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Abstract

Neurosurgery for psychiatric disorders, notably for obsessive-compulsive
disorder (OCD), was initiated in Venezuela in the decade of 1970, and con-
sisted since that time in the classic stereotactic anterior cingulotomy. In order
to know further about the physiopathology of this disorder, we performed
intracerebral microdialysis in 2 patients who were operated on. The aim was
to measure changes in extracellular neurotransmitters within the basal gan-
glia. The microdialysis probes were stereotactically placed in the right caudate
nucleus and in the dorsomedial nucleus of the right thalamus. The
microdialysis was done before the left cingulotomy, during the pause and af-
ter the right cingulotomy. Glutamate and gamma-aminobutyric acid (GABA)
changes were similar in the caudate nucleus of both patients, whereas in the
dorsomedial nucleus the changes were opposite among the 2 patients. Alt-
hough this study does not bring enough data to explain such differences yet,
the existence of dynamic changes in the neurochemistry of the basal ganglia
during cingulotomy shows that intracerebral microdialysis can help in the
understanding of the pathophysiology of OCD and eventually in the design of
new surgeries with better results.
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1. Introduction

Neurosurgery for psychiatric diseases, particularly for obsessive-compulsive dis-
orders (OCD), was introduced in Venezuela in the 1970s. The tradition, thus
formed, of the so-called “psychosurgery” at the Vargas Hospital, was reinforced
with the advent of computed tomography (CT) and resonance magnetic im-
aging (MRI), and it is still evolving to this day [1]. The surgery that was ini-
tially performed in Venezuela [2] [3] consisted of the bilateral stereotaxic
cingulotomy described by Ballantine [4], using the Leksell stereotaxic technique
[5]. Pneumoventriculography was used for the location of the target, but then, CT
and MRI began to be used for this purpose [1]. Likewise, radio gamma-stereotaxic
surgery was also used to produce microlesion in the anterior arm of the capsule in
patients with OCD: the Leksell’s capsulotomy [6].

Conservative therapies for psychiatric disorders include psychotherapy,
pharmacotherapy, and electroconvulsive therapy (ECT). Fifteen to 30% of cases
are refractory to therapy or have an unfavorable evolution. In these cases, neu-
rosurgery can be presented as an acceptable alternative. OCD and affective dis-
orders, as major depression, may benefit from surgery, especially, taking into
account that some cases of OCD also develop depression. Other psychiatric pa-
thologies, as violence-aggressiveness and self-injury-mutilation, can also be con-
sidered for surgery [7] [8] [9] [10] [11].

The following criteria are usually met for surgery. At least one year of symp-
toms without significant remission and 2 more years were deemed necessary to
confirm the disease was refractory to the treatment. There must be an objective
evaluation, by specific indicators such as the scales used in psychiatry to confirm
the severity of the disease: a score of more than 20 on the Yale-Brown scale for
OCD and of more than 30 on the English, Beck Depression Inventory (BDI)
scale for depression. Finally, disability must be assessed and a score of less than
50 is required on the global functional assessment scale. The decision for a neu-
rosurgical intervention should have the consensus of the involved disciplines:
psychiatry/neurology and neurosurgery; and needs the agreement and consent
of participation by the patient and/or their relatives/representatives. Further-
more, it is important to offer emotional support to the patient during their hos-
pitalization and to follow a redesigned psychiatric treatment after surgery. Pa-
tients are generally adults over 18 years of age. The following examinations were
performed before surgery: electroencephalogram (EEG), MRI, neuropsycholog-
ical tests and independent clinical psychiatric and neurological examinations,
and a routine general preoperative study [7] [8] [9].

The anatomical areas that have been most frequently chosen as targets in the
various interventions in psychosurgery are the following: the dorsomedial nucleus
of the thalamus (dorsomedial thalamotomy), the gyrus cinguli (cingulotomy), the
anterior arm of the internal capsule (capsulotomy), lower oval center (limbic
leukotomy), innominate substance (subcaudate tractotomy or subcaudotomy),

tonsillar nucleus (amygdalotomy) and posterior hypothalamus or “Sano’s ergotropic
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triangle” (posteromedial hypothalamotomy). The first has been used to treat anxi-
ety in chronic pain and the last 2 have been used to treat cases of aggression. The
rest of the targets have been used to treat OCD, depression or bipolar disorder,
chronic anxiety, schizophrenia, and aggression [7] [8] [9]. In this work, 2 patients
were operated on the anterior cingulum.

We have currently introduced cerebral microdialysis (CMD) in humans dur-
ing functional neurosurgery interventions [12] [13] [14], and in particular sur-
geries for OCD, with the technology developed by the Laboratory of Behavioral
Physiology, University of Los Andes, Mérida, Venezuela. This team, along with
that of Ungerstedt, in Sweden [15] [16], is a world pioneer in these investiga-
tions [17] [18].

The purpose of this study is to verify whether the concentrations of glutamate
(Glu) and gamma-aminobutyric acid (GABA) obtained through microdialysis
obtained from caudate nucleus and the dorsomedial nuclei of the thalamus, be-
fore and after cingulotomy. In the long term, this would serve as a basis to justify
the use of CMD in psychosurgery operations for a better study of the patho-
physiology of OCD.

2. Patients, Materials and Methods

The results of 2 cases operated on for obsessive-compulsive disorder are report-
ed. One patient is a male, of 37 years old, computer engineer, suffering OCD
since he was 19 years old. The other patient, female of 36 years old, public ac-
countant, was suffering OCD since she was 15 years old. They underwent
cingulotomy and cerebral microdialysis. The authorization and consent of the
patients and relatives were obtained. The procedures were done according to the
bioethics standards of the National Fund for Science and Technology (Fonacit)
and the Institute of Biomedicine ethical rules:
(http://www.fonacit.gob.ve/documentos/bioetica2009.pdf;

http://www.biomedicina.org.ve/portal/comite-de-bioetica.html).

Surgical procedure and clinical evaluations

A stereotactic ring was placed on the patient’s head (Micromar® stereotaxic sys-
tem, Sao Paulo, Brasil), fixed by 4 pins to the external table of the skull. With the
tomographic brain image, the distances (coordinates) between the anterior seg-
ment of each cingulum and the external references of the ring were calculated. The
same was done with the caudate nucleus and the dorsomedial nucleus of the
thalamus. Then, the patient was taken to the operating room and the stereotaxic
arch, with the support of the electrodes, was placed.

Under aseptic and antiseptic conditions and local anesthesia, a frontal burr
hole was made on each side of the frontal region and, according to the coordi-
nates, a microdialysis cannula was advanced towards the right caudate nucleus
and to the dorsal-median of the right thalamus. A pause of 30 min was awaited
to allow the interstitial fluid to stabilize after the microtrauma caused by the in-
troduction of the CMD probes. In Figure 1 it is shown the set up in the operat-
ing room which was used for patients’ brain microdialysis. The cannulas were
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Figure 1. In the operating room, it is shown the set-up during the surgery of one patient
with OCD. The microdialysis probes are placed through the burr hole. The hoses that
come out of these probes (white arrows) carry the microdialysates, and are collected into
the Eppendorf tubes (black arrows).

attached to the stereotaxic system by means of an adaptator manufactured by
Meridialysis® (Mérida, Venezuela) (Figure 2). Finally, the monopolar electrode
was advanced to the left cingulum and the microdialysis was started in the right
caudate and right dorsomedial nuclei simultaneously for 5 min (sample “basal
17). This basal microdialysis was repeated 2 more times, with 10 min interval
between each one (samples “basal 2 and 3”). Next, a 90°C thermocoagulation
was performed for 60 seconds in the left anterior cingulum. Then, a pause of 10
min was awaited and another CMD was performed (sample “pause 1”). The
electrode was removed and introduced into the right cingulum. After the right
cingulotomy and a last pause of 10 min, a last CMD was performed for a further
10 min (sample “pause 2”). The surgery ends with the removal of the electrode
and the CMD probes, and the closure of the wounds. The patient is taken to
their room, and observed for 3 days, during which time a postoperative brain
computed tomography is prescribed in order to verify the correct location of the
thermolesion in the cingulum on each side.

For the purposes of this work, the assessment was done using the Yale & Brown
scale (Y & B) score to measure the outcome of the anterior cingulotomy on OCD
[19]. It was performed 3 times during 6 months before surgery, and 2 or 3 times in
12 months post-operatively. Both patients are currently controlled with Anafranil
150 mg/day and Risperidone 4 mg/day.

Microdialysis and sample analysis by capillary microelectrophoresis

To obtain micro-dialysates from the cerebral interstitial fluid, CMD probes
(Meridialysis®, Mérida, Venezuela) were used. They consist of a stainless steel
tube, with a silicon capillary inside it, that has a 2 mm-long membrane of cellu-
lose (13,000 Dalton-cut pores) at one end, sealed with epoxy (see Figure 2).
These probes were perfused with physiological solution (0.9% NaCl) at a rate of
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Figure 2. Adaptation manufactured by Meridialysis® that allows the microdialysis cannu-
la to be attached to the stereotaxic system (Micromar®, Sao Paulo) used for its introduc-
tion to the selected brain “target” for microdialysis.

1 ul/min, with a microperfusion pump. The probe drags the molecules from the
cerebral interstitial fluid by concentration gradient. Because of the dialysis, the
concentration inside the probe is always lower than the interstitial fluid (Figure
3). Samples were collected continuously before and after thermocoagulation.
The micro-dialysates, free of proteins, were derivatized with ninhydrin and
the detection was made by capillary microelectrophoresis, with an R2D2 ap-
paratus from Meridialysis® (Mérida, Venezuela). It has an argon laser, with a
wavelength of 488 nm, which focuses on a capillar, which internal diameter is
20 um and its length is 45 cm. The fluorescence produced is taken to a photo-
multiplier that converts the light signal into voltage and this into a digital sig-
nal by an Onice® computer. The standards and the blank solution were first
injected by applying a vacuum to the cathode. Then, the samples were placed
on the anode and an electric current of 20 kV was applied for 10 min. For Glu
measurement the buffer was 20 mM carbonate/bicarbonate. For GABA meas-
urement the buffer was 23 mM sodium borate, 120 mM sodium dodecyl sulfate
(SDS) and 0.1% methanol. The results of the microdialysates are reported as a

percentage of the initial basal absolute value, which is taken as 100%.

3. Results

The effect of the surgery on these 2 OCD patients is illustrated in Figures 4-6,
based on the Y & B score. There was an improvement of symptoms, evidenced
by the decrease in the score. The values of the microdialysis are expressed as a
percentage in relation to the initial value (basal). The results showed that in the
right caudate nucleus a similar behavior was obtained with GABA and with glu-

tamate, before and after the left cingulotomy and before and after the right
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Figure 3. Diagram of the operation of a microdialysis probe. The 0.9% saline solution is

injected by the microperfusion pump at a rate of 1 microliter/min and enters the cannula
through the outermost concentric cylinder. When passing through the distal end, where
there is the dialysis membrane of cellulose (13,000 Dalton-cut pores), it drags the mole-
cules from the cerebral interstitial fluid, which enter by concentration gradient. Because
of the dialysis, the concentration inside the probe is always lower than the interstitial flu-
id. The resulting dialysate leaves the cannula through the inner cylinder and is collected
into Eppendorf tubes.
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Figure 4. Pre- and post-surgical evaluation of the ODC patients using the Yale & Brown
scale score (Y & B). The presurgical evaluations (“preoperative”) were carried out over 6
months prior to the cingulotomy (axis of X 1, 2). The postsurgical (“postoperative”) were
performed at 6, 12 and 18 months after surgery (axis of X 5, 6, 7).

cingulotomy. In the dorsomedial nucleus of the right thalamus, a completely
opposite behavior of glutamate and GABA was observed for each patient. And
this opposition is greater after the right cingulotomy, probably due to the greater

role of this hemisphere in obsessive-compulsive disorder [20] [21] [22].
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Figure 5. Values of glutamate (table above) and gamma-aminobutyric acid (GABA, table be-
low) in the microdialysates obtained from the right caudate nucleus, from 2 patients with ob-
sessive-compulsive disorder, who underwent stereotaxic cingulotomy (thermocoagulation ra-
diofrequency) on the left and right sides. Microdialysis was performed before the left
cingulotomy (“baseline 1, 2 and 3”), in the interim (“pause 1”) and after the right cingulotomy
(“pause 27). The results of the micro dialysates are reported as a percentage of the initial basal
absolute value, which is taken as 100%. Note that the variations of both neurotransmitters are
very similar in the 2 patients.
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Figure 6. Glutamate (table above) and GABA (table below) values in the microdialysates
obtained from the dorsomedial nucleus of the right thalamus of the 2 patients in the pre-
vious figure, with obsessive-compulsive disorder, before stereotaxic cingulotomy (radiof-
requency thermocoagulation). Microdialysis was performed before the left cingulotomy
(“baseline 1, 2 and 3”), in the interim (“pause 1”) and after the right cingulotomy (“pause
2”). The results of the micro dialysates are reported as a percentage of the initial basal
absolute value, which is taken as 100%. Here the variations do not follow the same pat-
tern between the 2 patients, rather they are opposite, and especially after the right
cingulotomy.
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4. Discussion

The data obtained with the use of single photon emission tomography (SPECT),
positron emission tomography (PET) and functional magnetic resonance imaging
(fMRI) suggest that the pathophysiology of OCD resides in the basal ganglia [23].
The proposed circuits, as a pathophysiological basis, are equivalent to those in play
for Parkinson’s disease and chorea: the cortico-strio-thalamus-cortical cycle [23]
[24] [25] [26] [27]. In other words, motor acts, behavioral responses and
ideomotricity are programmed and processed in parallel circuits with similar sta-
tions in the basal ganglia. As for the somatomotor circuit, for the ideomotor and
limbic circuit, a direct route is described, from the neo-striatum (caudate nucleus
and putamen and most likely the nucleus accumbens) to the globus pallidus
internae (GPi), and an indirect route, which is a scale at the subthalamic nucleus
(NST). From the GPi, the signals are sent to the thalamus (probably one of the
main arrival nuclei is dorsomedial), where they are re-sent to the cerebral cortex.

Our results, although very preliminary, demonstrate that neurotransmitter vari-
ations do indeed occur at the beginning (caudate) of the basal ganglia circuit and
at the end of it (thalamus) of these circuits. It has been described that the caudate
nucleus and the thalamus play a significant role in ODC [28] [29].

With only 2 cases, it is not possible to attempt to elucidate the changes observed
on the neurotransmitters detected by microdialysis, or to draw conclusions. It is
interesting to note, however, that the changes reveal dynamic modifications that
occur as the operation evolves and that there is also an interconnection between
these structures and in both hemispheres, as noted in other publications [30] [31].
It is also worth mentioning that the greatest changes are observed after the right
cingulotomy, a fact that seems to be consistent with the idea that the right hemi-
sphere is dominant for obsessive-compulsive disorder [20] [21] [22] and probably
for behavior, desire and reward in general. The perspectives offered by this novel
technique are of great interest in elucidating neurochemical phenomena in OCD.
The results will be very useful when confronted with future clinical studies and
with new research. One of the objectives of the CMD is to verify and fine-tune the
interpretations of the data obtained with non-invasive techniques (SPECT, PET
and fMRI) and thus to also better understand the neurochemistry and pathophysi-
ology of ODC in order to eventually choose other intracerebral “targets” which

can lead to better results for these patients.
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