Eur. Radiol. 8, 1573-1580 (1998) © Springer-Verlag 1998

Neuroradiology

European
Radiology

Original article

Functional MRI of the brain: localisation of eloquent cortex

in focal brain lesion therapy

S. Dymarkowski', S. Sunaert', S. Van Oostende', P. Van Hecke', G. Wilms', P. Demaerel', B. Nuttin?, C. Plets’,

G. Marchal'

! Department of Radiology, University Hospitals, UZ Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium
2 Department of Neurosurgery, University Hospitals, UZ Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium

Received 19 November 1997; Revision received 23 February 1998; Accepted 3 March 1998

Abstract. The aim of this study was to assess the feasi-
bility of functional MRI (fMRI) in a clinical environ-
ment on a large patient group, and to evaluate the
pretherapeutic value of localisation of eloquent cor-
tex. Forty patients with focal brain lesions of different
origin were studied using fMRI. Functional informa-
tion was obtained using motor, somatosensory, audi-
tory and phonological stimuli depending on the local-
isation of the lesions. To obtain information about the
spatial accuracy of fMRI, the results were compared
with postoperative electrocortical stimulation. Two
patients with secondary trigeminal neuralgia were
scanned using a motor protocol and were implanted
with an extradural plate electrode. Imaging was suc-
cessful in 40 of 42 patients (including the 2 with
trigeminal neuralgia). These patients were analysed
for strength of activation, the relation of the lesion
to activation sites and the presence of mass effect.
The correlation between these data and surgical find-
ings provided significant additional clinical informa-
tion. Functional MRI can be accurately performed
in patients with focal brain lesions using a dedicated
approach. Functional MRI offers important clinical
information as a contribution to a decrease in post-
therapeutic morbidity. The accuracy of the technique
can be confirmed by other modalities, including inva-
sive cortical electrostimulation.
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Introduction

Magnetic resonance imaging has become recognised as
one of the most sensitive and specific imaging modali-
ties for the diagnosis and follow-up of brain lesions. Al-
though conventional MRI can exquisitely determine
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the characteristics of normal brain tissue as well as of
most focal lesions, its findings are entirely based on
anatomy and morphology. Notwithstanding the high
sensitivity of MRI for the visualisation of brain lesions,
the relationship to functionally important cortex is not
clearly established. Knowing that a vast majority of
brain lesions undergo surgical treatment, stereotactic bi-
opsy, radiotherapy or endovascular intervention, it may
be appropriate to identify function in nearby or in-
volved cortex so that these areas can be spared during
therapy.

It has been shown that functional MRI (fMRI) is ca-
pable of depicting neuronal activity in primary sensory
brain regions, including the visual, sensorimotor, audito-
ry and language cortices [1-4]. Based on a blood-oxy-
gen-level-dependent (BOLD) contrast, fMRI allows vi-
sualisation of the haemodynamic response elicited by
sensory stimulation or by the execution of specific tasks
[5, 7]. As opposed to contrast-bolus MR imaging and
positron emission tomography (PET), the performance
of fMRI is not constrained by contrast dose or radiation
limits. There is increasing evidence that fMRI maps the
cerebral cortex accurately, and thus potentially facili-
tates the assessment of the risk of damaging eloquent
brain tissue in therapeutic intervention.

The purpose of this study was to assess the feasibility
of fMRI in a clinical environment and to evaluate the
value of localisation of eloquent cortex on the prethera-
peutic decision making. The accuracy of our fMRI tech-
nique was validated with postoperative stimulation in
two additional cases.

Materials and methods

Patients

Forty patients (25 males and 15 females; age range
11-71 years, median age 43 years) were studied. They

were referred by the departments of neurosurgery or in-
terventional radiology during their pretherapeutic
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workup. All patients had previously undergone conven-
tional CT or MRI investigations. Twenty-nine patients
presented with a tumoral lesion, 4 with a cerebral arteri-
ovenous malformation (AVM), 3 with a cavernous angi-
oma, 2 with a haemorrhage, 1 with a migrational disor-
der causing seizures and 1 with a very large arachnoid
cyst. Twenty-four patients displayed symptoms as a re-
sult of their illness; 6 others had presented clinical signs
but became asymptomatic after steroid therapy. The 10
remaining patients were asymptomatic. Four lesions
were incidentally found.

Age and gender of the patients, the nature and lo-
calisation of their lesions, their symptoms and subse-
quent therapy are specified in Table 1. Written in-
formed consent was obtained in all cases prior to the
investigation.

In 1 patient who was later reported to be taking
drugs, significant brain activation was observed, but
since the use of hallucinogenic substances is possibly
confounding, this patient was withdrawn from the study.

Two additional patients without focal brain lesions,
but with the diagnosis of secondary trigeminal neural-
gia, were studied using the same fMRI technique. These
patients were implanted with an epidural plate elec-
trode for postoperative electrostimulation.

The correlation between electrostimulation and
fMRI in these two cases is discussed separately.

Prior to each examination, the task paradigm was
concisely explained to each patient and briefly re-
hearsed. The importance of immobilisation of the head
was stressed and the head was subsequently fixed with
foam padding and towels.

Functional MRI activation paradigms

The variety of lesion localisation imposed the use of dif-
ferent activation paradigms. For lesions in the periro-
landic area, mainly motor tasks were used. These tasks
consisted of finger tapping (sequential opposition of
each finger to the thumb), foot extension, tongue move-
ment or lip pouting. In less cooperative or more severely
paretic patients, finger tapping was simplified to simple
opening and closing of the hand. For 1 patient unable
to perform a motor task, activation was obtained by
stroking his hand with a rigid brush (only sensory stimu-
lation). Patients were asked to keep the rest of their
body immobilised, in order to avoid head motion. In all
cases patient cooperation was visually monitored by a
video camera. Our experiments were conducted bilater-
ally to compare activation sites for their magnitude and
position within the brain. All tasks were executed on a
self-paced rhythm and the speed varied according to
the neurological status of the patient.

For lesions in the insular and lower parts of the pari-
etal lobe, auditory and phonological paradigms were
used. These consisted of listening to a tape of clearly
pronounced nouns alternated with periods of back-
ground noise. In the “word generation” paradigm, pati-
ents were asked to associate verbs to nouns (e.g. bird
... to fly, steak . .. to eat).
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MRI acquisition

Images were acquired on a 1.5-T Magnetom Vision MR
imager (Siemens, Erlangen, Germany) with fast gradi-
ent switching capabilities (25 mT/m in 300 us). The
high-resolution anatomical images were acquired with
a 3D MPRAGE sequence (TR/TE/a: 4 ms/10.3 ms/15°;
FOV: 256 x 256 mm?, 160 partitions;  matrix:
256 x 256 x 128 or voxel size 1 x 1 x 1.25mm?). For
functional imaging, a gradient-echo echoplanar (GE-
EPI) technique was used (TR/effective TE/a: 4000 ms/
40 ms/90°; FOV: 200 x 200 mm?%, matrix: 64 x 64; slice
thickness 5 mm; in-plane resolution: 3.13 x 3.13 mm?).
This sequence allowed acquisition of 32 transversal slic-
es, covering the entire brain. An fMRI time series lasted
8 min and comprised 125 measurements of 32 slices,
each spaced 4 s in time. During this time six “task-rest”
cycles were performed, each consisting of 20 acquisi-
tions (Fig.1). Prior to the start of the EPI measure-
ments, a global magnet shim was executed in order to
compensate for local field inhomogeneities which in-
duce artefacts and distort the functional images. After
shimming, EPI images were rapidly checked in cine
mode for head movement or gross variations in signal
intensity. Total examination time always remained less
than 1 h.

Data analysis
Preprocessing

The raw data were transferred to an off-line workstation
for further processing using the SPM96 software pack-
age (Wellcome Department of Cognitive Neurology,
Hammersmith, London) [8, 9]. The first step is a spatial
realignment to correct the images for residual head mo-
tion (Fig.2). The procedure adopted in this step is to es-
timate head movements using a least-squares algorithm.
The contribution of motion in the images can be very
prominent due to the long duration of fMRI time series
[10].

Images are then normalised into the standard Talai-
rach and Tournoux [25] anatomical space to compare
the results with those obtained by other research
groups, either with MRI or PET. This spatial normalisa-
tion is based on the high-resolution 3D images acquired
at the beginning of the experiment. Our normalisation
procedure only applies “rigid body” transformation.

The images are subsequently spatially smoothed to
enhance the signal-to-noise ratio by convoluting the
data with a Gaussian kernel. This kernel was approxi-
mately two to three times the in-plane voxel size.

Statistical analysis

The time variance of the MR signal is tested pixelwise in
the images for correlation of the task with the haemody-
namic response curve, by convoluting the task paradigm
with an estimate of the haemodynamic response func-
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Table 1. Overview of patient information, diagnosis, activation
sites, their relation to lesions and therapy. SF sulcal effacement;
DP displacement; DTL distance to lesion; PT predicted therapy;
LGA low-grade astrocytoma; AA anaplastic astrocytoma; GM
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glioblastoma multiforme; AVM arteriovenous malformation; M1
primary motor cortex; S1 primary sensory cortex; SMA supple-
mentary motor area; PMC lateral premotor cortex; AREA Brod-
man’s area; A adjacent ( < 15 mm); D distant ( > 15 mm)

Patient Age Gender Symptoms Type of Localisation Localisation DTL SF DP PT Therapy
no. (years) lesion of lesion of activation
1 71 M Dysaesthesia, LGA Right parietal lobe M1 D * Surgery
left arm
2 42 F None LGA Right cingulate M1,PMC D * None
gyrus
3 34 M None AVM Right frontal lobe =~ FAILED
4 46 M Paresis, LGA Right precentral M1,81 A + + wH Radio-
left arm gyrus therapy
5 39 F Paresis, left ~ LGA Right precentral M1,PMC, A o Surgery
foot gyrus SMA
6 29 M Unstable gait LGA Right parietal lobe M1, D + + * Surgery
7 62 F Hemiparesis, Haemor- Left frontal lobe FAILED
left rhage
8 26 F None AVM Right frontal lobe =~ M1 D * Endo-
vascular
9 28 F None Angioma  Right cingulate M1,PMC, D o Endo-
gyrus SMA vascular
10 24 F Paresis, right AA Left pre/post- M1,S1 A + + wE Radio-
arm central gyrus. therapy
11 26 F Paresis, right LGA Right parietal lobe M1, D + HoAd None
leg
12 17 F None AVM Right frontal lobe =~ M1,PMC, D * Endo-
SMA vascular
13 65 F Hemiparesis, LGA Right precentral M1,SMA A * Surgery
left gyrus
14 31 M Partial Haemor- Right supramar- AREA 40, D HokdE Medical
amnaesia rhage ginal gyrus 41,22
15 36 M Seizures, Pachygyria Right frontal lobe ~ M1,PMC A ok Medical
left arm/leg
16 45 M Paresis, LGA Right precentral M1,PMC, A k3 Radio-
left arm gyrus SMA therapy
17 64 F None AA Right frontal lobe ~ M1,SMA,S1 A wE Surgery
18 59 M None Arachnoid Left subtotal M1, A + o HEEE None
cyst haemisphere AREA 40, 41
19 11 F Unstable Menin- Left frontal lobe M1, S1 D ok Surgery
gait gioma
20 28 F None AA Left insular cortex AREA 40,41, A + + k3 Radio-
22 therapy
21 45 F Paresis, LGA Right frontal lobe =~ M1, PMC, A * Surgery
left arm SMA
22 50 M None LGA Right cingulate M1, PMC, A R None
gyrus SMA
23 18 M Seizures in AVM Left precentral Excluded
face gyrus
24 42 M Paresis, LGA Right frontal lobe M1, PMC, D Hok Radio-
left arm S1 therapy
25 57 M Paresis, Metastasis ~ Right parietal lobe M1, PMC, D ok Surgery
left arm SMA
26 61 M None Metastasis  Left cingulate M1, SMA, D Hkkk Surgery
gyrus AREA 40, 41
27 40 F None AA Left frontal lobe M1, PMC D * Surgery
28 65 M Paresis, AA Left precentral M1, SMA A + + o Surgery
right arm/leg gyrus
29 31 M None GM Right parietal lobe  S1 A + + o Radio-

therapy
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Table 1. Continued
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Patient Age Gender Symptoms Type of Localisation Localisation DTL SF DP PT Therapy

no. (years) lesion of lesion of activation

30 52 M Paresis, LGA Left frontal lobe M1, PMC D * Surgery
right arm

31 40 M Hemiparesis, GM Left frontal lobe M1, PMC, A + + ok Radio-
left SMA therapy

32 34 M None AA Left precentral M1, PMC A + ok Radiother-

gyrus apy
33 32 M Headaches Angioma  Left precentral M1, PMC, A o Endovas-
gyrus SMA cular

34 47 M None LGA Right frontal lobe =~ M1, SMA D o Surgery

35 40 M Paresis, LGA Right frontal lobe M1, PMC, D ok None
left arm SMA

36 55 M None LGA Left precentral gyrus M1, PMC D * Radiother-

apy

37 68 F None AA Right parietal lobe M1, SMA D + + o Surgery

38 57 M Paresis, right LGA Left parietal lobe M1, S1 D * None
arm

39 34 F None LGA Right cingulate gyrusM1, PMC, D * None

SMA

40 17 F Seizures, right Angioma Left parietal lobe M1, PMC, A * Endovas-

arm SMA cular

*Complete agreement with therapy; **not suitable for complete resection; ***better planning of stereotactic procedure; ****no influence

or no invasive therapy

TASK TASK TASK TASK

REST REST REST
—

0 10 20 30 40 50 60 70 80

# images
>

Fig.1. Example of stimulus paradigm. Task periods alternate with
rest periods. Ten sets of images, covering the entire brain, are ac-
quired during each period. One period lasts approximately 45 s.
One fMRI time series comprises six cycles or 120 sets of images

tion. This ANCOVA analysis (analysis of covariance) is
computed as a statistical parametric map of the t-statis-
tic (SPM(t)). This SPM(t) map is transformed to the
unit normal distribution (SPM(Z)) and thresholded at
3.09 (p < 0.001 uncorrected) and p < 0.05 for extent of
activation. The result of this analysis is a map of signifi-
cantly activated voxels for the relevant computed con-
trast (activation minus rest). This brain activation map
is then overlayed in colour onto the anatomical images.
Image processing time takes several hours on an SGI In-
digo2 workstation.

Results

The results are summarised in Table 1. Functional MRI
was successful in 37 of 39 patients. Adequate imaging
failed in 2 patients due to a susceptibility artifact and
flow phenomena, respectively. All other patients
showed robust differential activation located within the
cerebral cortex (e.g. Fig.3).

Sensorimotor experiments

Activation in the primary motor area (M1) was located
in the precentral gyrus and the adjacent central sulcus
and was found in all cases. The lateral and medial pre-
motor areas, also referred to as the supplementary mo-
tor area (SMA) and lateral premotor cortex (PMC)
[11, 13, 15], were found in 55 % of patients (Fig.2b). In
20% of the motor experiments, sensory activation in
the postcentral gyrus (S1) was observed.

Auditory and language experiments

Activation was visualised in all 4 patients and was locat-
ed in the superior temporal gyrus (primary auditory cor-
tex—gyri temporales transversi) and the adjacent angu-
lar gyrus. In 2 patients the word generation paradigm re-
vealed activation in the left inferior frontal lobe known
as Broca’s area 22 (Fig. 4).

Relation of lesions to activation

In 17 cases (see Table 1 for details) the activated regions
were immediately adjacent to the lesion (Fig.5), where-
as in the 20 other cases a distance of at least 15 mm
could be visualised between the lesion and the fMRI ac-
tivation sites. No activation was seen in cortex diffusely
infiltrated by tumoral tissue or within spared cortex in
the nidus of AVMs. Mass effect was present in 12 cases,
and in 10 patients there was effacement of the local sul-
cal anatomy (see Table 1 for details). Figure 6 illustrates
a pronounced case of sulcal effacement, due to white
matter cytotoxic oedema, secondary to a tumoral lesion.
Anatomical landmarks are clearly distorted, reducing
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Fig.3. Plot of signal intensity variations within auditory activation
focus (six task-rest cycles). Paradigm used was the “word-listening
paradigm”

the accuracy of localisation of the lesion based purely on
morphological images.

Impact on therapy

Based on this data, and taking into account the informa-
tion gathered from clinical examination and other bio-
logical and radiological investigations, the best treat-
ment for each patient individually was discussed in con-
sensus between neurosurgeons and radiologists. The
predictive value of the fMRI investigations was later as-
sessed following therapy. In 6 cases information from
the fMRI investigation actually led to an alteration in
the approach of the stereotactic procedure. In 9 cases di-
agnosis of inoperability was confirmed, and in 11 pati-
ents the fMRI had absolutely no influence on the thera-
py. Of these 11 patients, 1 was lost to follow-up and 1
was not treated at all (due to a congenital disorder, for
which no surgical treatment could be offered; see Fig. 5).
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Fig.2a, b. Effect of motion cor-
rection. Bilateral finger-tapping
experiment, analysed a without
and b with motion correction
(axial, coronal and sagittal slic-
es). The effect of motion is obvi-
ous (a). Bilateral M1 activation
is shown in b

Of the 20 cases with lesion-to-activation dis-
tance > 15 mm, 8 underwent total resection. One case
underwent a subtotal resection because of ingrowth of
the tumour within deeper thalamic structures and the
posterior horn of the lateral ventricle. Two patients of
this group were treated by radiotherapy, because of the
histological nature of the lesion. Three patients were
treated with intravascular embolisation, and their post-
procedural status was uneventful. Seven patients did
not require therapy or were treated medically.

Of the 17 lesions with lesion-to-activation dis-
tance < 15 mm, as illustrated in Fig.7, and deemed un-
suitable for total resection, 8 received radiotherapeutic
treatment. Five patients underwent a subtotal resection.
Two lesions were embolised, with postprocedural status
unchanged. In 2 patients invasive therapy was not war-
ranted.

Of the 21 patients who underwent either a resection
or a biopsy, 3 had a transient neurological deficit con-
tralateral to the side of the lesion. Two of these 3 pati-
ents belonged to the group with lesions adjacent to the
active areas. All deficits resolved within 7 days post sur-
gery.

In 3 cases the activation visualised was smaller than
in other patients; these were all patients which manifest-
ed more severe paretic symptoms at the time of the in-
vestigation. One patient could not sufficiently perform
a motor task, but activation in the postcentral gyrus
was obtained by a sensory task, as described previously.
The lesions of these last 4 patients were all adjacent to
the activation sites.

Comparison with an invasive procedure

Two additional patients with secondary trigeminal neu-
ralgia, not part of the previously mentioned group with
lesions, were also studied with motor paradigms of the
face and hands (lip pouting and finger tapping). We ob-
tained activation sites in the precentral gyrus at a level
below the region of the hand bilaterally, corresponding
to the motor area of the facial muscles. The fMRI acti-
vation data were matched to high-resolution MRI, ac-
quired in the stereotactic frame of the patient. Coordi-
nates for approach to the motor cortex were determined
both with and without the fMRI information by two in-
dependent and experienced physicians (S.S. and B.N.)
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Fig.4. Activation in superior temporal and left inferior frontal cortex as obtained by the
“word-generation” paradigm

[ AF { A | A

Fig.7. Example of a lesion with a distance to the activation of the
right hand < 15 mm. Unilateral finger-tapping paradigm

and were found to match with a high degree of accuracy.
Stimulation electrodes were extradurally implanted at
aforementioned coordinates. Postoperatively, both
stimulators functioned appropriately, causing face
twitching at high stimulation rates and pain relief at low-
er frequencies, suggesting accurate location from fMRI
results.
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Fig.5. Bilateral activation of the
primary auditory cortex in the
presence of an arachnoid cyst in
the left hemisphere

Fig.6. Activation of primary motor cortex
(M1) in a patient with pronounced sulcal ef-
facement. A unilateral finger-tapping para-
digm was used

Discussion

This report describes the result of fMRI in a group of 40
patients with focal cerebral lesions. Some patients pre-
sented with mass effect exerted by the lesion involving
the sensorimotor cortex, and others showed marked an-
atomical distortion by or near the mass. In all patients
robust activation secondary to task-related behaviour
was visualised. In 2 cases the investigation failed because
of artefacts inherent to the image acquisition. On three
occasions the activation was of poor quality caused by
the patients’ relative inability to perform the tasks.
Whether the degree of impairment in these patients
was directly connected to the closeness of the lesions re-
mains unclear. However, in the 1 patient where motor
activation could not be obtained, activation related to
the sensory task was visualised, confirming that poor
motor task execution, rather than proximity of the lesion
or oedema, was responsible for the lack of activation.
The fMRI technique used a commercial 1.5-T scanner
and advanced EPI switching capabilities that can be im-
plemented with a hardware upgrade. Using the same
clinical imager and setup, results in young healthy volun-
teers showed very reproducible brain activation results
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in response to visual and sensorimotor function tasks [4,
11, 12]. These data were consistent with results in posi-
tron emission tomography (PET) and magnetoencepha-
lography (MEG) [14-17] and two studies using intraop-
erative electrical motor cortex stimulation [23, 25].
Whereas studies in young volunteers are easily manage-
able, fMRI in patients with brain lesions remains diffi-
cult. Indeed, the success of fMRI brain mapping relies
heavily on cooperation both in task execution and in
minimizing head motion. Furthermore, the diversity in
nature and extent of the lesions described calls for an in-
dividual approach towards each patient. Imaging proto-
cols and selection of stimulus paradigm have to be
adapted to acquire the most useful spatial information
of the peritumoral region. It is therefore obvious that
the clinical use of fMRI remains limited to selected pa-
tient groups. On the other hand, brain lesions which are
limited in extent are very often more amenable to sur-
gery, which implies that the patient group which is eligi-
ble for surgery often corresponds to the ideal population
for which fMRI is indicated.

Very often, motor stimulation paradigms elicited
sensory stimulation, and vice versa. This overlap in acti-
vation leads us to believe that the pre- and postcentral
gyrus cannot be arbitarily divided into motor- and sen-
sory areas. Recent advances in neuroscience support
the theory that there are indeed overlapping functions
within these two gyri [18].

Our study suggests that fMRI in patients with focal
brain lesions, varying both in nature and extent, can be
routinely performed with a high success rate and can
contribute to preoperative planning. Activation maps
can be obtained even when tumoral tissue is close to el-
oquent brain tissue. Additional information is gained
about local anatomical landmarks, even when these ap-
pear distorted on conventional MR images.

In previous studies, accuracy and specificity of fMRI
has been compared with PET and MEG data [19-20].
In this study we attempted to verify the accuracy of
fMRI brain mapping more directly by comparing the re-
sults with postoperative electrocortical stimulation
(POECS). Although results seem to correlate well, one
has to remain cautious when directly comparing both
techniques. Functional MRI registers variations in sig-
nal intensity, caused by cerebral changes between task-
related behaviour and rest. The operative technique,
on the other hand, is based entirely on responses elicited
from direct stimulation of the cortex. The fMRI signal is
derived from flow in small capillaries draining brain tis-
sue, whereas POECS is based on changes by polarisa-
tion of neurons [25].

Nevertheless, the good anatomical and functional
correlation between the two different techniques in-
spires full confidence in the capabilities of fMRI to lo-
calise eloquent cortex with high accuracy. Since in this
report the comparison was made in only 2 patients, larg-
er series will have to be performed to adequately deter-
mine the exact spatial accuracy of fMRI.
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Conclusion

Functional MRI in patients with focal brain lesions can
be accurately performed in a selected group of patients.
Adaptation of the imaging protocol on an individual ba-
sis offers robust visualisation of eloquent cortical areas
next to lesions of different localisations. Therefore, a
dedicated approach is recommended to achieve a high
percentage of success in imaging brain function near fo-
cal brain lesions. The technique furthermore provides
significant clinical information that can contribute to a
decrease in postsurgical morbidity. The accuracy of
fMRI in patients has been evaluated and compared
with different imaging techniques, including invasive
monitoring, and a good agreement seems to exist across
modalities. Comparison on larger patient groups is still
required to further confirm the exact spatial accuracy
of fMRI in a clinical context.
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This is an entirely revised and fully updated edition of a textbook
published in 1984. Chapters are arranged to correspond to the var-
ious organs and address nuclear medicine investigations of skele-
ton, lungs, urinary tract, heart, endocrine glands, gastro-intestinal
tract, blood, infection and inflammation, brain, liver and gallblad-
der, tumours and soft tissues. There is also a chapter on paediatric
applications of radioactive tracer techniques. Finally, the book
ends with a concise overview of selected aspects of radiation phys-
ics, radiation detectors, including quality control, computers and
data processing, radiopharmaceuticals and radiation safety. Ap-
pendices indicate the properties of frequently used radio-isotopes
and give the most important equations and definitions. An exten-
sive subject index helps the reader to find information quickly.
The various chapters are generally organised according to sub-
chapters which concern radiopharmaceuticals, technical aspects,
including procedure protocols, and finally clinical applications.
The latter are treated in the clinical context and are compared
with other methods of investigation. The case reports are well cho-
sen, but unfortunately, the quality of reproduction of the scinti-
graphic images is poor and does not live up to the usual standard.
Even though the book was not conceived as an atlas, the lack of
quality of the pictures is matter for criticism. At the end of many
subchapters, one can find references for further reading, which
are sometimes helpful, but sometimes disappointing because the
reference may concern just a minor subject treated rather than a
more in-depth overview of a given question. In some cases, espe-
cially in the chapter on bone scintigraphy, the references are out
of date. I do not think that the conclusions of clinical studies on
the scintigraphic aspects of bone lesions made in the early 1980s
are still valid in all circumstances. The resolution of gamma cam-
eras has greatly increased since then and, together with the avail-

ability of routinely performed bone SPECT, this allows for much
more accurate interpretation of scans, particularly bone scans, in
adults as well as in children.

It is rather unusual today to find a textbook which is the work
of a single author who passes on to younger generations his long-
lasting and outstanding experience. The single authorship makes
it very homogeneous and pleasant to read. The clinical and epi-
demiological background of the various applications is well pre-
sented, and the vast experience of the author gives a particularly
didactic touch. This book is an excellent introduction to nuclear
medicine; it includes the most recent techniques and indications,
as well as imaging and non-imaging methods which were frequent-
ly used in the past and tend to be forgotten, even though they may
still be of use in given situations. It is clear that experienced nucle-
ar medicine physicians might not agree with all the statements
made in the monograph, but it would certainly be a great pleasure
to argue with the author about some of them. It must also be taken
into consideration that several statements on indications and
methods reflect medical and economic particularities of the au-
thor’s professional environment and thus cannot be immediately
transferred to other countries.

In summary, despite some imperfections and minor inconsis-
tencies, this is a very useful book for students and trainees in nucle-
ar medicine; it shows the value of radioactive tracer techniques for
the diagnosis and treatment of a wide range of diseases. It is very
easy to read, fully packed with information, and never boring. It is
also helpful for the practitioner in nuclear medicine who will find
a lot of information on less frequently performed diagnostic tests
or rare pathologies. Its pleasant style makes it accessible to non-
nuclear medicine specialists and to technical and nursing staff. Fur-
thermore, it contains a digest of knowledge that makes it a pre-
cious tool for preparing teaching material. Last but not least, the
concise but rather extensive information in this book is offered at
an affordable price. A.Bischof Delaloye, Lausanne



