged T , . The midline lesion has somewhat greater signal 
in tensi ty. corresponding to shorter T , values. which nevertheless 
are longer th an T, values of normal brain . The signal intensity on 
the PO image (fig. 4A) is slightly reduced within subcortical white 
matter, but differentiation between tumor and edema is not appar
ent. 

Images in figure 5 were obtained from a patient with metastatic 
breast carc inoma to th e left parietal calvaria and scalp . Several 
years after surgical resection and radiation therapy of about 6,500 
rad (65 Gy) to the surgical site , the patient developed right-sided 
weakness and aphasia. The CT image (fig. 5C) shows an enhancing 
lesion in the left posterior frontal lobe surrounded by holohemis
ph eric marked edema; localized edema is also evident in th e right 
periventricular white matter. The IR image (fig . 5A) at the same level 
demonstrates a large area of heterogeneous decrease in signal 
intensity. The PO image (fig . 58) has no sign ifican t side-to-side 
difference in signal intensity . All studies demonstrate the mass 
effect and postoperative changes. 

In a patient stable and asymptomatic 2 years after surgical 
resection of a left frontal astrocytoma, the IR image (fig . 6A) shows 
a region of decreased signal intensi ty consistent with a prolonged 

B c 

T, in the left frontal lobe; however , the lesion is not seen on the PO 
(fig . 68) image. The CT image (fig . 6C) at the same level has a 
correspond ing reg ion of decreased x-ray attenuation. The abnor
mality , compatible wi th a su rgical defect at the excisional biopsy 
site, is more clearl y demonstrated on the IR image. 

In all seven patient stud ies, IR images demonst rated lesions as 
reg ions of decreased signal intensity . The T , values of these lesions 
were significantly prolonged compared with values for contralateral 
normal ti ssue. The percentage increase in T , was 141 %-191 % of 
normal values. The absolute va lues for T " however, overl apped 
between the various tumors as well as with other pathologic proc

esses. 
From these preliminary data we conclude that IR NMR imag ing 

is a sensitive method, albeit of low specific ity , for the detection of 
tumors and other related CNS pathology; this is consonant wi th the 
experience of other investigators [6] . Using T , data, the speci fi c ity 
for lesion detection is low, since values for tumors overlap with 
values obtained from other lesions . With our present techniques, 
proton densi ty imag ing fails to provide add itional d iagnostic infor
mation. It is antic ipated that the add ition of T, imag ing wi ll provide 
the specific ity required for in vivo tumor characterization. 
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