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GAMMA PROBE-ASSISTED BRAIN TUMOR
MICROSURGICAL RESECTION

A new technique

Osvaldo Vilela Filho1, Omar Carneiro Filho2

ABSTRACT - Objectives: The pioneering performance of gamma probe-assisted surgery (GPAS) for brain tumors,
aiming not only an improvement of tumor detection, but mainly assurance of its complete removal and the
study of the usual distribution of the 99mTc-MIBI in the brain SPECT of normal individuals. Method: Patient’s
informed consent and demonstration of the tumor by the preoperative MIBI SPECT were the inclusion criteria
adopted for GPAS, which was performed in one patient with a right parietal lobe metastatic tumor. The
radiotracer (99mTc-MIBI) was injected in a peripheral vein 5 hours before the operation. A tumor to-normal
tissue count ratio equal to or greater than 2/1 was considered indicative of tumor. MIBI SPECT was performed
in five normal individuals in a pilot study. Results: The gamma probe greatly facilitated intraoperative tumor
detection (tumor to-normal brain count ratio was 5/1) and indicated a small piece of residual tumor after
what was thought to be a complete tumor removal, allowing its resection, which, otherwise, would have
been left behind. Postoperative CT confirmed complete tumor resection. The MIBI SPECT in normal individuals
showed an increased uptake by the hypophisis, choroid plexus, skull, scalp and salivary glands and absence of
uptake by the normal brain tissue. There were no complications. Conclusion: GPAS proved to be, in this single
case, a safe and reliable technique to improve brain tumor detection and to confirm the presence or absence
of residual tumor.

KEY WORDS: radioguided surgery, gamma probe, gamma probe-assisted surgery, 99mTc-MIBI, SPECT, brain
tumor, brain neoplasm.

Ressecção microcirúrgica de tumor cerebral assistida por detector gama: uma nova técnica

RESUMO - Objetivos: A realização pioneira de cirurgia assistida por detector gama (CADG) para tumores
cerebrais, objetivando-se não apenas a identificação do tumor, mas, sobretudo, assegurar-se quanto à sua
completa ressecção e estudar a distribuição usual do 99mTc-MIBI no SPECT cerebral de indivíduos normais.
Método: O consentimento informado do paciente e a demonstração do tumor pelo SPECT pré-operatório
com MIBI foram os critérios de inclusão adotados para a CADG, a qual foi realizada em um paciente com
metástase para lobo parietal direito. O radiotraçador (99mTc-MIBI) foi injetado em uma veia periférica 5 horas
antes da cirurgia. Uma relação ≥ 2/1 entre a radiação gama emitida pelo tumor e pelo tecido normal foi
considerada como indicativa de presença tumoral. Em um estudo piloto, SPECT cerebral com MIBI foi realizado
em cinco pacientes normais. Resultados: O detector gama em muito facilitou a detecção per-operatória do
tumor e demonstrou a presença de um pequeno resíduo tumoral após o que se pensou tratar-se de uma
completa ressecção; tal resíduo, de outro modo, não teria sido percebido, o que teria impossibilitado sua
exérese. Tomografia computorizada pós-operatória confirmou a completa ressecção do tumor. O SPECT com
MIBI de indivíduos normais mostrou sua captação pela hipófise, plexo coróide, crânio, couro cabeludo e
glândulas salivares, mas não pelo tecido cerebral normal. Não ocorreram quaisquer complicações. Conclusão:
A CADG mostrou-se, em nosso paciente, uma técnica segura e confiável para facilitar a identificação do tumor
e para confirmar a presença ou ausência de resíduo tumoral.

PALAVRAS-CHAVE: cirurgia radioguiada, detector gama, cirurgia assistida por detector gama, 99mTc-MIBI, SPECT,
tumor cerebral, neoplasia cerebral.
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Until the mid-1970s, brain scintigraphy was the
main diagnostic imaging technique for brain tumors.
Its use for this goal, however, was almost completely

abandoned after clinical introduction of computed
tomography (CT) and magnetic resonance imaging
(MRI)1. Nuclear medicine techniques, though, conti-
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nued to evolve. The constant sophistication of the
gamma-cameras (with two, three and four heads,
and more recently, a new device named hawkeyes)
and the discovery of new radionuclides (technetium-
99mTc, thallium-201Tl, iodine-123I and 125I)1, 2 and of their
carrying molecules [antibodies against antigens
found in some tumors (B72.3, anticarcinoembryonic
antigen antibody), iodo-á-methyltyrosine, hexame-
thylpropyleneamine-oxime (HMPAO), ethyl cysteinate
dimmer – ECD, hexakis-2-methoxyisobutylisonitrile
(MIBI or SESTAMIBI), tetrofosmin, furifosmin, metaio-
dobenzylguanidine, octreotide] greatly improved the
sensitivity, specificity and quality of the images pro-
duced by this method1–10.

Successful tumor radiolocalization, however, de-
pends on tumor depth and size, being lesions smaller
than 2 cm in diameter, according to some authors,
difficult to identify11,12. Currently, though, with the
improvement of the spatial resolution of the gamma-
cameras, lesions with somewhat smaller diameters
(0.6 cm) can already be detected. Considering that
the sensitivity and specificity of radiodetection incre-
ase by minimizing the distance between the source
(radiotracer) and the detector, Martin et al.12 deve-
loped, experimentally, a hand-held self-contained
gamma detecting device, the gamma probe, for in-
traoperative use, enabling the surgeon to identify
radioactive tissues targeted by a preadministered
gamma-emitting tumor-associated radiolabeled
substance (radiotracer). This technique, named by
others as radioguided surgery (RGS) and by the pre-
sent authors as gamma probe-assisted surgery
(GPAS), was introduced into clinical practice in 1985
by Martin et al.3,4, allowing them to promptly recog-
nize the lesion in 28 patients harboring colorectal
tumors. Using a variety of radiolabeled substances1-10,
many authors have performed GPAS to map sentinel-
nodes of melanomas13, of breast14, vulvar15, cervical16,
prostate17, penile18 and thyroid19 cancer, and to iden-
tify breast (the radiolabeled substance may be injec-
ted intravenously20 and within21 or around22 the tu-
mor), ovarian3, colorectal4, 5, gastroenteropan-
creatic10, parathyroid23 and thyroid24, 25 tumors and
neuroblastomas9, with a significant successful rate.

According to a wide review of the literature per-
formed by the present authors (database: MEDLINE,
from 1966 to 2002, and LILACS) and to those provided
by Schneebaum et al.26 and Bakalakos & Burak27,
however, GPAS has never been used for brain tumors.
We hypothesized that this technique could also be
applied to brain tumors to facilitate its localization, to
determine the best place to perform corticotomy and,
above all, to assure completeness of its removal.

In this paper, we initially conducted a pilot study
to determine the distribution of the radiolabeled subs-
tance used (99mTc-MIBI) in normal individuals and, for
the first time, to the best of our knowledge, applied
the gamma probe to guide microsurgical resection of
a brain tumor. The technique used is detailed described.

METHOD
This study was performed after approval of the Ethical

Committee of Hospital Lúcio Rebelo (Goiânia, Brazil), insti-
tution where the present study is being carried out. Inclu-
sion criteria for this study included: 1- informed consent of
the patient and closest relative and 2- accumulation of the
radiotracer in the brain tumor as shown by the preoperative
SPECT (single photon emission computed tomography).

Radiotracer - The radiotracer used was the 99mTc-MIBI
(DuPont Pharmaceuticals Co, USA), administered intrave-
nously in a dose of 30 mCi. This radiotracer was initially
developed for imaging myocardial perfusion7. During such
studies, Muller et al., cited by Vallabhajosula6, first observed,
in 1987, that 99mTc-MIBI accumulates in lung tumors. Sub-
sequently, a number of investigators reported the potential
of 99mTc-MIBI to image parathyroid adenomas, osteosarcoma,
and tumors of the brain, breast, lung and thyroid6.

99mTc-MIBI is a lipophilic, cationic substance, which en-
ters the cells of any tissue through a passive diffusion me-
chanism (electrochemical gradient) and binds mainly to
the mitochondrias, greatly influenced by their negative
charges and by their increased density in tumors. Adequate
blood flow must be present for uptake to occur. Dead
cells do not accumulate 99mTc-MIBI. Besides the transient
bitter taste claimed by some patients, there seems to be
no other side effects or contraindications for its use. The
normal pattern of the MIBI SPECT includes some uptake
by the skull, facial bones, salivary glands, pituitary gland
and choroid plexus; however, there is no uptake by the
normal brain tissue, which looks “cold”. Usually, the gre-
ater the metabolic activity and tumor aggressiveness, the
greater is the uptake2, 6-8.

Preoperative SPECT - After the diagnosis of a brain tu-
mor by CT and/or MRI, a SPECT is performed. The patient
is placed supine in the bed of a room sound-isolated beside
the gamma-camera suite and encouraged to stay very re-
laxed. The eyes and ears of the patient are blocked to
prevent increased cerebral blood flow to the visual and
auditory areas. A tourniquet is applied to the head just
above the ears (it is kept in place for about 15 minutes) to
prevent increased blood flow to the scalp and skull, just
like in the way the SPECT is used as a diagnostic tool for
brain death. Only then 30 mCi of 99mTc-MIBI is injected in a
peripheral vein. The patient is taken to the SPECT (Dual
Head Gamma-camera Vertex, ADAC Laboratories, USA)
suite and the exam is performed through the acquisition
of 64 bidimensional images which are reconstructed
(butterworth filter) tomographicaly in 3D, obtaining 6-
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mm thick axial, coronal and sagittal slices. The encephalic
distribution of the 99mTc-MIBI is then evaluated. To achieve
a good resolution image of the tumor, when processing
the images in the screen, one should remove the back-
ground and increase the window. This simple maneuver
significantly improves visualization of the tumor, consi-
dering that accumulation of the 99mTc-MIBI by the tumor
is not always as intense as desired.

Gamma probe - The hand-held gamma probe (Euro-
probe model CE 0459 (Fig 1); Eurorad, Strasbourg, France)
is a cylinder with 11.5 cm in length and 1 cm in diameter,
with a knee 1.5 cm away from its tip, which contains a
highly sensitive cadmium telluride crystal solid-state radi-
ation detector. The probe detects gamma-rays exclusively
from structures just in front of its extremity, like a unidi-
rectional microphone and relays it through a preamplifier
and a signal processor. The system works as a gamma-
camera, but instead of producing images, it provides both
an audible signal and a digital display of radioactive counts.
Counting rates are obtained from brain areas distant from
the tumor and, after its exposure, also from the tumor. A
tumor to-normal brain count ratio equal to or greater than
2/1 was indicative of tumor tissue, as proposed by other
authors3, 9 for tumors of other organs.

Surgical Technique - Five hours before the operation,
while the patient is still in the ward, 30 mCi of 99mTc-MIBI
is administered intravenously, following the protocol alre-
ady described for the preoperative SPECT (blockage of ears
and eyes and placement of the head tourniquet). Once
the brain has been exposed, the gamma probe is used to
determine the counting rate of brain tissues distant from
the expected tumor location and the best area to perform
the corticotomy (the area closest to the tumor, where the
highest counting rate of gamma-rays is obtained, respec-
ting eloquent areas), which is usually carried out through
a sulcus deprived of important vascular structures. After
meticulous microdissection, the tumor is identified (at this

point, the gamma probe is applied to establish the tumor
counting rate), and resected. Once gross total tumor remo-
val is thought to have been accomplished, the gamma pro-
be is again employed to assure completeness of resection:
theoretically, in the absence of residual tumor, tumor to-
surrounding brain count ratio should be lesser than 2/1.

Patients
a. Pilot study: In order to achieve a better compre-

hension of 99mTc-MIBI distribution in the brain, to avoid
misinterpretation of the results of MIBI SPECT in patients
presenting with brain tumor and to compare the data ob-
tained with our equipment with those obtained by other
authors2, after informed consent we performed this pro-
cedure in five patients, without any neurological com-
plaints, who underwent myocardial perfusion imaging. The
study was performed following the same protocol above
mentioned in all but one patient (the head tourniquet was
not applied).

b. Index-patient (case report): A 62-year-old male pa-
tient presented with severe headache for 20 days, follo-
wing a fall of his own height and a consequent mild head
injury. The neurological evaluation revealed right ataxia,
unsteadiness and papilledema. Past history inquiry revealed
high blood pressure, arrhythmia, and a right kidney carci-
noma, operated (nephrectomy) two years before admis-
sion to our Service. Neither chemotherapy nor radiotherapy
was performed. Both CT and MRI showed two lesions,
one in the right cerebelar hemisphere and another in the
right parietal lobe (Fig 2-A. and Fig 2-B.), suggestive of
brain metastases. High gastrointestinal endoscopy, whole
body bone scintiscan and ultrasound of the abdomen and
pelvis were normal. Chest x-ray evidenced an asympto-
matic mass in the inferior lobe of the right lung. A stereo-
tactic biopsy of both intracranial lesions confirmed the
suspicion of metastases from renal cell carcinoma. Since
the posterior fossa lesion was the one threatening the
patient’s life, we decided for its removal, which was
accomplished completely and without complications.
Postoperatively, however, the patient remained with
complaints of increased intracranial pressure. The
postoperative CT confirmed complete removal of the
cerebelar lesion. The brain SPECT with 99mTc-MIBI (Fig  2-C.)
also showed the parietal mass and nothing in the posteri-
or fossa. Eight days after the first operation, continuing
the manifestations of high intracranial pressure, the patient
underwent gamma probe-assisted microsurgical resection
of the right parietal lobe. The tumor to-normal brain count
ratio was 5/1. After what was thought to be a complete
tumor resection, the gamma probe detected a residual
small piece of tumor (3 mm in diameter) in the posterosu-
perior quadrant of the tumor bed, which could only be seen
after a complete repositioning of the microscope. After its
removal, the counting rate of the tumor bed and surroun-
dings was practically equal to the normal brain tissue. The
postoperative course was uneventful. There were no

Fig 1. The gamma probe system - Europrobe (Eurorad, Strasbourg,
France).
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complications. The anatomopathologic study of the tumor
after both operations confirmed the results of the stereo-
tactic biopsy. The postoperative CT showed no residual brain
lesion (Fig 3). The patient was discharged in the tenth
postoperative day. So far, after a follow-up of three months,
there has been no evidence of brain tumor recurrence.

RESULRESULRESULRESULRESULTSTSTSTSTS
The MIBI SPECT of the control subjects showed

uptake of the radiotracer by the pituitary gland, cho-
roid plexus, parotid and other salivary glands and
by the scalp and skull, which was decreased but not

abolished by the tourniquet applied to the head; on
the other hand, there was no uptake by the brain.

The gamma probe enabled us to completely re-
move the right parietal lobe tumor of our index-pa-
tient, which, in this specific case, would not have been
possible without its assistance. It also contributed for
the rather quick detection of the subcortical lesion and
to establish the shortest route for its approach.

DISCUSSION

Gamma probe-assisted surgery (GPAS) or radio-
guided surgery (RGS), enabled by the development
of the gamma probe12, was clinically introduced by
Martin et al.4, in 1985, in an attempt to facilitate
intraoperative tumor detection and its complete re-
moval. The principle of the procedure is quite logical:
a substance, known for its affinity to a particular
tumor, is labeled with a gamma-emitting radionu-
clide and injected in the patient, usually intrave-
nously, some time before the operation. The ideal
time for its administration depends basically on the
half-life of the radiotracer used. During the operation
the tumor is identified as the area with the highest
counting rate detected by the gamma probe. The
counting rate of the surrounding normal tissue is
also recorded, allowing the determination of tumor
to-normal tissue count ratio, which is considered
indicative of tumor tissue when equal to or greater
than 2/13,9. After tumor resection, absence of residual
tumor is indicated by a count ratio inferior to 2/1.

The gamma-probe is resistant, portable, not too
expensive and easy to use, presenting a high sensiti-
vity and specificity, as demonstrated by the GPAS
performed to remove a wide variety of tumors3- 5,9, 10,

20-25 and sentinel-nodes13-19. In fact, its sensitivity se-

Fig 2. Preoperative CT (A), MRI (B) and 99mTc-MIBI SPECT (C) showing a metastasis from a renal carcinoma in the right parietal lobe of our
index-patient.

Fig 3. Postoperative CT showing complete resection of the right
parietal lobe tumor of our index-patient using the gamma probe-
assisted surgery (GPAS).
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ems to be greater than that of CT (Bell et al.3: 11 of
13 patients harboring ovarian cancer underwent
preoperative CT-scan, which was normal in all of
them), MRI (Martinez et al.23: one out of three pa-
tients with parathyroid disease underwent preope-
rative MRI and CT, being both normal) and external
scintigraphy (Martin et al.4: this procedure was nor-
mal in 11 out of 23 patients with colorectal tumor).

We the present authors, were the first to employ
the gamma probe to assist a brain tumor microsur-
gical resection. The technique proved to be very va-
luable, prompting detecting the tumor region, and
thus indicating the closest route to the lesion; but
even more important, it enabled the detection of a
residual part of the tumor (3-mm in diameter) and
its removal, which, otherwise, would have been left
behind. We stated before that the gamma probe
provides both an audible signal and a digital display
of radioactive counts. Although in our patient we
relied basically on the digital display of the radio-
active counts, we also observed a significant increase
of the audible signal when the gamma probe detec-
ted both the main core of the tumor and its residual
part. To make this resource even more useful, one
could proceed like Martinez et al.23. These authors
eliminated (squelched) the sound of the background
radioactivity in normal tissues; being the sound
squelched, the criterion for the signal processor to
produce a perceptible sound is a level of radioactivity
significantly above background. It is our intention
to adopt a similar strategy in our next patients.

The results of the pilot study, performed before
this pioneering procedure and designed to determi-
ne the usual pattern of distribution of the radiotracer
in the brain SPECT of normal subjects, were quite
similar to those reported by López-Amor2. The uptake
of the 99mTc-MIBI by the pituitary gland and choroid
plexus and the absence of uptake by the normal brain
could be explained, respectively, by the absence and
presence of an active blood-brain barrier in these
areas2. In this author’s experience, such pattern of
radiotracer’s uptake makes the interpretation of the
MIBI SPECT in fact easier, and not more difficult, as
could be expected2.

In our protocol, we defined as an inclusion crite-
rion the appearance of the tumor in the preoperative
SPECT. However, other authors, using GPAS for tu-
mors of other organs, demonstrated that the gamma
probe could detect the tumor even when external
scintigraphy was negative (11 out of 23 cases)4.
Considering this report, it is our plan to start perfor-
ming GPAS irrespective the findings of the preope-

rative SPECT. The reason we elected the 99mTc-MIBI
instead of the 201Tl chloride as the radiotracer for
this research was the better quality of images produ-
ced by the former2, probably due to the higher pho-
ton flux that it produces, allowing a greater amount
of statistical certainty in image reconstruction8. Besi-
des, in a research going on in our Service concerning
the differential uptake of different radiotracers by
distinct types of brain tumors, the 99mTc-MIBI SPECT
showed some tumors not detected by the 201Tl SPECT,
as in the case of a patient with a recurrent grade II
fibrillary astrocytoma of the right temporal lobe
(unpublished data).

One should consider the ideal timing for the intra-
venous injection of the 99mTc-MIBI (or any other
radiotracer), what can be of utmost importance. Mar-
tinez et al.23 used this radiotracer for GPAS in three
patients with hyperparathyroidism. Two patients were
operated 2-4 hours after the injection of the ra-
diotracer, and one patient, 6 hours after it; the latter
was the unique patient in whom the gamma probe
failed to detect the adenoma. These findings suggest
that the operation should be performed before the 6-
hour half-life of 99mTc, as we did in our patient.

Other important issue is the safety of the techni-
que for both the patient and the surgical team. Using
a dose of 30 mCi of 99mTc-MIBI, the radiation absor-
bed by the patient is very low7, being approximately
equivalent to that of a chest x-ray. As to the surgical
team, considering the radiation absorbed by other
organs, since the brain was not included in these
studies7, the degree of exposition is well below the
dose limits recommended by the International Com-
mission of Radiological Protection.

Thanks to the directions provided by Prof. Dr. Ro-
nald Tasker, who pointed that sort of an old-fashi-
oned radioguided surgery for brain tumors had been
performed in the 1950s, we were able to find an old
paper from Morley & Jefferson28 in this regard. One
should remember that, by that time, ventriculogra-
phy and angiography were the gold-standard stu-
dies for imaging the central nervous system. Besides,
microsurgery was still not available and stereotactic
surgery had only been recently introduced into clini-
cal practice. Considering all these limitations, Morley
& Jefferson28, in an attempt to improve tumor de-
tection, first “marked” the tumor with 32P (intraveno-
us injection), a pure beta-emitter with high affinity
for brain tumors (the range of its beta particles in
the white matter is only 5 to 8 mm) and then inserted
a modified Geiger-Muller probe counter (it picks up
the beta particles emitted by the tumor cells con-
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taining 32P) through the brain parenchyma into the
expected location of the tumor. They used this tech-
nique for two main purposes: mapping the tumor
extent, after brain exposure, performing multiple
insertions of the 2 to 3 mm in external diameter probe
through the brain, undoubtedly a risky procedure, and
pin-pointing the tumor location to guide its biopsy
through a burr-hole. The authors commented about
the advantage of an accurate definition of the absolute
tumor boundaries using radioactivity detection as a
means to achieve complete tumor resection, and
regretted that this would call for a degree of sensitivity
far beyond the one the apparatus they used could
provide. A similar technique was used by other authors
at that time and even later by others29, 30.

In spite of the refinements of modern neurora-
diology, it is well established, based on anatomopa-
thologic studies, that cells from tumors like gliomas
extend beyond the margins seen both on CT and
MRI31, 32. So, it is improbable that even with the use
of the neuronavigator or of the intraoperative CT or
MRI these cells could be detected. GPAS, however,
brings a new hope to change this scenario. Since
Bell et al.3 were able to disclose even a microscopic
ovarian cancer, one could speculate about its use-
fulness to detect the tumor cells present beyond the
margins of a brain tumor. And if that is the case, one
could even foresee the possibility to completely re-
move high-grade gliomas localized in regions away
from eloquent brain areas, like those of the non-do-
minant frontal and temporal polar regions. Although
GPAS may facilitate tumor localization and thus guide
the best place to perform the corticotomy, we have
no doubt that its main application in neurosurgery
will be the intraoperative detection of residual tumor
(macro or even microscopic tumors) after its appa-
rently complete removal, for which goal the technique
and tools here reported are apparently adequate, we
feel tempted to say. Obviously, much more cases will
be necessary to confirm or contradict our supposition.
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