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Preface

The last ten years has witnessed a resurgence of interest in stereotactic surgery although this has
been mainly in the field of the comparatively simple stereotactic biopsy of intracranial tumours. There
is also evidence of a returning interest in functional neurosurgery other than pain which has always
sustained high levels of endeavour.

The present work comprises selected papers from a much larger group of interesting and important
communications to the European Society for Stereotactic and Functional Neurosurgery. They represent
modern views on a wide variety of stereotactic surgical topics from internationally acclaimed experts
in this field. The neurosurgeon who has little or no acquaintance with this fruitful sub-specialty will
be surprised to find very broad applications of the technique which is gradually replacing many con-
ventional neurosurgical procedures. This is particularly evident in the papers on tumours but there is
also a section on the treatment of vascular disease which marks an extension of neurosurgical practice.
The Society has always regarded technical advances as important and some of the most recent devel-
opments appear in this book. Finally, an exciting new development of neural transplantation marks
the beginning of what may be an important part of neurological surgery in the future.

Stereotactic surgery plays an ever increasing part in the treatment of epilepsy. Jerome Engel Jr., and
his colleagues present an over-view of investigations and indications for the management of this disorder
and a comprehensive outline of the research protocol from one of the most important centres for the
study of epilepsy.

Edward Hitchcock
President
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Surgical Treatment of Epilepsy: Opportunities for Research Into Basic Mechanisms

of Human Brain Function

J. Engel, Jr."** Th. L. Babb"* and P. H. Crandall* *

Departments of ' Neurology, 2 Surgery, * Anatomy, and the * Brain Research Institute, UCLA School of Medicine, Los Angeles, California,

USA.

Summary

Numerous technological developments in neurology have in-
creased the ability to localize structural and functional abnormalities
within the human brain. Such techniques have contributed to a
renewed interest in resective surgical treatment for medically re-
fractory partial seizures. Enhanced capacity to carry out detailed in
vivo and in vitro measurements of neuronal activity in patients, during
the course of presurgical evaluation and following surgical resection,
now offers unprecedented opportunities for invasive research into
normal and abnormal human cerebral function. Electrophysiologi-
cal, microanatomical, biochemical and behavioral studies can be
carried out without presenting undue risk or discomfort to the pa-
tient. Such research in a clinical setting presents difficulties in ex-
perimental design for the basic neuroscientist. Problems are reduced
in clinical programs where diagnostic and surgical procedures are
carried out in a standardized fashion according to specific protocols.
The UCLA clinical protocol for anterior temporal lobectomy, based
on presurgical evaluation with stereotactically implanted depth elec-
trodes, is particularly amenable to the integration of basic research
projects. This protocol and related ongoing research projects are
described.

Keywords: Epilepsy surgery; basic research; mechanisms.

Introduction

Surgical resection of epileptogenic brain tissue has
been a treatment for recurrent epileptic seizures for
over 100 years®* . Application of this technique was
initially limited by the need to correlate a visually iden-
tified structural lesion with clinical signs and symp-
toms. Patient selection improved with the advent of
diagnostic radiology, and functional localization of epi-
leptogenic brain tissue became possible following the
introduction of electroencephalography® 3!. Neverthe-
less, resective surgical treatment has continued to be
available to relatively few patients with medically in-
tractable epilepsy and, by 1986, there were only ap-

proximately 50 active epilepsy surgery facilities world-
wide, the vast majority of which operated on an average
of 10 to 20 patients per year'®. Technological devel-
opment in the past decade, however, has included an
explosion of diagnostic tools in neurology capable of
precisely localizing cerebral disturbances responsible
for chronic recurrent partial epileptic seizures.

A recently renewed interest in epilepsy surgery, due
in part to these improved techniques for cerebral lo-
calization, is backed by a century of data demonstrating
that resective surgery can be a safe and effective treat-
ment for partial epilepsy and recognition that this is a
greatly underutilized therapeutic modality. An increas-
ing role for resective surgery not only benefits many
epileptic patients who otherwise would continue to ex-
perience recurrent seizures, but also presents unpre-
cedented opportunities for invasive research into basic
mechanisms of normal and abnormal human brain
function. In vivo studies previously possible only in
experimental animals can now be carried out in the
course of presurgical evaluation and in vitro studies are
accomplished with surgically removed tissue, without
increased risk or discomfort to the patient®® *°.

There remain many approaches to the surgical treat-
ment of epilepsy'* 3°, some of which provide better
opportunities for the basic neuroscientist than others.
Research into fundamental mechanisms is most easily
accomplished in epilepsy surgery programs that utilize
the scientific method when collecting clinical data. This
requires the use of well defined protocols and stan-
dardized procedures. The UCLA approach to one type
of resective surgical treatment of epilepsy, anterior tem-
poral lobectomy, is particularly well suited for basic
research projects. The aspects of this approach which
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lend themselves to valid experimental design, and a
brief description of ongoing investigation into funda-
mental mechanisms are here described.

Clinical Protocol

The epilepsy surgery protocol at UCLA is divided
into four phases. Phase one is an inpatient evaluation
utilizing EEG telemetry and video monitoring, as well
as other extracranial techniques for localization of the
epileptogenic region. Phase two is a second inpatient
evaluation with intracranial electrodes, Phase three is
resective surgery, and Phase four is follow-up. Patients
who go from Phase one directly to anterior temporal
lobectomy, hemispherectomy, corpus callosum section,
or subdural grid evaluation for focal cortical resection
will not be considered further here. Although these
patients are also subjects for research projects, the bulk
of investigations into fundamental mechanisms in-
volves patients with complex partial seizures of sus-
pected limbic origin who proceed to Phase two with
stereotactically implanted depth electrodes.

Admission to the Protocol

Patients can be accepted into the epilepsy surgery
protocol if there is no medical contraindication to sur-
gery and if their seizures are demonstrated to be of
partial onset, have not responded to adequate serum
levels of the standard first-line antiepileptic drugs, and
significantly interfere with their ability to lead a normal
life!:1°. Patients are considered potential candidates for
anterior temporal lobectomy when they have complex
partial seizures of presumed limbic origin, and do not
have chronic psychosis or severe mental retardation.
In practice, therefore, most of these patients are normal
individuals apart from their epileptic seizures and,
therefore, acceptable subjects for research into aspects
of normal, as well as abnormal, brain function.

Phase One

Patients are usually admitted to the hospital for one
to two weeks of EEG telemetry and video monitoring
using scalp and sphenoidal electrodes. A complete neu-
ropsychological evaluation is also carried out' 32, If
ictal events consistently arise from one sphenoidal elec-
trode, the patient then undergoes thiopental activation,
intracarotid sodium amytal (ISA) testing, and positron
emission tomography (PET)'. These patients can go
directly to anterior temporal lobectomy if a focal func-
tional deficit of the temporal lobe initiating habitual

seizures is demonstrated by localized hypometabolism
on PET, and confirmed by other functional findings
such as localizing psychological deficits, focal attenu-
ation of fast activity with thiopental, or memory dis-
turbances with contralateral carotid injection of amy-
tal. Nonspecific structural abnormalities such as dilated
ventricles, other evidence of atrophy, or calcification,
seen on X-ray computed tomography (XCT) and/or
magnetic resonance imaging (MRI), may also be used
to confirm ictal EEG findings. Patients who do not
meet these criteria for anterior temporal lobectomy,
but whose Phase one data continue to suggest a single
origin of their habitual seizures, become candidates for
Phase two evaluation. Those with complex partial sei-
zures of suspected limbic origin are recommended for
depth electrode implanation, while those whose sei-
zures are more likely to be of neocortical origin are
recommended for placement of subdural grids®,.

Phase Two

For patients with complex partial seizures of sus-
pected limbic origin, multicontact depth electrodes are
implanted bilaterally and symmetrically in a standard-
ized fashion. Targets always include amygdala and an-
terior hippocampal pes unless there is some contrain-
dication to these placements, as well as four to six other
targets on each side chosen from middle and posterior
hippocampal pes, anterior middle and posterior hip-
pocampal gyrus, and presubiculum. Bilaterally sym-
metrical multicontact electrodes are also placed extra-
temporally when the Phase one evaluation suggests that
complex partial seizures could possibly originate from
a specific extratemporal limbic site, or propagate into
the limbic system from a suspected neocortical epilep-
togenic region. Bilaterally symmetrical standardized re-
cordings have facilitated interpretation of ictal and in-
terictal depth electrode recordings for clinical pur-
poses'®. This approach also greatly simplifies experi-
mental designs for basic investigations since patient
data can be directly compared, and interhemispheric
or interpatient differences can be easily determined.
For purely research purposes, many of the depth elec-
trodes placed in mesial temporal structures also contain
sheaths of nine fine-wire microelectrodes capable of
recording single and multiple unit activity®. These mi-
croelectrodes have been used routinely at UCLA for
17 years and there is no evidence they present any
additional risk to the patient.

The procedure used for implanting depth electrodes
at UCLA now makes use of MRI, XCT, and digital
subtraction angiography (DSA) performed stereotacti-
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cally. For most patients, PET data is also obtained
using the same stereotactic frame so that metabolic
functional images can be correlated precisely with
cerebral structures displayed by MRI. Regions of in-
terest can be automatically drawn on the PET scans
by tracing anatomical structures on the MRI scans.
Non-magnetic metal electrodes are used so post-im-
plantation MRI can confirm the accuracy of placement
and the precise recording points for both macro- and
microelectrodes can be determined for research pur-
poses.

Following depth electrode implantation, continuous
EEG telemetry with video monitoring is carried out
for several weeks to capture habitual ictal events. These
recordings make use of montages that include sym-
metrical depth electrode derivations as well as scalp or
skull electrodes to monitor surface EEG activity. Thio-
pental activation and ISA studies are also performed
using depth electrode recordings.

Patients are recommended for a standardized an-
terior temporal lobectomy when Phase two evaluation
indicates, with a high degree of confidence, that their
habitual seizures begin within the cerebral tissue to be
resected. Focal ictal onsets from mesial temporal struc-
tures are considered to be reliable localizing findings'®,
while regional onsets and occasional contralateral on-
sets often require the presence of additional confir-
matory evidence of primary involvement of one an-
terior temporal lobe. If Phase two evaluation suggests
an extratemporal epileptogenic region that was not ad-
equately defined by depth electrode recordings, and a
reasonable localizing hypothesis can be formulated, a
second Phase two with subdural grid electrodes might
be recommended. No surgery or further evaluation is
considered when seizures originate with equal fre-
quency from either hemisphere, or when diffuse or bi-
laterally synchronous ictal onsets are encountered.

Phase Three

When the patient meets the criteria for a standard-
ized anterior temporal lobectomy, this is performed en
bloc under generalized anesthesia without intraopera-
tive electrocorticography (ECoG). ECoG and func-
tional mapping are rarely performed when there is ques-
tion concerning the posterior extent of the epileptogenic
region since these patients now usually undergo extra-
operative evaluation with subdural grid recording. The
technique for, and dimensions of, the en bloc resection
differ slightly for left and right anterior temporal
lobes'": 1% 22 but are relatively consistent from one pa-

tient to another. This permits the entire specimen to
be easily oriented by the pathologist when choosing
tissue for in vitro investigation. The recording sites of
depth electrodes can be identified, and correlation with
stereotactically acquired structural and functional im-
aging data can be made.

Phase Four

Patients who undergo anterior temporal lobectomy
receive comprehensive follow-up evaluations. Postop-
erative MRI scans are carried out to determine com-
pleteness of resection. Every attempt is made to bring
all patients back to UCLA at one, two, five and ten
years after surgery for complete neurologic evaluation,
EEG, and psychometric testing. Where possible, pa-
tients return at three months and six months postop-
eratively, and then at yearly intervals, for routine neu-
rological evaluation. In addition, an independent post-
operative follow-up team consisting of a nurse, an oc-
cupational therapist and a social worker maintain
contact with the patient to evaluate their psychosocial
progress following surgery, and to elicit medical con-
cerns or complaints that patients might be unwilling
to tell their doctor. Psychiatric follow-up and inter-
vention is available when indicated. The postoperative
course with respect to seizures helps determine whether
the resected tissue was responsible for, or involved in,
the habitual ictal events. Other information is used to
determine whether removal of normal tissue within the
resected specimen might have resulted in neurological
deficit, and whether removal of epileptogenic activity
might have had such beneficial effects on interictal
behavior as improved memory and increased 1Q?.

Research Protocol

Experimental designs must take into account un-
certainties in distinguishing between normal and ab-
normal brain. It can be argued that no data obtained
from the brains of individuals with severe partial
epilepsy should be considered truly normal'®. Conse-
quently, interpretation of research into fundamental
mechanisms of normal brain function must include
consideration of possible contamination by epilepti-
form disturbances, while interpretation of research into
fundamental mechanisms of epilepsy is limited by the
fact that control data can be extremely difficult, or
perhaps impossible, to obtain. A strategy for overcom-
ing the difficulties imposed by this clinical reality has
been to perform correlative investigations involving as
many different functional and structural measurements
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from the same tissue as possible. Consequently, in vivo
electrophysiological, metabolic, and behavioral inves-
tigations carried out during the course of presurgical
evaluation are correlated with each other, and also with
in vitro microanatomical, biochemical, and electrophy-
siological investigations carried out postoperatively.

For all investigations, the epileptogenic region is
defined as the area demonstrated electrophysiologically
to give rise to most or all of the patient’s habitual ictal
events. This is confirmed in most cases by the presence
of a structural lesion, usually hippocampal sclerosis®,
in the resected specimen and a postoperative marked
reduction or disappearance of spontaneous epileptic
seizures. In vivo data obtained from the contralateral
hemisphere have been used to study “normal” phe-
nomena, although it is realized that functional, if not
structural, disturbances related to the epileptic condi-
tion certainly exist in at least some patients's. Fur-
thermore, outcome with respect to epileptic seizures
does not definitively indicate that the primary epilep-
togenic region was included within the resected brain
tissue: seizures may cease because an important path-
way was removed or a critical mass of tissue was re-
duced, while some seizures may continue after removal
of the primary region because areas of residual brain
tissue retain some degree of epileptogenicity'>.

Mechanisms of Normal Human Brain Function

Microelectrode recordings from the hippocampus
contralateral to the primary epileptogenic region have
revealed unit firing patterns with burst characteristics
and periodicities that resemble, with some exceptions,
the behavior of hippocampal neurons in lower animals™
%, Visual and other sensory responses of some neurons
in mesial temporal lobe structures have been demon-
strated and receptive fields of lateral geniculate neurons
have been characterized by recording from optic ra-
diation fibers passing through posterior temporal
lobe*?.

Intrahemispheric connections between mesial tem-
poral limbic structures have been defined electrophy-
siologically, and paired pulse facilitation was found to
exist in the human hippocampus as it does in lower
animals*. Evidence suggests, however, that the hip-
pocampal commissure is not a functional pathway in
the human*, explaining why epileptic seizures begin-
ning in one hippocampus characteristically persist for
long periods of time before spreading to the contra-
lateral hemisphere?® 27,

Characteristics of continuous or ISA-induced mem-
ory deficits have been correlated with patterns of cell

loss in hippocampus, as well as the extent of focal
hypometabolism on PET scans. These findings suggest
regional specificity within mesial temporal structures
for different types of memory processing>*°.

Studies of relationships between amygdala unit fir-
ing in the nonepileptogenic temporal lobe and cardio-
respiratory function have allowed direct comparison
with animal data on amygdala control of heart rate
and respiration?’. Similar studies of the epileptogenic
temporal lobe, combined with information from EEG
and cardiorespiratory monitoring during interictal
spikes and ictal events, as well as during amygdala
stimulation, may provide insights into the mechanisms
of sudden unexplained death in some patients with

epilepsy?.

Mechanisms of Epileptogenic Human Brain Dysfunction

Routine interictal depth electrode recordings have
demonstrated that the epileptogenic abnormality in pa-
tients with medically refractory complex partial sei-
zures is not focal. Rather, interictal spikes commonly
arise from an extensive area of brain ipsilateral to the
site of ictal onset, and independent contralateral spikes
are also commonly encountered'®. PET scans also in-
dicate that the functional disturbance is widespread'®.
A variety of patterns of depth electrode recorded ictal
onsets can be seen and these often consist of high am-
plitude spike-and-wave discharges, rather than low
voltage fast activity. The former suggest that hyper-
synchrony may be a mechanism of spontaneous seizure
generation'® 2!,

Careful microanatomical studies of resected tem-
poral lobes have allowed the degree and extent of hip-
pocampal cell loss to be quantitatively determined for
correlation with electrophysiological, biochemical and
behavioral data®. Even 30 percent reduction in the den-
sity of hippocampal cells might account for epilepto-
genicity in some patients'’. Morphological distur-
bances of pyramidal cells in epileptogenic hippocampus
have also been described®?’, indicating a loss in den-
dritic spines and a reduction in dendritic domain similar
to neuronal changes observed in the experimental alu-
mina focus*!.

Correlations between ictal depth electrode record-
ings and postoperative microanatomical analyses in-
dicate that seizures originate in regions of hippocampus
where cell loss has taken place, and not in the more
normal appearing surrounding tissue’. In vivo stimu-
lation studies have demonstrated that this sclerotic tis-
sue has a higher threshold for electrically induced after-
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discharge'®, and that paired pulse suppression, rather
than facilitation, is commonly encountered?- **, These
findings have been taken as evidence for enhanced,
rather than diminished, inhibitory mechanisms within
the interictal epileptogenic region?', a conclusion sup-
ported by immunohistochemical studies which have
failed to demonstrate a reduction of GABAergic ter-
minals or interneurons within the cell sparse region
where epileptic seizures begin®.

In vivo unit recordings from epileptogenic hippo-
campus have revealed characteristic burst firing fol-
lowed by suppression, temporally associated with the
locally recorded EEG spike-and-wave®. This observa-
tion suggests that mechanisms of human hippocampal
epilepsy are similar to those producing paroxysmal de-
polarization shifts and afterhyperpolarizations in ex-
perimental animal models?®. However, the percentage
of units participating in this abnormal activity in the
human epileptogenic hippocampus is much lower than
that described for the acute penicillin focus of cat neo-
cortex. Unit recordings during ictal onset in the human
hippocampus demonstrate that firing of many cells may
actually decrease in a manner that suggests hypersyn-
chronization, rather than hyperexcitation, as a com-
mon mechanism of seizure generation®. Further studies
using in vitro electrophysiological techniques® are now
underway at UCLA in an attempt to identify and define
reorganization of local circuits in sclerotic hippocam-
pus which might account for the patterns of epilep-
togenicity observed in vivo.
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Summary

The aim of a Stereo-EEG investigation is to verify and prove
that the hypothesis, done on the basis of the preliminary investi-
gations (clinical, EEG, neuroradiological), are correct. This task is
particularly hard in frontal lobe epilepsies, because of anatomical
and physiopathological reasons. Among 277 consecutive patients,
86 were explored for a probable frontal epilepsy. The stereotactically
introduced electrodes,

1) simultaneously record the electrical activity on both, mesial
and lateral cortical areas, and,

2) in 3/, of cases also investigate extra-frontal, mainly temporal,
areas.

Two small, non-surgical haematomas were provoked in one pa-
tient.

The spatial trajectory of the discharges, evaluated with this meth-
odology, permits of limiting the surgical removal in many cases.

Keywords: Depth electrodes; epilepsy surgery; frontal lobe ep-
ilepsy; partial epilepsy; stereo-electro-encephalo-graphy (SEEG):
stereotactic surgery.

Introduction

The principles of surgery for partial epilepsies have
not changed since the pioneer interventions of Horsley
in the 1800s®. The neurosurgeon must identify where
the seizures start, and define the spatial and functional
relationships between the anatomical lesion(s) and the
epileptogenic area(s). If the epileptogenic area is
“unique and stable” and its removal possible without
producing new deficits, then surgery can be advised.

Different investigational approaches are used in ma-
jor centers preoperatively!'® 2,

In our Department, stereo-EEG investigations with
several multilead depth electrodes'?, are considered as
both, the end of all preliminary investigations (clinical,
EEG, neuroradiological), and the start point for pro-
gramming surgery>+>614.24.25 Tntracerebral electrode

implantation is very dependant on individual anatomo-
electro-clinical characteristics.

Many papers are devoted to the pre-surgical and
surgical management of the temporal epilepsies, but
papers on pre-operative investigations for frontal lobe
epilepsies are relatively rare, despite the fact that it is
the second most commonly described epilepsy in neu-
rosurgical series'® '% 2 25 Several explanations were
given for this phenomenon, as “the protean manifes-
tations of frontal lobe seizures” rending “meaningful
interpretation difficult”.

We discuss, on the basis of our experience, if and
how the stereo-EEG may be useful for investigating
frontal lobe epilepsies.

Material and Methods

Patients: During the period 1974-1985, 300 stereo-EEG inves-
tigations were carried out in 277 patients (aged 5 to 50 years; mean
age: 24 years) with severe, drug resistant, partial epilepsy. The clinical
history was of 2 to 24 years duration before admission.

Surgical procedures: The methodology employed has been de-
scribed previously> % 5 ¢ 131425 We must stress that the cerebral
areas are:

@ identified using the stereotactic Atlases of Talairach et a
and Szikla et al.?;

@ percutaneously reached after stereoscopic angiography and ven-
triculography and electrocoagulation of the dura.

Anatomical limits: The posterior boundary of the frontal lobe is
generally fixed at the central sulcus. However, since the partial motor
epilepsies appear to have peculiar characteristics, we arbitrarily fix,
the anatomical limits of the frontal lobe, at the pre-central gyrus.
We include in the frontal lobe, the suprasylvian precentral opercular
region anteriorly to the vertical of the Anterior Commissure
(V.C.A.%» %), This option was taken because of the anatomo-func-
tional relationships between these areas and the temporal and peri-
insular structures.

26,27, 28
/
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Results

Frontal explored areas: Among the 2,326 electrodes
(E) implanted for 300 stereo-EEG investigations, 776
(33%) investigated frontal areas. At least one frontal
E was implanted in about 90% of patients. Table |
shows the frontal explored areas in 86 patients with
more than three frontal implanted electrodes. In most
cases the same electrode simultaneously records the
electrical activity from the medial and lateral cortex,
avoiding the ventricular frontal horn. In 39 patients
the frontal pole was investigated with an antero-pos-
terior ortogonal electrode, at 10 to 24mm from the
individual midline, stopping in front of the projection
of the V.C.A.

Mesial structures such as supplementary Motor
Area or Anterior Cingulate Gyrus are directly reached
by a lateral orthogonal approach: the deepest lead is
at 1 to 5mm from the individual midline according to
the midline vessels trajectory.

Bilateral frontal lobes were explored in 48% of pa-
tients.

Extra-frontal explored areas (Table2). In 70% of
the 86 patients, we also explored extra-frontal areas,

Table 1. Frontal Lobe Epilepsies (86 Patients)

Stereotactically explored structures Electrodes
F internal frontal cortex 281
R 2nd frontal convolution 258
(6] 3rd frontal convolution 209
N Ist frontal convolution 24
T orbital cortex 164
A cingulate gyrus 133
L frontal pole (A.P.) 39

bilateral stereo-eeg: 42 (48%)
right/left ratio: 2

Table2. Frontal Lobe Epilepsies (86 Patients)

Extrafrontal explored structures (°!/ss Patients) Electrodes

Temporal
Pole 7
Amygdala 18
Ammon’s horn 24
T1 14
T2 42
Parietal
Cingulate gyrus 7
Medial cortex 20
Lateral cortex 27

C. Munari et al.: Stereotactic Investigations in Frontal Lobe Epilepsies

mainly anterior temporal. The electrodes, with deepest
contacts in the Amygdala and Ammon’s horn record
simultaneously, with their superficial contacts, the 2nd
temporal convolution'®. Similarly the parietal cingulate
gyrus (and the medial parietal cortex) are investigated
by the same multilead electrodes exploring the lateral
parietal cortex.

Complication: In this series, one patient presented
one small haematoma in both frontal lobes.

Discussion

The choice between ‘“‘invasive” or ‘“‘non-invasive”
investigations, before deciding to operate, is matter of
great discussion!!?°. In some of the most experienced
centres in the world (e.g. Montreal Neurological In-
stitute), the use of intracerebral recordings pre-oper-
atively is reserved for a small percentage of patients,
where there is an ambiguity of lateralization, secondary
generalized or multifocal patterns, or predominant dis-
charges distant from, or controlateral to, a structural
lesion'?.

In our experience, stereotactically implanted elec-
trodes must give enough information to decide not only
the indications for operation, but also the anatomical
limits of the excision’.

There are several criticisms of intracerebral record-
ings. Firstly the technique is “invasive”. In fact, careful
use of the stereotactic stereoscopic angiography'> 23
avoids the risk of severe operative haemorrhage'?, and
has a very low complication rate similar to those due
to subdural strip electrodes®'. The second criticism con-
cerns the relatively high number of implanted elec-
trodes. The correct study of the spatial and temporal
trajectory of the ictal discharges in the brain, requires
simultaneous records from both the medial and lateral
cortex, which is even more important in frontal lobe
epilepsies, because of the “‘complexity” of the clinical
manifestations' > 1% 161930 Moreover, since the motor
symptoms are variable and may occur at different
stages of the seizures, it is important to verify the pos-
sible relationships between onset of discharge, spread
and clinical course. Another major problem is identi-
fication of the side where discharges start: this explains
why both frontal lobes were explored in 48% of pa-
tients, while in temporal epilepsies bilateral investiga-
tions are 10%"°.

It is relatively difficult to explore the medial postero-
inferior part of the orbital cortex with our orthogonal
approach, whereas the lateral approach allows a correct
investigation of the suprasylvian frontal opercular re-
gion, provided stereoscopic angiography is done.
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Even using a relatively high number of intracerebral
electrodes, the possibility of correctly identify a small
“epileptogenic” region is less frequent than in temporal
lobe epilepsies, probably because of the anatomofunc-
tional organization of the frontal areas™ '’. In several
cases we can limit the surgical removal to the external,
or internal frontal cortex, thus avoiding a large and
unnecessary frontal lobectomy. Therefore to investi-
gate a frontal lobe with only 2 or 3 electrodes is in-
sufficient for correct definition of the epileptogenic
area’!, even if so few electrodes can show that the
seizures start in a frontal lobe.

The simultaneous implantation of electrodes in
both, frontal and temporal areas allowed us to under-
stand better the complex relationships between the an-
terior-temporal and basal frontal areas'® 22, Subjective
manifestations, such as epigastric “aura”, generally
considered as a synonimous of an initial temporal lobe
discharge, may actually be the first sign of a frontal
seizure, with somatomotor lateralized manifestations,
or of a temporal seizure with oro-alimentary auto-
matisms (Munari ez al. unpublished data, presented at
the Esclimont Meeting in November 1987).

Only the simultaneous recording of both frontal and
temporal structures permits a correct differential di-
agnosis in such cases.
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Summary

The mirror focus conception assumes propagation of epileptic
excitation towards a homotopic area of the contralateral hemisphere
inducing secondary focal discharges. Later, independent discharges
can be initiated by this new area of epileptogenesis but initiation of
seizures of the same or altered symptomatology—and not only in-
terictal discharges—from a mirror focus has yet not been proved.
Three cases will be presented where dynamism of the development
of temporal lobe mirror focus have been followed. All cases give rise
to several questions concerning selection and timing of surgical ap-
proach.

Keywords: Mirror focus; temporal lobe surgery; secondary syn-
chronization; callosotomy.

Mirror focus and secondary synchronization are
two important mechanisms of action in propagation
of epileptic excitation.

The concept of a mirror focus assumes propagation
of epileptic excitation towards a homotopic area of the
contralateral hemisphere inducing secondary focal dis-
charges. Later independent discharges can be initiated
by this new area of epileptogenesis but initiation of
seizures of the same or altered symptomatology—and
not only interictal discharges—from a mirror focus are
unproven (Morell 1985, Goldensohn 1984).

Three cases are presented where dynamism of the
development of temporal lobe mirror focus has have
been followed and which raise several questions con-
cerning selection and timing of surgery.

In the first case (26 years, female) during 8 years observation
the interictal pattern of active spiking was a constant morphological
feature over the right temporal lobe. The corresponding partial sei-
zures were highly stereotyped gestural automatisms with short du-
ration. In the course of the 8 years a mirror focus on the left side
could be revealed interictally by hexobarbital sleep while the right
temporal spiking remained unchanged even during natural NREM
and REM sleep (Fig. 1).

However, long-term EEG monitoring (split screen technic)
showed a substantial left side participation in the seizures (Fig. 2).
Since the symptomatology of the seizures has been unchanged from
the beginning it has to be assumed that this left side participation
was present in the seizures before the interictal mirror focus could
be detected.

In the second patient (17 years, female) an interictal temporal
mirrorfocus was present after a four years history of partial seizures
characterized by rising gastric sensation, compressing feeling in the

Fig. I. Patient 1. Trains of interictal sharp waves over the right
anterior temporal region in awake state. (Continuous finding during
awake, slow wave and REM sleep)
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Fig. 2. Patient 1. Ictal discharges during a complex partial seizure characterized by emotional vocalization, gesturing and confusion. The left
side preponderance in the ictal pattern is evident
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throat, sometimes smells and fear with escape behaviour. During partial seizures consisting of dreamy states with kinaesthetic sen-
the seizures right anterior temporal ictal discharges regularly ap- sations, verbal automatisms and rare generalized tonic-clonic sei-
peared. No local pathology was revealed by CT scan. zures. During that time a graphomanic attitude and viscosity in his
To treat the pharmacologically intractable seizures right amyg- thinking and depressive mood changes with suicidal thoughts de-
dalectomy and partial hippocampectomy was performed giving sig- veloped.
nificant improvement. However, rare seizures remained in the same The first interictal EEG showed equivocal left random sharp
pattern as before the operation. The interictal right side spiking wave complexes, and ictal discharges seemed to start on the left side,
disappeared but a contralateral spike focus was detected during but rapidly spread to the right side. However, in a record taken nine
hexobarbital anaesthesia (Fig. 3). The origin of the seizures could months later bilateral independent sharp wave foci appeared in the
not be localized to the right anterior temporal region since rare temporal region and the ictal pattern in the same record showed
seizures still appear today in the same form after the excision of this bitemporal involvement with different morphological features on
region. At the same time the role of this region can not be completely each side suggesting right side preponderance. The ictal pattern was
denied and it seems to be important in the organization of the seizures followed again by interictal discharges on the left side.
otherwise the postoperative improvement can not be explained. A CT scan (Fig. 4) has revealed a small tumour with a large cyst

The third case (19 years, male) had 3 years recurrent complex in the right temporal lobe which was operated upon and proved to
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Fig. 3. Patient 2. Left temporal
interictal spike focus in hexo-
barbital sleep 18 months after
right temporal partial lobec-
tomy

be a pylocystic astrocytoma. The postoperative EEG and fits im-
proved and the interictal discharges disappeared. During a half year
follow-up he remained seizure free.

The case is particularly interesting because the development of
the focus contralateral to a temporal lobe tumour was detected first.
However, the bitemporal involvement in the ictal pattern seemed to
be evident and interictal epileptiform discharges appeared on the
side of the tumour only later.

Which temporal lobe has the primary epileptic process can not
be easily answered, and the term “mirror focus” seems meaningless,
while bilateral contribution in the seizures is evident.

Based on these observations we assume that in many
temporal lobe epilepsies seizures are determined by bi-
lateral involvement of the temporo-limbic structures
and the course of clinical events depends on the balance
of the bilateral epileptic facilitatory or inhibitory in-
fluences. We therefore assume that in many temporal
lobe epilepsies seizures are determined by bilateral in-
volvement of the temporo-limbic structures and the
course of clinical events depends on the balance of the
bilateral epileptic facilitatory or inhibitory influences.

The interpretation of the beneficial influence of tem-

poral lobe resections as due to an excision of the epi-
leptic focus can be questioned and—at least in certain
cases—an other interpretation can be made namely,
the disruption of the pathological bilateral limbic in-
terplay.

From the practical point of view when intensive
medical treatment is ineffective looking for an early
surgical solution is highly reasonable.

The theoretical concept of secondary synchroniza-
tion had been supported by early experimental data in
animals (Ralston 1961) and by indirect evidences in
epileptic patients (Tikel and Jasper 1952). The term
“secondary synchronization” is principally used to
characterize bilateral slow spike-wave synchronization
assumed to project bilaterally by non-specific thalamo-
cortical system triggered by chronic impulses of focal
cortical origin, without obligatory clinical counterparts
of the EEG phenomenon.

A large number of patients with intractable epilepsy
show diverse seizures with partial and generalized fea-
tures sharing the common characteristics of secondary
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Fig. 4. Pauent 3. CT scan delincating a right temporal cystic tumour

synchronized EEG with slow spike-waves. A search for
a surgical solution in the form of callosotomy in these
cases is nowadays widely accepted.

One of the main questions is whether the dissection
or partial dissection of the corpus callosum can really
stop that type of impulse traffic necessary for bi-
hemispheral involvement in ictal epileptic excitation.
The effect in our patients seems to verify this hypoth-
esis.

A 41-years-old male patient with late LGS showed great acti-
vation of repetitive fast discharges (rapid runs of spikes) during SWS.
After anterior callosotomy the occurrence of the discharges where
comparably the same as before surgery but the synchronization of
the discharges were altered. The left and sometimes the right hem-
isphere showed a considerable latency in the involvement which
parallelled a clinical improvement. The number and severity of harm-
ful seizures have definitely decreased.

The same clinical improvement was detected in an-
other young patient with LGS. The EEG showed uni-
lateralization of the previously bihemispheral spike-
wave paroxysms, a finding described in other patients
(Spencer et al. 1987). However in another example con-
tradictory results were demonstrated. In a 17-years-old
girl with LGS the surgical intervention resulted in an
extraordinary good clinical result. The seizures nearly
ceased but the bihemispheral spike-wave synchroni-
zation remained absolutely the same as preoperatively.

Therefore we suggest that the existence or amount
of bilateral EEG synchronization should not be re-
garded as a proper indicator of clinical failure or success
in measuring or forecasting the results of callosotomy.
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Epilepsy Course in Cerebral Gangliogliomas: a Study of 16 Cases
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Summary

From November 1979 to March 1988, 16 patients with cerebral
gangliogliomas were investigated and underwent surgery at the In-
stitute Neurologico “C. Besta™ of Milan. Their age varied from 11
to 48 years. 15 of these patients presented with a seizure as the first
and often the only neurological symptom.

This report deals with the epileptologic and neuroradiologic fea-
tures of these patients before and after surgical treatment.

Keywords: Epilepsy; ganglioglioma.

Introduction

Gangliogliomas are rather unfrequent tumours of
the central nervous system consisting of mixed glial
and nervous elements in different stages of differenti-
ation with morphological neoplastic features' .

After long discussions on their dysembriogenic or
neoplastic nature, they are now recognized as slow
growing tumours. They usually appear as a well cir-
cumscribed mass with cystic areas and frequently with
a calcified component. The reported incidence varies
from 0.6 to 0.9% of histologically diagnosed brain tu-
mours, with higher incidence in infancy* °.

Our series, collected during a 8.5-year period, con-
firm these data: 18 patients underwent surgery for gan-
glioglioma in our Institute, accounting for 0.5% of all
the operated cerebral neoplasms and for 2.8% of pae-
diatric age tumours.

Our purpose is to present the clinical and radiolog-
ical features of these tumours and the outcome of the
operated patients with particular interest in epilepsy,
the most frequent presenting symptom of ganglio-
gliomas.

Materials and Methods

Among 18 patients operated for gangliogliomas at the Istituto
Neurologico C. Besta, Milan, from November 1979 to April 1988,
we consider here 16 cases (9 males and 7 females) presenting with

seizures as first symptom. The other two cases never had epileptic
fits. We reviewed retrospectively the history of the epileptic patients,
considered EEGraphic and neuroradiological data and neurologic
examination before and at surgery. In 6 cases an Electrocortico-
graphic (ECoG) intraoperative recording has been performed.

We successively followed the patients’ outcome from clinical and
neuroradiological point of view.

Results

Mean age of patients at operation was 23 + 13 years
(range 9 to 50); seizures set on in childhood (before 15
years) in 11 patients, in 3 of them they appeared even
in the first year of life; the mean age of epilepsy onset
was 13 + 11.2 years (Table 1).

The mean interval between epilepsy onset and sur-
gery was 10 + 12 years, ranging from 1 to 40 years.
This is due to very prolonged delays in performing
neuroradiological exams in patients with few or no
signs of suspect evolutive lesions.

Focal neurological signs were present at operation
in 10 patients, they were mild and at least in 5 of them
they appeared rather suddenly at a certain point of
their clinical history, in probable coincidence with an
abrupt increase of the cystic component of the tumour,
that often led to more precise diagnostic investigations.

Increased intracranial pressure was observed in 2
patients, both with a very large cystic component of
the tumour.

Psychic signs (mental retardation of different de-
gree, behavioural and learning disturbances) were ob-
served in the 4 patients with the earliest seizure onset
(within the fourth year of life). In infancy 3 of these
patients were diagnosed respectively as West syndrome,
Lennox-Gastaut syndrome and post-vaccinic enceph-
alitis with symptomatic partial epilepsy, according to
clinical course and EEG data. Only later performed
neuroradiological exams led to the correct diagnosis.
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Table2. Postoperative Follow-up

Case Resection Follow-up duration Outcome Recurrence
1. total 3 years seizure-free—no therapy no
2. total 1 year moderately improved no
3. total 6.5 years seizure-free—no therapy no
4. total 1 year seizure free—with therapy no
S. total 3.5 years seizure-free—no therapy no
6. total 1 year seizure free—with therapy no
7. total 7.5 years seizure-free—no therapy yes
8. total 2 years improved no
9. total 2 years improved yes

10. total 1.5 year seizure-free with therapy yes

11. total 3 months seizure-free with therapy no

12. total 5.5 years improved no

13. subtotal 2 years improved yes

14. total 1 year improved no

15. 1) total 1 year improved yes

2) total 2 months seizure-free —

16. subtotal 4.5 years unchanged yes

Surgery produced in these cases an improvement in
cognitive functions and behaviour.

All our patients presented with simple partial or
complex partial seizures, evolving in 4 cases to gen-
eralized tonico-clonic seizures. Seizure features ap-
peared rather monomorphous in the clinical history of
every patient. In most cases of very early onset further
seizure types were present in childhood and later dis-
appeared. In any case epilepsy presented with an un-
favourable course in most patients, with progressive
increase in seizures occurrence and severity and incom-
plete response to medical therapy.

Scalp EEG showed interictal focal slow and/or epi-
leptiform activity in 15 patients, bitemporal nonspecific
theta activity in 1 patient. Focal abnormalities were in
accordance with seizure features.

The tumours were located in the temporal lobe (8
patients), parietal lobe (3 patients), fronto-parietal re-
gion (2 patients), frontal lobe, occipital lobe and pari-
eto-temporal region (1 patient each). They often ex-
tended to neighbouring areas, so explaining the im-
perfect concordance between tumour location and
EEG focality observed in some patients.

Diagnosis of possible evolutive lesion was made in
all patients on the basis of CT scan and confirmed in
7 of them by MR.

Gangliogliomas appeared on CT scan either as low
density enhancing lesions with only minimal mass effect
(8 cases), or as cystic lesions with parenchymatous com-
ponent and mass effect (7 cases), or as hypodense le-

sions with no enhancement (1 case). In 4 cases calci-
fications were observed; analogous images were present
also on plain skull films.

In 2 patients a CT scan performed respectively 1
and 3 years before diagnosis was referred to as normal.
In 5 patients a CT scan repeated at least 1 year after
the first one showed signs of modest tumour growing.

Angiography was performed in 12 patients: in 7 it
demonstrated only an avascular mass, while in 5 more
cases an abnormal even if faint vascularization of the
tumour was present.

All our patients underwent surgery (Table2) with
micro-operative technique: in 14 cases excision was ap-
parently complete, in 2 cases it was subtotal. In 6 cases
intraoperative ECoG was performed, but in only 3
cases the recording slightly modified the surgical strat-
egy leading to an associated small cortical resection
during tumour excision. Follow-up ranges from 3
months to 7.5 years.

Among the patients with total resection 4 are sei-
zure-free without therapy, 4 are seizure-free with ther-
apy (their follow-up is too short to withdraw antiepi-
leptic drugs), 6 significantly improved and 5 of them
present only with sporadic partial seizures or auras.

From the 2 patients who underwent subtotal exci-
sion 1 improved moderately and 1 is unchanged.

Recurrence was observed at the CT scan in 4 pa-
tients: only one of them has recently been reoperated,
the others are periodically controlled since the CT find-
ing has not yet clinical relevance.
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Discussion and Conclusions

The high epileptogenicity of gangliogliomas has
been repeatedly underlined by literature*®. Our data
referring to patients with very long-lasting histories of
partial epilepsy stress the need of suspecting an evo-
lutive, even if benign lesion, as ganglioglioma is, in
every patient with partial epilepsy without known ae-
tiology as shown by the cases previously diagnosed as
idiopathic West and Lennox-Gastaut syndrome, even
in spite of very early onset and of absence of focal
neurological signs.

Surgery with complete removal of the lesion seems
to be the most effective therapy in controlling epilepsy,
considering the usual pharmacoresistance of these
symptomatic epilepsies.

Careful preoperative neurophysiological studies ei-
ther with scalp EEG or with stereo-EEG should prob-
ably be performed in order to define the epileptogenic
area'®. Nevertheless we think that ECoG can offer an
additional tool in the surgical treatment of epilepto-
genic slow growing tumours as gangliogliomas, since
the surgical flap planning has already been choosen on
the basis of neuroradiological data.

In the last 6 operated patients we conducted intra-
operative ECoG with the aim of determining the ex-
tension of the epileptogenic area and guiding the fol-
lowing excision. At present our data are still too scarce
to evaluate the results of such technique in these cases.

Biopathological analysis of such tumours (e.g. cell
kinetics) as well as detailed pre- and postoperative clin-
ical and neurophysiological data may provide further

M. Casazza et al.: Epilepsy Course in Cerebral Gangliogliomas

information of practical interest for pathologists, neu-
rosurgeons and mainly epileptologists.
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Experience with Orbital Electrodes in the Patients Operated on for Epilepsy—

Results of Temporofrontal Resections

I. Ribari¢ and N. Sekulovi¢

Neurosurgical Clinic, University Clinical Centre, Belgrade, Yugoslavia

Summary

We introduced the orbital electrodes (Fb-frontobasal) in clinical
practice in 1983. Since then we have operated on 112 patients for
medically intractable “temporal” epileptic fits. In this series there
were 45 patients (40%) with independent focal interictal EEG epi-
leptic abnormalities over frontobasal cortex (with or without inde-
pendent spiking over interomedial temporal region). In these patients
we performed a small temporal lobectomy (with amygdaloectomy
and resection of pes hippocampi) (TL) and resection of frontoorbital
cortex (FOCR). The surgical results are as follows: There are 75
patients with follow-up one to 5 years. TL and FOCR were per-
formed in 27 patients (36%). In this group seizure-free are 25 (93%)
and 2 patients (7%) are much better. In the series of 48 patients
examined by sphenoidal electrodes and operated for “temporal” fits
(TL) by the same author (R.1.) (follow-up 5-13 years), seizure-free
are 38 (79%), much better are 8 (17%) and unchanged are 2 (4%)
patients. The difference in proportion of seizure-free patients in these
two series is statistically significant (t = 2.53; p < 0.05).

Our results suggest that in some patients suffering with “tem-
poral” seizures a well defined EEG picture suggests a new clinical
entity the ‘“‘temporo-frontal” epilepsy, the surgical treatment of
which gives excellent results.

Keywords: Orbital electrodes, surgery for epilepsy; temporo-
frontal resection; temporo-frontal epilepsy.

Introduction

There is much evidence indicating anatomical con-
nections of frontoorbital cortex with structures of lim-
bic system'"!215 and temporal neocortex?*?*. The term
“orbito-insulo-temporopolar region”, composed of the
allocortical posterior orbital region and area tempo-
ropolaris (dysgranular cortex®), as well as the anterior
insula, was introduced by Kaada in 1960° and its clin-
ical implications were discussed by Gastaut and Lam-
mers’. Some authors suggested that the frontobasal
region might be involved in psychomotor epilepsy, as
well as in psychotic schizophrenia-like states' > 2,

Long-term EEG monitoring with intracerebral depth
electrodes gave us evidence of the involvement of the
frontal lobe and particularly of the frontoorbital cortex
in the epileptogenesis of complex partial seizures
(CPS)S 14, 20, 27.

Frontoorbital cortex is comparatively inaccessible
to extracranial EEG recordings, although some infor-
mation may be obtained with nasoethmoidal and su-
praorbital electrodes'* . We introduced in clinical
practice orbital (frontobasal-Fb) electrodes in 1983.
The technique and the first clinical applications were
reported in 1985%',

Patients and Methods

In the last five years all candidates for surgery for
medically intractable CPS in our Clinic were submitted
to the following protocol for preoperative EEG evalu-
ation: 1 to 3 standard 16-channel EEG recordings with
international 10-20 position of scalp electrodes in
awake patient (with 5 montages); 3 to 6 16-channel
EEG recordings with sphenoidal (Sp) and orbital (fron-
tobasal—Fb) electrodes in the awake patient and in
pharmacologically induced sleep (Pentobarbital and
Chlorpromazine), with 8 montages.

We identified a group of patients with unilateral
epileptic interictal abnormalities being most prominent
in the position of Fb electrode (phase reversal in Fb
electrode). Very often a simultaneous spiking was re-
corded in Fb 1/2-T 3/4 (in Sp-Fb montages). In “sphe-
noidal montages” phase reversal were recorded in the
Sp electrode. This type of EEG epileptic abnormalities
we call “Fronto-Basal type” (FB type). In this group
were not included the patients with equipotentiality (of
interictal abnormalities) Sp = Fb or with maximum of
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the electrical field over the temporal base or convexity.
Clinical epileptic manifestations in these patients were
not specific.

In patients with unilateral FB-type of EEG abnor-
malities we performed a “small” temporal lobectomy
(TL) with amygdaloectomy and resection of pes hip-
pocampi (1 cm) and uncus, together with a resection
of the posterior two thirds of frontoorbital cortex
(FOCR). TL (in these patients) was restricted to the
temporal pole (“temporal polectomy”—TP): posterior
margin of TP starts at the upper margin of the temporal
lobe, 2,5-3 cm behind the temporal pole. The resection
plane slopes basoanteriorly to end at the inferior lobe
margin 2-2,5 cm behind the temporal pole (Fig. 1). The
posterior margin of FOCR starts 2-3mm in front of
the lateral end of the sphenoidal ridge and is directed
vertically to the falx (we preserve the posteromesial
“corner” of orbital cortex).

In this period of five years we have operated on 112
patients for medically intractable CPS. In this series
there were 45 patients (40%) with FB-type of interictal
epileptic abnormalities. They were submitted to TL
(TP) and FOCR. The surgical results are as follows:
There are 75 patients with follow-up 1 to 5 years op-
erated on for intractable CPS. TL (TP) and FOCT
were performed in 27 patients (36%). In this group
(mean follow-up 2,5 years) seizure-free are 25 (93%)
and 2 patients (7%) are much better (Table 1). In the
series of 48 patients examined by sphenoidal electrodes
and operated on for intractable CPS (TL) by the same
author (I.R.) (follow-up 5 to 13 years) 38 (79%) are
seizure-free, 8 (17%) much improved and 2 (4%) are
unchanged (Table 2). The difference in proportion of
seizure-free patients in these two series is statistically
significant (t = 2,53; p < 0,05).

Fig. 1. The extent of resection in TP and FOCR (dashed area)

Table 1. Surgical Results in “Temporo-Frontal EPI” (operation:
TL + FOCR)

Follow up Seizure- Much Same Total
(mean 2,5 years) free better

1-2 years 9(90%) 1(10%) 0 10 (100%)
2-5 years 16 (94%) 1 (6%) 0 17 (100%)
Total 25 93%) 2 (T%) 0 27 (100%)

Table 2. Surgical Results in CPS Examined by Sp-Electrodes (oper-
ation: TL)

Follow up Seizure- Much Same Total
free better
5-13 years 38 (79%) 8 (17%) 2 (4%) 48 (100%)

Table 3. Surgical Results in FOCR

Seizure- Much Same Seizure-free Total
free better after
reoperation (TP)
2 (22%) 2(22%) 1 (11%) 4 45%)
- - - 9 (100%)
follow up
follow up 1.5y 1-3,5y
(mean 1,8 y)

In 9 patients with FB type of interictal epileptic
abnormalities we performed only FOCR. The operative
results are as follows (Table 3): Seizure-free are 2 pa-
tients (22%), much better are 2 (22%) and unchanged
is 1 (11%) (follow-up 1,5 year). In 4 of these patients
we performed TP one year after the first operation due
to an unsatisfactory result of the first operation. These
four patients are now seizure-free with follow-up of 1-
3,5 years (mean 1,8 years). Before the first operation
(FOCR) EEG evaluation in these patients showed FB
type of interictal epileptic abnormalities and before the
second operation (TP) EEG showed a maximum of the
electrical field in the Sp electrode.

Electrocorticography was performed in 8 patients
of the TL-FOCR series. In 6 cases some spiking was
recorded over the cortex in the vicinity of the temporal
pole, and independent, less frequent, spikes, sharp
waves or slow sharp waves were recorded over the
frontoorbital cortex. In 2 cases epileptic abnormalities
were recorded only over the temporal pole cortex.
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In all cases of TL-FOCR and FOCR series signs of
neuronal degenerations and gliosis were present in the
frontoorbital cortex. There were also changes com-
patible with “mesial temporal sclerosis™®. In five of
these cases there were small benign gliomas in lateral
or mesial temporopolar regions.

Discussion and Conclusions

Our results of TL (TP) and FOCR, although with
comparatively short follow-up, appears to be more fa-
vourable than those reported in the literature™ 24, It
should also be noted that the temporal resections in
this series were comparatively small. OQur experience
with TL shows that the seizures are more successfully
abolished or reduced by larger TL as has also been
emphasized by others* > 18 26,

There are two possible explanations for the good
results in this series: 1. FB type of interictal epileptic
abnormalities seems to be a useful base for selecting
the patients for either TP or FOCR; 2. The simulta-
neous TP and FOCR procedures in the patients selected
on the basis of FB type of interictal epileptic abnor-
malities appear to be particularly suitable.

Experience with supraorbital and ethmoid elec-
trodes showed that in some cases it was possible to
record discharges from the temporopolar region'®. The
same could be expected to occur with orbital electrodes.
The difference between EEG findings before the first
and the second operations in four reoperated patients
suggest that FB type of interictal epileptic abnormal-
ities recorded before the first operation did not origi-
nate only from temporopolar region. Our electrocor-
ticographic findings shows that in some of these cases
selected on the basis of FB type of EEG abnormalities
there are independent epileptic discharges in frontoor-
bital and temporopolar cortex. In view of the temporo-
frontoorbital connections one could consider these two
cortical regions to be one “‘epileptogenic area”. It seems
logical that in these cases (with temporoorbital spiking)
the best chances for elimination of intractable epileptic
seizures is obtained when the “epileptogenic area” (TP
and FOCR) is completely removed.

On the basis of the reported experience, it seems to
us justifiable to regard patients with FB type of inter-
ictal epileptic abnormalities as a group of ‘“‘temporo-
frontal epilepsy”, which may benefit from a standard-
ized surgical procedure. It can be concluded: 1. The
examination of the patients is comparatively simple,
inexpansive harmless and the results are reliable;
chronic intracranial recording is not necessary; 2. The
resection does not comprise the most sensitive struc-

tures, the posterior hippocampus and temporal con-
vexity, which are functionally important for memory
and language'®; 3. The surgical technique is standard-
ized and comparatively simple. Electrocorticography
and functional mapping are not necessary; 4. The out-
come of surgical treatment is rewarding.
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Summary

Direct recording of the electric brain activity gives more infor-
mation than conventional electroencephalogram. Several authors
have designed a variety of electrodes in order to solve the different
problems of electrocorticography but in our opinion none of these
fulfil the following features: easy implantation and extraction with
minimal trauma; flexibility to allow placement over regions of the
brain cortex that are difficult to access (interhemispheric fissure,
medial aspect of the temporal lobe, frontobasal region, etc.), good
quality recording.

A multiple contact electrode which we think matches these fea-
tures has been designed. Initially this electrode was tested in the
postoperative monitoring of ten patients with supratentorial malig-
nant tumours and in one case of intractable epilepsy.

In two patients complications of treatment were detected, one
had an epileptic seizure and the other had bleeding in the tumoural
bed. In the first case a right temporal focus was delineated and
posteriorly excised.

Implantation of the electrode was always very simple, either from
the craniotomy or from a burr hole, and its flexibility allowed us to
place it over the regions above mentioned. Also the extraction was
easy with a simple traction and without the need for a second in-
tervention. In all cases the recording quality was excellent.

Keywords. Electrocorticography; epilepsy; intracranial elec-
trodes; monitorization.

Introduction

Direct recording of electric brain activity gives more
information than scalp recording. Besides the elimi-
nation of noise of the conventional electroencephalo-
gram, it permits the study of medial and basal cortex
of the hemispheres. Moreover, the possibility of ob-
taining records with very small interpolar distance en-
ables more accurate localization! % 7.

As far as the position of the electrodes is concerned,
there are two main groups of these: cortical electrodes
and intracerebral ones®*%°. Stereotactically implanted

deep electrodes have been widely used for recording
activity both from the cortex and from deep gray mat-
ter’. Goldring et al.®> * have used epidural electrodes.
In 1986, Rosembaum et al.® reported the use of a cy-
lindrical electrode with 5 contacts, made with a silicone
tube and 5 stainless steel wires rolled around it. The
one we present here is very similar. It is placed through
a burr-hole and can be removed by simple traction.
Nevertheless, Rosembaum found some difficulties to
place it over certain regions of the brain, for example,
in the frontal lobes.

In our opinion, none of these electrodes fulfill the
following features: easy implantation and extraction,
minimal trauma and flexibility to placement over areas
of cortex difficult of access, and good recording qual-
ities. We present a multiple contact electrode for cor-
tical recording from the subdural space which fulfill
the above features.

Methods and Material

The electrode is made on a silicone tube, 20 cm long, 2 mm ex-
ternal diameter and a | mm wide lumen. The electric contacts are
made from stainless steel rings, 2 mm long, placed 10 mm apart. The
number of contacts varies from 3 to 10, according to the need. The
contact surface of each cylinder is 12.5mm? and each is connected
to teflon isolated stainless steel wire, 0.03 mm in diameter. The wires
run within the silicone tube and end in a connector adapted to the
EEG pre-amplifier (Fig. 1). Sterilization of the electrode is carried
out in ethylene oxide.

Clinical testing was done by monitoring the postoperative de-
velopment in 10 patients operated upon for supratentorial malignant
brain tumours and for localization in an epileptic focus. The electrode
was inserted through a burr-hole of the craniotomy in the cases of
brain tumours. In the case of intractable epilepsy a single burr-hole
was made for the implantation. In all cases, the electrode emerged
Scm away from the main incision.
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Fig. 1. Photograph of the electrode. In this case 1t has [ive contacts
seen on the top-right side of the image

Results

The quality of the electrocorticographic recordings
was excellent, the impedances being less than 7 kohm.
The electrodes were easily placed over comparatively
inaccessable regions of cortex, like medial and basal
aspects of the lobes (Fig. 2). The electrodes were kept
in place from 2 to 7 days, with an average of 4.1 days.
The extraction, by means of a simple traction, was
always easy. No re-operation was needed. There were
no complications. In one case, considerable spike ac-
tivity was detected over the operated region 24 hours
before the appearance of epileptic fits. In the patient
with intractable epilepsy, a right temporal epileptic fo-
cus was found (Fig. 3).

Fig.2. Calvarium radiograph showing
three different electrodes placed in a pa-
tient: two over right parieto-occipital re-
gion and the third around the right tem-
poral lobe

Fig.3. Electrocorticogram
of the patient with intrac-
table epilepsy, showing a fit
beginning in the right tem-
poral lobe (Channels S to 8,
both included)
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Discussion

From our experience we can say that our electrode
has some advantages compared to other subdural elec-
trocorticographic electrodes. It is easier to place over
distant zones than Wyler and co-workers’ electrode’,
and re-operation is unnecessary.

It is very similar to the electrode desgined by Ro-
sembaum et al.®, although our larger number of con-
tacts allows no cover up to 10cm of brain cortex.

We are trying to reduce the external diameter of the
electrode to further diminish the trauma of implan-
tation and extraction. Indications for electrocortico-
graphy could be applied not only to intractable epilepsy
but to monitoring the postoperative course of other
neurosurgical conditions.
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We extensively studied the relationship between
structures and muscles, dentate nucleus and muscles
ipsilaterally and P, VL, Vim, CM, motor cortex and
dentate nucleus contralaterally.

Materials and Methods

Our investigations were carried out on 78 patients; 57 had motor
disturbances (parkinsonism, choreo-athetosis, atactic tremor, ballis-
mus), 6 patients had intractable pain (phantom pain, thalamic pain,
anaesthesia dolorosa) and 15 patients suffered from epilepsy.

Our chronic multielectrode method was published in detail
elsewhere!” 23 23,

Results

The interpretation of the different parts of the elic-
ited event from their projections, evoked potentials and
motor modulation is summarized on Fig. 1. There are
at least three distinguishable parts of the evoked po-
tentials and motor modulation reflecting functionally
different periods of the elicited events. The different
periods of the elicited events within the motor system

Evoked Motor
potential modulation
First _Spreading of | The first spike Synchron or
irritation (steep) asynchron
part| within the potentials
structures
Depression of | Transitional Silent period

Second| the disturbed activity
part | activity

Rebound of | Second spike Asynchron group

activity (large, broad) of the enhanced
activity

Damped

Third | oscitlation in
part | the control
circuits,

the original
activity
restored

Incomplete second and
third parts if any

Fig. 1.

parallel the different parts of evoked potentials and
motor modulation and relate to normal function. This
must be true for the pathological motor function as
well.

The first part of the evoked potential and motor
modulation represents the extension of the excitation
on the functioning pathways, and thus somewhat rep-
resents the functional anatomy. The second part rep-
resents the supression of the disturbed function and
the third part represents the elimination of the transient
effect, reorganization and a rebound according to the
originally intended function. Therefore, the third part
essentially represents the functional characteristics of
a given system. Naturally, we collected most of the
pathological signs in this third part which was also
most interesting from the point of view of the normal
motor system.

The expression of the different periods of the elicited
event and its sensitivity to the ongoing motor function
depends on the site of the stimulation. To study this
sensitivity we investigated evoked potentials and motor
modulation during a simple motor event, which means,
during preactivity rest, increasing contraction of a
given muscle to a certain level, sustained contraction
and during contraction release. There are two main
types of sensitivity during a simple motor event (Fig. 2).
To illustrate the positive sensitivity to stimulation of
the pallidum or thalamus (VL, Vim, CM) recording of
the evoked potentials in the motor cortex is appropri-
ate, with stimulus parameters 0,005-0,5ms square
waves and amplitudes insufficient to evoke motor re-
sponses at rest on the appropriate side (Fig.3 A, B).
During preactivity rest the evoked potentials in the
motor cortex are, usually, first spike, transitory wave,
second spike, sometimes a few oscillations without mo-
tor reaction in the contralateral muscles.

During increasing motor activity in a choosen mus-
cle, the evoked potentials become shorter and the sec-

Positive functional effect

Fig. 2.
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Summary

Our stereotactic experiences in agreement with the literature
showed, that different target points could influence the same motor
disturbance. To choose the best target point or target point com-
binations we generally implant the electrodes into VL, Vim, CM, P,
dentate nucleus and motor cortex. To ensure the correct sequence
of therapeutic lesions we developed an investigation system, taking
into consideration the resting and the working state of the motor
system.

We elicited events centrally (stimulation of the different target
points) and peripherally (reflexes) and recorded the evoked potentials
at the non-stimulated sites along with the motor and motor mod-
ulation effects in the appropriate muscles.

The elicited events depend on the site of stimulation and regis-
tration and on the state of muscle activity. The centrally and pe-
ripherally elicited events influence each other. With our technique
the elicited events and their functional dependency is most explicit
within the motor system. The results help to explain some basic
motor functions and help to answer some of our therapeutic ques-
tions.

Keywords : Chronic electrode; deep structures (basal ganglia, cer-
ebellum); motor diseases; motor function.

Introduction

Our stereotactic experiences in agreement with the
literature showed that different target points in the
motor system could influence the same motor
disturbance' * > 1416 2325 Dyring the history of sur-
gery for movement disorders lesions in the pallidum,
ventrolateral, ventral intermedial, dentate nuclei and
centrum medianum were all effective as well as lesions
in the pyramidal system. The result will depend on the
site of the lesion and on the symptom combination of
the individual patient. Naturally, we had to take into
consideration the combination of lesions for the most
effective therapy. Therefore we implanted chronic deep

electrodes into different target points (P, VL, Vim, CM,
dent. nucl., motor cortex) and created a system of in-
vestigations for choosing the best target point or com-
bination of target points for the symptom complex of
a given patient®.

The investigation consisted of the study of elicited
events centrally, by means of electrical stimulation of
the different target points and peripherally, by means
of myotatic reflexes elicited by electrical or mechanical
stimulation. The registration was carried out according
to the elicited events: evoked potentials, at the non-
stimulated target points, during motor modulation, in
the contracting muscle. We studied these events at rest,
without muscle activity and also during voluntary con-
traction, with chronically implanted deep electrodes
and concentric needle electrodes (EMG'*2*26), Within
the motor system, stimuli either central or peripheral,
elicit a series of events, which can be followed in their
projections either as evoked potentials at the non-stim-
ulated points or as motor modulation in the appro-
priate contracted muscle. The elicited series of events
depends on the site of stimulation and on the normal
or pathological state of the stimulated system. The
projections of the elicited series of events, namely the
evoked potentials and motor modulation will depend
on the site of stimulation and on the site of registration
along with their controlling circuits which are working
according to the state or motor activity (rest or con-
traction).

According to our system of investigation a structure
can be defined as motor either when one can elicit a
motor or motor modulation effect from it or when the
registrated evoked potentials from it are under the in-
fluence of motor activity.
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Fig.3. A) The evoked potential changes of the right motor cortex
during stimulation of the right pallidum, at rest and during voluntary
contraction of the left biceps muscle. Calibration: 50 ms, for muscle
1,000 microV, for the 2nd and 4th channel 50 microV, for the 3rd
channel 200 microV. Photosuperposition technique. Parkinsonism.
The effect is definitely positive (enhancing). B) Evoked responses in
the left motor cortex during stimulation of the left VL with 0,05 ms,
Icps square stimuli of increasing voltage, during rest (IN.R) and
during voluntary contraction (DVC), of the right biceps muscle.
Calibration: 1st channel 0,1 mV/cm, second channel 0,05 mV/cm and
3rd channel 1mV/cm, time calibration 50 ms. Parkinsonism. Defi-
nitely positive functional effect. C) Effect of stimulation of the den-
tate nucleus on the motor cortex and on the activity of the biceps
muscle at rest and during voluntary contraction. No motor modu-
lation effect. A definitely negative functional effect. In the postac-
tivity period there is a rebound like increase of the evoked potential
in the motor cortex. Calibration: 30 microV, 50ms, for muscle
2,1mV/cm, stimulus parameters 0,07 ms, 30V, 1 Hz Parkinsonism

ond spike smaller, and immediate synchronous poten-
tial appears in the muscle, according to the first spike
of the evoked potential without a silent period. During
sustained contraction the second spike in the elongated
evoked potential becomes higher as in rest (rebound).
In the muscle activity there is an explicit silent period
after the synchronous potential and according to the
increased second spike in the evoked potential there is
an expressed grouped rebound activity in the muscle.

Contraction release is similar during increasing activity
and postactivity relaxation as in preactivity rest. By
stimulating P, CM, and motor cortex the first part of
the evoked potential and motor modulation is more
obvious, while stimulating VL and Vim the second
(rebound) part is more obvious.

To illustrate the negative sensitivity stimulation of
the dentate nucleus recording in the opposite motor
cortex and a choosen muscle on the same side as the
dentate nucleus is appropriate (Fig. 3 C). During vol-
untary contraction on the side of the dentate nucleus
the evoked potentials decrease (the first spike as well
as the rebound part) and they remain low during the
whole activity period. In postactivity rest, for a few
seconds the evoked potentials become greater and
longer as in preactivity rest. With stimulation of the
dentate nucleus (cerebellum) by single stimuli there is
no motor or motor modulation response, but by double
stimuli (2-4 ms interval) motor modulation begins with
a silent period.

What do these results suggest for special functions
of the different structures? Motor cortex, pallidum, CM
are working with a fairly direct connection to the con-
tralateral muscles. They are involved in quick move-
ments, mobilizing control circuits but mostly for sta-
bilizing predetermined short movements. VL and Vim
are work with strong feed back control; they have a
tendency for oscillation (normally damped) and they
take part in and control long-lasting, sustained move-
ments. Dentate nucleus (cerebellum) has a character-
istic of suppressing the strong feedback control which
smoothes the movements. We do not understand the
real mechanism but the cerebellum must have an im-
mediate important postactivity function.

The central and peripherally elicited events acting
through the same system can interfere, depending on
the interval of the two stimulation (Fig. 5).

In parkinsonism, the third part of the evoked po-
tentials is more pronounced as in other disorders. In
the motor modulation the rebound activity following
the silent period is strong. The reactive rebound phase
elicited oscillation is not well damped as is well illus-
trated in the evoked potential and motor modulation
(Figs. 3B and 4 A). Whilst sustained tremor-like oscil-
lation with appropriate stimulus parameters are easy
to produce®

In choreo-athetosis the first part of the evoked po-
tential is well pronounced but the reactive third part
is not well developed. The same is true for motor mod-
ulation. This corresponds to the pathological move-
ment as the innervation is going from one muscle to
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Fig.4. A) Parkinsonism. Change of evoked responses in the left dentate nucleus during stimulation of the right VL and pallidum respectively,
with 0,05ms, 1cps square stimuli at rest and during voluntary contraction of the left biceps muscle. Calibration: 50ms, for all channels
100 microV. B) Choreo athetosis. Evoked potential from the left dentate nucleus, while stimulating the right motor cortex, during voluntary
innervation of the left biceps muscle. During contraction the synchronous action potential definitely increases. After silent period there is
no motor rebound, there is a tonic increase, as we can see on the mechanogram. Calibration: 1-4 channels 0,05 mV/cm, channel 2 0,5mV/
cm, mechanogram 2 kg/cm. Stimulus parameters: 0,05 ms, 50 V. Time 100 ms. C) Atactic tremor. Evoked potential in the left dentate nucleus
while stimulating the right VL, during voluntary innervation of the left biceps muscle. Calibration: for muscle 2,1 mV/cm, for D 30 microV/
cm. Stimulus parameters: 0,07 ms, 40 V. Time 63 ms/cm. D) Epilepsy. Epileptic spikes can be registered from all of the registration points;
it can be evoked from all of the stimulated points by the first stimulus and it is accompanied by an asynchronous potential group as motor
answer in the registrated muscle. The second column shows that during rest the stimulation does not evoke epileptic activity. The third
column shows that motor modulation effect in a contracting muscle can be evoked but only from stimulating points inside the motor system.

Calibration: channel 1, 2, 4 10 microV/cm, channel 3 500 microV/cm. Stimulus parameters: 0,05-0,2 ms. 25-50 V. Time 100 ms

the other continuously with very little feed back control
(Fig. 4 B).

The rebound activity in the motor modulation after
the silent period is usually an asynchronous potential
group but in atactic tremor the rebound activity is a
large synchronous potential often larger then the first
presilent synchronous potential, due to the lack of the
cerebellar inhibition or damping effect (Fig. 4 C).

In epilepsy when an epileptic spike appears after
stimulation this appears in the third phase of the evoked
potential parallel with grouped potentials in the con-
tralateral muscle. One can elicit motor reactions with
epileptic spikes from outside of the motor system. In
the elicited series of events one can detect the rhythmic
properties of the particular epilepsy (Fig. 4 D).

Discussion

The significance of stereotactic surgical procedures
in clarifying the functions of the motor system can not
be over emphasized. It is justifiable to claim that the
results of surgical operations and the intraoperative
examinations, particularly with essential chronic deep
electrodes, have permitted a new interpretation of mo-
tor function. Through this, it is possible to study the
laws governing the motor system® !4 16-21. 23, 24,26 15
complex investigations, certain parts of the evoked po-
tential might suggest where the changes in the spinal
motor mechanism can be found. This enables a detailed
study of how the central mechanism alters the relatively
simple spinal reflex state, how the loss of certain motor
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Achilles reflex — VL

Achilles reflex

H-reflex — Mot.Cort.

Fig. 5. Parkinsonism. Evoked potentials from the left VL and motor
cortex, elicited by an Achilles reflex, and from the left motor cortex
elicited by a H-reflex. Photosuperposition technique. Calibration for
the Achilles reflex: 1, 2, 4 channel 0,1 mV/cm channel 3 1 mV/cm.
Stimulus parameters; 0,05ms, 65V, time 50 ms. Calibration for the
H-reflex: Channel 1, 2, 4 0,1 mV/cm, channel 3 0,5mV/cm. Time
50 ms/cm. Stimulus parameters: 0,05ms. 80 V

structures influence the evoked reflex mechanism and
how it changes the evoked reflex mechanism if it is
elicited from different points of the motor system.
There is the possibility of revealing the type of changes
that can be produced by motor action in the reflex-
like responses of the motor system, or its reverse action.
These correlation help us to clarify the connections
already presumed by several authors in the form of
long loop reflex paths between the spinal reflex mech-
anism and the more central motor system and makes
a bridge between central motor system investigations
and segmental spinal motor investigations®™'3: 16 1822,
24

The response to the stimulation of the motor system
is never a single event but a series of events reflecting
the control process irrespective of where the stimulus
affects the motor system and whether it is independent
of any direct anatomical connection between the sites
of stimulation and the recording sites.

The information obtained by complex examinations
of the motor system greatly promotes the evaluation
of the results of clinically available methods and last
but not least helps to achieve better surgical results.
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Behavioural Responses to Cerebellar Stimulation in Cerebral Palsy

M. Galanda, L. Mistina, and O. Zoltan

Kunz, Banska Bystrica, Czechoslovakia

Summary

Stereotactic placement of stimulating electrodes (TESLA) into
deep regions of the cerebellum (Fischer instruments) was analyzed
in respect to its organization into sagittaly oriented zones. This was
done after imaging of the trajectory and target area and verification
of the position of electrodes by CT (Siemens). A correlation was
observed between the position of the stimulating electrode from the
midline laterally and localization of induced responses on the body—
from bilateral to ipsilateral.

The combination of deep cerebellar stimulation and destructive
method in the supratentorial region could be the optimal approach
to relieve spasticity and to improve motor function in some cases of
cerebral palsy.

Keywords: Cerebral palsy; cerebellar stimulation.

Introduction

The determination of the exact target site of stim-
ulation in the cerebellum is crucial for effective thera-
peutic stimulation and understanding of cerebellar
functions in cerebral palsy. Motor responses to elec-

Fig. 1. The CT midline sagittal re-
construction. The trajectory to-
wards target point in the BCC (ar-
row)

trical stimulation in various subcortical regions of the
anterior lobe of the cerebellum in relation to the site
of stimulation were investigated. The role of the com-
puterized tomography (CT) scanner is helpful in this
respect.

Material and Methods

71 cases of cerebral palsy have been treated with deep cerebellar
stimulation via a transtentorial approach since 1977'. For permanent
stimulation system Tesla was used. Trial stimulation at approxi-
mately 200 Hz from 0.5-5 mA was always performed and was aimed
at chosen targets in the anterior lobe of the cerebellum. The target
was determined by reference to the fastigium (F) and the posterior
commissure (PC); the motor response to each stimulated site was
assessed.

The identification of landmarks was originally done by pneu-
moencephalography or ventriculography with the patient in the
prone position. Today the patient is in the supine position with the
head fixed in the Fischer stereotactic apparatus and localization is
performed by CT scanner through the reference and target areas in
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Fig.2. The CT finding (multiplanar reconstruction) with the elec-
trode in the target point (arrow). Asterisk-the top of the fourth
ventricle

2mm slices. The target is the region of the brachium conjunctivum
cerebelli (BCC), 6 mm from the F to the PC, 2 mm below the F-PC
line and 4-6 mm lateral to the midline according to the width of the
fourth ventricle evaluated at the CT. A sagittal midline reconstruc-
tion is performed and F, CP reference points and the target area are
calculated (Fig. 1). Laterality is determined on the horizontal slice
at the level of the target point identified on the sagittal midline
reconstruction. The regions of the cerebellum through which the
electrode passes can be shown and the multiplanar programme per-
mits reconstructions in the proposed trajectories of the electrode.
The position of the electrode is evaluated by CT examination after
its stereotactic insertion and trial stimulation (Fig. 2).

Results and Discussion

It was possible during trial stimulation in the sub-
cortical regions of the anterior lobe of the cerebellum
to elicite movement in the extremities, in axial muscles,
head rotation, lateral conjugate eye movement, facil-
itation of involuntary movement and emotional re-
sponses (pleasure, fear). The response depended on the

electrode position and the distribution of spasticity and
involuntary movement in the body of the patient. Fa-
cilitation of muscle tone, beginning in the flexor groups
of the extremities, was ipsilateral to the site of the
stimulation. If spasticity or involuntary movements
were more pronounced contralaterally then the re-
sponse to stimulation began contralaterally in the more
affected site. Rotation of the head and lateral conjugate
eye movement always occurred to the ipsilateral side.
However, if the stimulating contact was in the midline
lateral deviation of the head or eyes did not occur.
When the stimulating current was gradually increased
(3-5mA), ophisthotonus often occurred.

During the insertion of the electrode frequent trial
stimulation was performed often with correction of
electrode position until the proper position was
achieved, ignoring previously successful target co-or-
dinates. Stimulation of BCC produced uniform re-
sponses. In our experience if any point in the cerebellum
elicits the motor jerk at trial stimulation decrease of
pathological hypertonus can be achieved during per-
manent stimulation'.

The complicated organization of the cortex and sub-
cortex of the anterior lobe with specific rostrocaudally
oriented zones of adjacent but different functions, may
be responsible for the unpredictable effect of subcor-
tical stimulation®. The proximity of the fourth ventricle
to the BCC allows easy identification on the CT and,
therefore, the BCC is recommended as an optimal tar-
get point for therapeutic stimulation in cerebral palsy.
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Use of Intrathecal Baclofen Administered by Programmable Infusion Pumps in

Resistent Spasticity

J. Broseta* ', F. Morales', G. Garcia-March', M. J. Sanchez-Ledesma', J. Anaya', J. Gonzalez-Darder®, and

J. Barbera?
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Summary

On the basis of previous experimental and clinical studies' 2 pa-
tients with severe spasticity due to spinal cord damage from multiple
sclerosis in § cases and postraumatic paraplegia in 6 and resistent
to all conservative treatments were selected for a trial with morphine
and baclofen administered intrathecally through a catheter placed
in the spinal subarachnoid space rostral to the affected segments and
attached to a subcutaneous reservoir. Whereas morphine single in-
jection did not show any benefit, baclofen bolus injection 30 to 60 pg,
revealed a marked decrease of spasticity and associated symptoms
in 8 cases. After checking the clinical effect during 3 weeks and
changes in electroneurophysiological studies and bladder manometry
the catheter was attached to a subcutaneous programmable pump
able to be refilled percutaneously and administered baclofen con-
tinuously or more often following a multistep complex programme
in total doses of 90 to 150 ug per day. After a mean follow-up of 5
months all cases showed an absence of spasms and pain, a notable
improvement for bettering of sphincter functions and a marked mus-
cle relaxation that improves motor capacity, leading to increased
ambulation or mobility. Neither complications nor side-effects were
observed.

Keywords: Spasticity; intrathecal baclofen; infusion pump.

Introduction

Treatment of severe spasticity and related spasms,
bladder dysfunction and pain is still a challenge. Oral
antispastic drugs have little effect and frequently show
side-effects at the required high doses. Neurosurgeons
have always been involved in this area and proposed
diverse solutions. Ablative procedures and electrical
stimulation of the spinal cord have been used to mod-
ulate the hyperactive response of spasticity but with
inconsistent results.

* J. Broseta, M.D., Catedra de Neurocirugia, Facultad de Medi-
cina, ¢/Espejo, E-37007 Salamanca, Spain

Baclofen, a gamma aminobutyric acid analogue,
was introduced in the seventy to manage severe spas-
ticity, showed successful results as an oral agent’ but
with frequent side-effects and limitations due to the
high plasma levels to cross to blood brain barrier® .
When Kroin et al.’ observed that intrathecal baclofen
caused a significant reduction of the polysynaptic re-
flexes in rabbits a new alternative to modulate spasticity
emerged. Penn and Kroin® introduced spinal intrathe-
cal baclofen for severe spastic conditions and reported
excellent initial results proposing the use of programm-
able devices for chronic infusion. This promising early
experience was later confirmed by other groups al-
though with overdose problems® !°. Other drugs such
as morphine and benzodiazepines have been also in-
fused intrathecally in an attempt to control spasticity
but showed irregular results> & 19,

We present the results in 12 cases with marked spinal
spasticity treated with spinal intrathecal baclofen given
in a single bolus injection and chronic infusion by pro-
grammable pumps.

Clinical Material and Methods

Patients: Twelve patients with severe spasticity unresponsive to
oral medication or with side-effects were selected for trial. Table 1
summarizes the clinical material and response of this group of 6
females and 6 males with ages from 19 to 61 years. The cause of
spasticity was multiple sclerosis in 5 cases, cord trauma in 5, cervical
spondyloarthrotic myelopathy in 1 and syringomyelia in 1. The du-
ration of the illness varied from 10 months to 23 years. The poor
neurological status contributed to poor physical performance, trans-
fers, daily activities and sleep. There was paraparesis in 7 cases,
paraplegia in 4 and tetraplegia in | so that 6 cases were reduced to
a wheelchair or bedridden state. The remainder had partial mobility
using braces or canes. The majority of patients showed high scores
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Table 1 a. Spasticity History, Neurological Situation and Response to Trial with Intrathecal Drugs

Spasticity status

Case A/S Cause Duration
Condition Rigidity Spasms

1 26/F  Thg- Thy cord trauma 5 years Paraplegia. Non mobile.Clonus 4 >2 per h.
Hyperreflexia. Wheelchair

2 52/F Muttiple sclerosis 7 years Paraparesis. Mobile in braces. 3 >1 per h.
Mild hyperreflexia

3 49/M  Thyq- Ly cordtrauma 3 years Paraparesis. Mobile in braces 3 <1 perh.
with orthesis. Mild hyperreflexia

4 51/F Multiple sclerosis 19 years  Paraparesis. Non mobile.Clonus 3 Occasional
Hyperreflexia. Wheelchair

5 32/M  Thyp-L4 cordtrauma 10 months  Paraplegia. Non mobile.Clonus 4 Occasional
Hyperreflexia. Wheelchair

6 68/M  Cervical myelopathy 7 years Mild paraparesis. Hyperreflexia 2 Occasional
Clonus. Handicaped walking.

7 19/M Cg cord trauma 11 months  Tetraplegia. Bedridden 4 Occasional

8 43/M Multiple sclerosis 10 years Paraparesis. Mobile in canes. 4 Occasional
Hyperreflexia

9 61/F  Thg - Thg cord trauma 9 years Paraplegia. Non mobile.Clonus 5 >1 per h.
Hyperreflexia. Wheelchair

10 27/F Multiple sclerosis 4 years Mild paraparesis. Partial mobility. 2 >1 per h.
Mild hyperreflexia. Handicaped
walking

11 33/M Syringomyelia 11 months  Mild paraparesis. Partial mobility. 2 no
Mild hyperreflexia. Handicaped
walking

12 43/F Multiple sclerosis 23 years  Paraplegia. Non mobile.Mild 3 <1 per h.

hyperreflexia. Bedridden

in the Ashworth scale?® for rigidity and all but one had disturbing
spasms. Neurological bladder dysfunction was present in 9 cases
with incontinence and alterations of the micturation. Cramping or
diffuse pain in low back and/or lower extremities was present in 7
cases and speech impairment in 2. In some cases bladder manometry
and perineal electromyographic recordings were performed to evalu-
ate changes after intrathecal baclofen. In 5 cases the Hmax: Mmax
ratio was also determined for further comparation.

Trial period: This group had a preliminary trial of intrathecal
antispastic drugs via a subcutaneous port attached to a catheter
introduced in the lumbar subarachnoid space and manipulated to
the affected cord segments. Intrathecal bolus of morphine and ba-
clofen were tested through this system for several consecutive days
observing the effect on spasticity and associated symptoms. In the
first cases morphine offered uncertain results. Baclofen, however,

always had alleviation of spastic symptoms. Baclofen* was diluted
in saline to a concentration of 50 ug per ml. Trial started with a
bolus of 12.5 pg, with increases of dose every second day. Reduction
of rigidity and spasms, pain remission and improvement of bladder
function occurred for 7 hours after the bolus in 8 out of 12 patients.
Weakness, drowsiness, mental confusion, respiratory depression or
lethargy did not appear. These 8 cases were considered as suitable
candidates for chronic infusion and fulfilled the criteria of severe
spasticity resistent to oral medication, normal anatomy of the spinal
canal and CSF circulation and a positive response to a dose less
than 100 pg.

* Baclofen was received by courtesy of Ciba-Geigy, Barcelona,
Spain.
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Table 1 b. Spasticity History, Neurological Situation and Response to Trial with Intrathecal Drugs
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Neurogenic Drug effect during trial Programmable

Case bladder Other infusion
dysfunction symptoms Morphine Baclofen pump
1 yes Pain Partial improvement Improvement Implanted
2 yes Pain No change ) Improvement Implanted
3 Sphincterotomy Pain Partial improvement Improvement Implanted
4 yes Speech No change No change Not implanted
impairment

5 yes Pain No change* Improvement Implanted
6 no Improvement Implanted
7 yes No change No change Not implanted
8 yes No change Improvement Implanted
9 yes Pain No change Not implanted
10 no Pain Improvement Implanted
1 no Pain No change Not implanted
12 yes Pain. Lupus. Improvement Implanted

Speech impairment.
Upper limb affection.

* no change but pain.

Chronic infusion: Programmable infusion pump** implantation
was done under sedation and local anaesthesia. After preparing the
device in the proper conditions, the liquid contents was withdrawn
and replaced by 18 ml of 500 pg per ml baclofen. Meanwhile purging,
subarachnoid catheter was isolated, the previous subcutaneous port
removed and the pump attached. The device was placed and an-
chored in a deep subcutaneous abdominal pocket in to allow later
percutaneous refilling. At the conclusion of the operation several
parameters concerning general data, specific properties of the drug,
flow conditions and alarm activation were transmitted from an ex-
ternal programmer to the implanted pump.

Results

Table 2 illustrates the results. The spastic symptoms
generally improved in the majority of cases. A reduc-
tion of at least one score in the Ashworth scale was a

** Programmable infusion pumps were provided by Medtronic
Inc., Minneapolis, Minn.

long-lasting finding in the 8 cases but less than that
during the trial (Fig. 1 a). Spasms were also drastically
alleviated. Four patients that previously showed an
average of more than one spasm per hour are free of
them following treatment (Fig. 1 b). This improvement
also involved the hyperreflexive conditions that
changed to a mild hyperreflexive state (Fig. 1c). De-
spite neurological and subjective amelioration this was
not always associated with better motor improvement.
Thus, only the 4 less affected cases increased the walk-
ing ability, transfers and daily activities. The rest gained
in life quality and comfort (Fig. 1d).

In 2 cases electroneurophysiologic studies following
chronic baclofen infusion showed a significant reduc-
tion of 23 and 50% respectively in Hmax : Mmax ratio.
In the other 3 cases these changes were less marked.
All cases had long-lasting improvement in bladder
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Table 2. Results After Chronic Intrathecal Infusion of Baclofen Using Programmable Devices

Programmed infusion parameter

Case Result
Total dose Mode Partial dose
ug. per day
1 60 ug. Continuous 2.5 ug./ hour Reduction in rigidity from 4 to 2. No spasms. Pain

remision.Improvement in bladder control. Better
performance in physiotherapy

2 96 pg. Continuous 4 pg./ hour Moderate reduction in rigidity from 3 to 2. No spasms.
No pain. Better bladder control. Increase in walking
capacity.

3 120 pg. Continuous 5 pug./ hour Reduction in rigidity from 3 to 1. No spasms.
Occasional pain. Much better performance in physical
activities.

5 80 pg. Bolus 20 pg./ 6 hours Moderate reduction in rigidity from 4 to 3. No spasms.
No pain. Better bladder control

6 96 ng. Continuous 4 nug./ hour Moderate reduction in rigidity from 2 to 1. No spasms.
Increase in walking capacity

8 100 pg. Bolus 25 pg./ 6 hours Moderate reduction in rigidity from 4 to 3. No spasms.
Improvement in bladder control. Increase in walking
capacity

10 148 pg. Multistep 2 ng./ hour Reduction in rigidity from 2 to 1. Occasional spasms.

complex 25 pg./ 6 hours No pain. Almost normal walking

12 172 pg. Multistep 3 pug./ hour Moderate reduction in rigidity from 3 to 2. Occasional

complex 25 pg./ 6 hours spasms. No pain. Better bladder control. Better

speech and performance with upper limbs

function expressed in a regular micturition rhythm and
decrease of incontinence subsequently resulting in less
infection. Bladder manometry and perineal electro-
myographic recordings showed normal values in basal
pressure, a significant increase in bladder capacity and
decrease in contraction and less abnormal discharges
following an intrathecal bolus of 20pg baclofen
(Fig. 2).

To obtain these promising results the total dose per
day of baclofen was individually estimated from the
effective dose during the trial and according to the
mode of infusion. The initial total dose varied from 60
to 172 pg. But a progressive increase of dose and change
of the mode was required to maintain the initial effi-
cacy, probably due to tolerance (Fig. 3). In this period,
neither malfunction nor drug overdose occurred. Com-
plications were only a pocket seroma in one case and

skin erosion on the pump attachment in another, both
probably related to the still imperfect technological
design of the device regarding size, anatomical accom-
modation, reservoir capacity and location of the me-
talic apendix for drainage.

Discussion

In our hands chronic intrathecal infusion of baclo-
fen using programmable pumping devices has been a
promising approach to reduction of rigidity, hyperre-
flexive status, spasms, bladder dysfunction and to
slightly improve motor function and mobility. Despite
these encouraging results there are still several prob-
lems to be solved: to devise standard protocol for se-
lection of patients, to study the appropriate dose and
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Fig. I. Results on spastic and related symptoms after following intrathecal infusion of baclofen for a mean period of 5 months. a) Changes
in rigidity scored by the Ashworth Scale: I no increase in tone; 2 slight increase in tone; 3 marked increase in tone but limbs easily flexed;
4 passive movement difficult; 5 rigidity in flexion and extension. b) Changes in spasm occurrence: 0 none; I spasms after motor and sensory
stimulation; 2 occasional spontaneous spasms; 3 less than | spontaneous spasm per hour; 4 more than | spontaneous spasm per hour. ¢)
Changes in reflexes: 0 absent; / hyporreflexive; 2 normorreflexive; 3 mild hyperreflexive; 4 hyperreflexive; 5 clonus. d) changes in voluntary
mobility and physical performance: 0 non mobile, weelchair or bedridden, dependent of assistance for skilled acts; / partial mobility, braces
or canes, partial dependent of assistance for skilled acts; 2 handicaped walking and independent for skilled acts; and 3 normal walking and

independent for normal activities

mode of infusion to maintain the efficacy and avoid
tolerance and to improve the design of the pumps.
The criteria for selection of candidates were initially
limited to cases with severe spasticity of spinal cord
origin resistent to oral medication. Nevertheless im-
provement of speech impairment occurred in 2 cases
with multiple sclerosis and of motor performance of
the upper limbs in, 1 with multiple sclerosis and 1 with
postraumatic tetraplegia, even though baclofen was de-

livered caudally to the affected segment. Dralle ez al.'
also found that lumbar intrathecal baclofen alleviated
spastic conditions caused by diffuse cerebral damage
in children and adults.

In our experience during the trial period as well as
during chronic infusion special attention was given to
the estimation of the effective dose, since drug overdose
is still an important complication when a suitable an-
tagonist is not yet available.
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Perineal electromyographic recording

Fig.2. Changes in bladder function following an intrathecal bolus of 20 ug baclofen

Fig. 3. Intrathecal baclofen dosages and mode of infusion to maintain
the initial outcome: @ continuous mode; O bolus; © multistep com-
plex mode
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Summary

Encouraged by the recent reports on the beneficial effects ob-
tained with open transplantation of autologous adrenal medullary
grafts into striatal structures in cases with resistent Parkinson’s dis-
ease, our team used this procedure in a 63-year-old man presenting
with severe bradykinesia and rigidity resistent to all pharmacological
attempts. In this case through a laparotomy the right adrenal gland
was removed and stored in oxygenated Collins and bicarbonated
Ringer solution mixtures while a F, transventricular approach to
the head of the caudatum was done. With the surgical microscope
the medullary part of the adrenal gland was dissected and four pieces
of mm® of tissue selected, implanting them in a bed previously carved
in the caudatum. Endocrinologic and hydroelectrolytic problems
appeared during the immediate postoperative period. In the follow-
ing 5 months no clinical benefit nor electroneurophysiological
changes were observed.

Keywords: Medullary adrenal grafts; striatum; Parkinson’s dis-
ease.

Introduction

In rats with 6-hydroxydopamine nigrostriatal de-
nervation rotational behaviour returns to normal after
fetal substantia nigra®* 3 or adrenal medullary tissue®
? is transplanted to the caudatum. Backlund ez al.! in-
troduced intrastriatal medullary adrenal grafting for
patients with resistent parkinsonism. Several years
later, Madrazo etal.® revised this procedure and re-
ported significant early improvements in two young
patients with intractable Parkinson’s disease. They in-
corpored some technical variations, namely the use of
open surgery to approach the head of the caudatum
and the placement of the grafted tissue in contact with
the cerebrospinal fluid since there was a better growth
and survival of the transplants’” '® !,

* J. Broseta, M.D., Catedra de Neurocirugia, Facultad de Medi-
cina, ¢/Espejo, E-37007 Salamanca, Spain.

Encouraged by these reports a patient was selected
for the application of this surgical variation, despite
Backlund’s unsatisfactory experience and our poor re-
sults in an experimental study showing the low survival

rate of medullary adrenal tissue implanted in the stria-

tum?.

Case Report

The patient was a 61-year-old retired farmer with 4 years history
of Parkinson’s disease, who had rapidly deteriorated in the previous
7 months, resistent to oral medication of 1,000 mg. L-dopa with
decarboxylase inhibitor, 60 mg of bromocriptine and the usual dose
of anticholinergics which caused severe side-effects. He had no his-
tory of drug abuse or familial parkinsonism. When admitted to the
hospital he was extremely disabled with generalized rigidity, bilateral
resting tremor predominantly in left extremities, severe akinesia with
masked facial expression, speech impairment and global incapaci-
tation for skilled acts which made him completely dependent and
confined to a wheelchair.

Before surgery was decided, a psychological evaluation excluded
dementia. The adrenal function as well as brain and adrenal CT
scannings were normal. Electromyographic recordings showed fine
tremor of 3 to 5cps in both flexor and extensor musculature of the
left arm. Homovanillic (31pg/ml) and S5-hydroxy-indolacetic
(0.035 pg/ml) acids were estimated in lumbar CSF to assess mono-
amine metabolism. After surgery was recommended, the pro and
cons of the operation were explained to the patient and relatives and
written consent obtained.

The surgical technique described by Madrazo et al.® was followed
with minor variations. A right adrenalectomy was done through an
anterior laparotomy and a right frontal craniotomy for frontal lobe
exposure were performed simultaneously. After removal, the gland
was stored in oxygenated bicarbonate glucose Ringer and Collins
solutions mixed at 50% whilst waiting for microdissection. Mean-
while, with the surgical microscope the head of the right caudatum
was approached through the lateral ventricle by means of a F, trans-
cortical dissection. Once the adrenal gland was cut sagitally, the
medullar was identified and dissected from the cortex, cut in several
fragments of approximately 1 mm?® with the aid of the microscope
and placed on a wet surface containing the culture solution. The
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Fig.1. Postoperative changes in concentration of homovanillic
(HVA) and indolacetic (5-HIA A) acids in lumbar cerebrospinal fluid.
* Pharmacological treatment reinstated

abdominal surgeons replaced the rest of the gland in the abdominal
wall, between the muscular and subcutaneous layers, in an attempt
to preserve cortical adrenal function. Simultaneously, the neurosur-
gical team made a small bed in the head of the caudatum and four
medullary adrenal fragments were transplanted there. To avoid mi-
gration the bed was sealed with a small piece of oxydized cellulose
net anchored to the parenchyma with hemoclips, in this way keeping
the grafted tissue in contact with the CSF.

After a stormy postoperative course of 5 months, the patient
died of pulmonary embolism. During this time there was no neu-
rological, neurophysiological nor subjective improvement. For that
reason, treatment with oral L-Dopa and bromocriptine was rein-
stated 3 months postoperatively. Postoperative brain CT scans
showed no evidence of the grafted tissue but a hypodense image
occupied the head of the right caudatum which could be interpreted
as necrosis. In order to know whether the grafted tissue was func-
tionally active or not, CSF concentrations of homovanillic and in-
dolacetic acids were periodically determined without finding signif-
icant changes when compared with the previous values (Fig. 1).

The patient remained hospitalized for 5 months, 3 of them in
the Intensive Care Unit. He awoke promptly after surgery and the
immediate postoperative period was uneventful, though he developed
adrenal insufficiency with electrolyte disorders 24 hours later. During
this time, the patient was totally conscious and responsive. In the
next week, a pneumonia and femoral thrombophlebitis appeared
which led progressively to serious respiratory problems. These con-
tinued over the following 2 months with a candida pneumonia,
atelectasis and pulmonary embolism due to an axillary thrombo-
phlebitis, needing mechanical ventilation for several days. Five
months postoperatively he had apparently overcome this poor status
when he suddenly died of a second massive pulmonary embolism.

Remarks

Neural or chromaffin tissue implants into the brain
are a promising alternative for treating neurological
disorders but in accordance to the controversial re-
ported results it has probably been too promptly in-
corporated to the human clinic. Several points ought
be considered: a neural grafting general policy as other
specialists did for other organ transplants; the use of
homologous fetal or adult chromaffin or nervous tissue
grafts after consideration of the immunological and
ethical issues; the proper target for implantion; the use
of stereotactic versus open surgery; and, finally to de-
vise a protocol for indications and selection of can-
didates.
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Transplantation in Parkinson’s Disease:

Stereotactic Implantation of Adrenal Medulla and Foetal Mesencephalon
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Summary

The two possible dopamine donor sites for transplantation are
autologous adrenal medulla and human foetal substantia nigra or
adrenal medulla. There is increasing experience with the use of
adrenal medulla transplantation for Parkinson’s disease and much
less experience in foetal substantia nigra transplantation.

The particular problems of each technique are discussed with
examples and postoperative progress of cases with the special em-
phasis on management problems.

Keywords: Parkinson’s disease; STIM; transplant:; foetal.

Laboratory work has shown that brain tissue grafts
develop connections to the host brain and can produce
behavioural changes. The nigrostriatal system is a par-
ticularly suitable model to demonstrate the influence
of neural grafting on disorders induced by particular
central nervous system lesions> °. Adrenal medullary
grafts into the striatum do not innervate the host al-
though they may abolish rotational behaviour pro-
duced by substantia nigral lesions, by diffusion of do-
pamine into the striatum. Foetal substantia nigra trans-
plants do innervate the implantation site and these
experiments have encouraged their application in do-
pamine deficient disorders such as Parkinson’s disease.

In 1985 two patients with severe Parkinson’s disease
were reported to have had autologous adrenal med-
ullary tissue transplanted unilaterally to the putamen
with brief improvement!:3. In 1987 autologous adrenal
medulla was transplanted into the head of the caudate
nucleus via craniotomy® and its remarkable success was
followed by further grafts with good results in young
patients but a high mortality rate and morbidity in
elderly patients. The alternative procedure of foetal
tissue transplantation entails less surgical risk and the
same surgeon treated two patients with severe Parkin-

son’s disease with foetal substantia nigra and adrenal
medulla transplants respectively’. Both patients had
improved eight weeks after the procedure.

We report our early and limited experience with both
methods of transplantation. Application for the ad-
renal transplantation was made to a duly constituted
hospital ethical committee in May 1982 and permission
granted for this procedure in February 1987. Appli-
cation was made in October 1986 for the foetal trans-
plantation which was granted in December 1987.

Autologous Adrenal Medullary Transplantation
(AAMT)

Case History: A 45-year-old man presented with right sided
tremor due to Parkinson’s disease six years previously. Relatively
well controlled on increasing doses of Madopar (L-dopa and Ben-
serazide) 125 mg six times daily, he had a residual right arm tremor
with mild rigidity and a degree of bradykinesia (Webster Rating
Scale-WRS 10/30) but he was fully independant (North-Western
University Disability Score, NUDS = 0/50). Because of progressive
deterioration he presented himself for consideration of implantation.
Two months prior to admission an attempt made to stop his Ma-
dopar therapy failed because of increased right sided tremor and
incapacity.

Method: On 12th October 1987 CT scan of the abdomen con-
firmed the presence of bilateral adrenals. The stereotactic square was
fixed to the patients head under local anaesthesia and stereotactic
CT targeting of the head of the right caudate nucleus targeted by
CT stereotaxy. The patient was anaesthetized and the left adrenal
exposed and removed by laparotomy. The adrenal medullary tissue
was implanted stereotactically into the head of the right caudate
nucleus as a solid mass, part of which projected into the ventricle
and secured to the ependymal edge by a silver clip. A second med-
ullary fragment was secured to the choroid plexus. Postoperative
recovery was swift and uncomplicated.

Progress: Immediately post-operatively, without medication, the
patient had marked improvement in tremor and bradykinesia med-
ication but within 36 hours his Parkinsonism had deteriorated with
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(WRS = Webster Rating Scale)
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Fig. 1. J. D.—implantation of adrenal medulla

increased tremor and bradykinesia. After one week without medi-
cation his Parkinsonian ratings had returned to preoperative rating
with medication. Two months later he remained well although he
had re-started Madopar 125 at night because of “stiffness” in the
right side which he stopped in January and on the 27th April 1988
WRS = 9/30 and the same as preoperative ratings on L-dopa (Fig. I).

Stereotactic Implantation of Foetal Mesencephalon
(STIM)

Dead aborted foetuses collected routinely for other
research purposes were examined over an 18-month
period to establish a routine for the identification and
isolation of the foetal mesencephalon. Research was
conducted strictly according to the code of practice
outlined in the Peel report (1972). The mesencephalic
tissue was kept in a tissue medium with antibiotic and
disaggregated mechanically into a thick cell suspension
shortly before injection.

Case Report 1: A 60-year-old woman with Parkinson’s disease
for 25 years had gradual deterioration with a dramatic on/off syn-
drome over the last 12 years as a response to her dopaminergic
therapy. During an “off”” phase she was immobile and unable to
move from a chair (Hoehn and Yahr grade V). With one assistant
she could walk with six inch steps but would promptly fall if left
unattended. During an *“‘on” phase she had chaotic chorea of all
four limbs and neck but functional improvement enabled her to walk
unattended (Hoehn and Yahr grade IV) although still very unsteady
with many spectacular falls. During an “on”’ phase she could dress
herself with assistance and eat slowly although her voice never be-
came more than a hurried almost inaudible whisper. Many different
drug treatments had been carried out without great improvement.
She remained highly sensitive to L-dopa preparations requiring
small, frequent doses but reached an optimum dose of Madopar
62.5 taken every one and a half hours. Attempts at reducing L-dopa
therapy proved disasterous and life threatening. Preoperatively she
took Madopar 62.5 x 14 capsules daily and Bromocriptine 5mg four
times daily. Preoperative WRS averaged 2°/;, during “‘off” phase
and /5 during “on” phase. NUDS /5, during “‘off”” phase, %/5,
during “on” phase. “On” hours averaged 8-12 per day.

Method: On March 7th the foetal suspension was implanted
stereotactically into the head of the right caudate nucleus via a right

frontal burr hole after stereotactic CT scanning. This was performed
under local anaesthetic without postoperative complications. A sim-
ilar method was used for Case 2 on 7th April 1988.

Progress: Improvement appeared within hours and all anti-Par-
kinsonian medication was stopped four days later. The patient re-
mained profoundly Parkinsonian (WRS #/;)) but was able to walk
without assistance (Hoehn and Yahr grade IV), feed herself slowly
and carry out all activities of daily life. Previous preoperative at-
tempts to withdraw L-dopa treatment had resulted in catastrophic
life-threatening akinesia. In view of continued Parkinsonism Ma-
dopar 62.5 three times daily was introduced on the 6th April which
produced improvement but the onset of right leg dyskinesia; in-
creasing dosage merely increased her dyskinesia without improving
function. Assessment of Parkinsonism showed WRS °/;y and NUDS
2/so. Using this small dosage of L-dopa there is little discernible
fluctuation and only minimal dyskinesia as above. Function im-
proved, particularly speech (Dysarthria Assessment Scale), and the
patient reported great benefit. However, other objective rating scales
revealed no difference between scores postoperatively and those of
the pre-operative “on” state. The rewards are the absence of pro-
found Parkinsonian “off” state and a continuous uniform condition
throughout the day without chaotic dyskinesia (Fig. 2).

On 26th May 1988 she reported that she had reduced her Ma-
dopar to two tablets daily because she remained active but had
developed “off symptoms such as she had experienced previously
on high L-dopa reduction.

Case Report 2: A 41-year-old man developed Parkinson’s disease
at 35 starting with right hand tremor. There was a good initial
response to L-dopa therapy but recent increasing deterioration re-
quired increased doses of L-dopa. Because of his poor prognosis he
presented himself for implantation therapy. He remained fully func-
tional and ran his own business and during his leisure hours could
act in Gilbert and Sullivan operatic productions. Drug therapy pre-
operatively was Madopar 250 4-hourly, Benzhexol 2mg four times
a day. Each Madopar exerted it’s best effect over 3—4 hours. One
hour post-dose WRS %/35, NUDS ?/5o, Hoehn and Yahr grade IIL
He was taken off all treatment two weeks pre-operatively and became
profoundly Parkinsonian needing help to get out of a chair and help

WRS =Webster Rating Scale
NUDS =North Western University
Disability Scale

3| L-Dopa WRS
700 mg 29

L-Dopa
u -
Pre-op Immediate 1 month post-op
10th March Post-op 6th April
12th March

Fig. 2. E. K.—stereotactic implant of fetal mesencephalon
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(WRS = Webster Rating Scale)
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Fig.3. R. D.—stereotactic implant of fetal mesencephalon

with all activities of daily life, WRS 2%/,5, NUDS 3!/, Hoehn and
Yahr grade V. The implantation into the right head of caudate took
place on the 7th April.

Progress: Post-operatively he remained well with improvement
in his akinesia, however WRS remained essentially unchanged, 2
27130 Nine days post-operatively re-introduction of Madopar 62.5 tds
produced no improvement over 24 hours. Benzhexol 2 mg tds (Cho-
linergic) produced a dramatic improvement within 8 hours suggesting
an anti-cholinergic withdrawal phenomenon. WRS on 22nd April
1988 and 27th April 1988 being '*/5, with return to previous full
function, NUDS */5,50, Hoehn and Yahr grade III (Fig. 3). On the
26th May he reported that he remained active on one sixth of his
previous L-dopa dosage. WRS = /5, NUDS */5,, Hoehn and Yahr
grade III.

Discussion

Our experience with both types of procedure were
communicated to the Society of British Neurological
Surgeons meeting in Oxford in April 1988%. We would
emphasize that the treatment is entirely experimental
and large numbers of patients are needed before the
techniques can be recommended as beneficial to all
patients with Parkinson’s disease. These preliminary
results demonstrate that implantation can be carried
out safely without major complications. The initial re-
sults have been encouraging but as yet we cannot def-
initely say whether any improvement seen is attribut-
able to the implant. The placebo response to such a
brain operation could be powerful and may be impli-
cated, however, we believe that had this occurred in
case two it would have become less prominent after
two months. More hopefully the drop in dopa require-
ment might be due to the implant producing dopamine;
initially this could be due to leakage from damaged
cells rather than intrinsic production. Another possi-
bility is that the transplanted material contains factors
which activate the recipient striatal neurones. A prob-

lem in interpretation of the lower dopa requirements
is that all three patients have undergone a dopa holiday
and diminished requirements following such a holiday
(perhaps due to alterations in the dopamine receptor)
are well recognized* 8. Time will tell whether this drop
in dopa requirements (to one fifth in both patients with
STIM and to no medication in AAMT) is a permanent
or temporary phenomenon. Nevertheless these three
patients give grounds for cautious optimism and we
would strongly recommend further trials to investigate
this procedure. Both methods have produced improve-
ment in the patients but only continued observation
and assessment will determine which is the most sat-
isfactory.
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Summary

Nociceptive flexion reflexes (RIII) obtained by stimulation of
sural nerve were studied in patients with intractable chronic pain
before and after functional neurosurgery, either dorsal column stim-
ulation (DCS, n = 15) or posterior selective rhizotomy in the dorsal
root entry zone (DREZ, n = 5).

Dynamic study of RIII at supraliminal levels provided direct,
quantitative and replicable evidence of the inhibition of nociceptive
spinal reflexes by DSC. The effects of DSC on the RIII were highly
correlated with subjective pain relief. In non-collaborative patients
it was still possible to select the best DCS parameters (frequency,
intensity) as those providing maximal RIII depression.

After posterior selective rhizotomy in the DREZ involving S 1-
S2 root levels postoperative evidence of selective extralemniscal le-
sioning could be assessed by the abolition or strong attenuation of
nociceptive RIII, whereas preservation of the lemniscal pathways
was evidenced by somatosensory evoked potentials.

Routine recording of nociceptive reflexes in man proved to be
a useful tool for the objective evaluation of anatomo-physiological
effects of functional neurosurgical procedures.

Keywords: Analgesic neurostimulation; microsurgical DREZ-
tomy (MDT); dorsal column stimulation; nociceptive flexion reflex;
transcutaneous neural stimulation; TENS; RIII.

Introduction

Spinal flexion reflexes have been studied both in
normal human subjects® '* 202223 and in patients with
various pathological conditions® !!* !4 21- 24 The ob-
servation by Willer that the threshold of one of these
reflexes (RIII) was closely related to the subjective sen-
sation of pain in man? prompted quantitative evalu-
ation of these responses as a tool for human pain re-
search. It has been demonstrated that, in normal sub-
jects, both flexion RIII responses and pain sensation
thresholds are similarly affected by pharmacological or
behavioural manipulations®"> 22, and similar correla-

tions between segmental reflexes and ascending pain
signals have also been made in animals® 6. Yet, most
studies on flexion reflexes in pain syndromes have been
limited to disclosing group-differences between patients
and controls?"* 2; no attempt has been made, to our
knowledge, to investigate the utility of this non-invasive
technique as an ancillary procedure for neurosurgical
management of individual pain patients.

The aim of this work is to assess the clinical utility
of nociceptive flexor reflex recording in patients un-
dergoing two neurosurgical analgesic procedures: 1)
Analgesic neurostimulation (epidural or transcutane-
ous) and 2) Microsurgical Rhizotomy at the Dorsal
Root Entry Zone (Microsurgical DREZ-tomy). Anal-
gesic neurostimulation was chosen because of its well
established effects on pain signaling in animals® 7 !%
13 as well as its still controversial long-term effectiveness
in man'® ', Microsurgical DREZ-tomy (MDT)'> '6-
'® provided an example of a functional procedure with
the potential of selectively blocking nociceptive volleys
without altering non-nociceptive signals. Our prelim-
inary results suggest that the study of flexor responses
in man cannot only provide relevant elements to our
understanding of mechanisms involved in pain relief,
but also effectively aid in the management of patients
referred for neurosurgical procedures.

Patients and Methods

Twenty-five patients have been investigated; 18 were under anal-
gesic neurostimulation, either epidural over the dorsal columns
(DCS, n = 14) or transcutaneous (TENS, n = 4). The other 7 had
undergone microsurgical rhizotomy at the dorsal root entry zone
(microsurgical DREZ-tomy, MDT). All were fully informed of the
aims and methods of the recording procedure and gave their consent.
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Histo?x-anne l
Stimulus 36.6ma (1060 1688 3)

Patients lay comfortably on a bed or a reclinable arm-chair, in
a semi-darkened room. The sural nerve was stimulated at the ankle
and flexor reflexes were recorded over the short head of the ipsilateral
biceps femoris, following the procedure described by Willer®. Each
stimulus lasted 5 msec and consisted of a train of 3 constant current
square pulses of 1 msec each, which were delivered at a rate of 500 Hz.
The stimulator device could deliver intensities between 0 and 60 mA.
Responses were amplified with a bandpass of 30-3,000Hz (3dB
down, 6dB/octave) and A/D converted at a rate of 200 Hz. They
were stored on floppy disk for subsequent analysis. Individual and
rectified-averaged traces, as well as surface histograms of the indi-
vidual reflexes, were displayed on-line on the computer screen, en-
abling the examiner to follow the results of the test quantitatively
during the recording session. Also, blocks of 5-8 responses corre-
sponding to the same protocol status (for instance, with or without
DCS) were averaged and the surface under the rectified trace com-
puted for off-line statistical analysis.

To be identified as a flexor nociceptive (RIII) response the re-
corded reflex had to be polyphasic in shape with an onset latency
between 80 and 130 msec after the stimulus. In addition, its presence
had to be associated with a subjective sensation of “pricking” pain
on the stimulation site, although this latter condition did not apply
to patients with profound hypesthesia of lower limbs. Special care
was taken to avoid confusion with other flexion, non-nociceptive
reflexes such as RII, which are usually biphasic in shape, with shorter
latency and without accompanying subjective pain sensation. In all
patients the response threshold was calculated as the minimum in-
tensity evoking RIII reflexes with a 80-90% probability. Then a
series of consecutive reflexes were obtained using a slightly su-
prathreshold stimulation intensity (usually at 1.5 times the threshold)
to ascertain reproducibility.

In patients under analgesic neurostimulation (DCS or TENS) a
longer series of 20-50 reflexes was obtained following a three-step
protocol: (a) in basal conditions (before analgesic neurostimulation);
(b) during neurostimulation and (c) immediately, and 10 minutes
after the end of DCS/TENS.

In 12 patients the procedure was performed for each limb sepa-

Fig.1. DCS-related depression of
flexion reflexes in a 35-year-old
woman. At the right side of the fig-
ure, consecutive averaged reflexes
during the analgesic neurostimula-
tion session. Each trace is the rec-
tified average of 5 single responses
recorded at 15 sec intervals. The cor-
responding surface histograms of all
reflexes elicited are shown on the
left. Arrows indicate the beginning
(DCS) and the end of neurostimu-
lation, which was performed at T 10
level. Note that RIII, strongly de-
pressed during dorsal column stim-
ulation, regained basal values al-
most immediately after the end of
the procedure

rately; in the others only the affected side was examined. Ten patients
also underwent somatosensory evoked potentials recording to tibial
nerve stimulation, either on the same day or as near as possible from
the RIII recording session.

Results

1) Analgesic Neurostimulation (DCS or TENS)

A significant depression of lower limb nociceptive
RIII reflexes during stimulation was observed in 10
patients (55.5%, see Table1 A and Fig. 1). Eight had
DCS (6 dorsolumbar, 2 cervical) and the other 2 bra-
chial and popliteal TENS respectively. Depressed
flexor reflexes tended to regain pre-stimulation levels
shortly after cessation of DCS or TENS (Fig. 1). In
one case only the RIII response remained significantly
depressed more than 20 minutes after the end of a DCS
session.

Seven out of 10 patients were initially satisfied with
the pain-relieving effect obtained by the stimulating
procedures. In two other patients pain was insuffi-
ciently relieved by neurostimulation at the beginning
of the recording session, but adjustment of intensity
and frequency of DCS so as to obtain maximal de-
pression of RIII permitted a more effective control of
spontaneous pains, which became already evident at
the end of the recording session. In only one case was
DCS-related depression of flexor reflexes definitely not
associated with subjective pain relief. Since nociceptive
reflexes showed a consistent and reproducible depres-
sion associated with DCS onset, malfunction of the
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Table 1

A.DCS/TENS

B. MDT

Fig. 2. Abolition of nociceptive flex-
ion reflexes after bilateral S1-S4
DREZ-tomy for cancer pain. Flex-
ion RIII responses were unobtain-
able even at maximal stimulation in-
tensities (60 mA). It was nevertheless
possible to record somatosensory
evoked potentials to low intensity,
lower limb stimulation, thus assess-
ing the integrity of dorsal column
system after operation

Pain relief

stimulator device could be ruled out. This patient had
been referred by her doctor with the suspicion of a
psychogenic element to her pain, since DCS had
abruptly ceased to be effective after a 2 years’ period
of good response.

RIII depression was found to be bilateral in 4 pa-
tients whose responses to each sural nerves were in-
vestigated separately. This includes 2 cases whose ther-
apeutic stimulation was unilateral (one at the left pop-
liteal fossa, the other over the right lumbar dorsal col-
umn).

2) Microsurgical DREZ-tomy (MDT)

Flexion reflexes after MDT at lumbosacral level
were obtained in 7 patients. In 3 cases recordings were
obtained before and after operation.

We defined RIIT “abolition™ as inability to elicit
any nociceptive flexor response at a stimulus intensity
of 50 mA, and under these conditions RIII flexion re-
flexes were abolished postoperatively in 3 cases. As
shown in Table 1 B, at least the two first sacral roots
must be involved in the microsurgical procedure for
the postoperative abolition of nociceptive reflexes to
sural nerve stimulation. Unfortunately, no preopera-
tive RIII recording was available in these 3 cases, but
all presented clinically exaggerated flexion reflexes pre-
operatively. In all of them it was still possible to dem-
onstrate preserved dorsal column function postoper-
atively by somatosensory evoked potentials recording
(Fig. 2). Similarly, one of these patients exhibited pre-
served RII reflexes (of cutaneous, non-nociceptive or-
igin) whereas RIII responses were absent. In one case

SELECTIVE POSTERIOR RHIZOTOMY

RIIl reflex (Algometry)

Tran of stimuht
(3 x 1 msec, 60 MA)

(st -54)

Somatosensory evoked potentials

(0.2 msec, 10 mA)
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RIII responses remained postoperatively despite a bi-
lateral S 1-S4 MDT. This 50-year-old woman had been
operated upon for relief of spasticity secondary to mul-
tiple sclerosis and was ameliorated by surgery, although
some degree of spasticity still persisted at the moment
of RIII recording.

Discussion

Analgesic neurostimulation effectively depressed
nociceptive flexion reflexes in 55% of patients, and in
77% of those who obtained satisfactory pain relief by
the procedure.

The effects of DCS or TENS on flexion reflexes
were largely independent of the stimulation site, being
evident for lumbar, dorsal or cervical stimulation as
well. This may be relevant to routine recordings since
most patients can be effectively studied using a single
segmental reflex (stimulation of sural nerve) whatever
the location of their stimulating device. Inhibition of
lower limb flexor nociceptive reflexes by distant DCS
may be segmentally mediated by antidromic stimula-
tion of dorsal columns® 7 !> and/or involve supraspinal
descending inhibitory mechanisms* ®. Whatever the
case, our limited experience indicates that RIII may no
longer reflect the spinal inhibitory capacities of neu-
rostimulation if significant cord lesions exist between
the analgesic neurostimulation site and the segmental
level of the evoked nociceptive reflex. This could ex-
plain the dissociation found in 2 patients (Table 1 A)
whose reflexes to sural nerve stimulation remained un-
modified under cervico-dorsal DCS in spite of a good
clinical effect of neurostimulation. Since both patients
were paraparetic, with lower limb hypesthesia, a cord
lesion between DCS site and level of sural reflexes is
likey, which could have prevented descending impulses
to reach segments caudal to the lesion. In those cases
other levels for eliciting RIII (superficial radial nerve,
for instance) should be standardized.

The observed good correlation between RIII be-
haviour and effectiveness of neurostimulation is in
keeping with studies in normals, which have shown
that both nociceptive RIII and pain sensation can be
similarly modulated by pharmacological or cognitive
factors? 23, This is also consistent with studies in an-
imals showing that DCS simultaneously inhibits dorsal
horn neurons and ascending volleys in anterolateral
fasciculus®. All these data, along with our own, strongly
suggest that neural circuitry subserving nociceptive
flexion reflexes and ascending pain signals are closely
related and probably coupled, and thus flexion reflex

recording could be an objective and non-invasive in-
dicator of the inhibitory effects of analgesic neurostim-
ulation in man.

This is also substantiated by two of our patients
who were unrelieved, one week postoperatively, by
DCS, but in whom a more effective analgesia developed
when the intensity and frequency of the stimulator were
adjusted in order to maximally depress the RIII reflex.
Thus, nociceptive reflex recording could prove espe-
cially useful for patients in whom reliable clinical as-
sessment of neurostimulation benefits is difficult, as in
some patients with central pains secondary to stroke.

It is much too early to know whether, in the absence
of cord lesions, the lack of effect of neurostimulation
on RIII might predict its long-term inefficacy. If it were
s0, this could aid in eliminating superimposed placebo
effects, as was probably the case in one of our patients
who exhibited no variation in nociceptive reflexes under
stimulation despite iterative activation of his brachial
TENS. This patient, treated for postherpetic brachial
pain, was clinically satisfied at the moment of RIII
recording, but some weeks later analgesic stimulation
ceased to be effective and the patient finally underwent
cervical MDT.

Conversely to what was observed in neurostimu-
lation, RIII abolition or depression following MDT
was strongly dependent on the level of the operative
lesions as was expected since that procedure aims at
interrupting selectively Ad and C afferents to the spinal
cord'6'8 and thus involves the afferent branch of flexor
reflexes activated by these fibers. Nociceptive reflexes
to sural nerve stimulation were only found to be abol-
ished postoperatively when MDT affected S 1-S 2 roots,
and this restricts application of the technique in that
multiple stimulation sites should be standardized be-
fore it can be used to evaluate postsurgical results in
all operated patients.

MDT can be considered successful when it effec-
tively interrupts the thinner, pain-signalling afferents
at the dorsal root entry zone but preserves the overall
input to the lemniscal system'®. The selectivity of this
procedure can now be ascertained by the coupling of
nociceptive flexor reflex recording and of somatosen-
sory evoked potentials, essentially conveyed by the dor-
sal column system.

Persistence of spinal flexor reflexes after MDT of
the appropriate segmental levels might explain incom-
plete results observed in some patients undergoing this
kind of surgery, as it was the case in our patient M. S.
(Table 1 b). It would be logical to propose the recording
of flexor reflexes intraoperatively to assess the com-
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pleteness of the surgical lesion; however, this appli-
cation may again be hampered by the fact that, in our
experience, both intraoperative analgesia and intra-
venous barbiturates strongly depress RIII reflexes in
humans. Further studies are needed to explore the clin-
ical interest of RIII recording in MDT; our first data
indicate however that this application is probably less
straightforward than in the case of analgesic neuros-
timulation procedures.
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Intra-operative Spinal Cord Evoked Potentials During Cervical and Lumbo-sacral
Microsurgical DREZ-tomy (MDT) for Chronic Pain and Spasticity (Preliminary

Data)
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Summary

We have undertaken the intra-operative study of spinal cord
surface evoked potentials in patients operated upon for pain and/
or spasticity using the microsurgical DREZ-tomy (MDT) procedure.
The goals of this work were 1) to collect data on spinal cord evoked
potential components and 2) to analyze the effects of MDT on spinal
cord physiology. The MDT consists of a therapeutic lesion in the
ventro-lateral aspect of the dorsal root entry zone, directed to the
activatory circuitry, and aiming at retuning the dorsal horn physi-
ology towards inhibition. Averaged evoked potentials to peripheral
nerve electrical stimulations were obtained from various loci on the
surface of the dorsal columns of the cervical and lumbo-sacral spinal
cord in 19 patients, using a small uninsulated silver ball electrode.

An initial far-field positivity was found, corresponding to a com-
pound action potential in the proximal part of the brachial (or lumbo-
sacral) plexus. Pre-synaptic compound action potentials were iden-
tified, most often composed of multiple successive sharp peaks. A
post-synaptic field potential generated in the dorsal horn was rec-
ognized.

The MDT caused an immediate and irreversible decrease of am-
plitude down to a disappearance of the dorsal horn potential. This
decrement was proportional to the amount of operated cord seg-
ments. In contrast, there has been a relative post-MDT sparing of
the pre-synaptic action potentials originating from the operated cord
segments, and the scalp contralateral parietal N20 has been only
reversibly affected by the therapeutic lesion. We thus argue for a
specific involvement of dorsal horn physiology by the MDT, with
a relative sparing of the dorsal column system.

Keywords: Chronic pain; DREZ; spasticity; spinal cord; evoked
potentials.

Introduction

Whilst treating chronic pain and spasticity', we
have studied intra-operative spinal cord surface evoked
potential, or evoked electrospinogram (EESG), re-
cordings during microsurgical DREZ-tomies (MDT)
performed at the level of the cervical and lumbo-sacral

cord segments. MDT was introduced in 1972 on the
basis of anatomical studies'' of the human dorsal root
entry zone (DREZ) which showed a topographical seg-
regation of afferent fibers according to their size. It
consists of a microsurgical lesion in the postero-lateral
sulcus, penetrating the DREZ in its ventro-lateral as-
pect. It is supposed to interrupt predominantly the
laterally-placed fine group IIT and IV fibers and destroy
the medial excitatory part of Lissauer’s tract. It should
however spare the medially-placed lemniscal fibers and
the lateral inhibitory part of Lissauer’s tract. The global
effect of MDT attempts a “retuning” of dorsal horn
physiology towards inhibition.

The first goal of this study was to collect data on
the EESG components. A large number of detailed
studies were already available on spinal cord field po-
tentials in animals' > 2, we developed for our human
recordings, an approach as close as possible to these
experimental conditions, for the sake of comparison.
EESG studies in man are also available from
intrathecal” ®, epidural® * ° or skin and oesophageal
derivations> ©. The second goal of this work was the
application of EESG recordings to the analysis of the
effects of MDT on the physiology of the spinal cord.

Methods

Recordings were performed in 19 patients suffering either from
chronic pain (12) or spasticity (7) and treated by MDT. The active
EESG electrode was a silver ball measuring 750 um—1 mm long on
500-700 pm wide, placed on the dorsal column of the selected cord
segments and maintained in position by a small cotton pad. The
reference was always non-cephalic, the knee for lumbo-sacral cord
studies, the shoulder for cervical studies, both contralateral to the
peripheral nerve stimulation. Reference electrodes were subcutane-
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Fig. 1. EESG components. A) Recording from the surface of the
dorsal column of segment C 7, ipsilateral to median nerve stimula-
tion. The second later negative wave N2 is labelled here N. B)
Recording from the surface of the dorsal column of the L5 cord
segment, ipsilateral to tibial nerve stimulation

ous stainless steel needle electrodes 0.4mm in diameter. Responses
were recorded and averaged between 20 and 200 times by the RACIA
EMG 21 P model (RACIA, Bordeaux, France), with a bin width of
137 psec and analysis times of 60 (superior limb) and 90 (inferior
limb) msec. The filter bandpass was set between 2 Hz and 2 kHz and
the sensitivity was 100 pV/division. Bipolar stimulation was applied
to the median nerve at the wrist, to the tibial nerve at the ankle and
rarely in the popliteal fossa, using subcutaneous stainless steel needle
electrodes. Monophasic square waves with a duration of 0.2 msec
were delivered at a frequency between 4 and 6 Hz by a constant
current isolated stimulator, at intensities just above motor threshold.
Pre- and post-operative somatosensory evoked potentials were re-
corded on the skin surface over the C6 or L1 spinous processes or
corresponding portion of the operative scar, and on the scalp.

The identified waves were labeled from their polarity and peak
latency, and according to the data based on non-cephalic reference
recordings in man™*. In the text, the cervical potentials are mentioned
first, and then followed by their lumbo-sacral counterparts between
parentheses.

Results
A. Components of the EESG

Analysis of the EESG was performed on the basis
of 122 recordings in the 19 patients of this series. Re-

Fig.2. Effects of MDT on the EESG. A)
Recording from the surface of the dorsal
column of segment L5, ipsilateral to stim-
ulation of the popliteal fossa. B) Same as
A), but after MDT of all stimulated seg-
ments. C) Recording from the surface of the
dorsal column of segment C 7, ipsilateral to
median nerve stimulation. D) Same as C).
but after C5-C8 MDT, thus sparing the
T 1 cord segment

cordings from sites, whose physiology might have been
affected by the disease process, were interpreted with
caution and in comparison with recordings in normal
sites, which were available in approximately 40% of
the cases. The present study has allowed identification
of various EESG components, from the surface of the
dorsal columns. These components are illustrated in
Fig. 1, which shows typical examples of a cervical (A)
and a lumbar (B) EESG. An initial positive wave P9
(P 17) is identified. It is followed by a large slow neg-
ative wave, N 13 (N 24). The whole ascending slope of
this negative wave has between 2 and 5 small and sharp
peaks, which correspond to the surface N11 (N21)
potential. Later phenomena include a second negative
slow wave N 2 and a final very slow positive deflection,
called P.

B. Effects of MDT on the EESG

The effects of MDT on the EESG have been doc-
umented in 44 recordings from 12 patients. Typical
examples of these effects are shown in Fig.2, in the
lumbo-sacral (A and B) and cervical (C and D) spinal
cord segments. After the MDT, the initial P9 (P 17)
wave is not only preserved, but often augmented. The
N 13 (N 24) wave is suppressed when all stimulated cord
segments are operated upon (Fig. 2 B), and decreased
in proportion to these operated segments when some
of them remain untouched (Fig. 2D). To the contrary,
the N'11 (N 21) potential is totally (Fig. 2 D) or rela-
tively (Fig. 2 B) unaffected by the MDT. The later pos-
itive and negative waves are suppressed. Pre- and post-
operative surface scalp and cervical recordings in a
patient who had a C 5-C8 MDT are displayed in Fig. 3.
They show a disappearance of the cervical skin N 13
wave, examined at 7 days and 3 months postoperatively
(Fig. 3 A-D). On the other hand, per-operative record-
ings after MDT (Fig. 3F) show an acute latency shift
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Fig. 3. A) Pre-operative skin recording on the spious process of C 6
vertebra. Stimulation of the median nerve. B) Intraoperative re-
cording from the surface of the dorsal column of segment C6 with
ipsilateral stimulation of the median nerve, after C5-C8 MDT,
sparing the T | cord segment. C) Skin C 6 recording, same as A, but
7 days post-operatively. D) Same as C, but 3 months post-opera-
tively. E) Pre-operative scalp parietal recording contralateral to me-
dian nerve stimulation. F) Same conditions as E, but intra-opera-
tively, 10 minutes after the end of the MDT. G) Same as F, but 7
days post-operatively. H) Same as G, but 3 months post-operatively

and a loss of amplitude of the cortical N 20 wave, which
is back to normal 7 days later (Fig. 3G and H).

Discussion

The waveform, adjusted peak latencies and relative
amplitudes of the EESG components described here
are very similar to those found in animals in surface
or depth recordings of spinal cord field potentials' *
12 and in other human studies® *°. On this basis, the
following conclusions can be made. The initial positive
event P9 (P 17) has been shown by skin and oesopha-
geal recordings in man™ ¢ to be a far-field potential
originating in the proximal part of the brachial (lumbo-
sacral) plexus. The large slow negative wave N 13 (N 24)
corresponds to the N 1 wave described in animals and
related to post-synaptic spinal cord activity' 2. The
N 1 wave extends cranio-caudally further than the entry
cord segments of the stimulated nerves, and has a neg-
ative posterior pole and a positive anterior one. Iden-
tical characteristics have been shown for the human
N 13 and N 24 (°, and authors unpublished data). The

emergence of the N1 wave can be correlated to the
activation of group I and II peripheral afferent fibers.
The sharp peaks of the ascending slope of the N 13
(N 24) wave, also shown in other human studies> * 8,
are the high resolution image of presynaptic successive
axonal events, which become smoothed and reduced,
or sometimes remain unconspicuous, in skin cervical
or lumbar recordings*®. The second slow negative wave
and the final, even slower, positive deflection corre-
spond respectively to the experimental N 2 and P waves
("2, and authors unpublished data). The P wave is the
manifestation of pre-synaptic inhibition on primary
afferent fibers. The N 2 wave has been shown to orig-
inate from a postsynpatic spinal cord activity consec-
utive to the activation of group II and large group III
fibers.

Our recordings have shown that the MDT affects
the N 13 (N 24) postsynaptic potential in proportion
to the amount of stimulated cord segments which are
operated upon, up to the time of its disappearance.
Moreover, the later N 2 potential has been suppressed.
If we accept the thesis that MDT does not destroy the
dorsal horn itself but mainly interrupts its afferent fi-
bers, then it can be argued that the operation not only
interrupts fine group 111 and IV fibers but also involves
at least some of the larger diameter axons, most prob-
ably where they turn ventrally to head for the dorsal
horn. This effect is stable, the N 13 wave remaining
absent at 3 months postoperatively. However, there
was a relative preservation of the sharp presynaptic
events (the N 11 and N 21 wave), and the acute intra-
operative decrease and delay of the scalp N 20 wave
were totally reversible, leading to a normal pattern 7
days later. This paralleled a major recovery of clinical
discriminative and proprioceptive functions. We sug-
gest therefore that the dorsal column-lemniscal system
is spared, the partial reversible effects on it being at-
tributable to operative manipulation and oedema, but
not to surgical interruption. This suggests that the orig-
inal goal of the MDT has been at least partially reached:
a block of the activation of the pathological dorsal
horn and a relative preservation of the discriminative
and proprioceptive dorsal column system.
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Craniofacial Postherpetic Neuralgia Managed by Stereotactic Spinal Trigeminal

Nucleotomy
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Summary

Postherpetic craniofacial neuralgias are notoriously difficult to
deal with. Nevertheless, stereotactic spinal trigeminal nucleotomy
seems to be a rational approach, as both experimental and clinical
data strongly suggest the relevance of nucleus caudalis for certain
facial neurogenic pain phenomena.

From a series of 136 consecutive nucleotomies, 80 were per-
formed for deafferentation pain. The long-term results of 25 such
cases, who underwent this procedure for postherpetic neuralgia, are
reported. Their pain was referred to the Vth, to the VII, IX and Xth,
and to the C, ; dermatomes. Abolition of the allodynia, and dis-
appearance of, or marked reduction in, the deep background pain
was achieved in 76% of the cases overall. The follow-up period
ranged from 1 to 13 years. There were no untoward side-effects.
Technical and electrophysiological data germane to accurate target
placement are discussed.

Spinal trigeminal nucleotomy is then a specially suitable pro-
cedure for postherpetic craniofacial dysaesthesiae.

Keywords: Pain; stereotaxis; postherpetic neuralgia; trigeminal
nerve; dorsal root entry zone; nucleotomy.

Introduction

Postherpetic facial neuralgia is still a neurosurgical
challenge. It has certain peculiar characteristics. It does
not occur in cases without a demonstrable sensory loss™
10, The dysaesthetic pain, as well as other sensory ab-
errations, are typically more severe the greater the sen-
sory deficit, which is often but not necessarily absolute®
', Tt can then presumably be equated to other deaf-
ferentation phenomena.

Surgical attempts to further interrupt the primary
afferent neuron, at any level, including trigeminal trac-
totomy, are therefore unlikely to be successful® 22 20
and, indeed, usually enhance rather than decrease the
pain’®. Contrarywise, lesions of the nucleus caudalis,
i.e., a lesion of the second order neurons, are a more
a rational approach'> !4 1617,

Twenty-five such cases, who underwent this pro-
cedure, are reported.

Material and Methods

The technique has already been described'> 6. Briefly, patients
are operated-on under local anaesthesia, with the head fully flexed
within a modified Hitchcock’s apparatus?. The spinal cord and cau-
dal brain stem are outlined by water-soluble positive contrast. The
spinal cord is then approached by a posterior route through the
atlanto-occipital interspace.

Within the small confines of the mobile spinal cord, electrophy-
siological control is mandatory and can easily be achieved by im-
pedance measurement, electrical stimulation and depth recording.
Thus, the trigeminal region is neatly recognized between both the
dorsal funiculus and the spinothalamic homunculi (Fig. 1).

From a series of 136 consecutive trigeminal nucleotomies, 80
were performed for deafferentation pain. Within this group, 25 pa-
tients had postherpetic neuralgia. Their pain histories ranged from
I to 4.5 years. Their pain was referred to the first division in 23
cases, to the third in I, to the VII/IX/Xth in 4, and to the C,;

Fig. 1. Somatotopic organization of the high cervical spinal cord, in
the light of stimulation data, demonstrating the trigeminal region
(arrow)
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dermatomes in S cases. They all had had extensive medical treatment
without improvement and some had unsuccessful deep brain trial
stimulation.

Results

Abolition of the allodynia, and a significant reduc-
tion in, or disappearance of, the deep background pain
was achieved in 19 cases overall (76%). The follow-up
period ranged between 1 and 13 years.

There were no untoward side-effects, although con-
tralateral lumbosacral hypoalgesia, due to encroach-
ment on the spinothalamic tract, sometimes occurred
with large destructions of the ophthalmic area.

Discussion

It is possible to perform accurate stereotactic lesions
of the fifth, of the seventh, ninth and tenth cranial
nerves, as well as of the second and third cervical roots,
at the spinal trigeminal nucleus.

Hitchcock® first performed a stereotactic trigeminal
tractotomy in 1968, and he thereafter reviewed 21 cases
with different sorts of intractable facial pain®. Hitch-
cock and I° reported, in 1972, radiofrequency lesions
in the region of the descending trigeminal tract for
postherpetic pain.

I have used this technique since 1971, naming the
procedure trigeminal “nucleotomy”'* 3, to emphasize
the significance of lesioning primarily the second order
neurons at the oral pole of the nucleus caudalis in
certain neurogenic facial pain states'>”'”. Curiously
enough, this target has recently been independently re-
discovered's.

Stereotactic nucleotomy shares some of the features
of open surgical trigeminal tractotomy, but has some
distinctive characteristics of its own. Thus, the results
of this deeper, extensive nuclear lesion are in striking
contrast to those of open medullary tractotomy, which
so far has consistently failed to relieve postherpetic
pain® 2 20,

Black' has demonstrated that deafferentation by re-
trogasserian rhizotomy is gradually followed by a
grossly abnormal, spontaneous neuronal hyperactivity
at the nucleus caudalis, which is similar to that of an
experimental epileptogenic focus. The time course of
this spontaneous hyperactivity also paralleled the syn-
aptic changes described by Westrum and Black?' after
retrogasserian rhizotomy. Similar changes have been
reported in other chronically isolated neuronal popu-
lations of the spinal cord.

Since the nucleus caudalis represents the substantia
gelatinosa at this level, this is a lesion of this structure.

63

The nucleus caudalis is a nodal point, where Kerr®’
has demonstrated an extensive overlap between cranio-
facial and high cervical afferents. Also, an important
ascending polysynaptic intranuclear pathway has been
demonstrated'’.

This procedure then presumably removes the seg-
mental pool of neuronal hyperexcitability and dener-
vation hypersensitivity, eliminating convergence, and
severing the ascending intranuclear pathways.

Thus, protracted abolition of the allodynia, and
marked reduction in, or disappearance of, the deep
background pain was achieved in 76% of the cases
overall, followed up to 13 years.

Trigeminal nucleotomy is a safe and reasonably sim-
ple stereotactic technique, which allows accurate target
placement by electrophysiological control prior to le-
sion making. It seems to be a specially suitable pro-
cedure for postherpetic craniofacial disaesthesiae.
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Spinal Cord Stimulation (SCS) in the Treatment of Postherpetic Pain*
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Summary

SCS is considered to be of poor value in treating postherpetic
pain. We have retrospectively analyzed the results obtained in 10
patients suffering from postherpetic neuralgia. An epidural electrode
was implanted, aiming the tip in a position where stimulation could
produce paraesthesiae over the painful area. At the end of the test
period 6 out of 10 patients reporting a mean analgesia of 52.5%
underwent a permanent implant. At mean follow-up (15 months) all
the 6 patients were still reporting a satisfactory pain relief (74% of
mean analgesia). These figures remained unchanged at the next fol-
low-ups (max 46 months). The result of SCS in our patients, although
positive in only 60% of them, are remarkably stable with time. We
therefore recommend a percutaneous test trial of SCS in every case
of postherpetic neuralgia resistent to medical treatment.

Keywords: Spinal cord stimulation; postherpetic pain.

Introduction

Loeser® has recently pointed out that “we do not
have any proven treatment program for postherpetic
neuralgia and that ... the treatments utilized at the
present time should have a very low risk of damaging
the patient, for they all have only a small chance of
providing long-term benefit”. Spinal cord stimulation
(SCS) even though an invasive procedure carries very
low risk for the patient. Therefore, we utilize this pro-
cedure before considering any form of ablative surgery,
in spite of the fact that discouraging results on this
indication have been reported' *.

In this report we analyze the results obtained in a
group of patients with postherpetic pain.

Material and Methods

Fifteen patients (5 males and 10 females, age 49 to 79 years)
were referred to us presenting with a history ranging from 4 to 16
months of postherpetic pain located in the trunk. They all had tried

* Supported by MPI, CNR progetto finalizzato: controllo do-
lore SP 8 and Vivian Smith Found.

several different non-invasive procedures and they were all on an-
tidepressive medication. SCS was applied by means of percutane-
ously inserted epidural electrodes® connected to a percutaneous ex-
tension for test stimulation period and later to a permanent device
(RF in 6 and ITREL in 4) for chronic stimulation.

The electrodes were positioned in the dorsal epidural space where
comfortable paraesthesiae could be obtained in the painful area.
Stimulation parameters were 85 c/sec, 0.2 msec, and with an intensity
sufficient to produce paraesthesia. Stimulation was applied 20—
30 min twice or three times daily for patients wearing the RF system
and 64 sec every 14 min for those wearing an ITREL system.

The results are reported in terms of a percentage of analgesia
(0% no pain relief and 100% complete pain relief) evaluated on the
basis of patients’ report on the visual analogue scale and with regard
to their need for medication. Only the reduction of more than 50%
of the original pain was regarded as a satisfactory result justifying
a continued treatment.

Results

At the end of the test period 10 of the 15 patients
reported a mean analgesia of 82.5% and were selected
for chronic stimulation.

After three months of stimulation, analgesia showed

SCS AND POSTHERPETIC PAIN
% of analgesia
11—

. ymonths
] i1 58

3 6
Fig. 1. Percentage of analgesia reported by each patient at successive

follow-ups. Two patients died (+) and one stopped treatment due
to mental illness
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a slight decrease, but at the successive follow-ups pain
relief remained unchanged (Fig. 1). SCS was discon-
tinued after three months in one patient who showed
signs of mental deterioration. In the remaining 9 pa-
tients SCS was the only treatment utilized at the latest
follow-up (min 3, max 58 months; mean 15.9).

Complications occurred in 2 cases (failures of the
system).

Discussion

SCS does not produce complete and permanent sup-
pression of pain. Moreover, it does not cure posther-
petic neuralgia. In fact, if one asks these patients about
their pain they still complain, but it is quite obvious
that their suffering is reduced. None of the patients
would discontinue the use of the stimulator claiming
that it provided more than 50% pain relief. They found
the discomfort of the surgery required to implant the
stimulation system well worthwhile and willingly came
for revision as soon as there were changes of paraes-

M. Meglio etal.: SCS and Postherpetic Pain

thesiae or any other technical problems. It must be
stressed that the analgesic effect was remarkably stable
with time.

Taking into consideration the low risk of the pro-
cedure we believe that the results obtained in this series
justify the policy of utilizing SCS as a first choice in
the surgical treatment of postherpetic pain.
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Summary

Percutaneous cordotomy is a commonly applied and effective
procedure among the ablative pain surgeries. As plain X-ray does
not permit visualization of the target relative to the electrode the
chances of obtaining good results are decreased and the risk of
complications are increased.

The use of CT has been found to be useful in cordotomy. The
procedure is performed under CT control on the patients who have
previously been given 5ml iohexol into the subarachnoid space. The
needle electrode is manipulated by free hand technique. It is possible
to measure the diameter of the spinal cord and to detect cord dis-
location in the spinal canal. When the electrode system is introduced
it is possible to visualize the tip of the electrode which is pushing or
puncturing the spinal cord. As the procedure directly visualizes the
relation of the electrode to the target it is possible to place the
electrode in the lateral spinothalamic tract. Another advantage of
the procedure is to enable us to visualize haematomas or other
changes that may result from the cordotomy. The application of the
technique and clinical results will be presented.

Introduction

One of the important problems in stereotactic ab-
lative pain surgery is the visualization of the target
electrode relation. Until recently, the relation of the
target electrode has been visualized by the help of con-
trast medium'- 7. The necessity for direct visualization
of target electrode relation in stereotactic pain surgery
gave rise to the birth of the concept of “CT Guided
Ablative Pain Surgery”. CT guidance in pain surgery
was first applied in extralemniscal myelotomy by us
presented in Barcelona in 1987, and later published?.

Material and Method

CT images from a 1200 SX device, 512 x 512 matrix, 3 mm slice
thickness was used, and the quality of the image enhanced by di-

* Dedication: We would like to dedicate this study to the memory
of our dear master, tutor, man of science, the late Prof. Dr. Nurhan
Avman.

minishing the diameter of image formation. The patient is given 7 ml
(240 mg) iohexol with LP into subarachnoid space 30 minutes prior
to the procedure. The patient is laid on the CT table on supine
position. Prior to the procedure, CT slices from the upper spinal
cord are obtained to check whether the contrast medium spreads
homogeneously. Meanwhile, the diameters of spinal cord measure-
ments are determined. Following local anaesthesia, a classical cor-
dotomy needle is introduced through C1-C2 space into the sub-
arachnoid space. By drawing the lateral graph, the site of the needle
is determined. Under the guidance of the axial slice images the di-
rection of the needle is adjusted according to anteromedial or pos-
terolateral site of anterolateral spinal cord (Fig. 1). After determining
the target site the active electrode system is introduced, and new
axial slices are obtained. Displacement of the spinal cord and/or
electrode penetration is checked and the degree of penetration of
the active tip of the electrode into the spinal cord is examined (Figs. 2—
3) and the necessary corrections are made. Following measurement
of impedence, and stimulation, R.F. lesion for the cordotomy is
realized. New slices of the site of the operation are obtained post-
operatively to visualize any possible complications.

This procedure has been used in six patients with intractable
cancer pain; 4 of the cases had pulmonary carcinoma, one unilateral
lumbar chondrosarcoma and another case had left ileo-pelvic bone
metastases from hepatoma. There were no neurological complica-

Fig. 1
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Fig. 2

Fig. 3

tion. The Rosomoff* needle electrode system was used in four cases,
in two cases Levin* cordotomy electrode system was used. Spinal
cord displacement during the puncture is minimal with the Levin
electrode. All cases had good analgesia and complete pain relief and
three cases had segmental analgesia.

Although few cases have been subjected to the procedure, we
believe it takes a shorter time than the classical cordotomy except
in the first case.

Discussion

One of the most important problems in stereotactic
ablative pain surgery is to demonstrate whether the
electrode system has reached the target site or not. In
classical application, the method applied gave this only
through indirect visualization>®. We would like to em-
phasize that another most important problem in per-
cutaneous ablative cord pain surgery is the mobility of
the spinal cord®, which can be displaced by the active
electrode 5mm without any puncture®. The visualiza-
tion problem, and doubts about the penetration of the

* Radionics, Inc., Burlington, Massachusetts, U.S.A.
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active electrode system have encouraged the use of
impedance measurements, and neurophysiological
recordings® *. Due to difficulties in the direct visuali-
zation of the target electrode relations, CT guided pain
surgery was first used by us only for extralemniscal
myelotomy. We are convinced of the usefulness of CT
guidance as an imaging method for ablative pain sur-
gery, especially in the spinal cord because of the direct
visualization of the target electrode relation, and the
diametric changes in the spinal cord before and during
the procedure.

CT guided cordotomy has the following advantages:

The contrast material for the procedure is admin-
istered in the ward prior to the procedure. This provides
both a more homogeneous distribution and shortens
the period of surgery. It is possible to demonstrate the
exact diameter of the spinal cord. With CT guidance
it is possible to direct the needle to the selected sites
of the anterolateral spinal cord. In this way, it is pos-
sible to localize the electrode in the anteromedial and
posterolateral sites of lateral spinothalamic tract. It is
possible to demonstrate exactly when the electrode sys-
tem has entered the spinal cord, how much it has dis-
placed the spinal cord, and how much it has punctured
the spinal cord during the procedure.

In conclusion, we believe that CT guidance method
will prove to be a classical imaging technique in the
ablative pain surgery for extralemniscal myelotomy,
percutaneous cordotomy and trigeminal tractotomy.
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Summary

The literature on myelotomy for the treatment of chronic pain
was reviewed and a total of 635 published cases scrutinized. Two
main modes of myelotomy can be distinguished 1) a longitudinal
commissural section tuned to the segmental pain level and 2) a
focused central lesion, irrespective of considerations of the metameric
pain distribution, mainly carried out at a high cervical level.

Of the longitudinal commissural myelotomy, a posteriorly re-
stricted and a complete type can moreover be discerned. The pain
relief decays with time after myelotomy of any kind. Central mye-
lotomy scores better than complete commissural section for malig-
nant pain in a statistically significant manner but its superiority over
posterior commissurotomy cannot be statistically proven.

Except of a girdle-shaped hypo-algesia, which is expected after
the section of the decussating spinothalamic fibers in a complete
commissurotomy, other—irregular—patterns of hypo-algesia have
been observed, especially after central myelotomy.

This unusual lesion, provoking unusual hypo-algesia patterns,
together with phenomena like a preserved sharp-blunt-discrimina-
tion within the hypo-algesic area, points at a different sensory chan-
nel that might be severed in a central myelotomy as compared with
an anterolateral chordotomy or a complete commissurotomy. This
hypothesis is matched with recent physiological evidences.

Keywords: Myelotomy; commissural central cord lesion (CCL);
pain; spinal central gray matter.

Introduction

Many different kinds of surgical interruptions of
nociceptive pathways have been carried out in the past
and still find application in recent times despite the
availability of non-ablative reversible techniques for
chronic pain relief. For intractable body pain the an-
terolateral cordotomy remains the best known oper-
ation. Besides its more recent elegant percutaneous im-
plementation, its clear anatomical foundation on a
“pain-conducting” spinothalamic pathway with a so-
matotopic arrangement, contributed to its success. The
bilateral procedure, however, often turned out to be

unsatisfactory for midline visceral or bilateral shoulder
pain, not least because of limiting respiratory compli-
cations at a high cervical level. An alternative inter-
vention that by one cut interrupts the spinothalamic
fibers from both sides of the body, where they cross
the cord, could avoid injury to the motor pathway of
the ventral horn or the pyramidal tract, Greenfield
inspired Armour' to perform the first operation of this
kind in 1926, which has been called a commissural
myelotomy. The incision was in fact made along the
posterior septum of the cord, aiming at the obliterated
central canal, thus sectioning the gray commissure and,
having reached the anterior median fissure, sectioning
the white commissure too. The level of the myelotomy
was selected for the presumed metameric pain input,
taking into account the slightly upward shifted crossing
of the spinothalamic fibers. The depth of the myelo-
tomy however was not agreed even among the oper-
ation’s pioneers: whereas Armour and Putnam!' vir-
tually cleft the cord in two halfs, Leriche’ stopped his
incision at the central canal. Three reasons led to a
posterior limitation of the commissurotomy: 1) the con-
cern of avoiding damage to the anterior spinal artery;
2) the anatomical uncertainty, whether the spinothal-
amic decussation was located anterior or posterior to
the central canal; 3) the empirical evidence that com-
plete commissurotomy yielded no better results than
posterior commissurotomy by authors of larger se-
ries'4.

Apart from the posteriorly limited and complete
commissural myelotomies, a third type of myelotomy,
which can be termed “central”’, must be considered (see
Fig. 1). It consists of a stereotactic lesion of the spinal
commissure at the first cervical segment or cervico-
medullary junction with a posterior approach. This
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COMPLETE
COMMISS. MYELOTOMY

POSTERIOR
COMMISS. MYELOTOMY

Fig. 1. Types of myelotomy for chronic pain

operation was first described in 1970 by Hitchcock’.
The position of the electrode is mainly corroborated
by the patient’s reactions on electrostimulation, which
characteristically produces chest or abdominal burning
sensations or responses with a bizarre distribution.
Compared with the complete and posterior commis-
sural myelotomies, the central myelotomy displays 3
obvious differences: 1) a location, restricted to one, as
a rule the most cephalad cord level, and not sited ac-
cording to the metameric distribution of the pain; 2) a
larger focal, particularly lateral extension; 3) a limited
injury to the dorsal columns. Central myelotomy was
found to produce irregular patterns of hypoalgesia and
has been successfully applied to pain conditions—sur-
prisingly—of the lower body half as well.

Methods and Material

Reviewing the literature, we found 28 authors or teams who
reported their experiences with commissural myelotomy in a total
of 635 published cases. Taking into account double entry of cases
from updated and republished or from otherwise interrelated series
(brackets in Table 1), an original number of 408 myelotomy cases
remains, out of which 383 cases were followed up for at least 1
month. Those are listed in Table I, classed according to the 3 mye-
lotomy types and scrutinized for their successful results in benign
versus malignant pain etiologies. Success means at least such an
improvement that the patient no longer requests narcotic drugs and
has no troublesome postoperative dysaesthesiae.

Results

Statistical analysis reveals a general decay of pain
relief after myelotomy of any kind from 85% success
immediately postoperatively to 70% after 1 month and
to some 60% at the last follow-up (o = 0,01). If only
those cases with a follow-up exceeding 1 year are con-

sidered, 57% still show a good outcome. Central mye-
lotomy surpasses complete commissural myelotomy re-
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(c1)
CENTRAL MYELOTOMY

garding the overall outcome as well as regarding the
relief of pain of malignant origin (a = 0,05). Other
statements cannot be statistically substantiated because
of too small sample sizes. With the proviso of an in-
sufficient number of posterior commissurotomies for
reliable statistics, posterior commissurotomy does not
seem to do worse than complete commissural or central
myelotomy. A thorough analysis of the sensory effects
showed that complete commissurotomy is followed—
as expected—by a girdle-shaped hypoalgesia, although
not in all cases. A girdle-shaped hypoalgesia does not
occur at all after posterior commissurotomy, which can
be understood from the anatomical site of the lesion,
and only once after central myelotomy. Astonishingly
all kinds of myelotomies may produce uncharacteristic
hypoalgesia distributions, and the occurrence or type
of hypoalgesia are not related to the pain relieving effect
of a particular procedure, which is in striking contrast
to the experience in anterolateral cordotomy. Several
central-myelotomy cases have been described with
good pain relief from areas where noxious stimuli could
still be localized, though not perceived as painful, and
where sharp/blunt-discrimination was preserved. The
pain relieving and other sensory effects of central mye-
lotomy, posterior commissurotomy and in part of com-
plete commissurotomy too, therefore cannot be ex-
plained by segmental interruption of spinothalamic fi-
bers on the mere analogy to anterolateral cordotomy.

Discussion

Over more than a century, experimental work has
tried to elucidate the mechanism of nociception. The
results of early behavioural studies after various types
of cord section in non-human primates’ turned out to
be inconsistent with the later analgesic experiences of
cordotomy in man. Invoking experimental data from
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Author Year Operation Late success Follow-up
(first) type / level total benign malignant upp./low.body
Leriche 1936 post. T4-5 100% n=1 S W
Mansuy 1944 post. T5-7 (80% n=20) *long-term?®
Jentzer 47-48 post. T + S 0% n=1 0% n=1 0/1 15 M
Pieri 1951 post. T3-4 100% n=1 100% n=1 1/1 ‘months’
Wertheimer 1953 post. T4-6 65% n=80
Armour 1927 compl. T11-L3 - ‘days’
Putnam 1934 compl. Ci-3-T4 S0% n= 2 S0% n= 2 1/2 2M
Guillaume 1945 compl. T2-5 67% n=3 67% n= 3 8 M
Arut junov 1952  compl. C-T/T-L 87% n=15 87% n=15 0/2 13713 ?
Lembcke 1964  compl. C2-5-T1 86% n=7 100% n= 6 0% n=1 0/1 »10 Y
Sourek 69+77 compl. C4-7/T7-L1 84% n=38 S Y f.5
Grunert 1970  compl. C3-T1/T-L 55% n=11 S50% n= 2 S56% n= 9 5/9 2M-3
Broager 1974  compl. T9-11 58% n=33 2-12 M
Lippert 1974 compl., T2-4/T-L-S 75% n= 8 67% n= 3 80% n=35 1/1 3/4 2-7M
Cook 1977 compl. C4-T1/5-L1 20% n=10 0% n=7 &67% n= 3 2/3 r2Y £.7
1984 compl. T4-7-11 S50% n= 2 50% n= 2 /1 1/1 6 M
King 1977 compl. T9-11-51 70% n=10 33% n=3 86% n=7 6/7 >4 My 2Y
Fascendini 1979  compl. T6-8-L1 17% n= & 17% n= 6 1/6 £3M
Adams 1982 compl. segmental (67% n=24) (67% n= 3) (627 n=21) (0/2) (13/19) ?
Esposito 1982 compl. Conus 04 n=3 04 n=3 0/3 3IM
Fink 1984 compl. Conus 100% n= 1 1007 n= 1 >7M
Goedhart 1984 compl. S2-5 37,5 n=18 37,5 n=8 3/8 %4M-6Y
Sweet 1984  compl. Conus 33% n=9 334 n=9 3/9 2M-28Y
Ballantine 1969 centr. T12-82 100% n= 1 100% n= 1 171 S M
Hitchcock 1970 centr. CO-1 (43% n=7) 43% n=7 0/2 2/2 1-4 M
1977  centr. CO-1 80% n=25 >3 M
Nadvornik 1974  centr. CO-1 - 11D
Papo 1976  centr. C2-4 43% n=7 100% n= 1 33% n= 6 1/3 1/3 SW-1Y
Schvarcz 1976 centr. CO-1 (82% n=45) (80% n=10) (83% n=35) S M- :9M
1978  centr. CO-1 76% n=75 647 n=14 78% n=61 6M-4Y
1984 centr. CO-1 (? nl1e) (76% n=79) (60/79) ¥ - 30M
Eiras 1980 centr. CO-1 58% n=12 58% n=12 2-22M
Gildenberg 1984 centr. Ci 0% n= 2 0L n= 2 0/2 >2 M
c.+ c. T9/10 667 n=12 >2M

animals for the explanation of phenomena in humans
should therefore be done with caution. Earlier and
more recent experiments with spaced hemisections on
both sides of the cord™ 2 in resp. cats and rats have
shown some alteration but no abolition of nociception.
These studies suggest repeated midline-crossings of
some afferent pathway involved in pain signalling,
which then is probably located near the cord commis-
sure. In a fibre degeneration study after either antero-
lateral cordotomy or myelotomy in monkeys, similar
projections to the thalamic nuclei were found, without
however clear somatotopic organization after myelo-
tomy; a strikingly different topographical distribution
of the projections to the periaqueductal gray and finally
projections to the reticular substance of the medulla
and pons, present in cordotomy but not in myelotomy
material®.

Only modern orthograde and retrograde tracing
techniques allowed further investigation. These showed
that neurones around the central canal in the rat con-

tribute strongly to long ascending spinal cord projec-
tions, and that neurones within this area respond ex-
clusively to noxious stimuli applied within small re-
ceptive fields® '°. Moreover, the neurones around the
central canal were found to closely resemble the cells
of the marginal zone and the outer layer of the sub-
stantia gelatinosa by containing high levels of noci-
ception-associated peptides like substance P and met-
enkephalin® !> 13,

The clinical data from myelotomy support a differ-
ent pain processing modality within the spinal cord and
the experimental data support the major role of the
central cord gray matter in this respect, yet it remains
unclear whether or not the central gray makes part of
an independent sensory channel.
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Differential Diagnosis Between Tumoural and Non-Tumoural Intracranial Lesions

in Children: a Stereotactic Approach
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Summary

The rational management of intracranial lesions should be based
on the exact definition of the nature of the lesions and, when it is
possible, on their spatial definition. Since External Radiotherapy
(ERT) and cytostatic therapy are not free of undue effects, especially
in children, such treatments should be used only when a “‘sure”
diagnosis is obtained. The aim of this paper is to study the results
allowed by the Talairach’s stereotactic methodology in children.
During the period January 1979-December 1986, 704 stereotactic
procedures including serial biopsies, were performed at the S. Anne
Hospital in Paris. One hundred forty-eight procedures (21%) con-
cerned 134 children (78 M; 56 F) aged from 2 to 16 years. The interval
between the occurrence of the first clinical symptoms and the ste-
reotactic procedures varied between | and 180 months (m: 24 m).
Fifty-two (40%) had previous therapeutic procedures without precise
diagnosis. The lesions were hemispheric in 46 (34%) and deep seated
in 88 (66%). The serial stereotactic biopsies proved the existence of
a non-tumoural lesion in 20 children (14.9%): (cryptic vascular mal-
formation: 5, cortical dysplasia: 3, haematoma: 3, ischaemia: 1, gran-
uloma: 1, degenerative pathology: 2, cicatrix: 2, post-ERT altera-
tions: 1, arachnoidal cyst: 2). Four were in the brain stem. In 3
patients (2%), a precise diagnosis was not obtained. The CT scan
characteristics of the 20 non-tumoural lesions did not permit to
establish a precise differential diagnosis. The therapeutic manage-
ment was adapted to the diagnosis, avoiding potentially dangerous
procedures in the 20 non-tumoural lesions.

Keywords: Brain tumours; child tumours; CT scan; external
radiotherapy; stereotactic biopsy; stereotactic surgery.

Introduction

Since the pioneer work of Spiegel et al.>, stereotactic
methodology appeared as a new tool for obtaining
specimen of deep brain tissue. Stereotactic biopsy, ini-
tially used in patients with extrapyramidal syndromes'’
later became, an increasingly popular means for pre-
cisely defining the nature of brain lesions'# 27 28 34,
especially after the beginning of the CT scan era' '*

19:26 Although the literature in the diagnosis of brain

lesions in adults is abundant® '2, there are no papers
focusing the results of the stereotactic approach in chil-
dren until 19837, The correct diagnosis of a brain tu-
mour is mandatory in choosing the different treatments
and even more important in non-tumoural lesions, for
avoiding potentially dangerous therapies.

We present our stereotactic experience in 134 con-
secutive paediatric cases.

Material and Methods

Patients: During the period 1979-1986, 134 children (78 m; 56 f)
(age: 2-16 years) underwent 148 stereotactic procedures (21 % of 704
performed during this period). The commonest clinical symptoma-
tology was intracranial hypertension or epileptic seizures. The delay
between the clinical onset and stereotactic investigation was from 1
month to 15 years (mean: 24 months). All of them had at least one
CT scan (repeated in 93) previously to the admission at the S Anne
Hospital. MRI was performed in 11. The lesions were hemispheric
in 46, on the midline in 42, in the basal ganglia in 25, thalamo-
peduncular in 11 and in the brain stem in 8. Two patients had diffuse
lesions.

Surgical procedures: All the procedures were done, under general
anaesthesia, using the Talairach’s apparatus and methodology, as
described previously?: 34 36 37. 38. 40,

Safe and useful intracerebral trajectories were choosen on the
basis of: peroperative stereoscopic angiography (170 procedures in
134 patients); stereoscopic ventriculography (in '¥’/,3,) and the math-
ematical reconstruction of the CT scan data in intracranial stereo-
tactic space®.

The serial biopsies were done with the Sedan Vallicioni, partially
modified, instrument (external diameter: 2.4-1.7mm) (length of the
aspiration window: from 4 to 9 mm). One hundred and ninety tracks
(1.48/patient; 1.34/procedure) obtained 798 brain specimen (5.95/
patient; 5.39/procedure; 4.01/track).

In highly functional areas (as in the brain stem), the aspiration
of the brain tissue follows measurement of electrical impedance® ¢
and electrical stimulations by repeated single shocks.

Every specimen was immediately divided in two parts for per-
operative and paraffin embedding examination® °. The histopatho-
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logical data were classified according to the WHO classification?!,
partially modified by Daumas-Duport. A stereo-EEG investigation®
3 21. 40 was performed in 13 children with severe, drug resistant,
partial, lesion related epilepsy.

Results
1. Type of Lesions

The lesions have been classified as follows:

tumours : 111

cortical dysplasia: 3

non-tumoural pathology: 17

unclear diagnosis: 3

In the tumoural pathology, there were 10 neuro-
epithelial dysembryoplasia (D.N.E.). Among the non-
tumoural pathology: cryptic vascular malformation
(5), haematomas (3), ischaemia (1), inflammatory pa-
thology (1), degenerative pathology (2), arachnoidal
cyst (2), cicatrix (1), “chronic epileptic modification”
(1), non-tumoural post-irradiation gliosis (1).

Uncertain diagnosis was: gliosis versus glioma (1)
and “periphery of probably non-tumoural lesion™ (2).

2. Stereotactic Neuroradiological Investigations

The plain skull X-ray was normal in 66% of cases.
The angiographic stereotactic and stereoscopic study
was apparently normal in 29% of cases. The ventric-
ulography was normal in 10.5% of cases. Both, angi-
ographic and ventriculographic examinations were nor-
mal in 2.9% of cases. The angiographic study was
normal in 3/,, cases with non-tumoural lesions. Seven
out of 13 children with a normal ventriculography had
a non-tumoural pathology. Ventriculography was nor-
mal in */5 patients with a non-tumoural and non-vas-
cular lesion.

3. CT Scan Data

An hypodense area was noted in 53.8%, with con-
trast enhancement in 28%. A spontaneous hyperden-
sity was present in 43% and was enhanced in 25%.
Among the 34 hypodense, not enhanced lesions, we
found 4 (11.7%) non-tumoural lesions and 5 D.N.E.

Five of the 58 spontaneously hyperdense, non-en-
hanced, lesions, were non-tumoural: two cryptic vas-
cular malformations, two haematomas and one dys-
plasia. Three cryptic vascular malformations, sponta-
neously hyperdense were enhanced by the contrast.

4. Clinical Effects of the Stereotactic Procedure

An immediate improvement was noted in #'/,5,: 38
with, at least partially, cystic lesion, and 3 with hae-
matoma.

A transitory (< 72 hours) increase of a pre-existant
motor deficit was noted in 3 children (2.2%). 2 children
(1.4%) with pre-operative motor deficit were perma-
nently impaired.

Discussion

Before deciding the most appropriate treatment for
an intracranial lesions, it is helpful to define: the type
of the lesion, its precise anatomic localization and
boundaries, the anatomo-functional relationships be-
tween the lesion and the neighbouring structures, the
lesions growth potential.

The most important differential diagnosis is between
tumoural and non-tumoural lesions. Several studies
show that non-tumoural lesions are far from unfre-
quent (Table 1). This differential diagnosis is particu-
larly important in children, because their brain is ex-
tremely sensitive to External Radiotherapy (ERT) and
cytostatic therapy'® '3, The importance of a precise
diagnosis prior to ERT or other treatment is often
unappreciated, as stressed by Reigel eral.*.

Since ERT, or other treatment, should not be given
before a precise diagnosis, the problem is to find which
is the best method for obtaining it.

The data of the CT scan in our cases confirm that
the CT image “can show identical or similar appear-
ances for lesions of biologically different nature”?’ in
tumoural and non-tumoural lesions. Moreover, the CT
scan data can hardly be considered as providing reliable
prognostic informations: Piepmeier®® considers that
low grade hemispheric astrocytic tumours have a sig-
nificantly longer survival when they are not contrast
enhanced (and when the age is lower), and, Stroink
et al ¥ consider that paediatric brain stem gliomas have
better prognosis when they are isodense and contrast
enhanced. We agree with Hood etal.'® that correct
histological diagnosis is mandatory for therapeutic
management and evaluating the results. Open surgery,
for histological diagnosis alone, does not seem the best
solution, since the morbidity and the mortality are rel-
atively high'’, and the diagnostic results often unreli-
able®.

Table 1. Non-Tumoral Lesions

Ostertag et al. 1980 9,7% of 302 cases
Mundinger 1985 17%  of 904 cases
Moringlane and Ostertag 1987 14,7% of 401 cases

Munari et al. 1987

17%  of 180 cases

This study (in children) 1988  15,9% of 134 cases
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Stereotactic biopsy is a safe and reliable diagnostic
approach in large series of adult patients™ 22728 for
both hemispheres and brain stem?*. Since Broggi ez al.’,
several recent studies concern stereotactic biopsies in
children'®'6-20-22_confirming that in children, the mor-
bidity rate is very low (1.4% in this series), even if
compared with the adult data (varying from 0% of the
Rennes group’, to 5.9% of Lundsford and Martinez'
without peroperative angiography). The rate of non-
diagnostic stereotactic biopsies is also low, 0 of Broggi
etal’, 1.4% of this series, 1.5% of Moringlane ez al.”,
5.8% of Godano etal."*.

Thus, we consider that stereotactic biopsy is a useful
and safe tool for obtaining a precise neuropathological
diagnosis of intracranial lesions in children. This di-
agnosis seems particularly valuable in the not infre-
quent cases with non-tumoural lesions avoiding the
risks of a blind therapeutic management.
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Natural History of Neuroepithelial Tumours: Contribution of Stereotactic Biopsy
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Summary

Quantitative tumour growth into the brain (stage of the disease)
and qualitative tumour evolution in the time (progression) are the
two basic aspects of the natural history of the cerebral neoplastic
disease. Recently the development of neuroradiological imaging (CT
and MR) and the progress in biopathology of the nervous system
tumours introduced new concepts like heterogeneity of neuroepi-
thelial tumours or evolution to anaplasia. The findings obtained in
159 neuroepithelial tumours studied with stereotactic biopsy from
1980 to 1987 are presented. Most of them were glioblastomas (n = 43;
27%) and astrocytic tumours (n = 81; 50.9%). Twenty-nine cases
of fibrillary astrocytomas (35.8% of all astrocytic tumours) showed
focal anaplasia (progression). In 10 out of the 43 glioblastomas
(23:3%) signs of astrocytic differentiation were clearly evident (sec-
ondary glioblastoma?).

Our data confirm that neuroectodermal tumours, particularly of
astrocytic series, undergo progression through anaplasia, which may
be at the beginning a circumscribed phenomenon (focal anaplasia).

The staging of the disease (tumour growth) into cerebral nervous
system in some cases can not be correctly expressed through the
neuroradiological imaging. Sometime CT scan may underestimate
the true extension of the lesion. On the contrary, MR may overrate
the extension of the lesion. Such mistakes in evaluation of tumour
staging may be corrected through seriate stereotactic biopsy.

Keywords: Brain tumours; staging; progression; stereotactic bi-
opsy.

Introduction

Natural history is of paramount importance in the
knowledge of the biopathology and prognosis of neo-
plastic disease" & ' 16=20 It includes: 1) quantitative
tumour growth into the involved organ (stage of the
disease)" '* 1; 2) qualitative tumour evolution in the
time, namely the increase of malignancy (progression)
related to the appearance or accentuation of hetero-
geneity and by the evolution towards anaplasia'®. In
neurosurgery the detection of the last events has been
encouraged recently by the progress of neuroradiol-
ogical imaging techniques (CT and MRI) and of bio-

pathology. It is important to correlate the non-ho-
mogeneous areas (different density or intensity) in the
neuroradiological pictures of some neuroepithelial tu-
mours (in particular those of the astrocytic line), to the
phenotypic heterogeneity (focal anaplasia) found
histologically’! ~7. Because of its spatial precision, the
stereotactic biopsy appears the right means to reach
this goal® 3, and our experience in cerebral tumours of
the astrocytic line is reported.

Material and Methods

One hundred and eighty intracranial tumours underwent stereo-
tactic biopsy between 1980 and 1987 in our Institute. Indication for
biopsy was given on the basis of the neuroradiological investigations
indicating an expanding lesion of dubious nature and for which the
surgical approach may be dangerous’. One or more biopsy tracks
were planned and performed according to the characteristics of the
neuroradiological images. Biopsy was carried out with the Talairach
stereotactic instrument utilizing either orthogonal or polar ap-
proaches'®. Specimens were taken stepwise along the chosen biopsy
tracks usually at a distance of 5-10 mm.

Results

Out of the 180 intracranial biopsied tumours, 97
(53.3%) turned out to belong to astrocytic line: 4 pilo-
cytic, 63 fibrillary and 30 anaplastic astrocytomas.
Twenty-nine cases of fibrillary astrocytomas (30% of
all the astrocytic tumours) showed focal anaplasia. The
correlation between pathological and neuroradiologi-
cal data showed the following:

1) unhomogeneous image on the CT scan was pres-
ent in 59 cases which was related to focal anaplasia
within an otherwise differentiated tumour in 29 cases
(Fig. 1);

2) tumoural extension in hypodense astrocytomas
cannot be properly detected by CT scan; in 34 cases
biopsy showed that it was larger than the CT image;
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Fig. 1. CT scan of a deep seated astrocytic tumour of the left hemisphere (a) with an unhomogeneous enhanced area in its anterior part (b);
bioptic samples showing a fibrillary astrocytoma (c) with an area of focal anaplasia (d. e) corresponding to the enhanced area on the CT

scan

3) on the contrary in the 21 cases studied with MRI,
the extension of the tumour, as verified histologically,

was smaller then the MRI area of abnormal intensity
(Fig. 2).

Discussion

Diagnosis and therapy are the main goals of the
neurosurgeon in the management of the brain tumours.
However the knowledge of the natural history of neu-
roepithelial tumours did not receive so far particular
attention'® ', The possibility given by stereotactic bi-
opsy to precisely correlate the pathological findings
with the neuroradiological characteristics, its safety and
reliability> > % 12 % can offer significant information

about staging and progression of primitive neuroepi-
thelial tumours. Our data confirm that, in a relevant
percentage (30%) of cerebral tumours of the astrocytic
line, focal anaplasia is present. It seems quite likely that
this finding indicate progression. This view is supported
by unpublished data of signs of astrocytic differenti-
ation in 10 out of 43 glioblastomas. The crucial proof
can be obtained only through serial pathological con-
trols, during the patients survival time. Some help
might come, however, by a certain correlation between
pathological data, as provided by stereotactic biopsy
and neuroradiological findings* . If that can be
achieved instead of planning seriate biopsies the timing
of the biological controls might be guided by serial
neuroradiological studies.
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Fig. 2. a) MRI (T 2 weighted) of the same case of Fig.1 and b) bioptic specimen taken from point indicated in a) showing negative results
for tumoural tissue
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Stereotaxy of Third Ventricular Masses
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Summary

Posterior third ventricular masses are uncommon and posterior
intraventricular masses are rare. Intraventricular and paraventricular
lesions are difficult to differentiate in this region and present par-
ticular problems of diagnosis and treatment.

Uncertain radiology and frequently confusing histology make
treatment planning difficult. The first requirement of histological
confirmation of the speculative pathology is best achieved by stere-
otactic biopsy rather than craniotomy exposure and biopsy, the
mortality and morbidity for each being compared.

The problem of CSF pathway obstruction can be dealt with by
aspiration of the mass or CSF diversion; solid tumours frequently
require a definitive shunting procedure while other lesions may not.

Keywords: Cerebral tumour; ventricle; stereotaxy.

Introduction

The third ventricle is frequently involved in a variety
of masses, the majority of which are extraventricular
in origin. True intraventricular third ventricular lesions
constitute an interesting, but rare, sub-group, and in-
clude masses that “‘arise from the structures within the
ventricular walls and have their point of attachment
along the ventricular confines”. Most commonly these
are colloid cysts but include choroid plexus papillomas,
ependymomas, epidermoids and dermoids, and sub-
ependymal gliomas. Non-neoplastic lesions may be
congenital, infectious or vascular in origin®°.

The management of third ventricular masses pres-
ents particular problems. Radiological and biochemical
evaluation may strongly suggest the underlying pa-
thology in some lesions but it cannot give a definitive
diagnosis and at worst is quite unhelpful® & 7> 1. 15 18,
21, All compartments of the third ventricular region are
accessible by one or other of a variety of surgical ap-
proaches’® but the end result of such exposure is fre-
quently only a biopsy particularly in cases of intrinsic
and invasive paraventricular lesions. The morbidity

and mortality following such procedures is frequently
considerable, and related principally to access; an ex-
ample is memory disorder following fornix injury'® and
complex disorders of callosal function® ' ' ¢ His-
tological confirmation of diagnosis can be quickly and
safely accomplished using CT guided stereotactic meth-
ods' and many lesions are then best managed by sub-
sequent chemotherapy and irradiation'’. There are
many reports of stereotactic intervention in third ven-
tricular tumours or cysts almost all being anteriorly
situated or paraventricular in origin; pineal tumours
are commonly and increasingly included. True poste-
rior intraventricular third ventricular lesions are less
common and we present examples to illustrate some
of the particular problems and techniques available in
the management of these lesions. Clinical presentation
of masses within this region is characterized by dis-
turbance in the visual pathways in the form of Par-
anaud’s syndrome with or without accompanying hy-
drocephalus.

Materials and Method

The four cases reported presented to this unit between December
and February 1988. They ranged in age from 14 to 70 years and are
included because CT scanning revealed posterior intraventricular
third ventricular lesions. Two were high attenuation lesions and in
both of these cases vertebral angiography was performed to outrule
vascular abnormalities.

Two patients had permanent CSF shunts inserted and a third
had temporary emergency external ventricular drainage.

Technique and Instrumentation: In all cases the stereotactic frame
was applied under local anaesthesia. The Hitchcock frame was used
with a GEC 8800 scanner and appropriate targeting performed using
the grid. Entry point selection was unnecessary except where ven-
triculoscopy was required in which case appropriate CT sagittal,
coronal and oblique reconstruction allowed for choice of the best
entry point and angle of trajectory (Fig.1). All procedures were
performed in a neurosurgical operating theatre under local anaes-
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Fig. 1.

Fig. 2.

thesia without prior sedation. A Hitchcock stereotactic ventriculo-
scope (Rimmer Bros.) was introduced through a standard burr hole
in the right frontal region into the lateral ventricle and through the
foramen of Monro at an angle pre-determined by CT targeting per-
mitting identification of the lesion under direct vision, biopsy and
irrigation. Stereotactic biopsy was performed using a double lumen
biopsy cannula.

Case Histories

Case 1: E.D., 48-year-old woman presented with a six week
history of progressive deterioration and impaired consciousness. She

Fig.4.

was drowsy, disorientated with gross memory disorder and ataxia
with generalized hypertonia. The CT scan is illustrated (Fig. 2). Her
grave condition immediately improved after insertion of a VP shunt
and subsequent stereotactic biopsy revealed a glioblastoma multi-
forme. Stereotactic external beam irradiation was administered post-
operatively and 15 months later she remains asymptomatic. The CT
scan reveals residual thickening but no visible mass.

Case 2: R.M., 61-year-old male presented with acute frontal
headache, nausea, vomiting and subsequent deteriorating conscious-
ness. He was rousable with Parinauds syndrome and disorder of
lateral gaze. CT scan illustrated (Fig. 3). Angiography revealed no
vascular abnormality. Stereotactic ventriculoscopy showed the lesion
to be a haematoma. Post-operatively his condition steadily improved
and his eye signs resolved. Subsequent CT scanning both in the
immediate and late postoperative period revealed disappearance of
the haematoma and normal sized ventricles. Follow-up angiography
revealed no evidence of AVM. The patient is asymptomatic.
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Fig.5.

Case 3: M.P., a 14-year-old girl who had a 5 day history of
headache and vomiting followed by acute collapse and coma. The
pupils were unequal and fixed to light. CT scan illustrated (Fig. 4).
Emergency external ventricular drainage produced immediate clin-
ical improvement. Examination several hours later revealed Pari-
naud’s syndrome. Angiography revealed no vascular abnormality.
At CT guided stereotactic biopsy 10 ml of haematoma with several
tissue fragments was aspirated. Histology revealed numerous ab-
normal blood vessels suggestive of vascular malformation or ha-
martoma. The ventricular drain was removed, the patient steadily
improved and the Parinaud’s syndrome became less marked. Sub-
sequent CT scanning revealed resolution of the haematoma with no
evidence of recurrence of the hydrocephalus. Repeat angiography
revealed no abnormality.

Case 4: A.H., a 70-year-old man developed progressive confu-
sion and disorientation. Chest X-ray revealed right lower lobe mass
CT scan illustrated (Fig. 5) showed a posterior intraventricular lesion
with secondary hydrocephalus. At CT guided ventriculoscopy a
fleshy, frondular lesion was demonstrated which proved to be a
metastatic adenocarcinoma. The external ventricular drain was left
in situ and stereotactic external beam irradiation administered. He
subsequently required permanent shunting. There was some im-
provement but he remained confused and disorientated.

Results

The procedure was well tolerated by all four patients
and there were no operative complications. The quality
of CT scanning in confused or agitated patients is con-
siderably improved using the stereotactic frame as the
frame is firmly anchored to the holding device on the
CT table. CT targeting successfully located the lesion
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and material was obtained for histological examination
in three patients. In the fourth the lesion which proved
to be an haematoma was successfully visualized with
the ventriculoscope and flushed away. Both patients
with tumours had externally delivered stereotactic focal
irradiation in the immediate postoperative period. Two
patients with tumours, required permanent shunting.
Neither of the two patients with haematoma required
permanent shunting and subsequent CT scanning has
revealed no evidence of recurrent hydrocephalus.

Discussion

CT guided stereotactic biopsy of lesions of the third
ventricular region have been well described in the past'.
Aspiration of colloid cyst with resolution of abnor-
mality and avoidance of permanent shunting has also
been described* 4. A variety of lesions present in this
region; Apuzzo reported the management of 42 ““third
ventricular” lesions of which 8 were anterior region, 8
posterior region, 23 paraventricular and only 3 were
true intraventricular masses of which one was a colloid
cyst. Our cases illustrate the varied nature of true pos-
terior intraventricular lesions. The development of ste-
reotactically guided instruments extends the surgical
options and the actual procedure may in itself be ther-
apeutic (cases 2 and 3) so that not all patients require
permanent CSF pathway shunting. Emergency external
drainage allows clinical improvement to facilitate ste-
reotaxic planning and post-operative scanning will re-
veal the need for permanent shunting.

Preoperative angiography may be necessary in many
cases but ventriculoscopy by allowing direct lesion vi-
sualization often reduces this need. Further instruments
have been described by other authors which can be
used with the ventriculoscope system including cutting
scissors, biopsy forceps, lasers and diagnostic
ultrasonography™ °. The advent of stereotactically de-
livered radiosurgery adds a further refinement to the
management of these lesions!?,
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Summary

In most cases of brain stem expansive lesion a surgical approach
is possible, but in each patient it must be evaluated if the surgical
risk is proportional to the therapeutic result. Sometime surgery is
limited to a biopsy sample, particularly in malignant lesions. We
started stereotactic serial biopsy sampling in all CT or NMR intra-
axial brain stem expansive lesions as a preliminary diagnostic pro-
cedure. The aim is to look for benign well delimited lesions that we
consider for surgical removal or to drain haematomas and abscesses.

35 patients with brain stem expansive lesions were submitted to
47 surgical procedures: 35 stereotactic biopsies (one each patient)
and, among them, 12 were major surgical procedures (with crani-
otomy) for microsurgical removal of the expansive lesions. 15 pa-
tients were in paediatric age.

Suboccipital transcerebellar approach was performed in 25 mes-
encephalic, pontine, bulbar expansive lesions and frontal approach
was limited to 10 thalamo-mesencephalic lesions. There was no mor-
tality. Two patients were stereotactically drained and definitively
cured.

Keywords: Brain stem; brain tumour; stereotactic biopsy.

Introduction

Surgery of the brain stem expanding lesions is con-
sidered a challenge by neurosurgeons mainly because
1) difficulties in approach®, 2) fear of impairing vital
cerebral structures' 27> 3% and 3) consciousness that
in many instances the surgery does not cure the disease
and in many cases only biopsy is possible.

Stereotactic serial biopsy is a method to obtain a
pathological diagnosis from any cerebral lesion every-
where it is sited into the brain. If an angiographic study
is done and a vascular malformation excluded, the ste-
reotactic surgical procedure is simple and reliable. Tt
provides useful seriated specimens along the CT mor-
phology of the lesion and in a high percentage of cases
(from 88 to 94%) in brain stem or supratentorial lesions
respectively an histological diagnosis is achieved.

We have to keep in mind, when an expanding lesion
is seen at CT scan: 1) that not all the expansive lesions
are neoplasms, 2) that sometime the lesions are sur-
gically approachable (well delimited slow growing ne-
oplasms) and 3) that cystic lesions can be drained. That
is true particularly for brain stem lesions mainly be-
cause of the risk of open surgery.

Brain stem open surgery® % or stereotactic
drainage>* 5 7 1% 2 are able to cure selected patients.

A therapeutic problem arises when a slow growing
tumour is diagnosed. In these cases radiotherapy or
chemotherapy are ineffective. But in selected cases, if
tumours are well delimited, surgical removal can be
attempted and the outcome may be modified.

1, 17

Material and Method

Whole data are summarized in Table I.

33 patients with brain stem expanding lesions were referred to
the Neurosurgical Department of the University of Brescia from July
1983 to May 1988 for stereotactic serial biopsies.

14 were males and 19 females. The age ranged from 2 to 69 and,
among them, 18 were under 15 years.

Before the stereotactic procedure, 4 patients had a CSF shunt,
2 patients were previously submitted to radiotherapy without his-
tological diagnosis and one patient underwent a stereotactic bioptic
procedure in another centre, without a pathological diagnosis, for
insufficient tissue sampling.

The overall clinical history had an average of 9 months, but
many patients suffered early symptoms only one month before the
stereotactic biopsy. The most frequent symptoms were: intracranial
hypertension syndrome, diplopia, motor disturbances, V-VII-VIII
cranial nerves impairment. The performance status was about 60 of
the Karnofsky scale.

All patients had one or more CT scans, 12 had MRI studies and
18 had vertebral angiography. The tumour bulk was in the mesen-
cephalo-ponto-bulbar region, but in 6 patients the fourth ventricle
was occuped, in 4 patients a tumour infiltrated the cerebellar pe-
duncle, and in one case it extended to the medulla at C2 level. The
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major expansion was: in 13 cases in the right side, in 14 in the left
and in 6 in the midline.

Because of the high risk with open surgery due to: 1) the extension
of the expansive lesion, 2) the young age of many patients (18 cases)
or the advanced age (3 cases elder than 65), 3) the advanced illness
(8 cases had 50, 5 cases had 40, 2 cases had 30 and 20 each of
Karnofsky index), the indication to stereotactic biopsy was posed.

18 stereotactic procedures have been carried out in local anaes-
thesia, 6 cases in neuroleptoanalgesia while younger children un-
derwent general anaesthesia.

In 26 patients the lesion was approached through a suboccipital
transcerebellar route with the patient in the sitting position. In 7
patients, with mesencephalic lesions, a coronal approach was pre-
ferred.

Serial biopsy samples, along the choosen trajectory, were taken
into the 35 calculated targets (in 2 patients two targets were calcu-
lated) and a total of 96 samples were studied with cytological and
histological techniques. In 5 cases a cystic fluid was aspirated in one
case the wall membrane was taken out with a spiral needle (epen-
dymal cyst).

Results

Of 35 calculated targets in 33 patients a number of
96 samples were examined. Cytological and histological
studies showed: 9 malignant tumours (5 anaplastic as-
trocytoma, 1 oligo-astrocytoma with anaplasia, 1 glio-
blastoma, 1 metastasis, 1 primitive melanoma), 18 slow
growing tumours (7 pilocytic astrocytoma, 6 fibrillar
astrocytoma, 1 protoplasmatic astrocytoma, 2 epen-
dymoma, 1 choroidal plexus papilloma and | menin-
gioma), and 2 non-neoplastic expanding lesions (1
ependymal cyst and 1 haematoma due to a cryptic
angioma).

In 4 cases the pathological examination showed nor-
mal tissue: in 1 patient stereotactic biopsy was repeated
and anaplastic tissue was found, 2 patients with well
delimited expanding lesions underwent a suboccipital
craniotomy (a bulbar pilocytic cystic astrocytoma, re-
spectively an intra-fourth ventricle fibrillary astrocy-
toma were found), 1 patient (a 64-year-old woman with
a diffuse ponto-bulbar hypodensity at CT scan) refused
to repeat the stereotactic biopsy, but the follow-up
suggests a slow growing neoplasm.

A diagnosis with stereotactic serial biopsies was ob-
tained in 29 of 33 patients (88%).

After stereotactic surgery the clinical condition re-
mained unchanged in 25 patients. In 4 patients a tran-
sitory worsening was observed. On the contrary 3 pa-
tients with a cystic expanding lesions ameliorated be-
cause of the reduction of the cyst volume. Vomiting
was present in 2 patients. One child was cured by ste-
reotactic aspiration of an haematoma due to a cryptic
arteriovenous malformation. We had no mortality.

After stereotactic biopsy the treatment was suboc-

cipital craniotomy in 10 patients: 3 had a cystic lesion
that was opened into the CSF space, one of these had
to be reopened two months later because the cystotomy
was closed, and in 7 patients a microsurgical tumour
removal was performed; one patient was operated twice
for a recurrent ependymoma. Radiotherapy was done
in 12 and chemotherapy in 3 patients. Stereotactic bi-
opsy was repeated in 1 and curietherapy with '*’I was
applied. In 5 patients there was no further therapeutic
approach.

Discussion

The main indication for stereotactic serial biopsy of
CT visualized intracranial lesions is to provide a patho-
logical diagnosis as accurate as possible for a better
therapeutic approach. This possibilities are true mainly
in brain stem expanding lesions because open surgical
approach is hard and often inadequate.

If we know the pathology we can better plan the
therapy. We suggest:

1) Anaplastic tumours are not cured by any known
therapeutic approach: surgery, radiotherapy, chemo-
therapy or immunotherapy are today all palliative. Al-
though radiotherapy is proven to give a longer survival
than other therapies.

2) Slow growing tumours are suitable for micro-
surgical removal only when they are well delimited from
surrounding structures or are cystic. In this case they
should be opened into the CSF space and the tumour
nodule, if present, removed. If the cyst remains patent
we observed a remission of symptoms and no pro-
gression of the disease was observed.

3) When the expanding lesions is not a neoplasm,
surgical removal is mandatory. Sometimes stereotactic
drainage is sufficient to cure the disease (haematomas,
abscesses).
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Tumour Recurrence vs Radionecrosis:

an Indication for Multitrajectory Serial Stereotactic Biopsies

L. Zamorano, D. Katanick, M. Dujovny, D. Yakar, G. Malik, and J. I. Ausman

Henry Ford Neurosurgical Institute, Department of Neurological Surgery, Henry Ford Hospital Division, Detroit, MI, U.S.A.

Summary

External RT has been proved to be an important adjuvant to
surgery in the treatment of malignant glioma. It has also been dem-
onstrated, that its effect on survival is dose-dependent, although
accompanied by a higher morbidity. Intents to localize the field of
high dose RT to the tumour area have been performed with the aim
to spare damage of the normal brain tissue. Between August 1983
to December 1987, 40 patients with malignant astrocytoma (16 GM,
24 AA) underwent high dose localized hyperfractionated external
RT after surgical resection. Patients received 57.6 Gy to the tumour
and oedema area associated with a boost localized to the tumour of
7.4, 14.4 or 24 Gy. In the follow-up, 16 patients died with evidence
of increase in size of lesion diagnosed by CT/MRI. Since July 1987,
12 patients with recurrence or increase on size of CT/MRI lesion
have undergone multitrajectory serial stereotactic biopsies. From the
biopsies 8 patients were histologically diagnosed was compatible with
radionecrosis. From the 4 recurrences, 2 patients were treated with
1251 implants and 1 with new resection. Patients with radionecrosis
were treated with corticoides and diuretics, obtaining partial or com-
plete remission of symptoms and decrease in size of CT lesion. Un-
doubtly, Multiplanar/3 D multitrajectory serial stereotactic biopsies
play a major role in the follow-up of these patients, and accurate
diagnosis need to be established for further treatment therapy. The
question remains if these localized boost should be replaced by 3D
Multiplanar stereotactic interstitial radiotherapy boost after surgery
and conventional radiotherapy.

Keywords: Radionecrosis; malignant gliomas; stereotactic bi-
opsies.

Introduction

External radiotherapy has been proven to be an
important adjuvant to surgery in the treatment of ma-
lignant gliomas" >, It has been demonstrated that its
effect on survival is dose-dependent, although accom-
panied by a higher morbidity?. Attempts to localize the
field of high dose external radiation to the tumour area
have been made with the aim to avoid damage to nor-
mal brain tissue. Localization is generally performed

using the conventional two-film technique. At our in-
stitution forty patients with malignant astrocytoma un-
derwent surgical resection followed by high dose lo-
calized external radiation therapy (range 6,480
8,160cGy) with concomitant chemotherapy with
BCNU. Survival analysis and evaluation of treatment
is presented and the role of multitrajectories serial im-
age-guided stereotactic biopsies at the time of pro-
gression is discussed.

Material and Methods

From August 1983 until December 1987, forty patients were
treated with surgical resection followed by high dose localized ex-
ternal radiation therapy (range 6,480-8,160cGy) and concomitant
chemotherapy with BCNU after. Pathological diagnosis revealed a
malignant glioma in all cases: anaplastic astrocytoma on 17 cases,
glioblastoma multiforme on 8, 7 mixed oligo-astrocytoma, 8 mixed
glioblastoma and sarcoma. Two patients received high dose localized
radiation (6,500 and 7,000 cGy) with a regime of 200cGy per day.
Thirty-eight patients had hyperfractionated regime of 120 cGy twice
a day. They received the first 5,760 cGy to the area of the tumour
volume plus oedema plus 2 cm margin defined by preoperative CT.
Subsequent additional doses of 740, 1,440, 2,400 cGy (randomized)
were delivered to a reduced field to include the tumour plus 2.5cm
margin after consideration of the preoperative contrast CT scan.
Treatment fields were modified with the use of cast blocks in order
to confine the treatment volume and spare the damage of normal
brain tissue.

Twenty-nine patients had documented progression:

group A-(August 1983-June 1986) 17 cases, had no further bi-
opsy or reoperation, and

group B-(July 1986-December 1987) 12 cases were evaluated with
multitrajectories serial stereotactic biopsies. This constitutes a non-
randomized group and reflects the time when we started the per-
formance of Image-guided Stereotaxis at our Institution.

Multitrajectories Serial Stereotactic Biopsies Methodology
Double dose contrast, 1.5 mm thick slice high resolution CT scan
of the lesion with placed stereotactic frame.
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At the CT console, size, shape, and main axis of target volume
is defined by using 2D Multiplanar approach. Interactive location
of targets and trajectories was performed to optimize the histological
sampling. Image-defined coordinates and angles were transposed
into stereotactic space by a computer program that define arch angles
and depths.

Entry point at the skin level is marked after setting of arch
parameters. Under local anaesthesia, a burr hole is performed at the
decided entry site. Serial biopsies at Smm intervals are performed,
starting 1-2 cm above the image-defined border and finishing 1-2 cm
beyond the margins (Fig. 1). Through the same burr hole another 2
or 3 trajectories can be performed following the same technique.

Eight patients had histological diagnosis of radionecrosis and 4
of “real recurrences”. 2 of 4 patients with malignant recurrent tu-
mours were treated with high-activity '?°I interstitial radiotherapy.

Statistical Analysis

Survival analysis was performed using the Kaplan-Meier method.
At date of analysis (December 1987), 23 patients were dead and 17
were alive. Survival was considered from the date of original brain
surgery. The log rank test was used to perform various subgroups
survival comparisons, where p-values less that 0.05 indicate a sta-
tistically significant difference. Cox regressional analysis was used
in a multivariate settings, stepwise proportional hazards survival
analysis.

Results

The overall median survival of the series was 622
days (Fig. 2). Median survival time was directly related
to age, 21 patients younger than 50 years had median
survival of 724 days compared to 19 patients older than
51 years with median survival of 389 days (p < 0.006).
Intital Karnofsky and neurological grade were not sta-
tistically significant predictors of survival. Follow-up

Fig. 1. Schematic representation of one trajectory of serial stereo-
tactic biopsies

Fig. 2. Overall survival

Fig. 3. Survival according total radiation dose to the tumour volume

Karnofsky (p < 0.009) and follow-up neurological
grade (p < 0.04) were important determinants of sur-
vival. Type of macroscopic resection (p < 0.004) in-
dicated strong correlation, total resection having longer
survival (median = 753 days) than subtotal resection
(median = 389 days). Symptoms duration and histol-
ogy were indicated as possible predictors of survival
with p-values of 0.05. Total dose of radiation did not
show a significant improvement in survival (Fig. 3). The
stepwise proportional hazards survival analysis results
indicate that 1. follow-up Karnofsky, 2. stage, and 3.
histology are, in that order of influence, the statistically
significant prognostic predictors of survival from date
of original surgery at the 0.05 significance level.
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Fig.4. Survival comparing patients with and without multitrajec-
tories serial stereotactic biopsies at the time of progression

Considering the subgroup of 29 patients who had
progression of disease, we compared the 12 patients
with multitrajectories serial stereotactic biopsies with
the 17 without biopsy, considering survival from time
of tumour progression: patients with biopsies (7 of 12
died) had a median survival of 339 days from date of
progression. Patients without biopsies (16 of 17 died)
had a median survival of 74 days from date of docu-
mented progression. The resulting log rank test indi-
cated a high statistical significance (p < 0.007).

Considering the 12 patients who had stereotactic
biopsies, the 8 patients with histological picture of ra-
dionecrosis were compared to the 4 patients with “real
tumour recurrence” regarding survival from the date
of tumour progression: of the radionecrosis patients 5
of 8 died and median survival from date of tumour
progression was 199 days; of the recurrence patients 3
of 4 died and median survival from date of tumour
progression was 448 days (p > 0.08) (Fig.4). Two of
the 4 patients with recurrence underwent stereotactic
1251 interstitial radiotherapy, one had a second crani-
otomy and one patient was not treated because of his
poor clinical conditions. The log rank test p > 0.08
indicates that a statistically significant survival differ-
ence between the 8 radionecrosis patients and the 4
recurrence patients could be detected. However, the
test power was very limited due to the small sample
size.

Discussion

Postoperative radiation has been proven to increase
the length of survival and median survival times in

patients with malignant gliomas. Effectiveness is lim-
ited by the tolerance of the CNS to irradiation. Effects
on survival are dose-dependent and median survival
for patients who received 50 Gy has been reported 28
weeks, compared with 36 weeks for 55.5Gy and 42
weeks for 60 Gy®. Intents to increase the total dose as
high as 80 Gy have been performed: it was shown an
increase in median survival related to increase of total
dose, but with increase in morbidity" 2. Intents have
been performed to localize the fields of external radi-
ation to the tumour area. This study represents such
efforts. Our median survival of 622 days represents an
improvement in survival compared with historical
groups'* > ®_ Statistically significant predictors of sur-
vival were: age, T-stage (AJCC classification), type of
resection, postoperative results, follow-up neurological
grade, and follow-up Karnofsky rating.

Multitrajectories serial histological mapping al-
lowed accurate and safe sampling to characterize tissue
at time of progression. At the time of progression (in-
crease on size of the lesion), multitrajectories serial
image-guided stereotactic biopsies allowed an accurate
mapping and histological evaluation of the lesions.
Therapeutic consideration are derived of this histolog-
ical diagnosis. Although high dose localized external
radiotherapy increases survival in patients with malig-
nant astrocytomas compared with historical groups ra-
dionecrosis short median survival (199 days) compared
to “real recurrence” median survival (448 days) from
date of progression implies that further efforts need to
be done in order to localize high dose radiation treat-
ments. Contributors to improvements in localization
will probably be 3-D algorithms applied to Image dis-
play, treatment plannings and dosimetry. Stereotactic
interstitial radiotherapy as a boost after initial diag-
nosis of malignant glioma appears as a promisory tech-
nique for transposition of highly localized dosimetry
into patient’s head* 7. Another controversial issue is
the calculation of tumour volume based on preoper-
ative CT scans. “Highly localized” radiation therapy
should be based on postoperative contrast CT other-
wise it will produce important damage in surrounding
normal brain tissue. It is hoped that combination of
factors, like improvements in anatomical and metabolic
image modalities, 3 D reconstructions, accuracy of sur-
gical resection, 3 D dosimetry, use of radiosensitizers,
etc will improve these results.
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Summary

Between 1980 and 1987 thirty patients harbouring cerebral neuro-
epithelial tumours have been treated with stereotactic brachycurie
therapy (18 males, 12 females), either alone (n = 16) or combined
with surgery (n = 7) and/or external radiotherapy (n = 10). There
were 25 slowly growing tumours (grade I n = 1; grade I n = 24).
The remaining 5 were malignant tumours (grade Il n = 3; grade IV
n = 2). The radioactive sources utilized were '*?Ir in 26 cases and
12 in 4. Twenty-eight patients underwent permanent implantation,
the other two received temporary irradiation with removable after-
loaded catheters. Target volume was less than 15cm® in 6 cases,
between 16-60 cm® in 17 and more than 60cm’ in 7. Tumour dose
at the periphery of the target volume was: 70-100 Gy in 19 and 100~
130Gy in 9 of the cases treated with permanent implantation; the
patients irradiated with removable implants received 40-60 Gy in 5-
7 days. General follow-up ranged between 0.3 and 6.9 years
(mean = 2.5 years). The results are analyzed with reference to the
following aspects: 1) natural history of the disease; 2) modalities and
goal of the treatment; 3) place of brachy therapy as sole treatment
and combined with the other available therapeutical means.

Keywords: Brain tumours; stereotaxy; brachycurie therapy.

Introduction

Brachycurie therapy (BCT) permits, as is well
known, the delivery of high radiation doses to an ex-
actly defined tumour volume in respect of the tolerance
threshold of the surrounding healthy tissue' =7 '°. The
interest in this procedure in the treatment of brain
tumours has increased in recent years by the advances
of stereotactic surgery combined with the progress of
the modern imaging techniques in neuroradiology.

Material and Method

Patients. From 1980 to 1987, 30 patients (mean age 34 + 14.3
years, 18 males and 12 females) with cerebral neuroepithelial tumours
were treated with stereotactic brachycurie therapy. Twenty-five pa-
tients harboured slow growing tumours (1 pilocytic astrocytoma, 15
fibrillary astrocytomas, 6 oligodendrogliomas, 3 oligoastrocytomas),
5 patients malignant tumours (2 anaplastic astrocytomas, 1 ana-

plastic oligodendroglioma, 2 glioblastomas). The tumour volume to
be treated was assessed by integration of neuroradiological data with
the results of previous stereotactic biopsy>’~°: it was less than 15 cm?
in 6 cases, between 16 and 60cm?® in 17 and more than 60cc in 7.

Method. Stereotactic BCT was carried out as the sole treatment
in 15 patients: it was combined with surgery in 5 cases (2 before
BCT), with external radiotherapy in 8 (1 before BCT) and with both
in 2. The radioactive sources were '2Ir in 26 patients and '*I in 4.
The sources were implanted permanently in 28 patients and tem-
porary in 2. The tumour peripheral dose given by BCT in permanent
implants ranged between 70-100 Gy in 19 cases and between 100
130Gy in 9; as for temporary implants the given peripheral dose
was 40-60 Gy in 5-7 days (8-12 Gy/24 h).

Results

Slow Growing Tumours

The follow-up ranged between 0.3 and 6.9 years
(m = 2.5 years). The duration of symptoms before
treatment ranged between 0.5 and 9.2 years (m = 3.9
years).

Survival. The five-year survival rate for the 25 pa-
tients with slow growing tumours was 88% (£ 6.5%)
(Fig. 1). Two patients of this series died within the first
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Fig.1. Survival rate of slow growing tumours at 5 years
(88% = 6.5%) (n = 25)
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year and 1 within the second year since BCT: however
the death of these 3 patients was not related to the
treated tumour (brain infarction contralateral to the
implanted side, acute thyreotoxic syndrome and suicide
respectively). All the other patients of this series are
still alive, but 1 who died owing to tumour progression
5.7 years after interstitial irradiation.

Performance status. Analysis of the Karnofsky per-
formance status since the beginning of BCT and in-
dependent of any preceding treatment, was limited to
the 11 cases with at least 3 years follow-up. The initial
score ranging between 0.60 and 0.70 increased to 0.80-
1.00 in all patients during the first year after treatment.
This improvement was lasting for many of them, a
subsequent decrease of the scale rate being evident in
4 patients who developed radionecrosis. The final score
at 3 and 5 years follow-up however never fell below
0.60, ranging in most of the treated cases between 0.70
and 0.90.

Effect on epilepsy. Epilepsy is the most common
symptom in slow growing tumours™> '°. All patients but
one included in our series complained of seizures>*/,s.
Their frequency in patients surviving 3 and 5 years
decreased after treatment and to zero in 2 patients. In
most cases the effect of interstitial irradiation on sei-
zures was early evident and remained stable in the time.

Malignant Tumours

General follow-up ranged between 8 and 35 months
(m = 33 months). Clinical history before treatment
lasted between 3 and 15 months (m = 7 months).

Survival. The 3 anaplastic tumours grade III (2 as-
trocytomas and 1 oligodendroglioma) were all living
at 2 years follow-up (mean survival = 31 months).
Glioblastomas lived respectively 8 and 12 months after
interstitial irradiation (Table 1).

Performance status. The Karnofsky scale showed an
improvement of the quality of life in the 4 patients
evaluated 1 year after treatment, and no decrease of
the performance status after 3 years.

Table 1. Survival of Malignant Tumours (n=5)

Grade 111 27 months
(n=13) 32 months
35 months

Grade IV 8 months
(n=2) 12 months

Tolerance of BCT

There was no mortality nor morbidity related to the
stereotactic implant. Radionecrosis occurred in 9 pa-
tients, with a latency of 9-54 months (m = 20 months).
Corticosteroids were sufficient to control it in 5 cases.
In the remaining 4 patients surgery was indicated be-
cause of the extent of radionecrosis (2 cases) and be-
cause of tumour progression (2 cases) as documented
with stereotactic biopsy.

Discussion

Although our experience is too short and too small
to allow definite conclusions, the following comments
can be made.

Slow growing tumours require long-term follow-up
for the assessment of results. The majority of series
reporting the outcome of such types of tumour after
surgery plus conventional radiotherapy indicate a sur-
vival rate not superior to 30-40% of treated patients
at 5 years®.

For malignant tumours a mean survival rate for
anaplastic astrocytoma of 31 months seems noteworthy
to us. It is noteworthy that BCT was the sole specific
therapy in all cases but one who received in addition
an external radiotherapy.

Tumour necrosis should represent the final goal of
BCT, giving the best chance of cure'-*> 7 '°. Obviously
it has to be carefully balanced with brain tolerance and
with the risk of healthy brain injury. Though often
unpredictable, it seems to some extent related to the
dose/volume and dose/time ratio and to the biopatho-
logical characteristics of the tumour.

The quality of life was improved in all patients of
our series and remained satisfactory for long time; in
malignant tumours the final period of deterioration was
short.

To conclude, our data are consistent with those of
wider series®>~* '* in indicating that stereotactic BCT
can play a useful role in the treatment of brain tumours
and represents a field in continuous evolution. The
choice of the sources, their modalities of application,
the dose/time and dose/volume ratio, the place of the
treatment in comparison or in association or in asso-
ciation with other therapeutic means are the major
problems to be faced in the coming future.
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Summary

It is well-known that high intensity electrical stimulation of pe-
ripheral nerves and dorsal root fibres causes vasodilatation. How-
ever, the mechanisms underlying the vasodilatory effect of stimu-
lation applied to the dorsal columns (DCS), with an intensity in-
sufficient to recruit small diameter, high threshold fibres are virtually
unknown. The present project was planned to elucidate underlying
neural mechanisms.

Albino rats, anaesthetized, paralyzed and artificially ventilated
were used. Electrical stimulation with different parameters was ap-
plied to various sites of the exposed spinal cord, root fibres and
peripheral nerves. In some experiments the spinal cord, root fibres
or peripheral nerves were transected. Peripheral blood flow was
recorded using laser Doppler technique.

With stimulation of the the lower thoracic region at low intensity
substantially increased blood flow in the ipsilateral hind paw. The
compound action potentials from the gural nerve displayed only
components from low threshold, rapidly conducting fibres without
detectable late components. Transection of the spinal cord above
the stimulation site did not affect the blood flow changes. Also low
intensity stimulation of the proximal part of a sectioned dorsal root
resulted in a substantial rise in peripheral blood flow, whereas the
same intensity proved ineffective when applied to the distal stump.
High intensity stimulation of the distal stump not unexpectedly,
caused a major increase in blood flow.

The findings in the present study implicate the importance of a
central circuit for the effect, whereas antidromic activation of pri-
mary afferents seems to be a less likely explanation. Possibly, stim-
ulation induces a transitory inhibition of sympathetic vasoconstrictor
tone, though activation of sympathetic vasodilatory efferents cannot
be excluded.

Keywords: Dorsal column stimulation; vasodilatation; anti-
dromic activation; rat model.

Introduction
Following the publication of a paper by Cook et al.
in 1975° many reports have appeared about the use-

* Supported by grants from the Wennergren Foundation, the
Karolinska Institute and Medtronic Inc.

fulness of spinal cord stimulation in peripheral vascular
disease. It augments peripheral blood flow and skin
temperature, promotes ischaemic ulcer healing and
even seems to have a limb saving effect’ 4 & 8 11 In
general, the clinical results have been favourable and
ischaemic pain due to peripheral vascular disease has
become a major indication for this treatment modality.

The mechanisms underlying the effect of spinal cord
stimulation on ischaemic pain and peripheral circula-
tion as well as on neurogenic pain remain obscure.
However, several possible mechanisms have been dis-
cussed: antidromic stimulation of primary afferent
fibers> 8, alteration of autonomic nervous system func-
tion e.g. the inhibition of sympathetic activity (e.g."
13), release of vasoactive substances (e.g.'), and finally
that the beneficial effect on peripheral blood flow might
be secondary to the reduction of ischaemic pain it-
self! 4,

The idea of antidromic activation of slow afferent
fibers as a possible explanation, as discussed by e.g.
Groth 1985 and by several authors at an international
symposium in 1987, is based on an observation already
made at the turn of the century by Bayliss’. He dem-
onstrated local peripheral vasodilatation in response
to high intensity dorsal root stimulation activating thin
fibers. This finding was confirmed in 1980 by Hilton
and Marshall” who found that a rise in muscle blood
flow by 50-60% could be provoked by high intensity
stimulation of dorsal roots.

The present project was planned to elucidate, in an
experimental model, the mechanisms behind the va-
sodilator effects of dorsal column stimulation. As a
first step we investigated the possibility that the anti-
dromic activation of the afferent systems described
above, might be a component in the effect on peripheral
flow of the stimulation as it is used on patients.
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DCS - blood flow in hind paw

50H: 0.3 msec 0.05 ma

Material and Methods

Albino rats were anaesthetized with intraperitoneal pentobarbital
(6mg/100g). The animals were tracheotomized, paralyzed by i.v.
gallamine (0,4 mg/100 g) and artificially ventilated monitoring end-
tidal pCO,. Body temperature was maintained at normal level and
systemic blood pressure monitored. The dorsal aspect of the spinal
cord was exposed by a laminectomy from T 10 to S 1. The dura was
opened and the medulla and roots covered with paraffine oil. Stim-
ulation frequency was varied between 0.5-50 Hz; pulse width between
0.05-0.3 msec. Constant voltage technique was generally used, the
intensity varied between 0.05-1.0 V. Compound action potentials
were recorded peripherally from the sciatic or sural nerves in order
to monitor the type of peripheral fibres antidromically activated. A
Medelec MS 92 A (Vickers Health Care Company, England) was
used for averaging the responses. Peripheral skin blood flow was
recorded from a hind paw using laser Doppler technique (Periflux
PF 1; Perimed KB, Stockholm, Sweden).

Results

The threshold for a local motor response was found
to be approx. 0.7V (cf.%). Fig. 1 illustrates the effect of
intradural monopolar stimulation unilaterally of the
dorsal column at the level of T 13-L 1. By use of stim-
ulation parameters similar to those used clinically, it
was often possible to produce an increase in peripheral
flow which initially amounted to 65% or more. After
some time (in this case after 50 seconds) the flow de-
creased to a plateau at least 30% above base line.

Fig.2. Stimulation of sectioned dorsal roots innervating the hind
paw. Blood flow is expressed in arbitrary units. In this experiment
constant voltage was used

Fig. 1. Skin blood flow in a hind paw

during stimulation of the ipsilateral

dorsal column. In the experiment il-

lustrated, constant current tech-

nique was used. Stimulus on and off

off is indicated by arrows. Blood flow
is expressed in LDU (arbitrary units
of the laser Doppler meter)

Following stimulus off there is a slow decrease to the
prestimulation value. However, in several animals, we
were unable to demonstrate this effect although all
monitored vital parameters were normal. Nevertheless,
in all animals it was possible to provoke vasodilatation
by using high intensity stimulation.

It could also be demonstrated that local vasodila-
tation in the hind limb following low intensity stimu-
lation was not related to a general increase in blood
pressure.

After cutting the dorsal root fibres to the hind limb,
a local peripheral vasodilatation could still be evoked
by low intensity stimulation of the ipsilateral dorsal
column. For example stimulation using 0.1V, 50 Hz
and 0.1 msec resulted in a flow increase of more than
100% above resting value.

In Fig. 2 the effect of low intensity dorsal root stim-
ulation is demonstrated. The dorsal roots to a hind
limb were sectioned and stimulation applied to the
proximal as well as to the distal stumps with the same
parameters resulting in vasodilatation when applied
directly to the dorsal column.

It is evident that only stimulation of the proximal
stump provoked an increase in peripheral flow. To be
able to produce a vasodilatation by stimulating the
distal stump, the stimulus intensity had to be increased
to levels where high threshold thin fiber systems could
also be recruited.

During stimulation of dorsal columns and roots, the
averaged compound action potentials in the sciatic or
in the sural nerves were monitored. Only activation of
low threshold fast fibres, corresponding to the initial
deflections without detectable late components, were
recorded when using stimulation intensities sufficient
to produce peripheral vasodilatation.

Sectioning of the ipsilateral sciatic nerve, not un-
expectedly, caused a major rise in peripheral flow and
subsequently no further additions could be recorded
with spinal cord stimulation. Furthermore, transection
of the spinal cord approx. 15 mm rostrally to the stim-
ulation site did not affect the rise in peripheral blood
flow following stimulation.
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Discussion

From our experiments we can conclude that the
albino rat may serve as a model for the study of pe-
ripheral vascular effects of low intensity dorsal column
stimulation. Furthermore, it is evident that the vaso-
dilatation can be demonstrated without the activation
of high threshold fibre systems (cf.”- '°). The increase
in peripheral blood flow following stimulation remains
after dorsal root transection, a finding incompatible
with the idea that antidromic stimulation of primary
afferents would play a major role for the effect. Instead,
the effect of low intensity stimulation appears to depend
on a central, spinal cord mechanism since only cen-
tripetal and not centrifugal low intensity stimulation
proved effective.

The pain suppressing effect of dorsal column stim-
ulation has been proposed to involve supraspinal loops
(e.g.”'). However, in the present experiments the stim-
ulation-induced peripheral vasodilatation could also be
demonstrated when the connections to supraspinal cen-
ters were eliminated. Besides, vasodilatation occurred
only on the side ipsilateral to the dorsal column stim-
ulated and this makes the activation of local spinal
reflexes probable.

The effector mechanisms in low intensity dorsal col-
umn stimulation are probably quite different from
those operating in high intensity dorsal root stimula-
tion. It is probable that modulation of sympathetic
activity is of crucial importance. The putative auto-
nomic mediation of vasodilatation following dorsal col-
umn stimulation will be discussed in another paper in
preparation.
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Cerebral and Carotid Haemodynamic Changes Following Cervical Spinal Cord

Stimulation. An Experimental Study
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Summary

Since it is accepted that spinal cord stimulation may produce
segmentary vasodilation, it is presumable that when applied in the
high cervical segments some carotid and cerebral blood flow changes
can be expected. Following this assumption, 25 dogs and 25 goats
were used. Under routine experimental conditions a C 7 laminectomy
was performed in these animals and a bipolar lead introduced and
manipulated in the epidural space till the right C2 segment. Right
common and internal carotid arteries of the dogs were isolated and
electromagnetics probes placed for continuous monitoring of blood
flow changes. Right internal maxillary artery was isolated and its
branches ligated for flowmetry of hemispheric blood flow in the
goat. *'I antipyrine also studied to control regional cerebral blood
flow changes. Arterial pressure and blood gasometry were periodi-
cally determined to avoid masking results. Pulse width of 0.1 to
0.2 msec, 80 to 120 cps and amplitude to muscle contraction threshold
at low rate were used as electrical parameters. After stimulation
common and internal carotid blood flow increased with a mean of
60% and hemispheric blood flow with a mean of 55% according to
flowmetry findings. Iodoantipyrine studies showed an average in-
crease of 35%. These changes were not modified by atropine, mor-
phine and naloxone and partially blocked by indomethacin, cimet-
idine and propanolol.

Keywords: Spinal cord stimulation; carotid blood flow; cerebral
blood flow; goat.

Introduction

Today it is accepted that spinal cord stimulation
may induce a segmental vasodilator response. Clinical
reports show haemodynamic evidence that stimulation
increases peripheral*” '> 7 and coronary'!" '* blood
flow when applied in the lower or higher spinal cord
segments respectively. The mechanisms by which stim-
ulation at these levels increases blood flow are unknown
though a vasodilation secondary to a sympathicolytic

* J. Broseta, M.D., Catedra de Neurocirugia, Facultad de Me-
dicina, c/o Espejo, E-37007 Salamanca, Spain.

effect* ® ° or the mediation of local vasoactive
substances® % " 18 have been basically postulated.
With this and other experimental data' > '3 we con-
sidered the possible haemodynamic effect of this tech-
nique when electrical impulses are given in the region
of the spinal autonomic segmentary control for carotid
and cerebral circulation. An experimental protocol was
devised in which electrical stimulation was applied in
the right C,—C, cord segments in 25 dogs and 20 goats.
Blood flow was measured in the right carotid arteries
and in both cerebral hemispheres using electromagnetic
flowmetry and "*'I-antipyrine cerebral scintigraphy.

Experimental Material and Method

Twenty-five adult mongrel dogs weighing 15 to 28 kg were used
to determine with electromagnetic flowmetry the haemodynamic
changes in the carotid territory under stimulation conditions. These
animals were not used for cerebral blood flow studies because of the
small contribution of the internal carotid artery to brain circulation.
Therefore, 20 adult goats weighing 25 to 45kg were used to inves-
tigate this aspect using flowmetry of the internal maxillary artery,
which supplies most of the hemisphere blood flow when its collateral
branches are ligated via a rete mirabile'®, and iodoantipyrine brain
scintigraphy respectively.

For surgical manceuvres, general anesthesia was induced by in-
tramuscular injection of pentobarbital (40 mg/kg), and maintained
with endotracheal intubation, mechanical ventilation and pento-
barbital (30 mg/kg) and atropine (0.05 mg/kg) i.v. infusion. The right
femoral artery was cannulated for continuous arterial blood pressure
monitoring. Blood gasometry was determined every 30 minutes. For
spinal cord stimulation, in the dog as well as in the goat, a bipolar
lead was introduced in the epidural space through a small laminec-
tomy and manipulated under fluoroscopy to the highest cervical
cord segments homolateral to the explored vascular territory, since
the most evident haemodynamic changes on common carotid and
internal maxillary arteries following stimulation were found at that
side and level as shown in a previous study (Fig. 1). With the electrode
fixed, the right common and internal carotid arteries of the dog were
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Fig. 1. Right common carotid blood flow changes during 60 minutes
of cervical spinal cord stimulation with positions of the electrode

isolated and an appropriate electromagnetic probe was placed
around them. In the case of the goat, the maxillary artery was isolated
after partially removing the jaw and ligation of its branches to avoid
extracranial blood flow contamination after which the probe was
placed around. After 30 minutes, stimulation was given for 60 min-
utes on/off/on intervals (pulse duration of 0.1 to 0.2 msec, a rate of
80 cps). The amplitude was kept to subliminal fasciculation threshold
of the homolateral cervical paravertebral and facial musculature.
Flowmetry was continuously recorded throughout the experience.

"3'-antipyrine brain scintigraphy was also used in the goat for
qualitative cerebral blood flow measurements. Once the lead was
placed and fixed in the proper position and the cephalic vein isolated,
pericraneal structures and temporal muscles were removed to reduce
extracranial activity. The animal was moved to the gammacamara
for exploration. One ml of antipyrine with 1 mCi of '*'I was intra-
venously injected before and 60 minutes following stimulation. The
activity time curves were analyzed by computer that recorded the
hemisphere and regional arterial and capillar distribution as well as
the arteriocapillary angle to compare changes in blood flow.

Results

Electromagnetic recordings from common and in-
ternal carotid arteries showed an average increase in
blood flow of 66 and 63% respectively after 60 minutes
of high cervical spinal cord stimulation. On basal levels
of 59.6 £ 23.6ml/min in the common carotid artery
and of 5.1 + 2.3 ml/min in the internal carotid one,
post-stimulation measures of 99.1 £ 39.6 ml/min
(p < 0.01) and 8.3 £ 3.7ml/min (p < 0.01) were ob-
tained respectively (Fig.2 A). The highest increase in
blood flow appeared during the first 15 minutes of
stimulation. In the group with 1 hour on/off/on periods,
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Fig. 2. Mean changes in blood flow during a period of 60 minutes
of C,-C, spinal cord stimulation homolateral to the explored vessel.
A) Measures in the right common carotid (CC) and internal carotid
(IC) arteries. B) Recordings in the right internal maxillary artery

the increased blood flow fell during the off phase al-
though still raised.

Flowmetry of the internal maxillary artery showed
an average increased in hemisphere blood flow of 55%
after 60 minutes of stimulation with values of
89 + 17.5ml/min from previous 57.2 £ 9.8 ml/min
(p < 0.01) (Fig. 2 B). In this case the highest increase
in blood flow occurred during the first 15 minutes of
stimulation and between 30 and 45 minutes.

Iodoantipyrine brain scintigraphy analysis showed
a significant increase of activity in the hemisphere
homolateral to the stimulation side. This was mani-
fested by a higher activity during the arterial phase and
a flater capillary line indicating that radioactive ma-
terial remained longer in circulation expressed by a
opening of the arteriocapillary angle (Fig. 3). Increase
in regional blood flow were also detected in the hom-
olateral frontal area, partially in both parietal area and
was absent in posterior fossa.
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Fig.3. Changes in '*'l-antipyrine brain scintigraphy before and 60
minutes following stimulation recorded at the right (RH) and left
(LH) hemispheres. See text

Discussion

This study suggests that high cervical spinal cord
stimulation with these quoted electrical parameters in-
duced significant cerebral and carotid blood flow in-
crease. These findings are qualitative and quantitative
similar to those described by other groups. Using the
133Xe clearance Hosobuchi'® found a 34% increase of
blood flow in the hemisphere homolateral to the stim-
ulation side in patients. Recently, Kanno et al.'? ob-
served a global cerebral blood flow increase of 20 to
40% in patients in a vegetative state treated with C,
spinal cord stimulation to alleviate spasticity.

From these observations and since spinal cord stim-
ulation is harmless, it seems rational to suggest that it
be used for such cerebrovascular disorders as vaso-
spasm, diffuse cerebral atheromatosis or cerebral isch-
aemia unresponsive to conservative treatment.
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CT-Guided “Real Time” Stereotaxy

H. F. Reinhardt and H. Landolt
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Summary

Starting from a previously developed 3-D digitizer for a CT
correlated topographic orientation during open brain surgery a com-
puterized targeting device was constructed specially designed for
stereotaxy. CT and later MRI data are transferred to an IBM com-
patible personal computer. The spatial information is registered by
a multi-axis measuring arm. Advantages and future development of
computerized stereotaxy are discussed.

Keywords: Computerized stereotaxy; CT-MRI-guided stereo-
taxy; targeting device; 3-D digitizer; brain neoplasm.

Introduction

Between 1983 and 1986 at the University of Basel,
Switzerland a computerized measuring device with a
4-axis digitizing arm® was developed for open brain
tumour operations. With its aid it was possible to cor-
relate the actual intracranial location with preoperative
CT scans. At the same time as a Japanese team*, we
independently became aware of the possibility of aim-
ing at a target in the absence of direct contact with
structures in the measuring field. The computer is not
able to distinguish whether the solid end-segment of
the measuring arm is present or not. Based on this
principle we were able to realize a “real time”-stereo-
taxy surprisingly simple to manipulate-provided how-
ever, that precision could match the standards of con-
ventional stereotactic frames.

Material and Methods

Based on a 3-D graphic digitizer for the Apple-2e PC' and the
aforementioned experimental device for use in open surgery* * we
recently constructed a high precision measuring device (Fig. 1) ex-
clusively designed for stereotaxy. The arm has 4 articulations and
one extensible axis; moreover, it can be fixed in 5 positions of the
halo-ring of the headholder. In this way 5'/, degrees of freedom are
achieved. Because of the relative smallness and quasi-infinite reso-
lution precision potentiometers were preferred to optical encoders
or inductive resolvers. The whole folded arm weighing 3,900 g can
be stored in a container of 36 x 18 x 12cm.

For position calculation and imaging procedures a fast 286 IBM-
AT clone with mathematical co-processor is used (Fig.2). The 5
resistance values are digitized in a 12-bit AD converter, the spatial
information is computed in polar coordinates and then transformed
into Cartesian coordinates; this extensive trigonometry is done in
40 msec. For lack of better interfaces the image data from the Sie-
mens-DRH CT scanner must be transferred to the hard disc of the
IBM compatible computer by 8” floppy discs.

X- and y-axes are represented by a cursor-cross, the z-axis cor-
responds to the axial plane of the CT pictures. The 5 to 40 pictures
are turned over like a staple of photographs at the position of the
measuring tip in the z-axis, so that adequate picture of the target
zone is always visible. The pictures are displayed in selectable false-
colours in the original 256 x 256 matrix.

Fig. 1. Digitizing arm on halo-ring headholder. Bottom: control-
panel
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Fig. 2. IBM-AT compatible computer 1in 19" rack (left side). Showel
stretcher-headholder unit with measuring arm (right side)

The patient lies on a vacuum mattress fixed to a showel stretcher
on which a heavy halo-ring is rigidly attached (Fig. 2, right side).
The head is fixed with radiolucent polycarbon-pins. The whole sys-
tem is connected to the CT table and precisely centered.

Starting from a lead-mark in the base plane close to the haloring
CT images are recorded, generally in 4 mm slices. The data are then
transferred to the IBM compatible PC, where they are reformatted
for use in PC-DOS. During this procedure the patient is transported
in an unchanged position from the CT suite to the operating theatre.

The measuring arm is fixed at the optimum position onto the
haloring; after a short position check and eventual calibration the
arm and the small control-panel (Fig. 1, bottom) are wrapped in
sterile plastic bags or sheets. Without any needle or tool and using
only the virtual axis of the end-segment the best site for the burr
hole and target can be determined by freely moving the articulations,
which are finally blocked by efficient brakes. After loosening the
brakes of one axis the arm is temporarily turned aside and the burr
hole is made with entirely free access. Repositioning is done without
new targeting procedures with the aid of an acoustic signal. The
rigid arm now serves as a stable stand for all sorts of instruments,
e.g. biopsy-needle, forceps, endoscope, measuring probes etc. The
length of the different graduated instruments is fed into the computer
by the small control-panel where the software menu can also be
manipulated by a joy-stick. For the pathologist who inspects the
frozen sections, a colour hardcopy of the CT picture indicating the
site of biopsy is made.

For security reasons we have attached a base-plate of the con-
ventional target centered Patil-frame to the head-holder in order to
be able to continue stereotaxy even in case of technical failure of
the new system. From May 1988 our device has tested clinically.
Accuracy lies within + 1-2mm verified by repetitive CT scan con-
trols. Principal applications are tumour biopsies and endoscopic
evacuations of deep-seated intracerebral haematomas. A head-
holder-/stretcher-unit in non-ferromagnetic materials for MRI is at
present being built.

Discussion

In 1983 — the onset of our development in comput-
erized CT-guided targeting devices> 3—the implica-

H. F. Reinhardt and H. Landolt: CT-Guided “Real Time” Stereotaxy

tions of computer-aided CT-guided stereotaxy could
hardly be imagined. At present the cost for hi-tech is
perhaps not justified by the clinical usefulness, but the
advantages of computerized stereotaxy are nevertheless
becoming evident:

— the actual tip position of the probe can be per-

manently observed in real-time;

— burr hole and target can freely be chosen without
time-consuming calculations;

— different targets can be reached through the same
burr hole;

— additional software routines can be integrated di-
rectly into the stereotactic program:

— X-ray therapy planning: isodoses, seed coordi-
nates; spatial data; MRI, digital subtraction angi-
ography (DSA); EEG-mapping etc; brain atlas or
landmarks; 3 D-imaging; robotics.

Computer-assisted stereotaxy will become particu-
larly useful when integrated into existing (imaging pro-
cedures, radiosurgery etc.) and future methods or de-
vices (handling/roboting tools) based on microproc-
€SS0rs.

In order to get more freedom of movement in open
brain surgery and to be able to comply to the very
demanding precision of the measuring arm we are cur-
rently trying to develop a new series of stereotactic
devices which will work with a minimum of mechanical
parts. The principal item will be a Sonar digitizer work-
ing with miniature positioning probes which emit sound
close to the hearing threshold. There are some physical
problems like compensation of temperature, air-flow
and surrounding noise which probably can be resolved
by appropriate sensors and software. Our plan is to
develop a small “addendum” to different sorts of tools
like needle-carriers for stereotaxy, or handpieces
(pointers, sensors, ultrasonic-aspirator/laser etc.) for
microsurgery.
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Summary

A methodology and computer program used for transposition
of image-defined trajectories into stereotactic space is presented. Arc-
quadrant centered stereotactic frames (Leksell, modified by us Ko-
mai) are based on the principle of aiming a target point from any
entry of a formed sphere of known radius. Frames adapted iso-
centrically to CT gantry and parallel to the scanning plane allow
interactive selection of targets and trajectories based on multiplanar
reformatted images. The mathematical fundaments to calculate angle
A in the coronal plane and angle B in the saggital plane based on
the geometrical configuration of arc-quadrant centered stereotactic
devices are presented.

Keywords: Stereotaxis; computed tomography; computer pro-
gramming; imaging.

Introduction

The aim of any imaging-guided stereotactic system
is to transpose image-generated data (coordinates, tra-
jectories, volume) into the stereotactic space. Arc-quad-
rant centered stereotactic devices i.e. Leksell, Hitch-
cock, Laitinen, etc. (including our modified, Komai)
are probably the most commonly used stereotactic de-
vices. The work is based on the principle of aiming a
target point from any entry of a formed sphere of
known radius. The transposition of trajectories from
3 D/2 D Multiplanar images into stereotactic space is
mandatory in many volumetric oriented-stereotactic
procedures, like interstitial radiotherapy, endoscopic
laser photocoagulation, laser resection, biopsy follow-
ing axis of tumour, etc. Therefore, we developed a
methodology and computer program to calculate an-
gular settings of arc-quadrant stereotactic devices.

Material and Method

Stereotactic Frames and Image-interfacing

Arc-quadrant centred stereotactic devices (Leksell, modified by
us Komai) were adapted isocentrically to the CT gantry and parallel

to the plane of scanning (Fig. 1). Isocentricity and parallelism as well
as the existence of coronal and sagittal angular scales are mandatory
for the methodology and computer program.

Methodology

Once isocentricity and parallelism are confirmed, axial images
containing target volume are selected. Target coordiantes are mea-
sured directly by using the software capabilities of the GE-9800 CT
scanner. X and Y are read directly (grid or region of interest function)
and Z is measured directly by the CT table positioning. Reformatted
images on coronal, sagittal or oblique paraaxial planes are generated
and target points and trajectories are selected and displayed. This
methodology allows an interactive selection of targets and trajec-
tories and correction of them based on the multiplanar information.
A trajectory is defined by selecting a second point from another
axial, reformatted or scoutview images and its coordinates are mea-
sured. Final selected targets and trajectories are plotted on multi-
planar reformatted images and anteroposterior and lateral scout-
views.

Fig. 1. Stereotactic device isocentric to the CT gantry and in a parallel
relationship with the scanning plane
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Fig.2. Angle A represents the angle on the X-Z plane

Fig. 3. Angle B represents the angle on the Y-Z plane

Computer Program

A computer program to calculate the angles A (X-Z plane) and
B (Y-Z planes) in order to transpose preselected CT trajectories into
the stereotactic space was written on Basic and Fortran. The input
consists of target point coordinates (x 2, y2, z2) and coordinates of
a second point (x1, y1, z1) calculated on axial, reformatted, or
scoutview images to define a trajectory. The output of the program
are angles in coronal (A) and sagittal (B) planes (Figs. 2 and 3). The
mathematical fundamental of the program are: the distance between
two points in space can be found by substracting the coordinates of
one point from the coordinates of a second point. This subtraction
yields the distance between two points in each of the three dimensions
(%, ¥, z) (eq. 1-3). Once these distances are known (Rx, Ry, Rz) a
resultant direction can be calculated (eq.4-5). Using trigonometric
relationships, R 1 is the magnitude of a resultant vector with respect
to the Y-Z plane and R 2 is the magnitude of the resultant vector
with respect to the XZ plane. Sagittal angle B is defined as the inverse
cosine of the cos(B), where cos(B) = Ry/R 1 (eq.6-8). Angle A is
defined as the inverse cosine of cos(A), where cos(A) is the absolute
value of Rx/R 2 (eq. 7-9).

The mathematical fundamentals of the program to calculate an-
gles A and B are:

Rx =X, - X, ()
Ry=Y, -Y, 2
Rz=2Z, -2, 3)

R, = yRy> + RZ ()

= ‘\/(YI =P +(Z, - Zy

R, = yRx’ + RZ Q)

=X, - X+ @~ Y

R
COSB = ¥
R, 6
(yi = ¥2)
[Ry? + RZ?
R
COSA = —
R, @
=(X1-X2)
[Ry? + RZ?
B = arcos B (3)
_ y
= arcos—>
1
A = arcos A ()
Rx
= acros —

2

Accuracy Testing

Phantom measurements of accuracy and neproduubility were
verified by a series of tests: 1 mm titanium targets were placed on
an adult human skull fixed to the frame in different positions. Tra-
jectories were defined by selecting a second point in the stereotactic
space. Coordinates of seond point were in the stereotactic space.
Angular accuracy was estimated at +/— Sdegrees when second
coordinates were taken from scoutviews, + /— degrees if coordinates
were taken from another scanned axial view.

Discussion

The present study describes the development of a
methology and computer program to transpose image-
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defined trajectories into angular settings to be used with
arc-quadrant stereotactic systems' ~*. Frames need to
be adapted isocentrically to the CT gantry and parallel
to the plane of scanning. A trajectory will be defined
by two points coordinates, which can be interactively
selected and measured from axial, reformatted or scout-
view images. Computer program translate the image
generated coordinates into angular coordinates for arc-
quadrant centred stereotactic devices. Main advantages
of the multiplanar methodology is that scanning can
be focused in the region of interest, allowing the per-
formance of high resolution CT in similar time to a
conventional head CT scan. At the same time, it allows
direct measurement of x, y, z coordinates from any
point defined on any axial, reformatted or scoutviews
images from CT and on any direct multiplanar MRI
image. Target and trajectory selection can be interac-
tively selected, measured and optimized. Display of
trajectories on orthogonal antero-posterior and lateral
scoutviews constitute another advantage, allowing the
intraoperative assessment of trajectories by correlation
with intraoperative orthogonal X-rays, ventriculogra-
phy and angiography. The use of the computer pro-

gram allows the accurate and reliable transposition of
2D image-defined trajectories into arc-quadrant
centred stereotactic devices. The use of this results in
optimization of multiplanar volumetric-oriented ster-
eotaxis, i.e. interstitial radiotherapy, laser resection,
stereotactic guided resection, etc. and in decrease of
complications allowing the selection of safest trajectory
to any intracranial lesion.
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The Stereotactic Operating Microscope:

Accuracy Refinement and Clinical Experience®

D. W. Roberts, J. W. Strohbehn, E. M. Friets, J. Kettenberger, and A. Hartov

Dartmouth-Hitchcock Medical Center and Thayer School of Engineering, Dartmouth College, Hanover, NH, U.S.A.

Summary

Accuracy of a stereotactic operating microscope, by which im-
aging data may be superimposed on the operative field without a
stereotactic frame, has been most limited by the resolution of imaging
information. Using newer algorithms and pilot pole calibration of
the digitizer, an error in registration of 2 mm and in contour display
of 3mm has been demonstrated. Greatest utility of the system clin-
ically has been in providing navigational guidance to small lesions
undergoing resection.

Keywords: Stereotaxy; operating microscope; CT scanning: MRI;
computer.

A computer-based system in which three-dimen-
sional imaging information (CT and MRI) is spatially
registered with the operating microscope has been de-
veloped, and descriptions of early system design and
a prototype have been previously reported’ 2. This sys-
tem integrates radiologic information — such as the lo-
cation or boundary of a tumour — with the optics of
the operating microscope such that the surgeon sees
that information superimposed on the surgical field in
correct position, orientation, and scale. Using non-im-
aging ultrasonic range-finders, the system requires nei-
ther stereotactic frame nor mechanical linkage between
surgical field and operating microscope. Further work
has been directed towards improvement in accuracy,
and subsequent modifications, phantom testing, and
clinical experience are presented.

Accuracy Improvement
Error analysis of the system has enabled apprecia-
tion of those steps in its operation at which greatest

* Supported in part by: The Whitaker Foundation, Camp Hill,
PA, and DHHS/NIH grant GM 37308.

error is introduced or magnified. The single greatest
source of error was found in the resolution of the CT
imaging data, which in turn was most limited by the
thickness of individual slices. The system (as with any
stereotactic system) cannot be more accurate than the

Fig. 1. Pilot pole with spark gap (black arrow) and microphone (white
arrow) separated by a known distance
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Fig.2. Intraoperative photo-
graph of the contour (white ar-
rows) of a subcortical mass le-
sion projected onto the overly-
ing cortical surface, as seen
through the operating micro-
scope

Fig. 3. Intraoperative photograph of the con-
tour (white arrows) of a tumour in the focal
plane of the operating microscope

imaging information with which is works. This has
encouraged the use of imaging with minimal slice thick-
ness.

A second major source of error was demonstrated
to arise from the slant-range measurements of the ul-
trasonic digitizer. These distances are calculated from
the temperature-dependent time of flight of an acoustic

113

impulse from a spark gap (held at a CT-imaged reg-
istration point or attached to the microscope) to an
overhead microphone. The commerically-configured
digitizer measured temperature at one microphone for
this calculation, and this accounted poorly for the tem-
perature gradients which characterized the operating
room environment. To improve upon this, a vertically-
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oriented pilot pole of known length was introduced
(see Fig.1). Each time the digitizer now calculates a
slant-range, the time of flight between a spark gap and
a microphone on the pilot pole is first measured, and
that sound velocity is then entered into the subsequent
calculations.

In addition to recognizing these errors in the infor-
mation with which the system must operate, error anal-
ysis identified a major source of error magnification in
the algorithm for calculation of the focal point. The
original system used an operating room coordinate
space based upon oblique spark gap coordinates (e.g.,
the position of each registration point was determined
in relation to the microscope’s spark gaps). Converting
to an operating room coordinate space that is based
upon the microphones (whose separation is approxi-
mately three times that of the spark gaps) decreased
the average error by 34% and the maximum error by
41%.

Phantom Testing

System accuracy has been assessed using two phan-
toms. The first phantom is a plexiglass block upon
which multiple points have been inscribed using a mill-
ing machine accurate to 0.025mm. Using that infor-
mation rather than imaging data to locate three reg-
istration fiducials (and thereby eliminating the contri-
bution of imaging to error), the system’s ability to
locate a fourth unknown point has had an average error
of 1.2 £ 0.4 mm. Projection of a simulated contour has
shown an average error of 3.0 + 0.6 mm.

The second phantom is a plexiglass staircase that

D. W. Roberts et al.: Stereotactic Operating Microscope

has been CT scanned with 1.5 mm slice thickness. Sim-
ulating the entire operation of the system as it would
be employed clinically, testing has shown an average
error of 2.0 £ 0.5 mm in its ability to locate an imaged
point. Projection of a contour has had an error of
1.7 £ 1.0 mm.

Clinical Experience

The stereotactic operating microscope has been in-
creasingly unobstrusive and reliable during clinical em-
ployment. Mean accuracy in the less controlled envi-
ronment of the operating room has been within 2—
3mm, and although slightly less than that of phantom
testing, this has still enabled the system to be of prac-
tical utility in guidance to small lesions. Contours of
a subcortical mass projected up onto the cortical sur-
face and of a partially resected tumour in the focal
plane of the microscope are illustrated in Figs.2 and
3 respectively.
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he human personality is inextricably
bound up with the function of the cen-
tral nervous system. Diseases and malfunc-
tions of the brain, head injuries and neuro-
surgical operations can all result in perma-
nently altered behaviour patterns. This
interrelation between brain and behaviour
is most clearly demonstrated in cases
involving functional neurosurgery and
severe traumatic lesions.
Despite the fact that this interrelation
represents an everyday challenge to the
neurosurgeon, it is a question which re-
ceives less attention than it deserves in
neurosurgical meetings.
At the Third Convention of the Academia
Eurasiana Neurochirurgica the following
topics were discussed:
- Meaning of human personality
- Methodology of personality evaluation
- Changes of personality as consequence
of severe brain injuries
- Epilepsy and personality
- Aphasia and personality
- Psychosurgery and personality
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he papers presented in this supple-

ment volume of Acta Neurochirurgica
cover a broad spectrum from basic data on
the pathophysiology of Subarachnoid
Haemorrhage (SAH) and delayed ischae-
mic dysfunction to the clinical use of
Nimodipine which has been largely docu-
mented among calcium inhibitors for its
cerebro-vascular properties.
The first two presentations deal with the
pathophysiological events following SAH
and discuss a variety of mechanisms which
may be responsible for the neurological
dysfunction.
The second part discusses the cerebro-
vascular and direct cerebral effects of
Nimodipine and its evaluation by trans-
cranial Doppler sonography and the inter-
actions of this drug with general anaesthe-
sia. Therapeutic aspects constitute the
third part of this volume. On the basis of
present knowledge and experience it seems
that early surgery combined with prophy-
lactic treatment represents the best
option for  patients  after
aneurysmal rupture.
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