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Preface 

This volume contains the papers presented at the 26th Annual Meeting of the 
Deutsche Gesellschaft fUr Neurochirurgie, held in Heidelberg, Western Germany, 
on May 1-3,1975. 

Since at recent meetings of the German Neurosurgical Society central pathophysiological 
problems such as "central dysregulation" and "brain edema" had been discussed 
extensively, it seemed appropriate to choose another major area of cerebral patho
physiology for the meeting in Heidelberg. CEREBRAL HYPOXIA is, as LANGFITT 
once emphasized, "the final common denominator" of various cerebral lesions with 
which the neurosurgeon is confronted every day. Raised intracranial pressure, 
respiratory disorders and disturbances in systemic arterial blood pressure, etc. may lead, 
if not treated, to a focal or global lack of oxygen in the brain tissue. Anoxia finally results 
in cell death and thus in irreversible cerebral damage or even death. Main interest has 
therefore been focussed on disturbances in cerebral perfusion pressure ("ischemic 
hypoxia") and in arterial oxygenation ("hypoxic hypoxia"). The importance of cerebral 
autoregulatory mechanisms protecting the brain against tissue hypoxia, of patho
morphological alterations of the cerebral vessels (e.g. the "no-reflow-phenomenon") 
in the course of severe hypoxia, and of changes in brain metabolism have been discussed 
on a large scale. The organizing committee was particularly happy to have obtained 
internationally well-known scientists who presented their work in the field of cerebral 
hypoxia. We feel that the papers published on this important topic will have some 
influence on our daily pathophysiological considerations in the clinic, the operating 
theatre, and the intensive care unit as well. 
The second main topic of the meeting was the NEUROSURGICAL TREATMENT OF 
PAIN. The efforts to eliminate pain by operating on the nervous system are as old as 
modern neurosurgery. The first successful extirpation of the Gasserian ganglion 
(KRAUSE 1896), the first dorsal rhizotomy to eliminate gastric crises and other in
tolerable states of pain (FOERSTER 1909), and the first cordotomy of the spinothalamic 
tract (SPILLER and MARTIN 1912, FOERSTER 1912) were important steps. The treatment 
of trigeminal neuralgia by alcohol injection (HARTL 1912) and the improvement of this 
method by means of partial electrocoagulation of the Gasserian ganglion by the Heidel
berg surgeon KIRSCHNER (1933) are further milestones. Important methods, which have 
been significant for a further development, are stereotactic operations in the region of the 
basal ganglia, chemical rhizotomy with phenol, percutaneous cordotomy and the 
recent attempt to dispense with the destruction of painconducting tracts and, instead, 
to influence only pathological states of irritation. Methods for a successful neural 
blockade have been known for a long time. New, however, is the application of electric 
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stimulation. We were very glad to see so many experts from all over the world and 
to enjoy their collaboration as speakers and discussants in this very important field of 
modern neurosurgery. 
The last chapter contains miscellaneous contributions on various topics such as 
traumatic lesions of the spinal cord and the modern aspects of computer tomography 
in neurosurgery. 
Finally, we want to express our thanks to all contributors who enabled us to publish 
this volume so quickly. We are also greatly indebted to the Springer Verlag for 
technical aid in the preparation of this third volume of the Advances of Neurosurgery 
and to Sharp & Dohme GmbH, Munich, for their generous finan~ial support. 

Heidelberg, June 1975 HELMUT PENZHOLZ 
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Neuropathology of Cerebral Hypoxia 
J. CERvos-NAVARRO and F. MATAKAS 

The clinical result of cerebral hypoxia is caused by a complex inter
action of different lesions which we shall try to describe separately. 
The variety of effects cerebral hypoxia may produce is due to the fact 
that it provokes specific reactions in all different cell types of 
the brain (Table). 

Astrocytes react most easily on an oxygen deficit by swelling (Fig.1). 
This swelling first develops in the perivascular astrocytic processes, 
but soon spreads on to the periphery. The reports (13) that severe 
swelling of perivascular astrocytic processes may compress capil
laries and, thus, lead to a collapse of the capillary lumen, could 
not be verified by own observations. This hypothesis can be rejected 
also from a mere theoretical point of view. The pressure within capil
laries is always greater than that of the surrounding tissue, except 
for the extreme situation in which intracranial pressure equals mean 
arterial blood pressure (10). Swelling of astrocytes does not neces
sarily lead to brain edema. After moderate hypoxia swelling of astro
cytes is associated with shrinkage of nerve cells. We, thus, have a 
shift of fluid from neurons to astrocytes which does not increase 
brain volumen. In severe cases, however, swelling of astrocytes may 
result in brain edema. 

In the border zone of necrotic lesions astrocytes multiply and mi
grate. We, therefore, find astrocytes in areas where they originally 
have been destroyed. The fact that we sometimes find areas, where 
solely nerve cells have been destroyed, does not mean that nerve 
cells have a greater vulnerability. They may also be the result of a 
total necrosis which has been repaired by a replacement of glial cells. 

The reaction of oligodendrocytes has not been examined as detailed 
as that of the macroglia. There are certain indications that their 
resistance towards hypoxia is rather great. In severe cases they may 
participate in swelling. 

The first morphological effects of hypoxia in nerve cells are swel
ling and destruction of mitochondria and shrinkage of the nucleus_ 
The nerve cells, as a whole, do not swell, but tend to reduce their 
volume. An exact catalogue of lesions which hypoxia may produce in 
nerve cells is important since we still lack exact knowledge about 
those criteria which indicate the irreversible death of a nerve cell. 
There is experimental evidence that the resistance of the nerve cell 
to an oxygen deficit is rather great (5). The changes of nerve cells 
which we find some hours after cerebral hypoxia may, thus, still be 
reversible. This is important with respect to the therapy of ischemic 
insults which, in most cases, can be started only hours after the 
onset of the ischemic attack. The necrosis within the center of an 
infarct is possibly not influenced by any form of therapy. However, 



Table. Effect of hypoxia, anoxia and ischemia on different cell 
types of the brain 

brain parenchyma vessel wall 
vascular 
lumen 

neurons astrocytes 01 igodendroc, muscle endothelium blood 

hypoxia functional swelling (swelling) vasoparalysis swelling,blebs 
anoxia disorder damage of BBB 

death death death 

additional 
effect of increased resistance to anoxia? sludging 
ischemia 

early neurological 
brain edema 

brain obstruction no-reflow 
consequences defects swelling brain edema 

late conse- intracranial hypertension 
quences reduction of CBF local ischemia 

hypoxia, anoxia, ischemia 

within the neighbourhood of an infarct nerve cells are subjected to 
hypoxia which leads to cell death only after a prolonged period of 
time. Moreover, in these regions, we find completely undamaged nerve 
cells just beside nerve cells which show severe lesions (Fig. 2). 
There are possibly factors other than mere hypoxia which determine 
the extent of a necrosis and which make nerve cell destruction a pro
cess which is much slower than we thought originally. However, we 
still do not know exactly in what time an oxygen deficit causes ir
reversible changes in nerve cells. 

The effect of hypoxia on the cerebral vascular system has been eval
uated only within the last few years. Hypoxia affects the vascular 
muscle cells, the endothelium and it probably also affects the vas
cular nerve fibre terminals. LANGFITT et al. in 1965 (8) first 
stressed the clinical implications of the fact that cerebral hypoxia 
may lead to vasoparalysis. As a consequence of vasoparalysis extreme 
dilatation of intracranial vessels may increase the brain volume and, 
thus, lead to intracranial hypertension. LANGFITT called this mecha
nism brain swelling. However, he only considered the arterial 
branches of the vascular tree, which he thought to dilate in the ab
sence of autoregulation. In our experiments we could verify that 
venous vessels, too, may contribute to brain swelling. In the case 
of venous hypertension the brain shows enormous and rapid swelling 
which is exclusively due to vessel dilatation (Fig. 3). Brain swel
ling develops within a few minutes after hypoxic damage while brain 
edema wants some hours to develop. Many acute conditions of intra
cranial hypertension are more due to brain swelling than to brain 
edema. 

Another effect which, however, is observed only after ischemia is the 
no-reflow phenomenon. It means that after ischemia large areas of the 
brain are not perfused again. The no-ref low phenomenon was first de
scribed by AMES and coworkers (1968) (1). From experiments of WALTZ, 
SUNDT (1967) (12) and HEKMATPANAH (1973) (4) we know that the no-ref low 
phenomenon is caused by stasis and sludging of erythrocytes during 
ischemia. Aggregations of red blood cells have a greater resistance 
to the driving blood pressure. Because of this mechanism the no-
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ref low phenomenon is enhanced if the postischemic recirculation is 
impaired, for instance by cardiac insufficiency or by intracranial 
hypertension. The no-ref low phenomenon is counteracted by postisch
emic hyperemia. 

Ischemia has also an effect on the vascular endothelium. Some hours 
after the stop of cerebral circulation we find swelling of the endo
thelium and formation of blebs which may obstruct the capillary 
lumen (Fig. 4). Investigations of NELSON and coworkers (1974) (11) 
indicate that the formation of blebs may also occur in large vessels. 
Since they originate from protruding endothelial cytoplasm, they 
always result in a damage of the endothelial lining of the vessel. 
In brain death nearly all small vessels of the brain are obstructed 
by blebs. 

Brain swelling, brain edema, and in the case of ischemia the no
reflow phenomenon are the effects of cerebral hypoxia. If severe, 
they may again cause reduction of cerebral blood flow and, thus, 
lead to a vicious circle (Fig. 5). They are all effects which devel
op rapidly and which need acute therapy. The late consequences of 
oxygen deficit are always cell death. However, the destruction of 
cells may be confined to nerve cells or include all cell elements; it 
may be local or general. Thus, the result of cerebral hypoxia varies 
enormously. 

In the center of a necrotic area we find destruction of all cell 
elements. The marginal zone of a necrosis is built by reactive astro
cytes and microglia. These cells divide and infiltrate the infarct 
in centripetal direction. 

The second type of tissue lesion is that nerve cells undergo destruc
tion while all other cell elements remain intact. In most cases those 
areas where nerve cells have vanished are small, but they may also 
comprise the whole cerebral cortex (Fig. 6). The pathomechanism of 
these conditions seems to be the following: CBF is first disturbed by 
a short lasting cardiac arrest, asphyxia or any similar condition. 
Following moderate brain swelling or brain edema CBF is reduced be
cause intracranial perfusion pressure is lowered. The no-ref low phe
nomenon seems to be involved, too. As a result most of the gray 
substance of the cerebrum is destroyed while the medulla and brain 
stem are more or less intact. The patients show the symptom of an 
apallic syndrome. The investigations of INGVAR et al. (1972) (6) and 
HEISS et al. (1972) (3) have revealed that CBF in the apallic syndrome 
is reduced significantly and does not reach a normal level even after 
a prolonged period of time. This result is in accordance with our 
observation that many of the blood vessels in the cortical areas are 
obstructed. However, the same hypoxia in the child causes different 
lesions. Cortical destruction as described above are not found in 
children. Instead, we find small circumscribed necrotic areas in the 
brain stem. This last example demonstrates that we still lack impor
tant details which would explain the exact pathomechanism of a lesion 
as simple as a hypoxic necrosis. 

Summary 

Severe hypoxia, anoxia or ischemia affects all cell elements of the 
brain. The nerve cells may undergo destruction. The glial cells, pre
dominantly astrocytes, usually swell and contribute to brain edema. 
The vascular muscle cells may become paralytic so that extreme vessel 
dilatation may produce brain swelling. If the oxygen deficit is 
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caused by ischemia the endothelium of capillaries may swell and ob
struct the lumen. Ischemia produces sludging of erythrocytes which 
may impair or even stop the circulation in wide areas of the brain 
in the postischemic period. The different reactions of different cell 
elements of the brain determine the development of the patient after 
the primary anoxic or ischemic injury. Swelling of glial cells and 
water efflux out of capillaries produces brain edema which may be 
the cause of intracranial hypertension. Vasoparalysis may lead to 
brain swelling which has the same effect as brain edema. All these 
consequences usually occur in combination. The final outcome after 
an hypoxic or ischemic injury depends on the degree to which all 
these primary lesions develop. There is a wide variety of morpholog
ical changes of the brain. The circumscribed loss of nerve cells 
will be the result if the hypoxic period is not too long and the 
postischemic circulation optimal. Local necroses may be caused by 
local factors, e.g. vessel stenosis or arteriosclerosis, or by the 
no-ref low phenomenon. Moderate brain edema may result in an apallic 
syndrome while severe brain edema usually results in brain death. 
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Fig. 1. Cat. Swelling of astrocytes after ischemia of 20 mins 
(X 5.500) 
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Fig. 2. Rat. Spinal cord after 20 mins ischemia and 7 days survival. 
Completely looseness of the neuroglia. Nerve cells and axons are con
cerned and show only slight changes. Two microglia cells in the 
neuropil (X 5.500) 

6 



Fig. 3. Cat left: Normal surface of the brain. Right: Brain swelling 
during venous hypertension (central venous pressure 30 mm Hg) 
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Fig. 4. Cat. One hour after cerebral ischemia for 20 mins. Endothe
lial bleb of capillary (X 15.000) 
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Fig. 6. Destruction of cerebral cortex. Man. Cardiac arrest. Resus
citation after about 5 mins. Survival 22 days 
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Effects of Different Hemodynamic Conditions on Brain Capillaries: 
Alveolar Hypoxia, Hypovolemic Hypotension, and Ouabain Edema 
TH. BAR and J. R WOLFF 

Introduction 

An increase of capillary length has been described in studies on the 
influence of alveolar hypoxia (15, 8, 6) as well as of hypovolemic 
hypotension (12), although the capillaries become dilated under hy
poxic and constricted under hypovolemic conditions. 

These results suggest independent mechanisms for the elongation of 
the capillary system and for changes in the size distribution of 
vessel diameters. In the present study, the intracortical microvas
cular system has been evaluated quantitatively under various hemody
namic conditions. 

AZveoZar hypoxia induces a dilation of the precapillary arterial 
vessels (1) and consequently an increase of intracapillary pressure. 
In contrast, the capillary blood pressure is reduced by a hypovoZemia 
decrease in the mean arterial pressure to about 40% of the normal 
value (12). In a third set of experiments, ouabain was locally ap
plied to certain cortical regions causing a tissue swelling without 
a significant change in the arterial blood pressure (22), i.e. the 
balance between intra- and extracapillary pressure was disturbed by 
changing the tissue pressure. 

Material and Methods 

Hypoxia: Three groups of Sprague Dawley Albino rats (A, Band C, 
aged 14, 30, and 80 days, respectively) were subjected to a normo
baric low oxygen atmosphere (10% 02; 90% N2; 0,05% C02; 40 - 60% 
relative humidity) for 40 days. Standard food and tap water were 
given ad libitum. The visual cortices of 11 chronic hypoxic and 9 
control rats were examined. 

HypovoZemia hypotension: 8 male cats were randomly selected and dis
tributed in two groups of 4 cats. Hypovolemic hypotension was ob
tained in 4 animals by withdrawing a sufficient volume of arterial 
blood from the right arteria femoralis (12), to reduce systemic 
arterial blood pressure from 120 rnrnHg to 44-50 rnrnHg. The hypotension 
was maintained for 90 min. The arterial blood pressure of control 
animals was kept constant at 120 rnrnHg. The following brain regions 
were investigated: Area striata, frontal (A 19.5) and occipital 
(A 3.0) parts of the gyrus suprasylvianus anterior (20). 

Ouabain: 300 mcg of the drug in a volume of 1,0 ml saline were in
fused over 3-6 min into a parietal branch of the middle cerebral 
artery of 3 anesthetized beagle dogs. The survival time was 20 - 40 
minutes. The systemic arterial blood pressure was continuously re-
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corded and did not show significant variations in the experiments 
under consideration. The affected areas were identified by an injec
tion of 2% Evans blue which stains the brain tissue where the blood 
brain barrier has broken down. Control dogs received an infusion of 
0,9% NaCl solution under the same conditions. 

Preparations: After pentobarbital anesthesia all animals were killed 
by cardiac perfusion with either 2,5% glutaraldehyde in phosphate 
buffer (SOERENSEN) - ouabain experiments - or with a mixture of 3% 
glutaraldehyde + 3% p-formaldehyde in cacodylate buffer. Specimens 
were postfixed in buffered 1% Os04 solution, dehydrated, and embed
ded in Epon 812. 

Measurements: In conventionally stained, semithin (1-2 pm) sections 
of cortical tissue the lumina of the perfused vessels were quanti
tatively analysed (internal diameters, number of sections per square 
unit) by automatic TV image analysis (Quantimet 720 'Imanco' Ltd., 
G.B.).1 

The collective vascular length per rom3 brain tissue, as calculated 
by stereological means (SALTIKOV, cited by 21) and the size distri
bution of the vessel diameters were compared in normal and experi
mental animals. 

Results 

After chronic hypoxia we found an increase of the mean diameter of 
the cortical microvessels (Fig. 1a, b). The frequency distribution 
of vascular diameters has shifted to greater values, i.e. a dilation 
of all vessels has taken place (Fig. 2a). The mean internal diameter 
of the capillaries (this fraction includes more than 90% of all 
vascular profiles) has increased from 5,31 to 6,62 pm in adult rats. 
In young animals (group A: 14 days after birth + 40 days hypoxia), 
the volume of the visual cortex was smaller after hypoxia indicating 
a retardation of growth. The vascular length per unit of brain vol
ume had increased (Table 1). 

In group B (30 + 40 days) the capillary length was increased, while 
the cortical growth seems to be not impaired (Table 1). In adult 
animals we neither found significant changes in the capillary length 
nor a reduction in cortical tissue volume after chronic (10% 02) 
hypoxia (Table 1). If the 02 concentration in the inspired air was 
further reduced to 7 - 8% (it occurred accidentally in one case), 
multiple small tissue lesions became visible (Fig. 1c). This can be 
taken as a first sign of brain atrophy under the hypoxic stress. 
Thus, the effect of hypoxia on the cortical tissue and the vascular 
system not only depends on the degree of 02 deprivation, but also on 
the developmental stage of the tissue. 

Hypotension: After hypovolemic hypotension no histological lesions 
were detected in the visual cortex of the cats. The frequency distri
bution of vascular diameters demonstrates that the terminal vascular 
bed is evenly constricted in the area striata (Fig. 2b). Electron 
microscopical observations show that the vessel wall was locally 
folded, and the mean thickness of the capillary wall was increased 

1The authors like to thank the Deutsche Forschungsgemeinschaft, 
SFB 33, Proj. C.3 for financial support. 
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(Fig. 3a). The vascular alterations vary between different cortical 
laminae and areae. In the samples studied the hypovolemic effects 
were minimal in Lamina 1 in comparison to the deeper layers. 

Irrespective of regional variations, the total vascular length per 
unit of cortical tissue remained nearly constant after hypovolemic 
hypotension, although the length of vessels with diameters smaller 
than 8 wm varied, i.e. the fraction of vessels classified as 'capil
laries' increased or decreased with changes in the diameter of pre
and post-capillary vessels (Fig. 2b). 

Ouabain: The drug causes the well-known swelling of astrocytes and 
certain presynaptic elements in the cortical grey matter (for ref. 
see 22). The size distribution of microvessels shows a character
istic pattern in edematous regions (Fig. 2c): Constricted capil
laries (internal diameter ~8 wm) are accompanied by dilated terminal 
vessels. In spite of the decrease of capillary diameters, these di
lated large vessels, however, cause the total vascular cross sec
tional area (En • d2 • ~/4; d = mean diameter; n = number of vessel 
profiles) to increase by about 10%. The narrowing of the capillary 
lumen is interpreted as a result of compression, because endothelial 
swelling has never been observed, and the surfaces of the vessel wall 
were sometimes folded (Fig. 3b). 

Discussion 

Depending upon the duration and magnitude of alveolar O2 deprivation, 
the resulting hypoxia causes variable changes in blood volume, hema
tocrit, and Hb concentration of erythrocytes (14, 1, 13). On the 
other hand, chronic hypoxia has been demonstrated to dilate pre- and 
postcapillary vessels more than capillaries (1). The latter change 
is responsible for the drop of precapillary resistance. Consequently, 
the dilation of capillaries under hypoxic conditions (15, 3) seems 
to result from an elevated intracapillary pressure. 

To check whether a relationship between the intracapillary pressure 
and the capillary diameter can also be demonstrated under conditions 
of low blood pressure, hypovolemic hypotension was produced in cats. 
It is well known that the cerebral circulation is decreased after a 
critical arterial hypotension is reached (19). In the cat the corti
cal blood flow is significantly reduced at 50 mm Hg mean arterial 
blood pressure (10). Therefore, the reduction in the mean diameter of 
intracortical microvessels demonstrated by HUNZIKER et al. (12) and 
in the present paper seems to be one of the factors which correspond 
to the reduced CBF in vivo. The fact that most brain capillaries are 
not surrounded by perivascular extracellular spaces suggests that 
increase in pressure and volume of brain tissue should be able to 
compress brain capillaries without preceding changes in the intra
vasal pressure. 

Changes in the capillary length per unit of brain volume can occur 
under different conditions (chronic hypoxia: 8, 6, 3; hypovolemia: 
12; exercise training: 17; ontogenesis: 7, 5, 9, 2). 

During ontogenetic development capillary growth is produced by endo
thelial mitosis, telescope-like separation of post-mitotic cells 
along the vessel axis and elongation of endothelial cells (4). Hy
poxia can obviously increase the endothelial proliferation rate, when 
applied during the early postnatal period, when the rapid vascular 
proliferation normally takes place. If hypoxia is applied to adults, 
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there is no evidence for additional endothelial proliferation (3). 
In animals receiving alveolar hypoxia between days 30 - 70 postna
tally, a real increase of capillary length takes place which is main
ly due to elongation and flattening of the existing endothelial and 
pericytal cells. 

In adult animals a low oxygen atmosphere does not induce significant 
changes in the vascular length per unit of brain volume. If the 
lowered partial pressure of oxygen in the inspired air, however, 
causes brain lesions resulting in an atrophic reduction of tissue 
volume, a relative increase of capillary length per unit of volume 
can be shown. This is likely to be one of the factors in earlier 
studies demonstrating an increased capillary length under the above 
mentioned circumstances (8, 6). An elongation of the vascular system 
is also simulated by a retarded cortical growth, when hypoxia is 
applied during the early postnatal period. 

Special attention must be paid to the definition of capillaries in 
relation to the other terminal vessels in brain tissue. If capil
laries are defined as terminal vessels with a diameter less than 8 ~ 
(16, 11, 18), the capillary length may vary with the change of the 
vessel diameters. 

Thus, dilation of terminal vessels seems to reduce the 'capillary' 
fraction of the vascular bed, while constriction may cause an ap
parent elongation of capillaries. 

It is concluded that the dynamic changes in the capillary system of 
the adult brain seem to be restricted mainly to variations of the 
vessel diameter. Dilation and constriction are accompanied by chan
ges of the shape of endothelial cells. As far as we know, a real in
crease in the vascular length has not been proved in the adult brain. 

Summary 

Morphometric parameters of intracortical microvessels have been eval
uated by quantitative image analysis after perfusion fixation of the 
brain in stained semithin sections. 

Alveolar hypoxia (10% 02, 90% N2, lasting for 40 days) dilates all 
vessels. The influence of 02 deprivation on the vascular length 
depends upon its magnitude and upon the time of onset during post
natal development. In adults, vascular length was not changed, as 
long as changes of cortical volume were absent. After hypovolemic 
hypotension, the terminal vessels are constricted in certain corti
cal regions, whereas the total vascular length remains nearly con
stant. 

Brain swelling induced by application of ouabain causes simultane
ously constriction of capillaries and dilation of certain other ter
minal (shunt-)vessels. 

Average capillary diameter thus seems to depend upon the equilibrium 
between tissue- and intravascular pressure. 
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Fig. 1. Equivalent regions of the visual cortex of a control rat (a) 
and of a chronic hypoxic rat (b) of the same age. After hypoxia the 
dilation of the perfused microvessels (white lumen) is clearly vi
sible. Endothelial cell nuclei (arrows). (Stained semi thin Epon sec
tions; magn. 400:1). c) If the 02 concentration falls below 10 Vol %, 
small fields of degenerating neuronal processes occur in perivascu
lar positions (large arrows). Myelinated axons (small arrows) (Magn. 
640:1) 
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Fig. 2. The effects of different hemodynamic conditions on the size 
distribution of internal diameters of cortical microvessels. a) After 
chronic hypoxia there is a general shift to greater diameters com
pared with the control (adult rats). b) Hypovolemic hypotension 
causes the opposite effect in adult cats: the size distribution shows 
a uniform trend to smaller diameters. c) Histograms for normal and 
ouabain treated dogs do not show a uniform trend. An increase of 
very small (constricted) capillaries is accompanied by a decrease of 
larger ones (5 - 8 ~). However, about 7% of the capillaries are di
lated after ouabain treatment and show diameters of more than 8 ~ 
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a) 

b) 

Fig. 3. a) Hypovolemic hypotension: Electron micrograph of a cross 
section of an intracortical microvessel showing folds (arrows) of 
pericytal (P) and perivascular astroglial (A) processes. Astroglia 
are not swollen. 15000:1. b) Infusion of ouabain into a parietal 
branch of the middle cerebral artery: in the affected areas astro
glial (A) and neuronal elements (N) are swollen and the capillary 
profiles are compressed. Note the folded endothelial surface and the 
absence of endothelial swelling (20000:1) 
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Pathophysiological Aspects of Cerebral Hypoxia 
E. BETZ 

There exists a great variety of the causes of tissue hypoxia. An at
tempt has therefore been made to work out principles of classifica
tions of the various forms of hypoxia (9, 19, 28, 12). 

Table 1 A-D represents a classification of hypoxic causes with clin
ically important examples. For neurosurgery mainly the forms of 
hypoxia listed under A - C are significant. The type of hypoxia lis
ted under C can be widely reduced during neurosurgical treatment by 
a careful monitoring of the various parameters for the control of 
oxygen supply of the patient. 

If the oxygen pressure in the brain decreases, various regulatory 
mechanisms come into play which all show a tendency to compensate for 
the low oxygen supply of the tissue: 

1. Cerebral blood flow increases. 

2. The arterial systemic blood pressure and the cardiac output 
increase. 

3. If the P02 is low in the peripheral chemoreceptors of the carotid 
artery and of the aorta, ventilation is enhanced. 

With these changes hypoxic cerebral tissue disturbances are preven
ted if the hypoxia is only of a moderate degree. During long exten
ded exposure of animals or men to low oxygen concentrations of 10% 
or 8% in the air the initially increased CBF returns gradually 
towards normal values despite continuing exposure to the low oxygen. 
This gradual decrease is a sign of adaptation to hypoxic conditions. 
Fig. 1 shows the course of CBF adaptation in cats during chronic 
hypoxia produced by a decrease of 02 in the ambient air to a concen
tration of 10% (in 10 cats) resp. 8% (in 10 cats) during daily re
peated hypoxic periods. The animals were exposed to low oxygen con
centrations every day for 4 - 6 h during 14 days. During the first 
period of hypoxia CBF remained high throughout the whole time (Fig. 
2). It has been found that after 10 days of daily repeated hypoxic 
periods CBF does remain nearly normal even in the beginning of the 
inhalation of the low oxygen (4). 

It has been found by many investigators that the adaptation to hy
poxia is a complex process in which - besides the increase in venti
lation (20, 22) with a change of the 02 tension (15, 8), a decrease 
of the alkali-reserves (20, 31) with a fall in the total C02 in the 
blood (20), a shift in the oxygen dissociation curve (11) and an 
increase in Hb and the number of the erythrocytes (20, 30, 17, 1, 16, 
21) - enzymatic processes (3) cause more favourable conditions for a 
better oxygen supply of the brain (see also 6, 7, 2). These adaptive 
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mechanisms are more economic than the above mentioned rapid respon
ses of CBF, ventilation and systemic circulation. They replace in 
the course of the adaptation so much of the nutrition-functions of 
CBF that an increase of CBF becomes useless. 

The example was chosen in order to demonstrate that compensatory re
actions can be so effective during a chronic state of hypoxia that 
existing deficits of oxygen in the inspired air are sometimes ob
scured. 

For the pathophysiology of cerebral energetics the consequences of 
hypoxia become important if the compensatory mechanisms are insuffi
cient for a normal oxygen supply of the brain. If, as a consequence 
of hypoxia, disturbances of cerebral functions appear, these can 
reach various degrees. 

Disturbances of association or coordination pass over rapidly into a 
paralysis if the hypoxia is augmented. The paralysis can be brought 
back to a normal state if the brain receives sufficient oxygen with
in a few minutes after the beginning of the paralysis. However, if 
the anoxia continues for more than 10 min, the brain functions are 
damaged irreparably if no artificial aid is used for brain perfusion 
and oxygenation. Meanwhile the nomenclature introduced by SUGAR and 
GERARD (29) and GERARD (10) characterizing the various states of an
oxic brain disturbances have become widely accepted definitions. The 
sequence of events during aggravating cerebral hypoxidosis are: 
Disturbance - paralysis - irreparable damage - necrosis of 
the cells. The latter is the sign of cellular death. The following 
terms belong also to this nomenclature: The "survival time" which is 
defined as the period of time from the beginning of the anoxia until 
the investigated function reappears. The "recovery latency" which is 
defined as the period of time from the end of the stop of a complete 
anoxia to the onset of a function, and the "recovery time" which is 
the period of time beginning at the end of the anoxia and lasting 
until the tested function is completely re-established. 

Starting from this rough outline the following problems will be 
discussed: 

1. Which functional parameters characterize best the hypoxic condi
tions of the brain tissue? 

2. How do such parameters change in the course of hypoxia or isch
emia of the tissue? 

In a film (blood flow measurements in the hypothalamus of a conscious 
cat) it is demonstrated how spontaneous behaviour and hypothalamic 
blood flow of the animal change if the 02 concentration in the ambi
ent air is decreased by a rate of l%/min. At about 17 - 16% 02' blood 
flow starts to increase and it reaches its maximum at about 8% 02 in 
the inspired air. At about 7% disturbances of the behaviour can be 
seen: The movements of the animal become atactic, the cat pants, it 
salivates, the pupils dilate. Further decrease of the ambient 02 
leads to a collapse of the animal combined with a decrease in sys
temic arterial blood pressure and CBF. If at this state sufficient 
oxygen is delivered, blood pressure increases, a posthypoxic hyper
emia with a strong increase of CBF is seen and the animal recovers. 
Finally CBF returns to its initial value. 

If in such experiments the local oxygen pressure field (18, 5) is 
measured in the cerebral cortex with oxygen-sensitive platinum micro-
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electrodes one finds soon after the onset of the hypoxia a decrease 
of the oxygen pressure reaching the zero-value at many spots of the 
tissue despite the fact, that the P02 in the arterial blood is still 
considerably higher than zero. The tissue consumes the oxygen which 
is transported into the tissue via the arterial blood, so that the 
resulting 02 pressure gradient between blood and tissue is explained. 
It therefore is not possible to deduce directly from the arterial P02 
nor from local tissue P02 values on the degree of tissue hypoxia, for 
one has to consider the demand for oxygen of the tissue. The latter 
differs considerably in anesthetized and non-anesthetized animals. 

Which other functional parameter could be used in order to charac
terize the degree of brain hypoxia? In experiments of SCHMAHL et al. 
(25, 27) simultaneous measurements of the local cortical oxygen 
pressure field, the EEG, the cortical energy-rich substrates and the 
lactate and pyruvate of the tissue were carried out in anesthetized 
cats when the oxygen content in the inspired air was decreased to 
5%. The EEG showed considerable disturbances despite unchanged ATP 
and Cr~P of the cortical tissue. As a symptom of anaerobic glycolysis 
of the tissue the lactate-concentration increases. If the hypoxia is 
intensified, Cr~P starts to decrease. When its cortical tissue level 
reaches about 1.5 ~ol/g tissue (fresh weight) the EEG becomes iso
electric. However one may not draw the conclusion that a decrease of 
the energy-rich substrates would be the only condition for obtaining 
an isoelectric EEG. Isoelectricity can also be elicited by very high 
C02 concentration in the tissue without hypoxia. In this case lactate 
is lowered instead of increased. As a rule one finds during severe 
respiratory acidosis a reduction of Cr~P. However, there are excep
tions with nearly normal tissue Cr~P and these exceptions are suffi
cient for the hypothesis that a certain level of Cr~P is a necessary 
but not a sufficient condition for the explanation of the functional 
disturbance. ATP is in these cases normal or even higher than nor
mal (23). 

In the analytical experiments in animals it is necessary to use as a 
functional cerebral control electrical parameters and it seemed 
useful to us to take the EEG for this purpose. 

All results mentioned have been obtained under the conditions of 
unrestricted affluent and effluent blood. In ischemic areas the tis
sue energetics show very similar reactions (26). The time course of 
the decrease of the energy rich phosphates and the speed of the in
crease in tissue lactate during a sudden and complete stop of blood 
flow in cortical tissue is demonstrated in Fig. 3. HOSSMANN and 
KLEIHUES (14) reported recently on experiments in which in cats af
fluent vessels to the brain were ligated at their origin directly 
at the aorta. The ligatures were combined with an artificial decrease 
of arterial blood pressure below 80 mm Hg in order to prevent small 
cerebral inflow through spinal arteries. In these experiments flow 
stops in the pial vessels and the blood stream in the pial arteries 
is seen to be interrupted. 

After re-opening of the ligatures and increasing the blood pressure 
by means of sympathicomimetic drugs a reappearance of an EEG could 
be seen after some hours in numerous cases. In our laboratory we did 
some similar investigations (13). K+ and H+ in the subarachnoideal 
space, the arterial blood pressure, the brain volume and the endex
piratory C02 were recorded. Fig. 4 shows a single experiment of a 
ligature which lasted 1/2 h. The EEG disappeared shortly after the 
ligature. It appeared again, however, about 2 h after re-opening of 
the ligatures. 
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Compared with the initial state the mean frequency of the EEG was 
slower than normal. In a relatively large number of experiments the 
EEG did not reappear, despite a normalization of K+ and H+. 

The wide variability of the results made it possible to solve the 
problem of whether the reappearance of the EEG can be traced back to 
one single parameter. If K+ in the extracellular space of the brain 
remained high or if the extracellular pH in the CSF remained very 
low the EEG did not appear. However, it could be seen that in some 
cases the EEG remained disappeared despite a normalization of sub
arachnoideal K+ and H+. As a rule the EEG was not present when the 
brain tissue volume remained high - as a sign of a severe brain 
edema - , but it could happen that there was no EEG when the brain 
volume, the K+ and the H+ were normalized. 

SCHINDLER et al. (24) analysed the cortical energy-rich substrates, 
the Red/Ox-state and some amino acids before, during and 4 h after 
ligature-periods of 1/2 h. The brain tissue was excised by the aid of 
a steel punch (25). The obtained results permitted an arrangement of 
the results in groups. One group of results was characterized by a 
persisting hypoxia with reduction of tissue-ATP and tissue-Cr~P and 
a considerable increase of lactate because of a nonsufficient re
perfusion of the tissue with blood. 

In a second group the energy-rich substrates and the energy charge 
potential normalized again and the EEG reappeared again. Lactate in 
the tissue was increased in these brains. 

Finally, there were cats in which the energy-rich substrates of the 
cerebral tissue normalized after restoring brain circulation, the 
lactate was somewhat higher as in group 2, but the EEG did not reap
pear. 

The different developments of the reactions in the same experimental 
procedure suggest that an EEG can develop only if numerous conditions 
are fulfilled. It is worth considering that in the experiments of 
SCHINDLER et al. (24) in which despite of normalized energy-rich 
substrates no EEG appeared, the tissue-glutamate was below normal. 
From this finding one may conclude, that an additional condition for 
the re-appearance of the EEG is a tissue glutamate concentration 
above a certain threshold. 

Whether these findings will lead to a correction of the conception 
of the gurvival time can not yet be decided. Until now the proof for 
the conception that the reappearance of the EEG can be equated with 
the restoration of normal cerebral functions is not sufficient. Only 
if the animals survive with normal postoperative behaviour after such 
a long term stop of the to~al cerebral circulation, can it be stated 
whether the EEG can be used as a sign of restored complex and inte
grative cerebral functions. 

Summary 

After a classification of causes for cerebral hypoxia the reactions 
of the organisms for maintaining a sufficient cerebral oxygen supply 
are discussed. 

The role of cerebral circulation, oxygen supply, energy rich sub~ 
strates and extracellular ion concentration as parameters for the de
gree of tissue hypoxia are demonstrated in numerous examples. It is 
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shown how these parameters change in the course of adaptation to 
hypoxic conditions and during ischemia of the brain. 
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Fig. 1. Mean values of regional cerebral blood flow in 20 cats dur
ing hypoxia. Measuring site: Thalamus or hypothalamus, blood flow 
was measured by heatclearance probes. The initial values in normal 
atmosphere are indicated as bA = 0 per cent; the mean increase in 
cerebral blood flow during the first exposure to 8 per cent 02 or 
10 per cent 02 as bA = 100 per cent. In the course of adaptation the 
mean values of CBF in the cats which were exposed to 10 per cent 02 
decreased to normal values within 10 days, whereas cerebral blood 
flow in those cats which were exposed to 8 per cent 02 remained 
elevated 
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Fig. 2. Hypothalamic blood flow in a conscious cat during daily re
peated exposure to 10% 02 in the ambient air. Local blood flow was 
continuously recorded with a chronically implanted heart clearance 
probe. The exposure to low oxygen in the atmosphere lasted four hours 
daily (heat clearance is a relative measure of blood flow and is re
corded as the apparent heat conductivity. Increased heat conduc
tivity means increased flow) 
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Fig. 4. Single experiment in an anesthetized cat: Cortical subarach
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30 min. EEG returned 170 min after reopening of the ligatures 
(HEUSER et al., unpublished) 

33 



Activation of a Cortical Seizure Focus Under Hypoxia: 
02-Deficiency Effect or Result of Tissue Acidosis? 

ST. ZSCHOCKE 

The influence of 02 deficiency on cerebral convulsions was examined 
many times before (4, 5, 6). A suppression of the convulsion activity 
was observed. We studied the effects of hypoxia on a cortical sei
zure focus. Under moderate hypoxia different results were obtained: 
the frequency of focal cortical seizure discharges even increased. At 
first we presumed a direct hypoxic stimulation of the focus. In fur
ther tests animals were exposed to hypercapnic conditions. The com
parison of results of these various test series led to the conclu
sion that focus activation recorded under hypoxia is not an effect 
pertaining immediately to 02 deficiency but the consequence of tissue 
acidosis induced by hypoxia. 

This statement will be based on an analysis of bioelectrical data 
recorded epicortically. Particularly the recording of the cortical 
DC potential serves for a qualitative assessment of hypoxia and 
acidosis effects (see 1), controlled in some tests by measuring the 
cortical tissue p02. 

Methods 

The experiments were carried out on albino rats anesthetized with 
phenobarbital (80 mg/kg i.p.), relaxed by d-tubocurarin, and venti
lated artificially, the body temperature being kept constant at 37oC. 
The cortical seizure focus was elicited by topical application of 
penicillin G (-Na-K). On the top of the focus (always fronto
parietal) and from other cortical points (ipsi- and contralateral for 
studying the propagation of the focal discharge) the ECoG and the DC 
potential were recorded, with reference points in the anterior por
tion of the nasal bone. The seizure discharges were counted electron
ically (13). Special bioelectrical data such as the presentation of 
variations in spike sequence (interval histogram) or variations in 
form and rise time of seizure potentials were evaluated by processing 
tape recordings, partly with the aid of a digital computer. In each 
test the rats were exposed to gas mixtures with reduced 02 content 
(12 - 6% 02 in N2; 49 measurements) or increased C02 content (5 - 30% 
C02 in air; 29 measurements). Arterial blood pressure (via a. femor
alis) and heart rate were recorded for circulation control. 

Results 

Under phenobarbital anesthesia the cortical penicillin focus exhibits 
only so-called interictal discharges. Typical reactions of such a 
focus to hypoxia and to hypercapnia are shown in Figs. 1 and 2. 
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Hypoxia regularly reduces the discharge frequency, and simultaneous
ly it enhances the irregularity in spike interval distribution (H in 
Fig. 1). The amplitude of the seizure potentials often slightly in
creases. Concomitantly there is an increase in potential rise time 
(Fig. 2A). The cortical DC potential shows a surface-negative shift 
which is typical for a direct hypoxia effect. Propagation of the 
focal discharges will be accelerated (Fig. 3). 

An (hypercapnic) acidosis (10% C02 in Fig. 1 Band 2 B) at first 
leads to marked increase in spike frequency1. The spike interval re
duction naturally reflects the frequency increase. But according to 
the interval histogram (H in Fig. 1) acidosis furthermore leads to 
marked regularisation of the interval duration: the random focus 
activity turns into a marked rhythmical one. The propagation of the 
focal discharge, however, will be delayed, paralleled by a reduction 
of the propagated discharge itself (Fig. 3). The spike amplitude will 
be decreased, and there is also a significant decrease of the poten
tial rise time (Fig. 2 B). During the increase of the pC02 the cor
tical DC potential clearly shifts to the positive direction. 

In summary, both hypoxia and hypercapnia cause clearly distinguish
able changes which permit to discriminate contrary hypoxia-induced 
reactions of the cortical seizure focus mentioned above. 

Fig. 4 shows an example, divergent from the regular hypoxic reaction: 
the focus responds to hypoxia by an increase in discharge frequency. 
In this case the negative shift of the DC potential at the beginning 
of the exposition to 8% 02 (paralleled by a short increase in poten
tial rise time) initially reveals a transient immediate 02-deficiency 
effect. After two minutes, however, this negative shift will be 
stopped and superimposed by a tendency to a positive-going shift in
dicating an increasing acidosis effect. Simultaneously other data of 
this representative experiment also resemble an augmenting C02 
(acidosis) effect: decrease in spike amplitudes, decrease in poten
tial rise time, decrease in variability of interval duration (in
creasing regularisation or rhythmization, respectively). If such 
changes appear under a hypoxic state they usually outlast the hypoxia 
period. Moreover in the posthypoxic period they could additionally 
be intensified to some extent. This is remarkably evident in the 
course of the DC potential (see Fig. 4). 

Discussion 

A cortical seizure focus can be influenced by hypoxia in a twofold 
manner. The obvious primary effect of the 02 deficiency is manifes
ted by a diminuition in spike frequency. But under hypoxia the cor
tical seizure focus can also be activated. This activation, however, 
does not seem to be a direct effect of the 02 deficiency. Comparing 
several bioelectrical data as shown above the results support the 
assumption that the activation of the focus observed under hypoxia 
is caused by hypoxically induced tissue acidosis. 

As shown in earlier and recent studies by others (8, 10, 12) tissue 
acidosis can be an early and marked metabolic reaction to tissue hy-

1The focal cortical discharges will only be suppressed by more se
vere increase of the pC02 (above 30% C02 inspiratory) which causes a 
general depression of the central nervous activity (C02 narcosis). 
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poxydosis. It superimposes the hypoxia effects. Increasing cerebral 
blood flow partly compensates the 02 lack. This acidosis regularly 
outlasts the hypoxia period. According to this the focus activation 
also outlasts the 02 deficiency; the activation may even be further 
intensified. In some cases it will occur only in the posthypoxic 
period, obviously depending on outlasting acidosis. 

Activation of a cortical seizure focus by increase in pC02 has also 
been recorded by others (3, 4, 7). It seems incompatible with the 
general view aecording to which acidosis inhibits seizure activity. 
Inhibitory effects, however, of raised pC02 (or acidosis) are de
rived from experiments with generalized seizure activity as in
duced by pentetrazol (2, 4, 5, 9, 14). The activating effect of 
acidosis is seen only in a cortical seizure focus, probably in con
sequence of pH-dependent inhibition of inhibitory neurons (so-called 
disinhibition). Propagation and generalization of the focus activity 
will be reduced, which is in agreement with generally accepted 
effects of acidosis. 

In conclusion, the cortical seizure focus may be activated by the 
hypoxically induced (secondary) tissue acidosis even in general 
cerebral hypoxia as well as in general (primary) acidosis (e.g. hy
percapnic acidosis), but the generalization of the epileptic process 
is prevented. In circumscribed metabolic disorders causing tissue 
acidosis, however, the enhanced focus activity can spread into ad
jacent unaffected neuronal structures. A generalization of the focal 
event may then occur. This hypothetical concept could be of clinical 
relevance in case of focal epileptic reactions due to localized 
circulatory disturbances, or to tissue acidosis in the vicinity of 
brain tumors. 

Summary 

The influence of 02 deficiency on a cortical penicillin-induced 
seizure focus was examined in rats. Hypoxia regularly reduces the 
focus activity. Particularly under moderate hypoxia an increase in 
frequency of focal discharges could also be observed. This activa
tion apparently does not pertain to hypoxia itself but seems to be 
the consequence of hypoxically induced tissue acidosis as revealed 
by a comparison of several bioelectrical data recorded in rats under 
hypoxia and hypercapnia. Possible clinical relevance of the results 
is discussed. 
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Fig. 1. Primary effect of hypoxia (ventilation with 10% 02) and the 
effect of hypercapnic acidosis (ventilation with 10% C02) on a cor
tical penicillin-induced seizure focus. ECoG (Electrocorticogram) 
showing focal discharges from interictal type. ECoG and DC (cortical 
steady potential; negativity is up) recorded from the focus area at 
slow speed (1 cm/min). fS : frequency histogram of the focal dis
charges. H: Sequential in~erval histogram including the consecutive 
intervals (each plotted as a point) of both the original recordings 
in the upper trace 
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Fig. 2. Changes in potential rise time disclosed by electronical 
differentiation dV/dt (2) of the seizure potentials (1) as shown in 
upper parts of A and B in original recordings (1 cm/min): Increase 
in rise time as a typical primary hypoxia effect (A) and marked de
crease in rise time during hypercapnic acidosis (B). Lower parts in 
A and B: single seizure potentials (1) and their derivates ( 2 ) of 
the same experiment in high-speed recordings; a prior to, b during, 
and c after ventilation with 10% 02, d prior to, e during, and f 
after application of 10% C02 
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Fig. 3. Changes in propagation speed of the focal discharge. A: 
superposition of 10 single potentials (plot of random selections) . 
B: computed average of 50 random selected potentials. In A and B, 
the focal discharge is shown in the upper trace, and the projected 
potential obtained from the fronto-parietal area of the contralateral 
hemisphere (corresponding to the focus) in the lower trace: Increase 
of propagation speed under hypoxia, decrease under hypercapnic aci
dosis (a: 2 min after the beginning of the C02 application, b: 6 min 
later). Note: the figure is the original of a reverse analysis of 
tape recording. Time axis (t) therefore from right to the left 
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Fig. 4. Activation of a cortical seizure focus under hypoxia which, 
in comparison with the C02 effects illustrated in Figs. 1 and 2, 
seems to be the consequence of the hypoxically induced tissue aci
dosis. ECoG and DC potential recorded in the focus area, together 
with the simultaneous plotted derivative dV/dt. The sequential in
terval histogram H of this test shows a hypoxia period (12% 02) pre
vious to the upper original recording. Note that the abscissa of the 
histogram is not a time scale. BP: arterial blood pressure. Further 
explanations see text 
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Cerebral Oxygen Consumption In Profound Arterial Hypoxemia 
and Hypocapn ia 
J. HAMER, S. HOYER, and E. ALBERTI 

For patients with raised intracranial pressure, respiratory insuf
ficiency always means a threatening complication because of the dan
ger of cerebral hypoxia. Whereas a decrease of arterial P02 may 
directly cause insufficient oxygenation of the brain tissue ("hypoxic 
hypoxia"), a fall in arterial PC02 acts through a decrease of cere
bral blood flow due to vasoconstriction of the cerebral vessels and 
thus may lead to "ischemic hypoxia". As artificial hyperventilation 
is advocated in the treatment of raised intracranial pressure, it 
must be questioned where to set the limit beyond which hypocap
nically induced cerebral tissue hypoxia may occur. In clinical prac
tice, the neurosurgeon has mainly to face the resultant of different 
pathogenetic factors such as intracranial hypertension, disturbances 
of respiration and of blood pressure etc. To get better insight into 
the intrinsic effects of markedly lowered aP0 2 and aPC0 2 on the brain, 
investigations based on an experimental model are required. The 
present experimental study contributes to the question to which de
gree of pure normocapnic normotensive arterial hypoxemia and nor
moxie normotensive hypocapnia a sufficient oxygen supply to the 
brain tissue is maintained and which regulatory mechanisms are elic
ited to keep the cerebral metabolic rate of oxygen (CMR02) in the 
physiological range. 

Material and Methods 

The investigations were carried out on 21 artificially ventilated 
healthy mongrel dogs anesthetized with pentobarbital and O,4vol% 
halothane. In group A (n=10), aP02 was lowered to about 30 Torr 
while keeping a PC02 normocapnic (38 Torr) and mean arterial blood 
pressure (MABP 110 rom Hg) normotensive. In group B (n=11), aPC0 2 
was decreased to about 18 Torr, leaving aP02 and MABP normoxic and 
normotensive respectively. The hypoxemic phase was maintained for 
about 20 minutes, the hypocapnic phase for 30 minutes. Under steady 
state conditions the following measurements were carried out: Total 
cerebral blood flow (CBF) was determined by the nitrous oxide method 
as modified by BERNSMEIER and SIEMONS (1), the concentrations of 
oxygen in the arterial and the cerebral venous blood were measured 
by means of gaschromatography. Blood sampling was performed with 
motor syringes extracting 1 ml of blood per minute from the aorta 
and the frontal part of the superior sagittal sinus after draining 
diploic veins had been occluded in order to prevent extracerebral 
contamination. Blood gases and acid base parameters were checked in 
short intervals throughout the whole experimental run. The investiga
tions were performed in normothermia of the experimental animals. 
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Results 

In profound arterial hypoxemia (aP02 about 30 Torr), global CBF in
creased for about 88%, whereas avD02 fell for about 46% as compared 
to the resting state. The mean cerebral metabolic rate of oxygen 
changed only insignificantly (see Table 1 with corresponding mean 
values). In profound arterial hypocapnia (aPC02 18 Torr), CBF fell 
for about 55%. In a compensatory fashion, avD02 significantly in
creased for about 67%, and due to this increased oxygen extraction, 
CMR02 remained constant (see Table 2 with corresponding mean values). 

Table 1. 

n = 10 

CBF mlll00 g min 

(A - V)02 vol% 

CMR0 2 mlll00 g min 

CPP mm Hg 

a p < 0,001. 
b p < 0,01. 

Table 2. 

n = 11 

CBF mlll00 g min 

(A - V)02 vol% 

CMR0 2 mlll00 g min 

CPP mm Hg 

a p < 0,001. 

Comments 

aP02 116 mm Hg 

58,8 

7,97 

4,70 

112 

apc02 36 mm Hg 

61, ° 
5,6 

3,4 

103 

aP02 32 mm Hg 

110,9a 

3,76b 

4,22 

104 

aPC0 2 18 mm Hg 

33,9 a 

9,4 a 

3,2 

106 

The present data clearly demonstrate that in arterial hypoxemia and 
hypocapnia two basically different cerebral regulatory mechanisms are 
elicited which keep cerebral oxygen consumption constant over a sur
prisingly wide range of decreasing aP02 and aPC02 respectively: In
sufficient oxygen saturation of the arterial blood induces cerebral 
hyperemia, whereas the hypocapnic decrease of CBF is counteracted by 
an increased oxygen utilisation of the brain tissue. Hypoxemic cere
bral hyperemia was observed in spontaneously breathing conscious men 
first by KETY and SCHMIDT (6) and studied in animal preparations by 
NOELL and SCHNEIDER (9). However, the hypoxic threshold for eliciting 
a marked increase in CBF differs with the experimental conditions. 
This is mainly due to the fact that even moderate arter-ial hypoxemia 
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provokes spontaneous hyperventilation and that concomitant hypocapnia 
attenuates the hypoxic vasodilatatory effect. In agreement with re
cently published results of KOGURE and coworkers (7), we observed in 
a more extensive experimental study that even a moderate decrease of 
aP02 to 60-50 Torr is accompanied by a considerably increased blood 
flow of the brain provided that aPC02 was controlled and kept nor
mocapnic. In profound arterial hypoxemia, that means at ap02 values 
about or below 30 Torr, the increase in cerebral blood flow is par
ticularly high whereby the cerebral metabolic rate of oxygen can be 
kept constant. Unchanged global cerebral oxygen consumption in 
marked arterial hypoxemia has also been found in awake men by COHEN 
and associates (3) who lowered aP02 to 35 Torr. The same clinical 
investigators (2, 12) have demonstrated raised oxygen utilisation in 
man during respiratory alcalosis with aPC02 values between 20 and 25 
Torr. The present study shows that even a decrease of aPC02 below 20 
Torr must not necessarily be associated with a significant fall in 
total cerebral oxygen consumption. Thus it may be assumed that a 
moderate decrease of aPC02 to values of about 25-28 Torr as current
ly achieved in therapeutic artifi£ial hyperventilation does not in
duce cerebral tissue hypoxia. It has been shown by other investiga~ 
tors (13) that the hypocapnic vasoconstriction of the cerebral ves
sels is a self-limiting process in so far as finally in "ischemic 
hypoxia" hypoxic cerebral vasodilatation will prevail. It should be 
emphasized, however, that the regulatory mechanisms mentioned above 
are closely linked to an unchanged cerebral tissue perfusion pres
sure. Moreover, a methodological problem must be briefly discussed: 
The cerebral metabolic rate of oxygen gives only a global value. 
Regional differences in tissue oxygenation are not recognized. How
ever, local changes may be of considerable importance considering the 
physiological difference of blood flow and oxygen demand of various 
brain areas. Nevertheless, the present global values for cerebral 
oxygen consumption fit well with experimental investigations which 
were devoted to the energy metabolism of the brain in hypoxic hy
poxia and profound hypocapnia. It has been shown that in the presence 
of an aP02 of 25 and an aPC02 of 20 Torr respectively the production 
of energy rich phosphate bounds such as ATP and CrP is not or only 
slightly disturbed (4, 10, 11). Whereas controlled moderate hypocap
nia may be a help in combating intracranial hypertension, hypoxemic 
reactive cerebral hyperemia should be regarded with caution, because 
due to raised intracranial blood volume it may be a considerable 
pressure rising factor (5), in particular in the presence of space 
occupying lesions, which have not yet led to decompensated intracra
nial pressure. It is well known that in marked brain edema hypoxic 
cerebral vasodilatation with cerebral hyperemia as an emergency re
action is no longer elicited. One may assume that one important 
factor for producing intracranial plateau waves as discussed by 
LUNDBERG and associates (8) is hypoxic cerebral vasodilatation in 
those areas of the brain which are still susceptible to the hypoxic 
vascular stimulus. This, again, would support the daily clinical ex
perience that adaptive mechanisms which virtually serve for a physio
logical homeostasis may readily be converted into the opposite 
effect when other interfering pathogenetic factors are present. 
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Development and Time Course of Blood Brain Barrier Disturbances 
Caused by Hypoxia 
W. GOBlET, L. PlASZEK, and W. SCHUMACHER 

Recent investigations have shown that various pathological factors 
can cause break down of the blood-brain barrier (BBB). This is fol
lowed by the appearance of protein-rich, high molecular exudate in 
the extravascular space (2, 7, 8). Ischaemia (5), osmotic changes 
(12), arterial hypertension (6), toxic substances (4, 10) and arte
rial hypoxia (11, 3) have been named as precipitating factors. 

The aim of our investigation was to examine the development and time 
course of hypoxic disturbances of the BBB by continuous registration. 

Labelled 125-jodine albumin was used as an indicator for disturbed 
BBB. 

Method 

Experiments were carried out on 30 rabbits under general anaesthesia. 
All animals were passively ventilated. 

Following values were recorded: 

(1) Cerebral blood flow (CBF) on the arteria carotis interna by an 
electromagnetic flowmeter. 

(2) Impulse rate of intravenous given 125-jodine-albumin through a 
fronto-temporal burr hole over the right hemisphere. 

(3) Arterial and venous blood pressure. 

(4) EEG. 

(5) Rectal temperature. 

Blood gases and arterial 125-jodine-albumin concentration were 
checked every 30 minutes and at the beginning and at the end of the 
hypoxia phases. Hypoxia was induced through breathing in a closed 
system. 

The impulse rate of the radioactive tracer depends on the blood con
centration, blood pressure, cerebral blood flow and cerebral 125-
jodine-albumin uptake. 

Knowing BP, CBF and blood concentration of the tracer, impulse rate 
changes over the hemisphere without altering the other factors re
flect cerebral 125-jodine-albumin uptake, which indicates disturbed 
BBB. 

In this way, continuous registration is possible 
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Results 

The following investigations were carried out: 

(1) Hypoxia for 1, 2, 3, and 6 minutes. 

(2) Increased intracranial pressure (ICP) between 50 and 60 mm Hg 
together with a local lesion produced by an epidural balloon 
blown up for 45 minutes to an ICP between 40-50 mm Hg. 

(3) Local lesion for 45 minutes followed immediately by hypoxia for 
6 minutes. 

For control the same parameters were registered in 4 animals as blind 
trials. Here impulse rate and the blood concentration of the radio
active tracer remained constant while CBF and BP showed a slight ten
dency to fall. 

Hypoxia up to 3 minutes also had no significant effect on cerebral 
125-jodine-albumin uptake. Here the blood gases showed a clear fall 
of 02 and PH after about 2 minutes. 

Hypoxia for 6 minutes produced still more pronounced changes in the 
blood gases. (P02 from 93,9 to 14,2, PC02 from 38,5 to 46,9 mm Hg 
and PH from 7,45 to 7,27 on the average). 

The impulse rate attained a maximum directly after the end of hy
poxia (Fig. 1). It fell slightly after about 1/2 hour. About 1 1/2 
hours later 125-jodine-albumin uptake still increased. Mean values 
of counter rate were now higher than the initial levels. The blood 
concentration of 125-jodine-albumin remained constant. CBF and BP 
fell slightly. We found a similar course after local trauma by the 
epidural balloon. Here, however, the 1/2 hour and 1 1/2 hour values 
for the cerebral uptake of 125-jodine-albumin were equal (Fig. 2). 
Also here the 1 1/2 hours mean values were higher than initial lev
els of counter rate. Blood concentration, CBF and BP were similar to 
those of the hypoxia trial. 

The most marked increase in cerebral uptake of 125-jodine-albumin 
was found after combined local trauma and hypoxia. Here the rise in 
impulse rate was distinctly higher than of the previous trials Fig. 
3. Blood concentration and CBF remained equal, BP fell slightly. 

Discussion 

By continuous registration of the cerebral uptake of 125-jodine
albumin it could be shown that both hypoxia for more than 6 minutes 
and also raised ICP combined with a local lesion to lead to distur
bance of the blood-brain barrier with an extravascular leakage of 
serum proteins. An increased cerebral 125-jodine-albumin uptake was 
already found during the impairment and was still demonstrable 1 1/2 
hours later with no tendancy to normalize. Since the other parameters 
measured did not alter significantly, the increase in impulse rate 
corresponds to the cerebral uptake of 125-jodine-albumin. It is con
sequently a measure for the degree of BBB disturbance. 

The combined action of hypoxia and local trauma, according to our ob
servations adds the effects of the individual factors on the BBB. It 
is also remarkable that in all trials, break down of the BBB were 
already observed in a very early phase, i.e. still during the hypox
ia phases or the local trauma. 
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As has been emphasised by different authors (9, 1), the opening of 
the BBB with the appearance of protein-rich extravasate is to be 
considered as one of the precipitating factors for the development 
of vasogenic cerebral edema. According to our observations, in clini
cal condition the development of cerebral edema could be promoted by 
the break down of BBB either by arterial hypoxia or a local trauma. 
This might be given i.e. in the shock phase of severe head injury. 
The unfavorable initial position might, however, consist in the co
incidence of arterial hypoxia, local damage and raised ICP, because 
here the BBB disturbances have been shown to be still more pronounced. 

Summary 

By continuous registration of the impulse rate of intravenously given 
125-jodine-albumin could be shown, that hypoxia over 6 minutes, as 
well as local trauma leads to a disturbance of BBB. 

Combined hypoxia and local trauma adds the effect of the individual 
factors. 
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Fig. 1. Increasing Impulse Rate over the Hemisphere reflects the 
progressive brain 125-Jod-Albumin uptake and therefore BBB disturbance 
caused by hypoxia over 6 min. There are two tops, one at the end of 
the hypoxia phase, the second after 90 minutes. 
Abbreviations: Imp = Impulse Rate difference of intravenous given 
125-Jod-Albumin recorded at 24 sec intervalls. Starting values were 
taken as zero. BP = Mean blood pressure, Flow = cerebral blood flow 
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Fig. 2. Local trauma by an epidural balloon inflated for 45 minutes 
leads also to an BBB disturbance, shown by an increase of cerebral 
125-Jod-Albumin uptake (Abbreviations see Fig.1) 
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The Influence of Ventricular Perfusion on Normal Brain 
R. SCHUBERT, A FENSKE, J. GROTE, and H. J. REULEN 

The prognosis and final outcome in patients with severe head inju
ries is closely related, among other factors, to the level of in
creased intracranial pressure (ICP) caused by cerebral edema as well 
as to the severity of CSF lactacidosis. There exists evidence that 
a qlearance of substances which accUmulate in edematous tissue, i.e. 
proteins and lactate, without rising the ICP exerts a beneficial 
effect in such cases. Previous studies by other groups (4, 5) using 
a similar experimental technique but with small amounts of perfusion
volume were concerned with the influence of various concentrations 
of bicarbonate of the perfusion medium on the regulation mechanisms 
of cerebral blood flow (CBF). The present study was carried out to 
investigate the effect of a ventriculo-cisternal perfusion with a 
flow volume leading to a ten to twelve timefold exchange of the 
intraventricular cerebro-spinal fluid (CSF) volume on the normal 
cerebral blood flow. 

Methods 

In 18 cats anaesthetized and artificially ventialted catheters were 
placed in the femoral artery and vein for continously recording of 
the arterial blood pressure (MABP) and drug injection respectively. 
The right lateral ventricle and the cisterna magna were punctured 
for ventriculo-cisternal perfusion and measuring of ICP. A small 
catheter was inserted into the superior sagittal sinus for pressure 
recording and withdrawing venous blood samples. The artificial CSF 
had an ionic composition and osmolarity similar to the cats CSF ex
cept the absence of proteins (2) and was equilibrated with 4% and 
8% C02 respectively. The perfusion rate was set to 1.2-1.5 ml/min. 
pH, pC02, p02 were estimated in the arterial and cerebral venous 
blood as well as in the CSF, and in the perfusion medium before and 
after ventricular passage. Regional cerebral blood flow (rCBF) was 
measured using the 85Kr clearance technique in 8 animals, and in 10 
aniamls by means of the 133xe method on the parieto-occipital region 
of the perfused hemisphere in intervals of 30 minutes. Autoregula
tion was tested before and after the duration of the perfusion. At 
the end of the experiments tissue samples from grey and white matter 
were taken from the brain to measure the water content. Lactate and 
pyruvate were estimated in arterial and venous samples as well as in 
the perfusion outflow. 

Results 

The main results of our experimental studies are shown in form of a 
diagram (Fig. 1). Artificial CSF was equilibrated with 4% C02 at the 
beginning of the perfusion period and with 8% C02 after 90 minutes. 

51 



The two upper scales show C02 and pH. The PC02 of the artificial CSF 
is about 30 mmHg during the first perfusion period and rises to more 
than 50 mmHg throughout the second perfusion period. PaC02 remains 
constant at 28 - 30 mmHg in the course of the whole experiment. 
However, in the venous blood of the sinus sagittalis superior an in
crease of PC02' starting from 41 mmHg to finally 47 mmHg, was ob
served. In accordance with a rise of PC02 in the artificial CSF, pH 
decreases under equilibration with 8% C02 in the influent and efflu
ent perfusion medium by approx. 0.3, whereas arterial pH remains un
changed. MABP is not affected either. The broken line shows rCBF 
measurements with the 133Xe clearance technique, reflecting a combi
nation of grey and white matter flow. rCBF was also repeatedly mea
sured by means of the 85Kr clearance method, i.e. cortical flow, on 
an area over the right suprasylvian gyrus under a perfusion period 
of 90 minutes while the perfusion medium was eqilibrated with 4% C02. 
It is interesting to notice that even in the phase of increased PC02' 
respectively decreased pH, changes of the rCBF did not occur, neither 
in the grey nor in the white matter. 

The resulting CMR02 was 8.34 ± 0.93 for the grey matter, 2.33 ± 0.04 
for the white matter and remained unaffected during the whole experi
mental procedure. The second autoregulation test after a perfusion 
period of 3 hours demonstrates the undamaged reactivity of the cere
bral vessels after a mean perfusion volume of 420 mI. Water content 
of the grey and white matter was unchanged in the perfused as well as 
in the unperfused hemisphere. The intraventricular pressure was 4.7 
mmHg ! 0.25 and 2.4 mmHg ± 0.2 in the superior sagittal sinus. Lactate 
concentration in CSF was 1.937 mmol/l H20 at the beginning and sub
sided to 0.643 mmol/l H20 at the end of the experiment (t=3.4103++). 
Pyruvate was 0.216 mmol/l H20 in the native CSF and 0.038 mmol/l H20 
in the effluent perfusion medium (t=8.28334+++). However, lactate 
and pyruvate concentration did not decrease, neither in the arterial 
nor in the cerebral venous blood. 

Comments and Summary 

A ventricular-cisternal perfusion of 3 hours maintaining a high per
fusion rate has no harmful effect on the normal undamaged brain. 
Moreover no changes are observed during an increased PC02 to 50 mmHg 
in the artificial CSF. Intracranial pressure remains unchanged, too. 
On the other hand lactate and pyruvate concentrations are significant
ly diminished. 

METZEL et al. (3) showed that the intrathecal administration of sodi
um bicarbonate is a possible direct method of normalizing a CSF aci
dosis in patients. Clearance of edema proteins of the edematous tissue 
using a supracortical perfusion has been demonstrated by MATSEN et al. 
in experimental studies. (1) Ventriculo-cisternal perfusion might 
provide another possibility in the treatment of severely progressing 
brain edema which resists against conventional therapy. 
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Fig. 1. Changes of PC0 2 , pH, MABP, rCBF and CMR02 during perfusion. 
1. period: equilibration of the artificial CSF with 4% CO 2 , second 
period with 8% C02. PC02 scale: The isolated open circle: average of 
PC02 in the native CSF. pH scale: upper broken line for the effluent, 
lower broken line for the influent perfusion medium. Isolated spots: 
Values of PaC0 2 , MABP and rCBF of the final autoregulation test 
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Biochemical Aspects of Cerebral Hypoxia 

B. K. SIESJO 

Introduction 

In the following, an outline is given of cerebral energy metabolism 
in hypoxia. Since this subject is a large one, and since the outline 
must be brief, only the main biochemical aspects will be covered. By 
necessity, the number of references will be small. Readers interested 
in details of results and in original references are recommended to 
consult recent review articles (20, 5, 29, 30, 31, 21). 

The term cerebral hypoxia is commonly used to denote all situations 
in which the delivery of oxygen to brain cells is insufficient for 
their needs. This delivery ("oxygen availabili.ty") is convenniently 
expressed as the product of cerebral blood flow (CBF) and arterial 
oxygen content, the latter being determined by the percentage oxygen 
saturation (S02) and the hemoglobin (Hb) concentration 

O2 availability = CBF . S02 . [HbJ. 

There are two main causes of cerebral hypoxia: (1) ischemia, in which 
oxygen availability is reduced due to fall in CBF, and (2) arterial 
hypoxia, which is characterized by a fall in arterial oxygen content. 
The latter can be further divided into hypoxic hypoxia (the satura
tion is low due to a fall in pa02) and anemic hypoxia (there is a 
reduced hemoglobin content) . 

In neurosurgery and neurology, the most common cause of cerebral 
hypoxia is generalized or focal ischemia. However, when the ischemia 
is pronounced, or complete, there is not only oxygen lack in the 
tissue but also deficiency of substrates, and incomplete removal of 
metabolic waste products (C02 , ammonia, lactic acid). For that reaso~ 
it may be profitable to start the discussion by considering results 
obtained in arterial hypoxia. 

Arterial Hypoxia 

There are numerous experimantal results and clinical observations to 
show that even a relatively moderate hypoxic hypoxia leads to symp
toms of cerebral oxygen lack. Concomitantly, there are biochemical 
changes that can be attributed to cellular hypoxia. Thus, when the 
pa02 is reduced below about 50 mm Hg there is stimulation of glycol
ytic rate with accumulation of lactate and pyruvate, and cellular 
redox systems change towards a more reduced state. Secondary to the 
elevated pyruvate concentration, and the redox change, there occur 
a gradual increase in the citric acid cycle pool, and amino acid 
changes dominated by increases in alanine and GABA, and by a reduc
tion in aspartate (8, 22, 23). These changes, and the reduced rates 
of synthesis of catechol and indole amine neurotransmitters (6, 7) 
may contribute to the symptomatology of hypoxic hypoxia. 
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Although biochemical changes affecting carbohydrate intermediates and 
amino acids occur at moderate degrees of hypoxic hypoxia, even pro
nounced hypoxia can be tolerated without causing a detectable change 
in the concentrations of ATP, ADP and AMP ("energy state"). In all 
probability, this energy homeostasis is entirely due to the increase 
in CBF which occurs within seconds after the induction of hypoxia, 
and which may amount to 400 - 600% of normal at pronounced degrees 
of hypoxia (13, 1). Contrary to previous beliefs, recent results sug
gest that the increase in CBF is not caused by cellular production 
of lactic acid but that a neurogenic mechanism may be involved 
(24, 32). From a clinical point of view it is of interest that, dur
ing hypoxia, CBF varies passively with perfusion pressure. Thus, if 
there is a fall in blood pressure, or obstruction of a major cerebral 
vessel, energy balance is upset and neuronal damage can result 
(28, 25, 26). 

Like uncomplicated hypoxic hypoxia, anemic hypoxia is characterized 
by a pronounced energy homeostasis which ,is due to an increase in 
CBF. In the rat, reduction in the Hb content to 3 g • (100 ml)- 1 
gives a fivefold increase in CBF but no changes in cerebral oxygen 
consumption and there are few, if any, changes in cerebral metabo
lites (2, 14). In all probability, the low viscosity contributes to 
the increase in CBF, and it appears that even a drastic reduction in 
arterial oxygen content can be tolerated by the brain provided that 
an adequate perfusion pressure can be upheld (c. f. hypoxic hypoxia) • 

Ischemia 

There are three main types of biochemical changes in the tissue dur
ing compZete ischemia: anoxia, substrate deficiency and accumulation 
of metabolic waste products. Since the oxygen stores of the tissue 
only suffice for a few seconds of uninterrupted oxidative metabolism, 
aerobic energy production quickly ceases. When this occurs, the 
tissue can only obtain energy by utilizing its stores of ATP and 
phosphocreatine (PCr), and by metabolizing glucose and glycogen 
anaerobically to lactic acid. The total amount of energy (~ -P) that 
can be made available is given by the approximate equation (18). 

~ - P = 2 • ~ATP + ~PCr + 2~glucose + 3~glycogen. 

In the rat cerebral cortex, the normal rate of - P utilization is 
about 30 pmol • g-1 • min- 1 and the stores of ATP, PCr, glucose and 
glycogen only suffice for about 1 min of uninterrupted utilization. 
However, since the rate of utilization falls during ischemia, com
plete energy depletion does not occur until after about 5 min (15). 
In the human brain the normal rate of energy utilization is lower 
but, since also the energy stores are smaller, the end point may be 
reached in a comparable period of time. The rate of energy use is 
decreased by anaesthesia and hypothermia. As an example: surgical 
anaesthesia with barbiturates and a lowering of body temperature by 
100 C both reduce -P utilization to 50% of normal. 

Energy depletion in the tissue is not synonymous with cell death. 
Certain brain functions may return even if the ischemia is prolonged 
for 30 - 60 min, at least during barbiturate anaesthesia (11, 12, 10). 
In rats, studied under nitrous oxide anaesthesia, the energy state of 
the cerebral cortex returns to near-normal values after 15 min of 
complete ischemia (16) and few neurons show ischemic cell changes (3). 
Futhermore, in vitro studies of mitochondria isolated from ischemic 
brains show that oxidative phosphorylation is not impaired until 
after about 30 min of circulatory interruption (27). These results 
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demonstrate that brain cells may survive extensive periods of oxygen 
(and glucose) lack provided that there are optimal conditions for 
restitution. Usually, functional restitution is much slower than re
covery of energy metabolism. It is conceivable that this may, at 
least partly, be due to "transmission failure" since there is a lin
gering perturbation in the metabolism of amino acids (9) and of 
indole- and catecholamines (4). 

From a clinical point of view the most important condition is repre
sented by incomplete ischemia. In this condition, though, the tissue 
changes are usually inhomogeneous hence the type and extent of meta
bolic abnormalities are not easy to define. Incomplete ischemia 
varies in severity from a degree of underperfusion that just barely 
affects cerebral function and metabolism to almost complete cessation 
of flow. It is usually recognized that extreme hyperventilation 
(paC02 < 15 mm Hg) is accompanied by mild tissue hypoxia, mainly man
ifested as increase in tissue lactate content (see (19)). In this 
condition, CBF is reduced to about 50% of normal, implying that this 
reduction in CBF can be tolerated without manifest energy failure, or 
damage to neurons. However, since the fall in CBF due to hypocapnia 
is probably homogeneous, it cannot be stated without further proof 
that tissue damage does not result if CBF is reduced to 50% of normal 
in other forms of incomplete ischemia. This is due to the fact that 
if CBF is 50% of normal in a given tissue region, there may be in
homogeneous flow at the capillary level with a larger degree of 
underperfusion in microflow areas. 

Present evidence suggests that with moderate degrees of ischemia the 
metabolic changes in the tissue resemble those observed in arterial 
hypoxia (increased rate of glycolysis with elevation of tissue lac
tate, increased reduction of cellular redox couples, decrease in PCr, 
and minor changes in adenine nucleotides). With more pronounced 
degrees of ischemia, however, the supply of substrate becomes insuf
ficient and tissue glucose levels fall. In general, incomplete isch
emia may be associated with a more pronounced degree of lactic acido
sis than is complete ischemia since glucose is continously carried 
to the tissue via the blood. Thus, it is not uncommon to find lactate 
levels of 40 umol . g-l in the tissue in cases of e.g. hemorrhagic 
hypotension. During complete ischemia, it has been possible to vary 
the degree of lactic acidosis by means of previous hypo- or hyper
glycemia, and these experiments suggest that the lactic acidosis does 
not influence recovery of energy metabolism (17). The influence of 
even more massive acidosis is not known. 

Present evidence suggests that any incomplete ischemia leads to an 
inhomogeneous decrease in CBF and that the tendency towards inhomo
geneity is exaggerated by tissue aCidosis, e. g. due to hypercapnia. 
In such situations there may be derangement of tissue energy metabo
lism in spite of a normal, or higher than normal, cerebral venous 
P02 . The results emphasize the difficulty of studying CBF and cere
bral metabolism in incomplete ischemia, and of evaluating the oxy
genation of the brain by any other method than direct tissue anal
yses. 
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Cerebral Metabolic Rates as Determinants of Hypoxic Survival of 
Adult Mice*,** 
H. H. BERLET 

Survival times of adult mice exposed to moderate though eventually 
lethal hypoxic hypoxia were recently observed to differ distinctly in 
relation to the maturational stage of the animals (BERLET, in prepa
ration). Furthermore, a striking increase in hypoxic survival times 
was exhibited by animals pretreated with 6-aminonicotinamide (5). 
This compound appears to stimulate the glycolytic flux of neural tis
sue as judged by a steep rise of lactate levels during ischemic an
oxia (13). 

The following study was therefore undertaken to find out whether 
hypoxic survival times of young adult (17) and adult mice or of mice 
treated with 6-aminonicotinamide (6-AN) are causally related to lev
els of cerebral constituents or to differences in the rates of con
sumption of energy reserves in terms of cerebral metabolic rates 
(CMR). Ischemic anoxia was produced to measure CMR's as originally 
described by LOWRY et al. (15). 

Material and Methods 

White male mice (NMRI) fed ad lib. until the time of the experiments 
were used throughout. Animals weighing 18 to 25g (approximately 5 
weeks old) were considered to be young adult (17) while those of 25g 
and above were rated adult. Hypoxic hypoxia was produced by passing 
a commercial mixture of 5%02-95%N2 through short pieces of glass 
tubing housing one animal each (5). Death was noted when the animals 
stopped gasping. 6-aminonicotinamide (MERCK-Schuchardt, BRD) was 
given to mice intraperitoneally (35 mg/kg), 6 hours prior to sacri
fice or to their exposure to hypoxia. 

For the determination of cerebral metabolites animals were frozen 
whole in liquid N2. Hypoxic mice were plunged into liquid N2 directly 
from their freely movable containers. To obtain total ischemia (15) 
mice were decapitated and the severed heads allowed to remain at room 
temperature (25 - 27 0 C) for 15 or 30 sec., respectively, before be
ing frozen. 

Brain hemispheres were chiselled out under liquid N2 and homogenized 
by means of a mechanical homogenizer (Ultra Turrax) with 1mM EDTA in 
50% ethanol and 0.3M perchloric acid in a sequential manner (6). 

*This study was supported by the "Deutsche Forschungsgemeinschaft". 

**The skilful technical assistance of Ms. I. Bonsmann and Mrs. N. 
Blenck is gratefully acknowledged. 
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AnaZytiaaZ Methods: Free creatine and total creatine and, by differ
ence, phosphocreatine (PC) of acidic extracts were determined co10ri
metrically as described (6) whereas neutral extracts were employed 
for the spectrophotometric determinations of ATP, ADP, AMP, glucose, 
6-phosphog1uconate, glycogen, pyruvate and lactate by enzyme methods 
(4). All biochemicals were purchased from Boehringer, Mannheim. 

Results 

Survival times of young adult and adult mice breathing 5%02-95%N2 are 
shown in Fig. 1 along with data of animals treated with 6-AN. In 
general, young animals were tolerating hypoxic hypoxia much longer 
before death occurred than adult animals (p<0.01). The two groups of 
untreated mice differed in age by 2 to 3 weeks only as the young 
adult mice were still in a state of rapid body growth. A profound 
prolongation of survival times was found in 6-AN-treated mice; in 
particular, 10 out of 16 animals tested were still alive after 30 
min. when the experiment was deliberately discontinued. 

Cerebral Metabolism and Developmental State 

No differences in levels of pertinent cerebral constituents were 
found in normal animals of the two age groups (Table 1). To test the 
effect of hypoxia a time interval of 2 min. was chosen since it was 
to be anticipated from the foregoing experiments (Fig. 1) that even 
the more susceptible adult mice would survive that long. Deviations 
from normal levels were significant regarding ATP, ADP, AMP, PC, glu
cose, glycogen and lactate (Table 2). Quantitatively, they were not 
uniform however; thus, AMP rose to higher levels in the adult ani
mals than it did in the younger group. The consumption of PC was 
significantly less in younger animals too, with ATP showing a simi
lar trend. The energy charge potentials (ECP; 3) are indicating a 
greater loss in ECP in adult than in younger animals (p<0.01) al
though they were significantly lowered in both groups compared to 
normoxic values (Table 1). 

The differences in cerebral metabolic activities were even more 
clearly brought out when the metabolic consequences of total cere
bral ischemia were examined (Fig. 2). The overall pattern is again 
consistent with lower CMR's in young animals. In particular, there 
is a striking discrepancy between levels of ATP and AMP by 30 s. of 
ischemia in the presence of comparable values of lactate. 

Cerebral Metabolism and 6-AN 

The administration of 6-AN resulted in significant increases of 
cerebral glucose and acid-soluble glycogen while residual glycogen 
and lactate fell well below adult control levels (Table 1). 6-
Phosphog1uconate whose level rose threefold serves to demonstrate 
the effective inhibition of the pentose phosphate shunt by 6-AN. 
Hypoxia was not nearly as effective in 6-AN-treated mice as in adult 
controls (Table 2) although some response is indicated by signifi
cant though lesser changes of PC and lactate. 

The response of the 6-AN-group to ischemia was altogether less pro
nounced than that of the controls (Fig. 3). The breakdown of ATP was 
not only much slower but seemed also to level off after 30 s of isch
emia, while PC kept falling to approach ischemic control values. 
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Similarly to ATP, glucose and insoluble glycogen were utilized much 
less rapidly. Metabolic breakdown products including AMP and lactate 
accumulated to a much lesser extent, although the increases of lac
tate from normoxia to anoxia were not as different, i.e. 5.5 ~oles 
in untreated and 4.0 wmoles/gx30s in treated animals. Still, when 
the amount of ~P utilized during ischemic anoxia was calculated from 
the consumption of ATP, PC, glucose and glycogen (15) clearly dif
ferent values of 10.6 ~oles in controls and 7.4 ~oles in 6-AN ani
mals were obtained for the first 15s. A somewhat smaller, though 
still striking difference between CMR's was found when the utiliza
tion of soluble glycogen was also taken into account (BERLET, un
published). 

Discussion 

From the results, particularly those based on ischemic anoxia, an 
inverse relationship between hypoxic tolerance and CMR's becomes ap
parent. In untreated mice the tolerance decreases from a state of 
young adulthood to full maturity when the available cerebral energy 
sources are used up most rapidly. Conversely, the increased hypoxia 
tolerance of animals treated with 6-AN was associated with a dis
tinctly depressed cerebral energy metabolism. 

A very rapid increase in metabolic demands of developing brain oc
curs during the first 10 postnatal days in mice (15, 17, 22), while 
the ability of newborn mice to withstand anoxia for extended periods 
of time decreases (11, 21). The activity of cerebral metabolism 
rises further in mice between 10 days and 6 weeks of age (17, 22), 
the animals of the latter age group being considered young adult with 
body weights of 18 - 22g (17). 

The results of this study show that the full measure of metabolism is 
not reached until some weeks later, while the hypoxic tolerance 
keeps waning. As a practical consequence of this observation it fol
lows that adult animals should be used for metabolic experiments 
rather than young adult ones or those ranging in body weight from 
20 - 30g to obtain reproducible and uniform experimental results. 

An atmosphere of 5%02-95%N2 was not consistently found to be fatal 
to adult mice. LIPPMANN (14) reported a hypoxic threshold of 31.9 
torr of 02 in adult rats, equal to about 4% atmospheric 02' and mice 
were found to survive in 5%02 (9), whereas they failed to do so in 
the hands of others (2). Adaptation to hypoxia may be rapid (1), and 
unless care is taken to provide for a sudden switch from normoxia to 
hypoxia as in the present study the full impact of hypoxia on cere
bral metabolism may not be obtained. Since the initial changes of 
some constituents are more or less reversible as hypoxia continues 
(9, 18) the immediate metabolic response to hypoxia may be missed. 

6-AN is a rather specific inhibitor of 6-phosphogluconate dehydro
genase (10), leading to the accumulation of 6-phosphogluconate in 
nervous tissue, which in turn is competitively inhibiting the enzyme 
phosphoglucoisomerase (19). A depressed glycolytic flux should con
ceivably result from these interactions. In fact, low levels of 
lactate and slow metabolic rates compared to controls resulting from 
hypoxia and especially from ischemic anoxia are compatible with that 
assumption. They also agree very well with data reported recently 
by KAUFMANN & JOHNSON (12) whereas they are at variance with the 
previous notion of an increased glycolytic flux (13). Still, the 
considerably improved hypoxic tolerance of animals treated with 6-AN 
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appears to be due to a reduced demand of energy reserves for cerebral 
metabolism. This is in accord with the view now prevailing, namely, 
that energy requirements rather than mere levels of energy reserves 
or the anaerobic generation of ATP are the critical determinants of 
hypoxic tolerance of the brain (8, 16, 18, 22). 

How 6-AN is bringing about this reduced demand for energy is not en
tirely clear. Enzyme reactions depending on NAD(P) coenzymes other 
than 6-phosphogluconate dehydrogenase may also be involved (7). Some 
of the metabolic effects of 6-AN are certainly attributable to hypo
thermia since body temperature is lowered in treated animals by 
2 -30 C (5). 

Summary 

Hypoxic survival times of adult mice were shorter than those of 
young adult mice, and they were much longer in adult mice treated 
with 6-aminonicotinamide. Rates of cerebral consumption of energy 
during hypoxia and ischemia anoxia, respectively, were inversely re
lated to hypoxic tolerance. The results are in line with the view 
that the requirement of the brain for energy is the main determinant 
of the resistance of animals to hypoxia or anoxia. 
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HYPOXIC SURVIVAL TIMES OFMICE 
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Fig. 1. Survival times of fed young adult (n=19) and adult mice (n=21) 
exposed to 5%02-95%N2, and of mice treated with 6-AN, 35 mg/kg (n=16), 
6 hours prior to hypoxia. Brackets indicate means ~ S.D. Hypoxia was 
discontinued in untreated mice after 10 minutes, in treated mice af
ter 30 min. Animals living beyond these time intervals are shown as 
fractions of the total number of animals in each group. The differ
ence in survival times between young adult and adult mice was sig
nificant (p<0.01, Student's t-test) 
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Fig. 2. Ischemic changes of cerebral constituents of young adult 
(0 0) and adult mice (e - - - e) in umoles/g wet weight. c: 
Control values of animals frozen whole in liquid N2 6 (s. Table 1). 
Values were submitted to a two-way analysis of variance to test for 
differences in rates between the two groups of animals (+p<O.05; 
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The Arteria-Venous Lactate and Pyruvate Difference of the Injured 
Human Brain and Reactions During Different Inspiratory Oxygen 
Pressures 

K. H. HOlBACH and A CAROL! 

Using substrate specific analysing methods GOTTSTEIN et al. (1) 
found, that the normal human brain converts about 7,6% of the cere
bral glucose to lactate which is delivered into the venous blood. 
Furthermore they showed, that pyruvate is normally excreted, too. 
The mean arterio-cerebral venous difference (AVO) was 0,1 mg%. 

We were interested to know whether the injured human brain takes up 
or excretes lactate and in how far pyruvate participates in the 
metabolism of the injured brain, particularly because the extent of 
brain tissue changes due to hypoxia in the course of brain injury is 
of vital importance. For this reason we examined simultaneously the 
influence of different inspiratory oxygen pressures (lOP) upon the 
AVO-lactate and -pyruvate. 

Method 

34 examinations were conducted in 34 patients with moderate or severe 
cerebral lesions. Simultaneously sampling of arterial and cerebral 
venous blood from the bulbus venae jugularis and also of cerebro
spinal fluid (CSF) during the following consecutive periods of each 
of the examinations was performed: First at inspiring air, second 
10 min after changing from air to oxygen, third 10 min and fourth 
30 min after reaching an lOP of 1,5 ata in a hyperbaric chamber and 
fifth 10 min after decompression inspiring oxygen at an rop of 1,0 
ata. The following parameters were measured: P02 and the concentra
tions of lactate and pyruvate and of glucose and oxygen. The AVO of 
these metabolites were calculated. The significance of the lactate 
uptake and lactate efflux was analyzed by WILCOXON's pair difference 
test; statistical significance was given by p~O,05. 

Results 

Within the group of 20 patients suffering from moderate brain in
juries being somnolent to stuporous and having moderate EEG-changes 
with a highly predominant theta-wave activity the initial values 
showed a low AVO-02 in relation to a much too high AVO-glucose and 
AVO-lactate; the AVO-pyruvate still seemed to be in a normal range. 

Ouring the respiration of oxygen the AVO-02 is significantly in
creased whereas there is a significant and distinct decrease of the 
AVO-glucose, AVO-lactate and AVO-pyruvate. This inhibition of the 
glycolysis caused by the respiration of oxygen is best characterized 
as the "PASTEUR-effect". In the third, fourth and fifth phase of the 
examination, there is compared with the second phase an almost un-
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changed AVO-0 2 and an increase of the AVO-glucose; according to that 
we also find an increase of the AVO-lactate and AVO-pyruvate (Fig. 1). 

A totally different behaviour of AVO-lactate and -pyruvate is found 
in the group with severe brain lesions. These patients were comatous 
at the time of the examination and had marked EEG-alterations in the 
form of a predominant delta-wave activity. 

At first, we notice that the AVO-0 2 and -glucose are much lower than 
the corresponding ones of the other group. While in this group with 
severe cerebral lesions the AVO-02 practically remains unchanged dur
ing the 5 phases of the examination the AVO-glucose is changed in 
the same direction as the one of the former group (Fig. 2). 

In the initial phase there is in relation to the AVO-02 a markedly 
increased AVO-glucose, which is significantly reduced during the 
second period of the examination. In the third, fourth and fifth 
phases the AVO-glucose here also is increased compared to the one of 
the second phase. 

In the group with moderate cerebral lesions the AVO-lactate and 
-pyruvate reacted likewise. On the contrary, we find in the group 
with severe cerebral lesions a lactate uptake and simultaneously a 
pyruvate efflux. Expecially, in the initial phase there is an enor
mous lactate uptake besides a markedly increased pyruvate excretion 
in relation to the glucose uptake. In the following periods of the 
examination under normobaric and hyperbaric hyperoxia the AVO-lactate 
and -pyruvate distinctly decrease, i.e. the lactate uptake as well 
as the excretion are reduced. 

Ouring the fifth phase we even find a slight lactate efflux. This 
shows that under the effect of the increased lOP a similarly direc
ted reaction of the AVO-lactate and -pyruvate is established. But 
the lactate and pyruvate efflux or the AVO-lactate and -pyruvate is 
in relation to the glucose uptake or to the AVO-glucose very low. 

Oiscussion 

The apparently paradoxical situation in which the brain catabolizes 
lactate and pyruvate while excreting both into the venous blood sug
gests that the total production of these substances through glycoly
sis exceeds the amounts that are oxydized by way of the cytrate acid 
cycle (6). These normal metabolic processes and regulations are also 
recognized in the group with moderate brain lesions. There we espe
cially notice the hypoxic stimulation of glycolysis resulting in a 
marked increase of the AVO-glucose, -lactate and -pyruvate. Further
more we see the effect of the normobaric and hyperbaric hyperoxia in 
the following phases of the examination in the form of a distinct 
reduction of AVO-glucose, -lactate and -pyruvate in the presence of 
a moderate increase of AVO-02. This clearly shows the increase of the 
oxydative glucose metabolism and the reduction of the anaerobic one. 

We really must ask now, what kind of pathological mechanism causes 
the enormous lactate uptake with a simultaneous pyruvate efflux only 
in the group with severe cerebral lesions. Normally lactate and py
ruvate can easily permeate the cell membrane and enter the extracel
lular fluid of the brain tissue. The next step from the extracellular 
fluid of the brain to the venous blood is connected with the cros
sing of the blood brain barrier (BBB). Both lactate and pyruvate 
readily penetrate the BBB. That this entry is in large part carrier-
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mediated was suggested by its concentration dependence and particu
larly by the stereospecifity of lactate uptake after intra-arterial 
injection (4). NEMOTO et al. (2, 3) have shown, in rats and dogs, 
that the BBB is sterospecifically 3 times more permeable to L- than 
to D-lactate, suggesting facilitated transport, and that the brain 
can derive only about 25% of its energy in the form of lactate at 
high blood lactate levels, even during hypoglycemia and with CSF 
lactate levels rising to 4 rnMol. The conclusion was that local meta
bolism can consume lactate. These findings indicate that lactate 
and pyruvate can either be taken up or excreted, i.e. these sub
stances cross the BBB or are transported across the BBB in either di
rection (in or out of the brain) . 

The direction in which lactate and pyruvate permeate across the BBB 
depends at least to some extent on the concentration gradient, i.e. 
if the blood level of these metabolites is higher than the one of 
the brain tissue, we find an uptake and vice versa. 

Therefore we measured not only the lactate and pyruvate concentra
tions of the blood (Fig. 3), but also of the CSF (Fig. 4); for the 
lactate and pyruvate levels of the CSF correlate closely with their 
brain tissue levels (5). 

While the blood concentrations of lactate and pyruvate are in the 
normal range their CSF concentrations are distinctly increased com
pared with the mean CSF concentrations of lactate and pyruvate we 
have measured in 20 persons with a completely intact CNS:mean CSF 
concentrations for lactate 11,8 (s±1.83) mg%, for pyruvate 0,94 
(s±0.142) mg%. 

According to these values, we should expect a lactate efflux, since 
the CSF lactate level is about 3 times higher than the levels in the 
arterial blood. We found, however, an enormous lactate uptake against 
the direction of the concentration gradient for lactate, which exis
ted between CSF (reflecting brain tissue level) and blood. 

On account of these data it really is not possible to find an expla
nation for this distinct lactate uptake. But it can clearly be 
shown that in the group with severe cerebral lesions the typical cor
relation existing between the AVD-glucose, -lactate and -pyruvate is 
lost and that the lactate uptake is not only markedly reduced under 
the influence of normobaric and hyperbaric oxygenation but it is even 
changed to a minimal lactate efflux. 

This effect of the increased lOP on AVD-lactate suggests that the 
distinct lactate uptake probably is caused by the more pronounced 
hypoxia existing in the group with severe cerebral lesions. For more 
severe alterations of the cerebral tissue are accompanied with a 
more pronounced hypoxia and tissue acidosis disturbing the functions 
of the BBB, of the metabolic processes and also of metabolic regula
tory mechanisms. 

Summary 

In 20 cases with moderate cerebral lesions we found an increased lac
tate and pyruvate efflux and in relation to the AVD-02 a markedly in
creased AVD-glucose. During the following hyperoxic phases an in
crease of the AVD-02 and a decrease of the AVD-glucose and of a 
corresponding lactate and pyruvate efflux was measured (i.e. PASTEUR 
effect). On the contrary, in 14 cases with severe cerebral lesions 
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we initially found a distinct lactate uptake and a pyruvate efflux. 
During the hyperoxic phases the AVD-lactate and -pyruvate decreased 
and we finally even observed a minimal lactate efflux. This effect 
of the high IOP on this AVD-lactate suggested that the pathological 
mechanism of the lactate uptake was related to a more pronounced 
hypoxia and acidosis of the cerebral tissue. 
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lactate, pyruvate, oxygen and glucose measured in 20 patients with 
moderate brain lesions during the initial and different hyperoxic 
phases of 20 examinations 
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Fig. 2. The mean arterio-cerebral venous differences (AVD) of the 
metabolites measured in 14 patients with severe cerebral lesions 
during the initial and different hyperoxic phases of 14 examinations 
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CSF-Electrolytes in Two Different Types of Metabolic Brain Edema* 
A BAETHMANN, K. SOHLER, P. SCHMIEDEK, W. OETTINGER, and L. GUGGEMOS 

Introduction 

The significance of vasogenic brain edema is well understood for a 
variety of clinical conditions, while this is not true in the case of 
the cytotoxic form. A lack of knowledge on edema forming mechanisms, 
on the dynamics of edema development and edema resolution may still 
impede an appreciation of this type of brain edema. A number of mech
anisms may cause the formation of cytotoxic brain edema. Compounds 
such as e.g. biogenic amines, metabolites (7, 10) etc. could be re
leased into the extracellular compartment increasing the Na-permea
bility of the plasma membranes. Osmotic activity, which in the intra
cellular compartment is primarily bound becomes unbound by the 
process initiating brain edema or by concomitant derangements of the 
cellular energy metabolism, thus probably dramatically increasing the 
intracellular osmolarity. In both cases, intracellular swelling 
would ensue. 

Our current concept on the cytotoxic or metabolic brain edema is as 
follows. Disturbances of energy-producing or -transferring metabolic 
processes may lead to disturbances of active ion-transport. The 
sodium pumps fail, leading to a reduction or arrest of the sodium 
outward transport, while the Na- and water influx remains unchanged 
or even enhanced. Ion gradients between the extra- and intracellular 
compartment may be expected to decline. This particular aspect could 
be studied by analysing electrolyte concentrations in the extracel
lular, or intracellular compartment. 

Cerebrospinal fluid exchanges intimately with the interstitial fluid 
of brain tissue (5, 11) so that electrolyte concentrations of this 
fluid may reflect the respective concentrations within the extracel
lular space. 

The current report is concerned with electrolyte measurements in CSF 
of animals infused with 2.4 dinitrophenol after adrenalectomy. In 
early experiments it was shown that dinitrophenol causes an intra
cellular, metabolic type of brain edema as concluded from a decrease 
in the extracellular fluid space and a lowering of the energy rich 
phosphate compounds (3, 9). The metabolic nature of the cerebral Na
and water uptake secondaiy to adrenalectomy may be inferred from 
changes of the activity of tricarboxylic acid cycle enzymes of cere
bral tissue (1) as well as from a reduced cerebral blood flow and 
glucose consumption (2), while as yet no evidence is obtained that 
the energy state is affected under those circumstances. 

*supported in part by DFG-Sonderforschungsbereich 51: Medizinische 
Molekularbiologie und Biochemie, Mlinchen. 
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Methods 

a) Dinitrophenol Edema 

In ether anesthesia, male Sprague Dawley rats (b. w.: 250 - 300 g) 
were infused into a carotid artery with 4,5 - 5,0 ml of an isotonic 
glucose solution containing 5,4 mM 2,4 dinitrophenol. Control animals 
received glucose instead. At termination of the infusion, the carotid 
artery was clamped, the skin defect was sutured and the animals were 
allowed to regain consciousness. 6 hours later, the animals were sub
jected to ventriculo-cisternal perfusion according to PAPPENHElMER 
et al. (8) with a mock cerebrospinal fluid in chloralhydrate 
(360 mg/kg) anesthesia (Fig. 1). The perfusions pressure could be 
continously controlled. The flow was 0,0375 ml/min. The mock cerebro
spinal fluid contained 144,5 meq/l Na, 90 meq/l CI, 54 meq/l thio
sulphate, and 53/mM/l glucose, and no potassium. The perfusion pe
riods were in four different groups 60, 90, 120, and 180 minutes, 
respectively. The outflowing perfusate was collected over an entire 
experimental period and analyzed for the Na and K concentrations. 

The animals were bled then from the carotids and the blood was col
lected and centrifuged. The plasma Na and K concentrations were de
termined by flamespectrophonetry in addition after appropriate dilu
tion. 

b) Adrenalectomy 

Male adult mongrel dogs of 7 - 10 kg b. w. were bilaterally adrenal
ectomized in pentobarbital anesthesia (25 mg/kg). After surgery, the 
animals were maintained on a steroid substitution regime consisting 
of prednisolone and aldosterone until wound healing was complete. 
Steroid treatment was withheld about 5 days prior to the final ex
periment which again was conducted in pento barbital anesthesia to 
measure cerebral blood flow and metabolism. Immediately after in
duction of anesthesia, CSF was sampled by tapping the cisterna magna. 
The Na and K concentrations were again measured and the osmolality 
by freeze pOint depression in addition. For comparison, the same 
parameters were determined in plasma samples of blood taken from an 
arterial catheter. 

Results and Discussion 

a) Dinitrophenol edema 

Animals infused with dinitrophenol reveal a loss of extracellular Na 
involving the brain tissue as well as the general organism. This is 
suggested either by the consistently lower plasma Na concentration 
and by the Na concentrations in the perfusion fluid leaving the ven
tricle system after perfusion periods of different length when com
pared with the controls (Fig. 2). Comparing the in- and outflow Na 
concentration, it is concluded that the cerebral tissue of DNP ani
mals take up Na from the perfusate during the ventricle passage 
while control animals even appear to loose some Na. Since the brain 
tissue (on dry weight basis) of DNP-infused animals was found to 
accumulate Na (3), a decrease of this ion in the extracellular fluid 
may be indicative for a shift of Na-ions from the extra- into the 
intracellular compartment in this type of brain edema. 
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More direct evidence is available supporting this conclusion. Employ
ing thiosulphate distribution measurements to assess the extra- and 
intracellular cerebral volumes, a significant increase in intracellu
lar space and uptake of intracellular Na at the expense of the extra
cellular space was found (3). Moreover, a close correlation between 
the intracellular water content and the intracellular Na concentra
tion was established in these studies. 

The plasma and CSF potassium concentrations are seen in Figure 3. In 
DNP-animals, the plasma concentrations is considerably above that of 
control animals at a high degree of statistical confidence except the 
3 hours values. Two aspects merit particular attention when evalua
ting the K concentrations in the outflowing mock CSF of both groups. 
As mentioned in the Methods section, the arterial cerebrospinal fluid 
was devoid of K ions when entering the ventricular system. However, 
the perfusate leaving the cisterna magna contained K ions with almost 
identical ,concentrations in both controls and experimental animals 
of about 2,8 meq/l during all perfusion periods. 

The CSF-K concentration being unchanged after DNP administration 
inspite of a rise in plasma K may imply the existence of active mech
anisms in the central nervous system maintaining effectively the 
extracellular K at constant levels as already convincingly demon
strated by DAVSON and BRADBURY (6) in a different experimental model. 
These authors perfused the ventricle-cisternal system with Ringer's 
solution containing K concentrations varying from 10 meq/l to zero. 
In any case, the outflowing perfusion fluid had a constant K concen
tration of about 2,9 meq/l which is rather similar to that evolving 
from our own experiments. 

b) Adrenalectomy 

Basically the same findings were obtained in adrenal insufficient 
dogs. These animals also develop cerebral edema as already observed 
in small rodents (1), which in dogs apparently affects the cortical 
grey matter in particular. Inverse changes of the plasma Na and K are 
well known and understood in adrenal insufficiency. In our experi
ments, the mean plasma Na concentration fell from 148,0 ± 1,0 meq/l 
in controls to 129,4 ± 2,5 meq/l in adrenalectomized animals 
(p < 0,001). Conversely, the mean plasma K rose from 3,96 ± 0,12 to 
6,69 ± 0,43 meq/l after adrenalectomy (p < 0,001). The marked alter
ations of both plasma Na and K may be viewed as a measure of how far 
adrenal insufficiency developed. To our knowledge, respective measure
ments in adrenal insufficiency have not been performed yet in cerebro
spinal fluid. 

It may be surmised that the corticosteriod deficiency could affect 
the processess controlling the liquor production resulting in forma
tion of a CSF abnormally composed. Moreover, the blood-brain-barrier 
may become more permeable allowing CSF and plasma electrolytes more 
freely to exchange. This would cause the CSF-Na to fall and the CSF-K 
to rise as seen in the plasma compartment. Alterations like this could 
be responsible for the functional derangements of the CNS encountered 
in adrenal insufficiency, e.g. a lowering of the electroshock seizure 
threshold as a measure of an increased cerebral excitability (4). 

The CSF-Na concentration in fact was found to decrease from 151,7 ± 
1,1 meq/l in controls to 136 ± 2,0 in adrenalectomized dogs 
(p < 0,001), although the reduction appeared to be less pronounced 
than in the plasma compartment. The fall in plasma- and CSF-Na concen
tration is paralleled by respective changes in osmolality which was 
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observed to decrease from 307 mOsm/kg in plasma or 303 mOsm/kg in the 
cerebrospinal fluid of controls to 283 (plasma) or 285 mOsm/kg (CSF) 
in adrenal insufficient dogs. The osmolalities of the plasma liquor 
compartment being almost identical in the controls or the experimen
tal animals, respectively may suggest that the water exchanges more 
or less uninhibited between both compartments and that this is not 
affected by steroid deprivation. 

In control dogs the CSF-K concentration was 2,91 ± 0,04 meq/l and fell 
to 2,65 ± 0,05 meq/l after adrenalectomy (p < 0,001) despite an in
crease of the plasma-K concentration in opposite direction. The very 
small standard error of the mean CSF-K concentrations in either expe~ 
imental models compared e.g. with that of the CSF-Na concentrations 
or the corresponding plasma electrolytes appears to be noteworthy. 
The small variability again suggests a very strict control of the 
extracellular potassium in the CNS, and that the mechanisms involved 
were still operative after DNP administration of deprivation of corti
costeroids. 

The small but nevertheless significant decrease of the CSF-K concen
tration in adrenal insufficiency is difficult to explain. Changes of 
the pH may be involved as well as an increased binding of K ions to 
structures on the cell surfaces or intracellulary. Provided the li
quor changes reflect changes in the interstitial space, the fall in 
CSF-K may alternatively be viewed as an adaptation to intracellular 
losses, of K secondary to the steroid deficiency to maintain a con
stant membrane potential, which, however, would require the tissue K 
content to decrease. 

Summary 

Determinations of the Na- and K-concentrations were carried out, (al 
in mock cerebrospinal fluid leaving the ventriculo-cisternal system 
of rats with brain edema induced by 2,4 dinitrophenol, and (bl in 
natural CSF obtained by tapping the cisterna magna in adrenalecto
mized dogs left without substitution with corticosteroids who develop 
also brain edema. The changes of CSF electrolytes were similar in 
both experimental conditions. After DNP as well as in adrenal in
sufficiency, the Na- and K-concentrations were found to change in
versely, while the CSF potassium concentration remained unchanged in 
animals with DNP-edema, and was even somewhat reduced in adrenal
ectomized dogs despite a marked rise in plasma. The decrease in CSF
Na in both types of metabolic brain edema inspite of an accumulation 
of Na in the cerebral tissue supports the contention that extra- to 
intracellular Na shifts occur under those circumstances. The CSF 
potassium remaining constant within a very narrow range suggests that 
mechanisms were operative strictly controlling the extracellular con
centration of this ion very efficiently even in brain edema. 
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Fig. 1. Schematic illustration of the ventriculo-cisternal perfusion 
technique. A cannula was inserted into a lateral ventricle by free
hand puncture and connected with an infusion pump allowing to monitor 
continously the perfusion pressure. The perfusion Flow was 0,0375 mIl 
min. The atlanto-occipital membrane was incised and a plastic cathe
ter introduced into the cisterna magna in order to collect the out
flowing perfusate. Experiments were discarded if the perfusion pres
sure rose permanently above 100 rom H20. (From BAETHMANN, A. et al.: 
Pflug. Arch. Europ. J. Physiol 316: 51 - 63, 1970) 
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Fig. 2. Na-concentrations of plasma and mock CSF (mean ± SEM) collect
ed after ventricle passage in controls and DNP treated animals at 
different perfusion periods. The solid line in the upper part of the 
graph indicates the Na concentration of the perfusate before enter
ing the ventricle, which was 144,5 meq/l. Statistical significances 
are indicated. n.s. = not significent (from 3) 
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Fig. 3. Plasma and CSF-K-concentrations (mean ± SEM) of controls and 
animals infused with DNP after various perfusion periods. The small 
standard error of the mean CSF-K-concentrations is noteworthy. The 
statistical significances are indicated. n.s. = not significant 
(from 3) 
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The Clinical Significance of CSF Acid-Base Determination 
P. MARX 

The investigation of cerebral spinal fluid (CSF) acid-base parameters 
has become increasingly important. The following presentation at
tempts to summarize the most important principles of CSF acid-base 
regulation and to critically evaluate the clinical significance of 
csy acid-base determinations. 

CSF secretion at the choroid plexus involves complicated mechanisms 
such as active ion transport and different permeabilities for various 
anions and cations at the plexus membranes. The most important selec
tive ion transport mechanisms have been attributed to the Na+/K+ATPase 
and the carboanhydrase activities (1, 3, 7, 8). 

During circulation of the fluid through the various CSF-channels to 
the arachnoid villi, a lively exchange by diffusion of various sub
stances between the extracellular fluid (ACF) of the brain and the 
CSF takes place, not only involving 02 and C02 but also Na+, Cl-, 
HC02-' lactate and pyruvate etc. Therefore changes in brain acid
base parameters might well be detected in the CSF. 

The bulk absorption of the CSF at the arachnoid villi does not seem 
to involve selective ion transport mechanisms. The CSF pH follows the 
ratio of local concentration of molecular C02 (pC02) and of bicarbon
ate according to the Henderson-Hasselbalch equation 

pH = pK1 + 
[HC03-] 

log S P • 
. CO 2 

From this formula it might easily be understood that any increase in 
CSF pC02 decreases CSF pH; whereas a decrease in pC02 makes the fluid 
more alkaline. 

As a result of homeostatic control mechanisms CSF pH is maintained 
within narrower limits than that of blood during various states of 
systemic metabolic acidosis or alkalosis. This is in part due to the 
blood-brain and blood-CSF barrier systems, which are only minimally 
or not at all permeable for most acids and bases of the circulating 
blood. There is only one exception, and that is C02, which is moving 
unrestricted through cell membranes and might be converted into car
bonic acid. 

Additional control of CSF pH stability is achieved by the control of 
ventilation by the CSF pH, lowering of which results in forced venti
lation with increased elimination of C02 out of the fluid. Another 
important factor is the chemical control of cerebral blood flow. 

Besides these three mechanisms some others also are important, in
cluding the intracellular buffer capacity of the brain, adaptation 
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of the bicarbonate concentration in the brain, the ECF to the actual 
pC02, the potential-difference between CSF and blood and lastly the 
stimulation of lactic acid production by alkalosis. 

The determinations of CSF acid-base parameters includes the measure
ments of pC02' pH, lactate and pyruvate, whereas bicarbonate might 
be easily calculated by a modified SIGGARD-ANDERSON Nomogram (2). 
Additionally p02 is measured. All these parameters in CSF should be 
compared to determinations of simultaneously drawn arterial blood 
samples. 

The current understanding of CSF acid-base regulation has influenced 
general therapeutic measures: 

1. We have become more cautious in compensating systemic acidosis by 
iv. application of bicarbonate solutions. Since C02 being released 
from the bicarbonate, moves much faster through the blood brain 
and blood CSF barriers than the bicarbonate ion, the CSF pH might 
temporarily decrease despite a pH increase in arterial blood. This 
might be accompanied by a deterioration of the patient's condi
tion (4). 

2. Since respiratory acidosis is easily transmitted from blood to the 
brain ECF and to the CSF, inhibition of pulmonary ventilation 
might be particularly dangerous to patients suffering from a pri
mary metabolic acidosis of the brain. This is the case in cere
brovascular disease or increased intracranial pressure. 

3. Since severe hypocapnia stimulates cerebral lactic acid production, 
hyperventilation as a therapeutical aid in treating increased 
intracranial pressure should not decrease arterial pC02 below 25-
30 rom Hg. 

Despite these more general applications, CSF acid-base parameters 
have been correlated to certain clinical conditions. Thereby it could 
be shown for example that impairment of consciousness in various 
neurological diseases is accompanied by certain degrees of acid-base 
deviations in the CSF (5). This is evident also in our material (Fig. 
1). Mean CSF lactate and pyruvate values as well as the lactate
pyruvate-ratio were significantly higher in those neurological pa
tients who had lost consciousness as compared to those who had not. 

However CSF lactic acidosis is a more general reaction to various 
noxious stimuli and by no means specific. It may occur in different 
diseases such as meningitis, head trauma, status epilepticus and 
many others (Fig. 2). 

Correlation between the clinical status of patients suffering pri
marily from cerebral lesions with certain acid-base parameters in 
the CSF not only serves a scientific purpose, but also may help in 
creating a better and more comprehensive understanding of a given 
patient's situation. However, special care should be given to avoid 
any non-steady state conditions while the CSF and blood samples are 
drawn. Since the equilibration of acid-base parameters between brain 
ECF and CSF takes time, the lumbar cerebrospinal fluid-pH might dif
fer by 0,1 units from the cisternal fluid from some time in changing 
conditions. Even in ventricular fluid, the adaptation to respiratory 
changes may take up to ten minutes. 

Another source of misleading results might be a massive cisternal 
herniation with blockade of the cerebrospinal fluid pathways into 
the spinal column. 
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Some years ago SEITZ et al. (6) reported that cerebrospinal fluid 
lactate concentrations of more than 40 mg%, that is about 4,4 mval/1, 
indicated a bad prognosis in patients with severe head injury. Our 
data does not agree with this finding. We measured a CSF lactate con
centration of 6,5 mval/1 in a patient with severe head injury, whose 
arterial acid-base parameters were entirely normal. 

From a theoretical point of view the simple correlation between CSF 
lactic acidosis and survival does not seem justified. Such correla
tion could perhaps hold if the CSF lactate concentration or better 
yet the lactate-pyruvate-ratio were determined exclusively by the 
Redox potential of the brain. But this is not true, since lactate 
can penetrate the blood brain barrier by a carrier mediated transport 
mechanism. Thus, high lactate concentrations in the blood can be 
transmitted into the CSF. Such an exogenous lactic acidosis in the 
fluid of course has another prognostic value than a lactacidosis, 
which is caused by brain hypoxia. 

As could be shown in another patient, an extremely high CSF lactate 
concentration of 13,2 mEq/1 is compatible with brain stem functioDs 
such as spontaneous eye movements, preserved corneal reflexes and 
spontaneous respiration, at least for some hours. 

Summary 

The most important mechanisms regulating CSF pH have been briefly 
summarized and the clinical significance of acid-base determinations 
in the CSF has been discussed. 
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Clinical Aspects of Cerebral Hypoxia 
TH. W. LANGFm 

Cerebral hypoxia is the most common cause of disability_and death in 
neurological and neurosurgical patients. It can be divided into hy
poxic hypoxia, a reduction in the 02 content of the circulating blood, 
and ischemic hypoxia, a reduction in the volume of circulating blood 
per unit time. The normal value for the partial pressure of 02 (Pa02) 
in circulating blood is approximately 90 torr. A value below the 
normal range is defined as systemic hypoxemia; but the intact brain 
can function well at a Pa02 far below the normal range and does not 
suffer irreversible damage until the Pa02 is markedly depressed. 
Furthermore, in borderline cerebral hypoxia metabolism is deranged, 
but only in some cells, and the metabolic derangement may not be 
detectable clinically; vital neurons continue to produce and utilize 
a normal amount of energy, and the patient is neurologically normal. 
It is desirable, therefore, to define four levels or categories of 
systemic hypoxemia: (1) below the normal range of Pa02; (2) the range 
of Pa02 which results in an alteration of metabolism that is not 
detectable by neurological examination; (3) the range of Pa02 that 
depresses neurological function; (4) Pa02 values that result in ir
reversible hypoxic brain damage. The same categories are applicable 
to brain ischemia; mean cerebral blood flow (CBF) ranges from normal 
to values that result in permanent ischemic brain damage. 

A major purpose of many of the techniques that have been developed 
in the past two decades to diagnose and manage patients with acute 
brain insults is assessment of the presence and significance of cere
bral hypoxia. They include measurements of arterial blood gases, 
intracranial pressure (ICP), CBF, and the cerebral metabolic rate of 
glucose and 02 utilization (CMR02). 

Neurological Status 

The clinical diagnosis of cerebral hypoxia is difficult. Cyanosis is 
clear evidence of systemic hypoxemia but is rare in neurosurgical 
patients. When present the patient almost always has obvious obstruc
tion within the pulmonary pathways. If the patient improves in re
sponse to treatment for systemic hypoxemia (e.g. endotracheal in
tubation and mechanical ventilation) or cerebral ischemia (e.g. re
duction of ICP) then worsens when the treatment is discontinued, 
this is the best clinical evidence for cerebral hYP0xia. 

Blood Gases 

The quantity of 02 available to the brain is a function of the 02 
content of the blood, the 02 affinity of hemoglobin, and the volume 
of blood flowing through the brain per unit time. Nearly all of the 
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02 in blood is attached to hemoglobin; only a small portion is dis
solved in plasma. If hemoglobin is fully saturated, but the patient's 
hemoglobin is half the normal value, then the 02 carrying capacity of 
the blood is reduced by half. Often this factor is not taken into ac
count in attempting to define and treat cerebral hypoxia. 

02 is released by hemoglobin and diffuses across the vascular wall to 
supply metabolically active neurons and glial cells. Little is known 
about t~e effects of edema, for example, on 02 diffusion in tissue. 
In massive focal edema, a neuron that is normally farthest from a 
capillary and therefore may have barely enough 02 to function might 
be further displaced from the capillary by tissue swelling and be
come hypoxic. 

Alterations in arterial C02 (PaC02) can contribute to cerebral hypox
ia in two ways. Hypocapnia produces cerebral vasoconstriction, and 
there is evidence in normal animals and man that hyperventilation to 
a Pac02 between 15 and 20 torr can constrict the cerebral vessels 
sufficiently to produce ischemic hypoxia of the brain. In addition, 
the respiratory alkalosis produced by hyperventilation shifts the 
02 dissociation curve to the left (BOHR effect). This increases the 
02-hemoglobin affinity, and less 02 is available to the tissue. There
fore, hyperventilation therapy used so commonly in neurosurgical 
practice has the potential deleterious effect of critically reducing 
CBF; at the same time the amount of 02 released by the blood is di
minished because of the shift in the 02-hemoglobin dissociation curve. 

However, when the vasoconstriction produced by the hypocapnia be
comes so great as to produce cerebral ischemic hypoxia, the well 
known hypoxic stimulus to vasodilatation overrides the hypocapnic 
stimulus to vasoconstriction, and CBF remains constant even though 
the PaC02 is reduced further. This is one explanation for the clini
cal observation that patients with severe hyperventilation and a 
PaC02 of 10-15 torr do not have evidence of hypoxic brain damage. 

What then are the critical levels of Pa02 and PaC02 for adequate oxy
genation of the brain? Clearly critical levels vary from patient to 
patient and within the same patient over time. A patient with multi
ple injuries who is in peripheral shock from blood loss, is hyper
ventilating spontaneously, and has reduced CBF because of severe 
brain edema and intracranial hypertension may suffer cerebral hypoxia 
despite the fact that his Pa02 is far above normal. Contrariwise, a 
healthy young patient with an intact brain and a normal blood pres
sure who is suffering from pulmonary insufficiency may survive a 
prolonged period of systemic hypoxemia with a Pa02 of 40 torr or less 
without clinical evidence of brain damage. 

Intracranial Pressure 

Increased ICP appears to produce brain damage only to the degree that 
it reduces CBF and causes ischemic hypoxia of the brain. CBF may be 
reduced diffusely or focally, for example within the brain stem in 
patients with transtentorial herniation. What is a critical level of 
increased ICP for the production of cerebral ischemic hypoxia that 
results in disturbed brain metabolism, clinical evidence of ischemia, 
or permanent ischemic brain damage? When one is recording ICP contin
uously in a patient with a brain insult, at what level of ICP should 
treatment be instituted? Again there are guidelines but no rules. 
The interpretation of the data and the management of the patient 
must be individualized. A patient with an essentially normal brain 
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and intact cerebral autoregulation will tolerate marked intracranial 
hypertension well, whereas a patient with diffuse cerebral damage, 
defective autoregulation, and brain edema will exhibit signs of cere
bral ischemia with only moderately increased ICP. 

Fig. 1 illustrates a young woman with a cerebellar hemangioblastoma 
and obstructive hydrocephalus. ICP was recorded from a cannula in a 
lateral ventricle and systemic arterial pressure (SAP) from a cath
eter in the radial artery. The patient was alert and well oriented, 
and the only neurological deficit was a mild truncal ataxia from 
the tumor. For prolonged periods of time mean ICP approached mean 
SAP; the cerebral perfusion pressure was only 7-10 torr. Yet she 
remained neurologically normal. ICP fell to normal in response to 
brief periods of voluntary hyperventilation, demonstrating that the 
vasoreactivity of the cerebral vessels was also normal. In contrast, 
we have observed many patients with diffuse brain damage and cerebral 
edema who deteriorated neurologically when ICP exceeded 25-30 torr, 
then improved when ICP was reduced by hyperventilation or hypertonic 
mannitol. 

Cerebral Blood Flow and Metabolism 

In intact animals and man the level of CBF required to maintain nor
mal metabolism appears to be 40-45% of the normal value of approxi
mately 50 ml/100gm/min. When CBF falls below that level cerebral 
hypoxia is manifested by slowing in the EEG and metabolically by 
anaerobic glycolysis and a decline in high energy phosphates in 
brain tissue. But this level of CBF is critical only if brain meta
bolism of 02 and glucose is normal. If for any reason metabolism is 
reduced, then less 02 and therefore less blood flow are required to 
maintain normal (aerobic) brain metabolism. For example, a reduction 
in body temperature from normal to 300 C halves brain metabolism and 
therefore halves the brain requirement for 02. 

To date most studies of the energy state of the brain have depended 
on measurements of the concentration of high energy phosphates such 
as adenosine triphosphate (ATP) in brain tissue. Critical levels of 
Pa02, SAP, and CBF for oxidative phosphorylation (production of ATP) 
in mitochondria have been defined in experimental animals. Since the 
brain is dependent on a constant production of ATP for its energy 
needs, the brain machinery runs down as ATP falls, and when ATP is 
depleted neuronal and glial function ceases. After the brain has 
been deprived of 02 for a period of time that is still controversial, 
irreversible damage ensues. 

Measurements of the tissue concentration of ATP provide accurate in
formation on the amount of ATP available for metabolic needs; but 
they do not measure the rate of metabolism of ATP. In deep hypother
mia the subject is comatose, indeed may have all the clinical signs 
of brain death. Both production and utilization of ATP are reduced 
to a fraction of normal; but production equals utilization, and 
therefore the concentration of ATP in brain tissue will be normal 
even though the rate of turnover of ATP is greatly reduced. 

The rate of utilization of ATP in man can be estimated by measuring 
CMR02 according to the equation: 

mean CBF x A-VD0 2 
=--------"'-

100 
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Where the mean CBF is determined for whole brain and A-VD0 2 is the 
arterio-venous difference of 02 content across the brain measured 
from samples of arterial and jugular bulb blood. The normal value of 
CMR02 in awake man is approximately 3.5 ml/l00gm/min. In brain dam
aged patients CMR02 is reduced, and in deeply comatose patients 
CMR02 may be 1/10 the normal value. 

Hypoxia reduces brain metabolism of 02 (and increases the metabolism 
of glucose), but when 02 metabolism is reduced the need for 02 is 
less. The major issue, however, is not the amount of 02 required to 
maintain a normal metabolic rate, but the amount of 02 required to 
prevent irreversible neuronal damage. Teleologically the decrease in 
metabolism produced by hypoxia might be considered a compensatory 
mechanism to prevent irreversible damage. The problem with this hy
pothesis is that the cellular substrates of irreversible hypoxic in
jury are unknown. 

Fig. 2 illustrates a patient who was comatose following a head injury. 
A left cerebral angiogram demonstrated marked swelling of the tempor
al lobe. CBF was reduced throughout the hemisphere, and pa02 was 
normal. PaC02 was reduced from spontaneous hyperventilation. Cerebral 
autoregulation, tested by intravenous injection of angiotensin, was 
defective adjacent to the mass only. Following administration of 
hypertonic mannitol elevated ICP fell, and CBF rose to normal or 
nearly so throughout the hemisphere. CMR02 was markedly depressed, 
but as CBF improved, focally after angiotensin and diffusely after 
mannitol, CMR02 increased from 1.15 to 1.26 to 1.58 ml/l00gm/min. 
Table 1 illustrates a series of patients with unilateral post~trau
matic masses and Table 2 a group a patients without a mass lesion, as 
determined by cerebral angiography. In 10 of the 13 patients in the 
two groups, mean CBF in the hemisphere examined increased from 10 to 
35 ml/l00gm/min. The response of CMR02 varied greatly, but in two 
patients (J.L. and C.D.) there was a marked increase, and in one pa
tient (H.M.) CMR02 returned to normal. The implication of the data 
is that CMR02 was reduced in these patients because of ischemic hy
poxia secondary to reduced CBF. When CBF was increased by administra
tion of mannitol, CMR02 also increased demonstrating that the hypoxic 
insult was reversible. Unfortunately for this hypothesis, patient 
J.L. had a normal CBF prior to administration of mannitol. 

Conclusion 

It is unfortunate that the alterations in intracranial dynamics and 
brain function produced by acute brain insults are so complex. The 
practicing neurosurgeon wishes to have as firm guidelines as possible 
in the management of his patients, and few neurosurgeons have avail
able the full array of special techniques described in this report. 

The most important crit,erion for initiating treatment or changing 
from one form of therapy to another is deterioration in the patient's 
neurological status, and the best evidence that the therapy has 
been effective is clinical improvement. Increased ICP, for example, 
is significant mainly in terms of brain function. When a rise in ICP 
results in neurological deterioration, it is clear that the intra
cranial hypertension should be treated. A more difficult decision is 
when to treat elevated ICP prophylactically, and that is a matter of 
clinical judgment. As an example, spontaneous pressure waves of in
creasing frequency and magnitude are an ominous sign, because experi
ence has taught that even though there are no neurological signs in 
association with the pressure waves, a "terminal" pressure wave may 
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Table 1. CBF, rcp, and CMR02 before and 30 minutes after administra
tion of a bolus of intravenous mannitol in patients with a unilateral 
mass lesion following head injury 

Mannitol. Unilateral mass 

Control Post-mannitol 

CBF rcp CMR02 CBF rcp CMR0 2 

B.E. 35 39 1 .15 50 16 1. 58 

H.M. 35 41 1. 96 68 35 3.54 

J.N. 18 47 0.39 38 48 0.48 

R.W. 44 56 1.01 69 19 1 .79 

M.F. 32 21 0.87 34 18 1. 28 

R.Wa. 52 10 1. 63 62 6 1 .26 

Table 2. Same as Table 1 in patients without a mass lesion 

Mannitol. No mass 

Control Post-mannitol 

CBF rcp CMR02 CBF rcp CMR02 

J.G. 31 22 1. 61 50 23 1. 63 

J.L. 52 23 1.76 87 17 2.59 

C.D. 38 14 1 .65 57 9 2.34 

E.D. 62 16 1. 42 76 11 .81 

B.J.S. 111 29 0.98 130 18 1. 27 

G.A. 31 ° 1. 65 36 2 1.80 

J.B. 39 10 1. 11 40 5 1. 35 

follow and lead to rapid deterioration and death of the patient be
fore treatment can be instituted. 

The ultimate value of measurements of CBF and brain metabolism in 
patient management remains to be determined. Certainly a reliable non
invasive technique for measurement of CBF is required. There is much 
information still to be learned from this relatively new technology, 
but the final test will be whether that information can be used to 
better diagnose and treat the patient who is in danger of dying from 
an acute brain insult. 
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100 

ICP 

o 

200 

SA 

o 91 
1 hr -I 87 

Fig. 1. rep and SAP recorded continuously in a patient with a cere
bellar hemangioblastoma. rep varies with the onset (black arrow) and 
cessation (white arrow) of voluntary hyperventilation. The numbers 
along the horizontal axis are mean pressures for rep and SAP. All 
pressures in torr 
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SE. Control 

CSF 35 
SAP 103 
ICP 39 
CPP 64 
CVR 1.83 

Angiotensin 

CSF 38 
SAP 134 
ICP 37 
CPP 97 
CVR 2.55 

Monnitol 

CSF 50 
SAP 102 
ICP 16 
CPP 86 
CVR 1.72 

P002 107 
Po CO2 32 
AVD02 3.28 
CMR02 1.15 

Po 02 147.3 
Po CO2 2756 
AVD0 2 3.32 
CMR02 126 

Po O2 147.3 
Po CO2 27.56 
AVD02 3.16 
CM R02 1.58 

Fig. 2. Patient with a left temporal lobe contusion. Numbers in the 
circles are regional CBF values determined by height/area analysis 
of the clearance curves of 133 Xenon injected into the left internal 
carotid artery. CPP = mean SAP - mean rcp. CVR = CPP/CBF 
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Restitution of Vasomotor Autoregulation by Hypocapnia in Brain Tumors 

A HADJIDIMOS, F. FISCHER, and H. J. REULEN 

In patients with brain tumors regional cerebral blood flow (rCBF) is 
significantly diminished and the physiological regulation of rCBF to 
changes in arterial pC02 and arterial blood pressure (autoregulation) 
may be impaired or lost focally or globally (2, 4). This tendency to 
a vasoparalysis has been attributed to tissue acidosis in edematous 
areas (1). As a result, acute arterial hypertension may be followed 
by deleterious clinical consequences by abnormally increasing tissue 
perfusion pressure as well as rCBF in areas with impaired vasomotor 
tone which leads to a break-through of pressure in the capillary 
system with further production of perifocal edema and increase of 
intracranial pressure (ICP). Dexamethasone was proved to substantial
ly restore vasomotor regulation and increase rCBF in brain tumors 
(4, 6). 

In the present study the role of induced hypocapnia on the impaired 
autoregulation during hypertension before and after dexamethasone 
treatment is investigated. 

Material and Methods 

9 investigations were performed in patients with supratentorial brain 
tumors with various degree of malignancy. All patients were submitted 
to rCBF measurements before and 3 of them after 6 days of dexametha
sone treatment. Only the diseased hemisphere was investigated. In
vestigation was always performed under neuroleptic anesthesia, relax
ation and control respiration. Mean arterial blood pressure (MABP in 
mmHg) was continuously monitored. Global and regional vascular regu
lation mechanisms were studied by means of functional tests: normo
tension-normocapnia, normotension-hypocapnia, hypertension-normocapnia 
and hypertension-hypocapnia. 

For rCBF measurements the intra-arterial Xe 133-clearance technique 
(2, 4, 5) was used ("two-minutes-flow index" in ml/100 g.min). Values 
obtained during rest and hypertension were corrected to a "standard 
paC02" of 40 mmHg. Cerebro-vascular resistance (CVR) was calculated 
as the ratio of MABP and MrCBF in mmHg/ml/100 g.min. 

Results 

Global Hemispheric Effect of Hypocapnia During Impaired Autoregulation 

a) Before Dexamethasone Administration: (Table 1, Fig. 1) According 
to previous results (2, 4) mean hemispheric rCBF at normocapnia
normotension (rest-state) was significantly reduced as compared to 
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normal (about 55 ml/100 g.min). Interchannel coefficient of variation 
(ICV) as well as cerepro-vascular resistance (CVR) were markedly 
increased suggesting the presence of tissue perfusion pressure gra
dients still at the resting state (4). 

Following induction of hypocapnia under normal arterial blood pres
sure, hemispheric blood flow decreased in all cases, except cases 7 
and 8 (Table 1), but a partial CO2-regulation defect was almost al
ways present. CVR changed in the opposite direction indicating a 
diminished but still active vasoconstriction. During hypertension at 
normocapnia, autoregulation was found to be impaired in all cases, 
at least regionally. Average hemispheric flow increase was observed 
in 6 out of 9 instances, and CVR did not increase sufficiently 
(Fig. 1, a) in order to maintain the flow at the values observed 
during the resting state. 

~ollowing induction of hypertension during hypocapnia, blood flow 
was found significantly decreased in relation to hypertension during 
normocapnia and CVR increased more as in either one or the two pre
vious tests (Fig. 1 c>a+b) indicating a restoration of the autoregu
lation and an astonishing active vasoconstriction. 

bJ Following Dexamethasone Administration: (Table 1, patients I, II 
and III) Autoregulation was completely restored in case I and CBF did 
not change. In the two other cases hemispheric rCBF increased and 
C02-regulation as well as autoregulation were significantly improved. 
The beneficial effect of hypocapnia upon the autoregulation can here 
be observed only regionally. 

Regional effect of hypocapnia during impaired autoregulation. Table 
2 quantifies the regions with abnormally increased rCBF during 
hypertension at normocapnia in contrast to hypertension and hypocap
nia; the regional increases in rCBF during hypocapnia at normotension 
("inverse steal syndrome") are also presented. It is clear that as 
well before as after dexamethasone administration the number of patho
logical increase in rCBF markedly decreases in hypocapnia-hyperten
sion as compaired to normocapnia-hypertension. 

Two examples shall be illustrated in order to demonstrate the region
al beneficial effect of hypocapnia by impaired autoregulation in 
brain tumors. 

The first example (Fig. 2, case 6 of Table 1) illustrates a complete 
restoration of the autoregulation disturbances observed during hyper
tension at normocapnia (low left) at the perifocal as well as the 
more remote areas of the hemisphere following hypertension and hypo
capnia (low right) • 

The second example (Fig. 3, case 2 of Table 1) shows a remarkable 
but only partial beneficial effect of hypocapnia on the severely im
paired autoregulation at the periphery of a highly vascularized 
malignant brain tumor. 

Following dexamethasone treatment and reinvestigation of the same pa
tient autoregulation at normocapnia is remarkably improved mainly at 
the remote perifocal areas (Fig. 4, case II of Table 1). Hypocapnia 
restores almost completely autoregulation (lower right) and poten
tiates the beneficial effect of dexamethasone. 
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Table 2. Regional evidence of restoration of the autoregulation by 
hypocapnia before and after dexamethasone treatment. Potentiation of 
the dexamethasone-effect 

CASE DIAGNOSIS REGIONS HYPERTENSION NORMarENSION 
NORMOCAPNIA HYPOCAPNIA HYPOCAPNIA 

(n) (n) (n) (n) 

Small brain 
16 

metastasis 3 0 0 

2 Brain IlEtastasis 15 11 9 0 

3 Brain IlEtastasis 15 12 0 0 

4 Glioblastoma 14 9 0 0 

5 Brain IlEtastasis 15 15 2 4 

6 Brain metastasis 15 12 2 2 

7 Glioblastoma 14 13 7 2 

8 Oligodendroglioma 16 10 7 3 

9 Astroblastoma 15 8 6 0 
----------------------------------------------------------------------------------
I Case 1 

+ De)(ameth. 16 0 0 0 

II Case 8 
+ Dexameth. 15 4 0 

III Case 9 
16 + Dexameth. 7 0 

Discussion 

It is well known that the clinical state of patients with brain le
sions and perifocal brain edema may severely decompensate following 
an acutely developing phase of hypercapnia and/or acute arterial 
hypertension. Since it is known that autonomic regulation of CBF is 
considerably disturbed in peritumoral edematous areas and sometimes 
even throughout the whole hemisphere an increase in arterial blood 
pressure will be passively followed by an increase of CBF in all 
areas with impaired autoregulation. Globally the cerebral blood vol
ume will increase with subsequent increase of ICP. Due to vaso
paralysis the arterial pressure head will break through into the 
capillaries, thus conspicuously increasing the formation of vasogenic 
brain edema. A predominantly unilateral increase in tissue volume 
may then aggravate an already existant brain shift and induce struc
tural brain herniation. 

For neurosurgeons the question is of utmost importance of which 
therapy would be efficient in the management and prevention of this 
dangerous situation. 

The use of hypertonic solutions does not influence autoregulation and 
further it could induce a supplementary increas-e in interhemispheric 
pressure difference thus complicating the vicious circle. 

Dexamethasone treatment during 4 to 6 days is followed by a remark
able alleviation of the clinical state of patients with brain tumor. 
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Although its genuine mechanism of action is not completely under
stood, dexamethasone was shown to reduce brain edema and restore the 
vasomotor regulation of the cerebral vessels (4, 6). 

However, during an acute phase of arterial hypertension the efficient 
therapy would be to rapidly try to counteract tissue acidosis in the 
capillary level and restore autoregulation of CBF. 

The role of hypocapnia, induced by apparative hyperventilation, in 
the reduction of increased ICP is well established (3, 6). Diminution 
of ICP results from a decrease in blood flow and volume in regions 
of the brain with preserved C02-response. The condition for this ef
fect is the existence of sufficient regions of relatively healthy 
brain able to respond by means of the vasoconstriction to the hyper
ventilation, i.e. a state of so called "dissociated vasoparalysis" 
(5). In addition, LASSEN and PAULSON have demonstrated that a global
ly impaired autoregulation in the controlateral to the space occupy
ing lesion hemisphere could be efficiently restored by means of 
hyperventilation. Since, however,the disturbances of autoregulation 
as well as C02-reactivity usually are much more pronounced in the 
tumor-bearing hemisphere, particularly in the perifocal areas, the 
question arises whether hypocapnia induced by hyperventilation may 
also restore the autoregulatory capacity and the hemodynamic situa
tion in these areas. 

The present results show that during acute systemic hypertension in 
patients with brain tumor and severe perifocal as well as homolateral 
global impairment of autoregulation the induction of hypocapnia 
through hyperventilation significantly improves and frequently com
pletely restores (case 1, Fig. 2) autoregulation of CBF in the peri
tumoral brain tissue. The efficiency of this treatment may also be 
demonstrated in cases with very depressed cerebral blood flow at 
rest and severely impaired vasomotor response to PaC02 changes pro
vided that "dissociated vasoparalysis" is regionally still present 
(case 4, 7 and 8, Tables 1 and 2). 

It may be assumed that hyperventilation might induce by means of 
respiratory alkalosis an increase of bicarbonate, thus counteracting 
the tissue acidosis by increasing the pH in the capillary wall and 
the extracellular space. 

The marked increase of CVR during hypocapnia and hypertension might 
indicate that following a diminished tissue acidosis, a potentiation 
of the vasoconstrictive effect is occurring by means of the indivi
dual differential reestablishment of the autoregulation as w€ll as 
the C02 regulation of the brain capillaries. 

In the cases treated with dexamethasone it is further shown that the 
marked improvement of autoregulation obtained by means of this drug 
is further supported (Fig. 4, case II) under hypocapnia even at high 
systemic arterial pressure. 

It can be suggested that as well pre-, as postoperatively in patients 
with brain space-occupying lesion and acute brain edema the combina
tion of dexamethasone administration with the induction of a moderate 
hypocapnia may optimally be used to prevent as well as to treat an 
acute state of impaired autoregulation and thus control cerebral 
edema and increased ICP. 
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of autoregulation at hypocapnia 



Sununary 

Patients with cerebral tumor and perifocal edema may severely decom
pensate following acure hypertension. This is due to the impairment 
of the autoregulation at the peritumoral edematous areas and attri
buted to tissue acidosis. It is shown that the induction of moderate 
hypocapnia during acute arterial hypertension remarkable restores 
the autoregulation in the hemisphere bearing the tumor. Respiratory 

alkalosis is thus assumed to counteract metabolic tissue acidosis on 
the capillary wall. The beneficial effect of dexamethasone upon the 
autoregulation is potentiated by hypocapnia. 
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Fig. 1. Loss of autoregulation at normocapnia and its restoration at 
hypocapnia. Mean of hemispheric values 

98 



INORM OTENSION I 

IHYPERTENSION I 
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Fig. 3. Report of a case with significant but partial restoration of 
autoregulation at hypocapnia 
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M,CBF _ 17.1 :4.7 

M,CYR - 114 

Fig. 4. Report of the same case as in Fig. 3 showing the potentiation 
of the beneficial effect of dexamethasone on the impaired autoregula
tion by hypocapnia 
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Cerebral Metabolic Behaviour in Relation to Oxygen in Comas During 
the Acute Neurosurgical Phase 
B. ROQUEFEUIL, M. BALDy-MoULINIER, E. VIGUIE, E. ESCURET, A. CALLIS, 

F. FREREBEAU, and CL. GROS 

This paper concerns cerebral blood flow values and cerebral meta
bolic oxygen rate levels found in thirty four neurosurgical patients 
in an acute phase, most of them after severe head injury. 

Cerebral metabolic behaviour is analysed first in the steady state 
conditions, then after a dynamic modification obtained either by 
hypercapnic hypertension or by an aramine induced hypertension. 

A real prognostic correlation can be deduced from steady state con
dition studies and also from dynamic state studies, which clearly 
shows the interest of metabolic exploration in patients in deep coma. 

I. Material and Method 

Our 34 patients are divided as follows: 

- 28 coma patients with severe head injuries, of which: 

9 have predominant brain stem disease; 

- 18 have either unilateral hemispheric contusion 
(6) or diffuse contusion (12); 

with bilateral chronic subdural hematoma. 

5 with cerebrovascular disorders. 

1 with cerebral tumor. 

Cerebral metabolic exploration takes place between the third and the 
tenth day. 

Cerebral Blood Flow measurement (CBF) is accomplished by the intra
arterial carotidian injection of Xe 133, in the injured side in uni
lateral predominant ailments disease, either side with other ailments. 

Each patient is first studied in a steady state condition then, after
wards, in a dynamic state obtained either by a PaC02 level increase 
(16 cases) or by an~aramine intravenous injection (18 cases). 

Under Aramine, the obtained tensional increase is about 50 to 100 
mmHg, and lasts from about 10 to 15 minutes, sufficient time to take 
CBF measure and different metabolic samples. 
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II. Results 

1. Cerebral Blood Flow (CBF) and cerebral metabolic rate for oxygen 
(CMR0 2 ) in a steady state condition 

A. Cerebral Blood Flow (Table 1) 

The average of the 34 hemispheric CBF measures is 35,15 : 13,01 
ml/100g/rnn, that is to say a mean value clearly inferior to the nor
mal CBF value (50 ml/100g/mn) . 

Relative to the depth of the comas the lowest mean CBF values are 
found in the most serious cases (C3 : 33,16 ± 11,95). 

The mean CBF value equally shows an interesting prognostic meaning: 

- 15,3% of survivals in the patients (13 cases) with a mean CBF 
lower than 30 ml/100g/mn; 

- 61,9% of survivals in those (21 cases) with a mean CBF higher than 
30 ml/100g/mn. 

Table 1. Mean CBF and mean CMR02 in steady states conditions 

Average of Mean CBF Mean CMR02 
in ml/100 g/mn in ml 02/100 g/mn 

Average of 35,15 :!: 13,01 1,80 + 0,94 
34 measures -
Related to C1 (7 patients) : 38,57 + 16,97 2,44 :!: 1 , 1 5 

{ 
-

the depth C2 (10 patients) : 36,16 + 12,53 1,67 :!: 0,77 -
of coma C3 ( 17 patients) : 33,16 + 11 ,95 1 ,58 :!: 0,86 -

< 30 I > 30 < 1,50 > 1 ,50 

1 

Patients 13 21 15 19 

Prognostic Deaths 11 8 10 7 

Value Survivals 2 13 5 12 

% survey 15,3% 61,9% 33,33% 63,15% 

B. Cerebral metabolic rate for oxygen (CMR0 2l Table 1 

Mean CMR02 (the average of 34 measures) is equally lowered, 1,80 :!: 
0,94 ml 02/100g/mn (normal value: 3,30 ml/100g/mn) .There also seems 
to be a good correlation between the mean CMR02 and the depth of the 
coma, the lowest mean CMR02 - 1,58 :!: 0,86 - being found in the most 
severe cases (C3). Likewise the level of CMR02 seems to have a prog
nostic signification: 

33,33% of survivals in the patients (15 cases) with a CMR02 lower 
than 1,30 ml/100g/mn; 

- 63,15% fo survivals in those (19 cases) with a mean CMR02 higher 
than 1,50 ml/100g/mn. 
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2. Metabolic brain behaviour after a dynamic change (PaC0 2 in~rease_o~ 
Aramine induced hypertension) 

A. Cerebral reactivity to PaC02 (Table 2) 

After having induced a moderate hypercapnic increase, in 16 patients, 
the results permitted us to separate 2 groups: 

- the first (G1 : 8 cases) where the mean CBF reactivity to PaC02 is 
high. A PaC02 increase of 1 mmhg gives us a mean CBF increase of 
about 2,65 ± 1,91 ml/100g/mn; 

- a second group (G2 : 8 cases) where the mean CBF reactivity to 
PaC02 is very low (0,35 ± 0,26 ml/100g/mn/1 mmHg PaC02 increase). 

The mean CMR02 variation is nearly identical in both groups and can 
not be interpreted. The survival rate is almost the same in both 
cases, therefore without evident prognostic correlation. 

On the contrary, PaC0 2 reactivity seems clearly linked to the depth 
of the comas: 

- lowered in severe comas (C 3 ), 0,80 ml mean CBF increase per one 
mmHg PaC02 increase; 

- higher in the less severe comas (C1 and C2), 2,06 ml mean CBF in
crease per one mmHg PaC02 increase. 

B. Brain response to Aramine induced hypertension (Table 3) 

With Aramine, mean CBF and CMR02 variations permit us to classify 3 
groups: 

- a first group (8 cases) where a systolic arterial pressure (SAP) 
increase of about 63 mmHg shows practically no mean CBF (+ 2,5 ml) 
and mean CMR02 (- 0,26) changes (0,45 ml mean CBF increase per 
10 mmHg SAP increase - autoregulation); 

- in the second group (4 cases) an identical SAP increase - 70 mmHg -
diminishes the mean CBF (- 15 ml/100g/mn) and the mean CMR02 
(- 0,90 ml/100g/mn), that's to say a mean CBF reduction of about 
(-2,01 ml per 10 mmHg SAP increase). 
in the third group (6 cases), the SAP increase - + 88 mmHg - raises 
distinctly the mean CBF (+ 29,1 ml/100g/mn) and the mean CMR0 2 
(+ 1,09 ml/100g/mn), that's to say a mean CBF variation of about 
+ 2,83 ml/10 mmHg SAP increase (loss of autoregulation). 

In the same manner, the brain response to Aramine shows: 

- a prognostic relationship, 58,3% of survivals in groups I et II 
(autoregulation present) and 16,66% of survivals in group III (loss 
of autoregulation); 

- and then a clinical relationship, the CBF increase is clearly high
er in severe comas. 

C. CMR02 change related to CBF change (Table 4) 

The CMR0 2 change - in per cent of initial value - related to CBF 
change (equally in per cent of I.V.) permit us to separate three pa
tients groups: 
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- a first group - 10 cases - where, for each one, the CMR0 2 shows an 
identical change to CBF; in that group, the survival rate is high: 
70%. 

- a second group - 14 cases - w~~re the CMR0 2 is lowered while the 
CBF increases - luxury perfusion syndrome - and for them a poor 
prognostic: 21,2% of survival rate. 
a third group - 10 cases - where the CMR02 increase is higher than 
the CBF increase (insufficient perfusion) . 

Table 4. Prognostic value of hemodynamic and metabolic behaviour 

A. Severe comas (C3~ 

Mean CBF 

Mean CMR02 

Initial 
values 

\, +++ 

\++ 

B. Survivals rate in % 

Mean CBF < 30 : 15,3% 

Mean CMR02 <1,50: 33,3% 

Autoregulation Lost : 18,66% 
to hypertension 

CO 2 
reactivi ty 

), ++ 

# ° 

> 30 

>1,50 

61,9% 

63,15% 

Aramine 
response 

J +++ 

J 

Normal or : 58,3% 
excessive 

C. Prognostic incidence of 
mean CMR02 change 
related to mean CBF 
change 

Patients Survivals 
rate in % 

(C0202 Aramine hypertension) 

Discussion 

-Mean CMR02 
change (il) 
mean CBF change 
(il) in % and 
scale : + or -

- Mean CMR02 il < 
MCBF il ( luxury 
perfusion syn
drom) 

- Mean CMR0 2 il > 
MCBF il (insuffi
cient perfusion) 

10 70% 

14 21,2% 

10 50% 

Brain metabolic study is important in the acute phase where it is 
often very difficult to make a prognosis. The mean CBF value - 35,15 
ml/l00g/mn - that we find is identical to that claimed by other 
authors (3, 8) in acute traumatic comatose patients with low PaC02 
values. 

Certain (9) find much lower CBF values - 23,5 ml/l00g/mn - but do not 
precisely state the mean PaC02 level .•. In vascular comatose patients 
(6) it seems that, for the same PaC02 and identical coma levels, the 
mean CBF lowering is more important. 
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The mean CMR02 value in our study is nearly the same as that claimed 
by different above mentioned authors. For them, the relation is clear 
between the clinical state (therefore the prognosis) and mean CBF and 
CMR02 values, but they compare comatose patients, awake patients with 
a neurologic deficit and normal patients ... 

In our study - comatose patients only - such relation still exists 
but less pronounced; it is not found in vascular comas (6) with dif
ferent levels. 

Thus, without overestimating the data, we can assume that a mean 
CMR02 higher than 1,50 ml/100g/mn and a mean CBF higher than 30 ml/ 
100g/mn actually are rational survival criteria. 

Mean PaC02 cerebral reactivity is low - 1,50 ml/mroHg PaC02 - but 
identical to that stated by others, much lower than PaC02 reactivity 
found in normal experimental animals - 2,5 ml/mmHg - (8). 

If we admit that (7) PaC02 cerebral reactivity presume the vascular 
brain capacity in response to an eventual need increase, we assume 
the importance of the exact relation existing between the coma levels 
and the PaC02 response. There is no significant CMR0 2 increase in the 
hypercapnic state and perhaps this fact can be related (8, 10) to a 
possible metabolic cerebral rate decrease when under the carbon di
oxyde tension influence. 

The Aramine induced hypertension study states still better the brain 
behaviour; the autoregulation to hypertension is lost in 30% of our 
comas, those which are the most serious and those which have the 
poorest prognosis. 

Fortunately, the loss of autoregulation is not a rule, since 60% of 
our cases have a normal or an excessive autoregulation. While this 
fact - present autoregulation as a response to hypertension - has 
been advanced in ischemic cerebral areas (1), the mechanisms are still 
poorly understood. But above all the dynamic changes (C02 or Aramine 
hypertension) permit us to establish the usefulness of c~rculatory 
change. 

A CMR02 level which exactly corresponds to the CBF evolution indi
cates that (7) brain ischemic suffering does not increase - this 
brain behaviour is evident in ten of our patients, and for them the 
prognosis is rather good - . 

The "Luxury Perfusion Syndrome" is present in 14 cases and these have 
the poorest prognosis; so for them, the usual reanimation therapies -
all trying to reduce this unuseful perfusion - seem logical. 

On the other hand, the insufficient perfusion syndrome - ten cases -
only revealed by dynamic studies, can signify a cerebral metabolic 
need unsatisfied by circulatory conditions. From this we presume that 
in these cases the usual therapies (mechanical ventilation, neuro
plegic drugs) must be strictly discussed, because they all decrease 
the mean CBF; this also reminds us that hypertensive drugs have equal
ly been proposed in the treatment of vascular cerebral disorders (1, 
2,4,5). 

So in the traumatic comatose patients the CBF and CMRO values, as 
the PaC02 and the Aramine response, seems well correlated to the clin
ical state. The prognostic importance of the brain metabolic study is 
evident, chiefly because the brain need for oxygen varies with each 
patient. 
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Summary 

Concerning 34 CBF and CMR02 measures in 34 acute neurosurgical pa
tients, the author find a quite good relationship between the CBF and 
CMR02 values, in steady states conditions, and either the level coma 
or the prognosis. With an hypercapnic change, the EaC02 reactivity is 
found low in the most severe comas. Under Aramine induced hypertensio~ 
30% of the cases show a loss of autoregulation. The CMR02 change re
lated to CBF permits them to separate those who have a good metabolic 
autoregulation from those who have a loss of metabolic autoregulation, 
either under the category of "luxury perfusion syndrome" or under the 
category of "insufficient perfusion". For these, the authors chiefly 
discusses the therapy attitude. 
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Influence of CSF-Resorption Pathways on Intracranial Capacitance 

M. BROCK, M. FURUSE, M. HASUO, and H. DIETZ* 

Knowledge on the intracranial pressure/volume (p/V) relationship and 
its changes under various influences is of practical and theoretical 
importance (1-6). However, among the several factors possibly re
sponsible for the intracranial spatial buffering capacity the role of 
CSF resorption has merited only little attention to date. 

SCHULMAN and MARMAROU (3) demonstrated a reduced intracranial capa
citance in hydrocephalic children. LOFGREN et al. (7) suggested that 
obstruction of CSF resorption pathways in the course of repeated ex
perimental subarachnoid hemorrhage progressively reduces the ability 
to tolerate increases in intracranial volume. 

These data indicate that the pressure/volume response might not be 
entirely "due to an interaction between the elastic properties of 
the spinal dural sac and the resistance of the vascular bed to com
pression and distension" (8). Other variables, such as fast changes 
in CSF absorption could also influence the response of ICP to an in
crease in intracranial volume. 

In the present study a model of acute malresorptive hydrocephalus 
was used to evaluate the influence of CSF resorption on intracranial 
P/V relationship. 

Material and Methods 

Seven adult apparently healthy mongrel cats of both sexes weighing 
2.3 to 3.5 kg were studied under intraperitoneal Nembutal anesthesia 
(35 mg/kg body-weight). The femoral vessels on one side were cathe
terized for continuous recording of systemic arterial pressure 
(Statham P 23 Db), blood sampling and administration of drugs as 
needed. All animals were tracheostomized, immobilized and mechanical
ly ventilated under normocapnic conditions (PaC02: 27-35 mmHg) with 
a Sterling pump. Following fixation of the prone animal's head in a 
stereotactic frame, one polyethylene catheter (outer diameter: 1.0 
mm) was inserted into each lateral ventricle through small symmetri
cal frontal burr-holes. CSF leakage was avoided and the burr-holes 
were sealed with dental cement. One catheter was used to measure 
CSFP (Statham P 23 Db) while the other was employed for intraventri
cular infusions as described below. Infratentorial tissue pressure 
was recorded from one cerebellar peduncle (6, 9, 10). The animals 
were divided into two groups: 

*The authors are indebted to Miss Irma BUSCHE, Miss Gudrun HEINE and 
Miss Elvira RIECHERS for their valuable technical help. 
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Group I (n=5): The influence of intraventricular infusion of 2.0 ml 
of saline at a constant rate of 0.5 ml/min on intracranial compliance 
was studied prior to, as well as 1 hand 3 h following intraventri
cular administration of 2 ml of a neutral soot dispersion (contain
ing 10% soot, 9.5% gelatin and 1.3% phenol). 

Group II (n=2): These animals were subjected to repeated intraventri
cular infusion of saline after 1 hand 3 h as in group I, but were 
not given soot dispersion. They served as controls for group I. 

At the end of the experiment the animals were sacrificed by intra
venous administration of saturated KCl solution. The brain and spinal 
cord were carefully removed and the distribution of soot particles 
studied. 

Results 

The method here described for producing an acutely progressive mal
resorptive hydrocephalus has proven to be simple and reliable. It 
differs from the procedure applied by WEED (11) in that the amount 
of particles is sufficient to impair CSF resorption. In no instance 
have we noticed obstruction of the aqueduct or the basal cysterns. 
The injected soot particles have always propagated throughout the 
entire subarachnoid space. 

The usual pressure-course following the administration of soot par
ticles into the CSF compartment consists in a progressive rise in 
ICP leading to death of the animal within a few hours. 

Prior to intraventricular soot administration the constant-rate in
fusion of saline into one lateral ventricl€ leads to a significant 
average ICP increase from the resting value of 7.8 (~0.7 SE) mmHg to 
42.3 (~6.4 SE) mmHg at the end of the second minute (=1ml), followed 
by a non-significant decrease to 38.5 (~6.2 SE) mmHg at the end of 
the infusion period (4 min, i.e. 2ml). When the soot infusion is 
discontinued, pressure promptly returns to levels only slightly 
higher than control values (Table 1, Fig. 1). 

At the end of the first hour following soot administration, resting 
CSFP has risen to 18.0 (~1.4 SE) mmHg. Intraventricular infusion of 
2 ml of saline then leads to a steady and steep pressure increase to 
values of 89.6 (~14.1 SE) mmHg, significantly different from the 
controls. When the soot infusion is discontinued, pressure promptly 
decreases but remains significantly above the pre-infusion value 
(Table 1, Fig. 1). 

At the end of the third hour following soot administration, resting 
CSFP is 32.1 (~4.8 SE) mmHg and intraventricular infusion of 2 ml of 
saline causes an even steeper increase of CSFP to values of 140.8 
(~21.7 SE) mmHg. These values are significantly higher than those 
obtained 1 h after soot administration. When the soot infusion is 
discontinued, pressure again sharply decreases, remaining, however, 
significantly higher than the pre-infusion values (Table 1, Fig. 1). 

In the animals of group II (no administration of soot) no difference 
was noted between the P/V curves obtained after 1 hand 3 h (Fig. 2). 

Tissue pressures in the cerebellar peduncle follow CSF pressures but 
remain at lower levels. The transtentorial pressure gradients amoun
ted up to 30 mmHg and were more marked at high CSFP levels. 
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comments 

The increase in resting ICP following soot administration as per
formed in the present study is an expression of impaired CSF resorp
tion, since it seems improbable that the presence of soot might lead 
to an "irritative" increase in CSF production - another possible 
cause of rised ICP (12, 13). 

Thus, it becomes apparent that soot particles, by obstructing the CSF 
resorption pathways, cause an imbalance of intracranial fluid dyna
mics leading to a progressive increase in resting CSFP. The fact that, 
in the normal animal, prior to soot administration, ICP returns to 
control values within a few minutes following intraventricular infu
sion of 2 ml of saline solution can not be explained by an increased 
CSF resorption rate alone (12, 13). It is probable that this adapta
tion occurs partly at the expenses of a decrease in available reserve 
capacitance. In other words, there is a concomitant displacement of 
the system towards the steep limb of the P/V curve. This situation 
is aggravated in the presence of a progressive obstruction of the 
CSF pathways by the soot particles. From our results we conclude that 
changes in CSF resorption strongly influence the intracranial pres
sure/volume response. Although neither the elasticity of the con
tainer (craniospinal compartment) nor that of the contents (CNS, 
blood and CSF) are altered, the pressure-response of the system to an 
increase in volume is markedly altered in the presence of a deficient 
CSF-resorption. It follows that the P/V response in a biological sys
tem such as the craniospinal is dependent on two components: the 
first of these is given by the elastic properties of the container 
and of the contents, while the second is determined by the fluid dy
namics within the system. 
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PRESSURE RESPONSES TO SALINE INFUSION 
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Fig. 1. p/V curves obtained by intraventricular infusion of physio
logic saline (0.5 ml/min) before and after administration of 2 ml of 
neural soot dispersion into one lateral ventricle 
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Five Year Follow-Up of 65 Patients Treated With Extra-Intracranial 
Arterial Bypass for Cerebral Ischemia 

O. GRATZL, P. SCHMIEDEK, and H. STEINHOFF 

The purpose of the microvascular anastomosis between an extracranial 
and a cortical arterial vessel (2, 8) is to supply additional collat
eral blood flow to an ischemic cortical region of the brain. A major 
benefit may be derived from the by-pass in preventing or postponing 
further ischemic lesions and improving local blood flow. Based on 
our own clinical material the attempt is made in this study, to as
sess the therapeutic effect of this operation. 

The report covers a five year period during which 65 patients re
ceived an extra-intracranial bypass procedure (ElAE). 

Clinical Material 

The clinical material consisting of 65 patients, 50 men and 15 women 
with a mean age of 50.1 years is divided into 4 separate groups ac
cording to the preoperative diagnosis: transient cerebral ischemic 
attacks (TIA), prolonged reversible ischemic neurological deficits 
(PRIND), stroke in evolution (SIE) and completed stroke (CS). 

- TIA group: 10 patients showing an average of 3.7 attacks of focal 
neurological deficits lasting not longer than 24 hours prior to 
hospitalization. 

- PRIND group: 19 patients presenting with mild focal neurological 
deficits lasting longer than 24 hours, however, showing a tendency 
to improve thereafter. 

- SIE group: 7 patients with neurological deficits developing over a 
period of more than 6 hours and with more than 24 hours duration. 

- CS group: 29 patients presenting with moderate (8 pat.) to severe 
(21 pat.) neurological deficits of less than a 6 hour evolution 
period and more than 24 hours duration. 

The patients were studied pre- and postoperatively by serial cerebral 
angiography and regional cerebral blood flow (rCBF) measurement 
using the xenon-133 clearance with a 16 detector apparatus (4, 6, 7). 
The preoperative angiographical findings were as follows: occlusions 
of one or more cerebral vessels in 46 cases, stenoses in 11 and gen
eralized arteriosclerosis of small vessels in 8 cases. 

Preoperative rCBF was found to be uniformly reduced in 6 patients out 
of the CS-group. In the remaining CS- and the TIA-, PRIND-, and SIE
patients focal changes of CBF alone or a pattern of general moderate 
flow reduction with an additional focus of relative ischemia were 
detected. 
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A detailed description of the operative procedure used for EIAB is 
published elsewhere (2, 5, 8). The operation consists in the dis
section of the superficial temporal artery, a small temporal crani
ectomy and an end-to-side anastomosis of the superficial temporal 
artery to a cortical branch of the middle cerebral artery with 10 to 
12 single sutures of 10/0 monofilament nylon using the operating mi
croscope. 

Follow-up Studies 

The follow-up assessment includes a period from 6 to 60 months post
operatively with an average of 20 months. The following results were 
obtained: 

- TIA group: none of these patients has experienced another episode 
of cerebral ischemia postoperatively. 

- PRIND group: following EIAB the neurological condition remained 
stable in 15 and improved in 4 patients. 

- SIE group: in these 7 cases a further inaffected deterioration of 
the neurological condition was noted. 

- CS group: eight patients showed postoperative neurological improve
ment, 20 patients remained unchanged and one patient died from an 
unrelated cause (glioblastoma of the contralateral, non-operated 
hemisphere) . 

Using cerebral angiography (Figs. 1, 2) and measurement of rCBF, 
graft patency could be established in 80%. A significant increase in 
rCBF was documented in 18 patients as a result of the operation. On 
repeated studies 10 months after EIAB a secondary occlusion of the 
bypass was seen in 3 patients, whereas a further increase in rCBF was 
not~d in the remaining cases when compared with the first postopera
tive measurement. This finding is supported by angiographic studies 
showing a subsequent dilatation of the feeding extracranial artery 
as well as an increased brain area supplied by the anastomosis. 

Table. Indication for EIAB according to a five year follow-up period 
in 65 patients based on clinical findings and rCBF studies (+ indica
tion for EIAB. - no indication for EIAB. ( ) unusual coincidence of 
clinical and rCBF findings.) 

rCBF 

focal relative uniform 
ischemia focal reduction 

ischemia 

TIA + + 
~ PRIND + + m 
0 SIE 
~ CS (moderate + + ~ 
~ deficit) ~ 
0 CS (severe + 

deficit) 
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Discussion 

There is clear evidence that EIAB results in an increase of nutri
tional blood flow within an ischemic cortical region of the brain, as 
demonstrated by a comparison of pre- and postoperative rCBF studies 
(4, 5, 7). An adaptable increase of the anastomosis over time oc
curred primarily in the younger age group (3) which is also supported 
by an experimental study reported by BANNISTER (1). The clinical ef
fectiveness of the surgical procedure is particularly encouraging in 
cases with TIA's, but also in patients with PRIND's and CS with mod
erate neurological deficits, when compared with the natural history 
of these cerebrovascular disease states (5). On the contrary the 
clinical condition was unaffected postoperatively in cases with SIE. 
A poor result, no change of the clinical status and a reduction of 
the function of EIAB was seen in those patients presenting CS re
vealing a uniformly decreased flow in the preoperative rCBF study. 

Summary 

This report covers a five year period during which 65 patients re
ceived an EIAB for cerebral ischemia. During the follow-up period the 
therapeutic effect was assessed by the evaluation of the clinical con
dition, angiographical findings and changes in rCBF. 

From our results it is suggested that EIAB represents a promising 
approach to the treatment of CVD in properly selected patients of the 
TIA-, PRIND-, and CS-group. 
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Fig. 1. Angiogram - 10 months following EIAB - shows left internal 
carotid artery occlusion ( ~ ), site of the anastomosis ( ~ ), en
larged superficial temporal artery and extend of filling through 
EIAB (t L ) 
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Fig. 2. Preoperative angiogram (white vessels) revealing middle cere
bral artery occlusion added to a postoperative external carotid angi
ogram illustrating superficial temporal artery and extend of filling 
of middle cerebral artery branches through EIAB (black vessels) 
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The Response of Human Cerebral Blood Flow to Anaesthesia With 
Thiopentone, Methohexitone, Propanidid, Ketamine, and Etomidate 
H. HERRSCHAFT, H. SCHMIDT, F. GLEIM, and G. ALBUS 

Summary 

The effects of methohexitone, thiopentone, propanidid, ketarnine and 
etomidate on regional cerebral blood flow (rCBF) were studied in 122 
normal subjects under light halothane, nitrous oxide-anaesthesia (in
spired halothane concentration of 0,1 - 0.4 ~ol.%). Cerebral blood 
flow was determined from the clearance of 13 Xenon, following the 
intra-arterial injection of the isotope. Baseline values for rCBF 
under N20/02/halothane anaesthesia were 15% greater than values in 
conscious subjects. Autoregulation and CO2-responsiveness were pre
served in the patients studied. A single intravenous injection of 
thiopentone (4 mg/kg) decreased rCBF by 45% when measured at 30 sec., 
5 min and 10 min after termination of the intravenous injection. 
Propanidid (5 mg/kg) and methohexitone (1 mg/kg) reduced rCBF by 45% 
and 46% resp. 30 sec after the intravenous injection, by 24% and 22% 
resp. at 5 min and to 2% and 6,4% resp. (start of measurements at 10 
min).Ketamine (2 mg/kg) reduced rCBF by 28% at 30 sec and by 15% at 
5 min rCBF was reduced to baseline values by 10 min. The least de
creasing effect on cerebral blood flow was caused by etomidate. The 
reduction of rCBF very rapidly subsided from 31% (start of measure
ments 30 sec after termination of i.v.-injection) through 19% (start 
of measurements at 3 min) to 1,8% and 0,9% (start of measurements at 
5 and 10 min) . 

Introduction 

Although the effects of thiopentone on cerebral blood flow (rCBF) 
have been quantified in humans and in animal experiments by DUNDEE 
(1956); KETY et al., (1948); PIERCE et al., (1962); SOKOLOFF (1959) 
and WECHSLER, DRIPPS and KETY (1961), few studies (TAKESHITA, OKUDA 
and SARI, 1972) have been made of the influence of other intravenous 
anaesthetic agents, e.g. methohexitone, propanidid, ketarnine and 
etomidate on cerebral blood flow in man. 

However, a knowledge of the effects of such drugs on cerebral blood 
flow may be of clinical importance. The increasing number of elderly 
patients and patients with pre-existing cerebral blood flow distur
bances submitted to surgery may present problems for the anaesthetist. 

In such patients autoregulation may be defective and, as a result, 
their ability to compensate for reductions in arterial blood pressure 
is limited. 

Reductions in cerebral blood flow induced by agents could increase the 
extent of cerebral ischemia in such patients. Thus a knowledge of the 
magnitude and of the duration of the effect of intravenously adminis
tered anaesthetic drugs on cerebral blood flow is necessary for an 
accurate assessment of the risk of anaesthesia. 
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Methods 

The quantitative measurement of local cerebral blood flow is effected 
by the intra-arterial 133Xenon-clearance-method, using a ten-detector
equipment which has been described in detail elsewhere (HERRSCHAFT, 
SCHMIDT, and DUUS, 1972). 

a) Anaesthesia 

Thirty minutes prior to the induction of anaesthesia, adult patients 
received 0,5 atropine sulphate. Anaesthesia was induced with propani
did (5 mg/kg body weight) injected over 30 - 45 sec. Following the 
injection of succinyl choline (50 mg) the patients were intubated and 
I.P.P.V. was maintained, using a semi-open system and an Ambu-E valve, 
the latter to keep rebreathing to a minimum. Maintenance of anaesthe
sia was by means of a N20 (6 l/min), 02 (4 l/min) halothane (0,1 -
0,4% by volume) mixture. No incidence of awareness was noted under 
this light anaesthetic technique. Relaxation was maintained with a 
continous drip infusion of 0,2% succinyl choline chloride. During 
anaesthesia the end-expired C02 concentration was monitored, using an 
Uras M infra-red analyser. In addition, peripheral arterial blood 
pressure and pulse rate were measured. The rate and volume of venti
lation were adjusted as required to maintain an end-tidal C02 concen
tration of 5,2 - 5,6%. Arterial pC02 , p02 and pH were determined using 
direct reading C02 and 02 electrodes. Blood samples were drawn direct
ly from the internal carotid artery immediately prior to, and then 3 
and 5 min after the injection of the 133xenon. The mean value obtained 
from the three pC02-results was used for correction of the blood flow. 

b) rCBF-measurements 

Re~ional cerebral blood flow was determined from the clearance of 
13 Xenon. 3 - 5 mc of 133xenon, dissolved in 0,9% s~line solution at 
body temperature was injected into the internal carotid artery. Clear
ance of the isosope was "measured over 10 discrete regions. Each clear
ance curve was followed for 10 min. The first measurement of rCBF (at 
least 10 min after the induction of anaesthesia) was termed the "rest
ing value". Five min after completion of the first rCBF determination, 
the anaesthetic drugs under study were administered by intravenous in
jection. A second measurement of rCBF was then carried out. In each 
case, 2 mg of methohexitone and 0,2 mg of etomidate per kg of body 
weight were administered. The rCBF values were calculated by a com
puter programme, which delivers the following data for each scintil
lation detector: rCBF of grey and white matter and the mean weighted 
flow value, calculated by compartmental analysis; also, the mean rCBF 
value for a period of 10 min, and extrapolated to infinity, estimated 
by stochastic analysis. 

Following the administration of the anaesthetic drug under study, as 
a rule rCBF was determined at 30 sec, 5 min and 10 min after the end 
of the intravenous injection. In addition rCBF was measured at 3 min 
after the application of etomidate. A total of 122 patients were 
studied. The patients had been admitted to hospital to exclude organiC 
neurological disease and underwent carotid angiography. 

The numerical distribution over the 16 different measurement series, 
broken down according to the 5 anaesthetics, was as follows: 

Ketamine: 

Propanidid: 

30 sec - n 

30 sec - n 

10; 5 min - n = 8; 10 min - n 

12; 5 min - n =10; 10 min - n 

8. 

8. 
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Table 1. Response of cerebral blood flow to different intravenous 

Start of measurement: 30 sec after completed i.v. injection 
of single dose customary for induction 
of anesthesia 

Anaesthetic Parts of CBF 
Brain Substance Resting S.D. 

Value 

(ml/ 100 g/min) 
Anaesthesia S.D. 
Value 

I Etomidate 
(0,2 mg/kg) 
n = 6 

II Ketamine 
(2 mg/kg) 
n = 10 

III Propanidid 
(5 mg/kg) 
n = 12 

IV Metho
hexitone 
(1 mg/kg) 

V 

n = 6 

Thiopentone 
(4 mg/kg) 
n = 10 

gray a) 
white b) 
total c) 

d) 

gray a) 
white b) 
total c) 

d) 

gray a) 
white b) 
total c) 

d) 

gray a) 

white b) 
total c) 

d) 

gray a) 
white b) 
total c) 

d) 

107.2 
21.6 
54.2 
49.4 

124.2 
30.16 
63.19 
55.07 

125.25 
30.16 
72 .19 
64.61 

111.77 

27.37 
67.06 
60.83 

114.33 
27.16 
66.84 
58.96 

16.8 
3.2 
5.9 
4.7 

16.40 
6.30 

14.90 
17.20 

19.00 
7.67 

14.96 
14.56 

10.8 

4.0 
7.0 
7.4 

18.26 
5.09 

12.71 
12.10 

67.5 
16.4 
35.8 
33.9 

79.56 
19.91 
42.27 
38.51 

70.74 
17.73 
38.54 
35.64 

59.58 

17.79 
37.25 
34.58 

65.08 
15.75 
36.09 
33.03 

c) 
d) 

calculation according to 2-compartment-analysis 
calculation according to stochastic analysis 
number of cases 
standard deviation 

12.6 
2.6 
3.8 
5.7 

15.40 
5.80 

11.40 
11.20 

14.55 
5.03 
9.26 
9.97 

14.8 

4.8 
5.8 
6.0 

11 .33 
5.30 
7.78 
6.56 

n 
S.D. 
CBF Cerebral blood flow (average of the mean values calculated 

per group) 
APC0 2 
AP02 
MABP 
Paired 
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arterial carbon dioxide pressure (mm Hg) 
arterial oxygen pressure (mm Hg) 
mean arterial blood pressure (mm Hg) 

T-Test: Significance: x 5%, xx = 1%, xxx 0.1% 
¢ = no significance 



anesthetics in man 

Decrease Statistical APC02 Rest. AP0 2 Rest. MABP Rest. 
in % Significance Anaesthesia Anaesthesia Anaesthesia 

value value value 

37.0 xxx 
24.1 xxx 37.0 38.5 110 112 106.6 106.6 
33.9 xxx 
31.4 xxx 

26.38 xxx 
33.98 xxx 39.3 38.0 110.6 109.8 89 95 
33,.22 xxx 
30.07 xxx 

43,52 xxx 
41,22 xxx 39. 1 38.9 125.6 124.6 96 95 
46.62 xxx 
44.84 xxx 

46.4 xxx 

34.5 xxx 35.5 36.0 141.0 128.3 108 105 
45.5 xxx 
42.5 xxx 

43.08 xxx 
42.02 xxx 38.2 37.6 127.0 125.4 107 103 
46.02 xxx 
43.98 xxx 
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Thiopentone: 30 sec - n 10 ; 5 min - n 10; 10 min - n 8. 

Methohexitone:30 sec - n 6; 5 min - n 7; 10 min - n 7. 

Etomidate: 30 sec - n = 6; 5 min - n 6; 10 min - n 3. 

The results obtained were evaluated from two different points of 
view. In the first place, a comparison was made between the mean val
ues, obtained before and after the administration of the anaesthetic 
drugs in one and the same patient and within a group of patients, for 
blood flow through the grey and white matter and for mean blood flow. 
Secondly, the effect on blood flow through the grey and white matter 
and on mean regional blood flow in 10 different regions was deter
mined for a group of patients before and after the administration of 
the anaesthetic drugs. 

Results 

The changes in cerebral blood flow produced by etomidate, ketamine, 
propanidid, methohexitone and thiopentine 30 sec after the end of the 
injection of the drug are shown in Table 1. Thirty seconds after the 
end of the injection, ketamine (2 mg/kg) and etomidate (1 mg/kg) 
caused a similar reduction of cerebral blood flow. The decrease in 
blood flow through the cerebral cortex amounted to 24,1 % and 37% respec
tively, the decrease in the white matter flow was' 24% and 23,9% (2-
compartmental-analysis) and 22,8% and 31,4% (stochastic analysis) 
resp. in mean blood flow. Propanidid, methohexitone and thiopentone 
produced greater reductions in cerebral blood flow 30 sec. after the 
termination of the injection. Cerebral cortical blood flow was re
duced by 43,5% after propanidid (5 mg/kg), by 46,4% after methohexi
tone (1 mg/kg) and by 43,1% after thiopentone (4 mg/kg). Propanidid 
reduced mean blood flow by 46,6% (2-compartmental-analysis) or 
44,8% (stochastic analysis) and methohexitone by 45,5% (2-compart
ment-analysis) and 42,5% (stochastic analysis) respectively, while 
thiopentone decreased mean blood flow by 46,0% (2-compartment-analy
sis) and 43,9% (stochastic analysis). Thus 30 seconds after the 
intravenous injection of the anaesthetic drug propanidid, thiopentone 
and methohexitone reduced cerebral cortical blood flow and mean blood 
flow by a similar degree, a decrease in cerebral cortical and mean 
blood flow twice as great as that observed with ketamine and etomidate. 

Table 2 depicts the response of the cerebral blood flow to etomidate, 
ketamine, propanidid, methohexitone and thiopentone 5 min after the 
completion of the intravenous injection of the individual drug. 
Following thiopentone administration, the blood flow values obtained 
for grey and white matter and the mean. blood flow did not differ from 
the values observed at 30 seconds. Blood flow through the cerebral 
cortex was reduced by 40,7%, blood flow through the white matter by 
31,7% and mean blood flow by 46,6% (2-compartment-analysis) and 43,9% 
(stochastic analysis) respectively. In contrast to the changes noted 

wi th thiopentone, the reduction of cerebral blood flow under propanidid 
and methohexitone was considerably smaller when compared with the 
reading at 30 seconds. Five minutes after the injection, the cerebral 
cortical blood flow was reduced by 17,9% and 26,0% resp., blood flow 
through the white matter by 17,7% and 24,7% resp. and mean blood flow 
by 22,3% and 25,3% resp. (2-compartment-analysis) and 23,9% and 22,3% 
(stochastic analysis) resp .. In comparison with the value at 30 sec, 
this means a diminution of the propanidid-or methohexitone-induced 
reduction of cerebral blood flow by nearly one-half. Five minutes 
after the end of an injection of ketamine, cerebral cortical blood 
flow was reduced by 12,1% and mean blood flow by 10,8% (2-compartment 
analysis) and 12,9% (stochastic analysis). After etomidate at 5 min 
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there was no longer a significant difference from the resting value. 
Three minutes after the end of an injection of etomidat~cerebral 
cortical blood flow was reduced by 19,8%, blood flow through the 
white matter by 15,6% and mean blood flow by 19,1% (2-compartment
analysis) and 19,1% (stochastic analysis). 

Table 3 show the changes in rCBF 10 minutes after the intravenous in
jection of the anaesthetic drugs.At this time cerebral cortical blood 
flow was still markedly decreased with thiopentone. The decrease of 
cerebral cortical blood flow amounted to 35,0%, while blood flow 
through the white matter was decreased by 36,9% and mean blood flow 
by 42,3% (2-compartment-analysis) and 45,1% (stochastic analysis). 
After propanidid and methohexitone, on the other hand, there was no 
longer a significant difference from the resting value. Likewise 
with ketamine and etomidate, cerebral blood flow no longer differed 
significantly from the resting value. In Fig. 1 the results of the 
investigations are summarized. The decrease of the rCBF in percentage 
following a single injection of the different intravenous anaesthetics 
is plotted against time. 

Discussion 

The fact that a study on the effects of intravenously administered 
anaesthetics drugs on cerebral blood flow has been made in patients 
who were already in a state of anaesthesia raises the question as to 
what effect basal anaesthesia may have on the results. 

A change in cerebral blood flow due to the premedication can be ruled 
out since no drug other than 0,5 mg of atropine sulphate had been 
given. 

Anaesthesia was induced with propanidid, a drug which is very rapid
ly broken down to hypnotically inactive metabolites and which, as we 
were able to show only altered CBF significantly for a period of at 
most 10 minutes after the administration of a single dose of 5 mg/kg. 
In as much as the first measurement of cerebral blood flow is not 
made until at least 10 minutes after the induction of anaesthesia, 
an effect of the anaesthesia-inducing agent on the measured results 
can be almost completely ruled out. The baseline values for the 
measurement of CBF conform to the conditions of a very right nitrous 
oxide-halothane analgesia. 

The results of investigation into the effect of halothane on cerebral 
blood flow have been reported by a number of authors. WOLLMAN et al. 
(1964), ALEXANDER et al. (1964) and COHEN et al. (1964) have repurted 
an increase of cerebral blood flow during halothane anaesthesia de
spite a simultaneous decrease in cerebral oxygen consumption. McDOWALL 
and HARPER (1967), LASSEN, H¢EDT-RASMUSSEN and CHRISTENSEN (1969), 
McHENRY and SLOCUM (1965) and we ourselves (HERRSCHAFT, 1972) have 
confirmed these findings. WOLLMAN et al (1964) and HERRSCHAFT (1972) 
further demonstrated that anaesthesia with halothane does not essen
tially alter the reactivity of the cerebral vessels to C02 when com
pared with the waking state. The studies on the effect of halothane 
on cerebral blood flow in humans and animals were carried out with 
1 - 2% by volume concentrations of halothane. There have been no 
reports regarding a change in cerebral blood flow after the adminis
tration of 0,2 - 0,4% halothane. Since cerebral blood flow increase 
under halothane to an approximately proportional degree at constant 
blood pressure and constant arterial pC02 and p02 levels, and 1,0 -
1,2% by volume halothane leads to a 25% increase of the cerebral 
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Table 2. Response of cerebral blood flow to different intravenous 

Start of measurement: 5 min after completed i.v. injection of 
single dose customary for induction of 
anaesthesia 

Anaesthetic Parts of CBF (ml/100 g/min) 
Brain Substance Resting S.D. Anaesthesia S.D. 

I 

II 

III 

IV 

V 

c) 
d) 

Value Value 

Etomidate gray a) 92.9 9.3 92.9 
(0.2 mg/kg) white b) 23.8 1.9 23.5 
n = 8 total c) 53.9 4.4 53.0 

d) 49.9 3.7 48.9 

Ketamine gray a) 125.38 21 .2 110.15 
(2 mg/kg) white b) 28.93 3.7 24.79 
n = 8 total c) 68.24 11.2 60.85 

d) 61.15 10.6 53.23 

Propanidid gray a) 130.71 18.97 107.59 
(5 mg/kg) white b) 28.26 5.17 26.07 
n = 10 total c) 72.98 13.32 56.74 

d) 64.61 11. 61 49.15 

Metho- gray a) 88.21 15.0 65.20 
hexitone 
( 1 mg/kg) white b) 19.71 4.7 14.77 
n = 7 total c) 48.35 9.7 35.92 

d) 41. 23 7.2 31.93 

Thiopentone gray a) 128.69 20.94 76.24 
(4 mg/kg) white b) 30.42 5.14 20.78 
n = 10 total c) 77.35 13.08 41.27 

d) 68.27 11.73 38.29 

calculation according to 2-compartment-analysis 
calcualtion according to stochastic analysis 
number of cases 
standard deviation 

10.1 
2. 1 
4.4 
4. 1 

16.6 
4. 1 

10.5 
11. 3 

19.01 
4.79 

11 • 41 
10.76 

13.3 

3.8 
8.0 
7. 1 

16.31 
4.40 
9.80 
9.26 

n 
S.D. 
CBF cerebral blood flow (average of the mean values calculated 

per group) 
APC0 2 
AP0 2 
MABP 
Paired 
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arterial carbon dioxide pressure (mm Hg) 
arterial oxygen pressure (rnrn Hg) 
mean arterial blood pressure (rnrn Hg) 

T-Test: Significance: x 5%, xx = 1%, xxx 0.1% 
¢ = no significance 



anesthetics in man 

Decrease Statistical APC02 Rest. AP0 2 Rest. MABP Rest. 
in % Significance Anaesthesia Anaesthesia Anaesthesia 

value value value 

0.7 
1.1 38.0 39.0 98 94 120 117.6 
1 • 6 
1 . 9 

12.15 x 
14.32 x 39.5 38.9 112.6 110.0 97 101 
10.38 x 
12.96 x 

17,69 xx 
7.75 x 41.7 40.2 109.2 114. 5 109 107 

22.36 xx 
23.93 xx 

26.0 xx 

22.7 xxx 40.0 38.5 108.3 115.5 110 108 
25.3 xx 
22.3 xx 

40.76 xxx 
31.69 xxx 41.1 38.9 117.4 120.6 107 102 
46.65 xxx 
43.92 xxx 
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Table 3. Response of cerebral blood flow to different intravenous 

Start of measurement: 10 min after completed i.v. injection of 
single dose customary for induction of 
anaesthesia 

Anaesthetic Parts of CBP (ml/100 g/min) 
Brain Substance Resting S.D. Anaesthesia S.D. 

I Etomidate 
(0.2 mg/kg) 
n = 4 

II Ketamine 
(2 mg/kg) 
n = 8 

III Propanidid 
(5 mg/kg) 
n = 8 

IV Metho
hexitone 
(1 mg/kg) 
n = 7 

V Thiopentone 
(4 mg/kg) 

n = 8 

gray a) 
white b) 
total c) 

d) 

gray a) 
white b) 
total c) 

d) 

gray a) 
white b) 
total c) 

d) 

gray a) 

white b) 
total c) 

d) 

gray a) 
white b) 
total c) 

d) 

Value Value 

117.5 
20.8 
51.2 
48.6 

118.74 
30.82 
57.57 
50.42 

107.75 
24.16 
61.77 
54.92 

12.4 
1.8 
7.3 
6.2 

20.15 
5.45 

17.72 
15.04 

21.67 
5.78 

14. 11 
13.40 

103.17 14.4 

24.87 
60.48 
53.87 

126.61 
32.28 
75.38 
69.05 

2.7 
5.3 
5. 1 

23.60 
5.76 

14.94 
12.51 

114.0 
20.2 
50.8 
48.0 

113.44 
31.04 
55.21 
50.47 

109.28 
24.76 
62.66 
56.04 

90.63 

23.32 
54.29 
49.64 

82.20 
20.34 
43.33 
37.91 

c) 
d) 

calculation according to 2-compartment-analysis 
calculation according to stochastic analysis 
number of cases 
standard deviation 

11.8 
1.5 
7,2 
6.0 

20.94 
4.81 

13.76 
12.92 

22.69 
5.96 

15.95 
14.53 

10.3 

2. 1 
3.6 
3.3 

17.91 
5.50 

13.33 
10.44 

n 
S.D. 
CBP Cerebral blood flow (average of the mean values calculated 

per group) 
APC02 
AP02 
MABP 
Paired 
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arterial carbon dioxide pressure (rom Hg) 
arterial oxygen pressure (rom Hg) 
mean arterial blood pressure (rom Hg) 

T-Test: Significance: x 5%, xx = 1%, xxx 0.1% 
¢ = no significance 



anesthetics in man 

Decrease Statistical APC0 2 Rest. AP02 Rest. MABP Rest. 
in % Significance Anaesthesia Anaesthesia Anaesthesia 

value value value 

2.9 
0.9 37.5 39.0 110 115 112 107 
0.8 
0.8 

4.47 
+ 0.71 38.9 38.4 130.7 133.0 113 116 

7.57 
+ 0.09 

+ 1. 40 
+ 2.48 38.8 38.7 122.0 116.2 99 97 
+ 1. 44 
+ 2.04 

13.1 

3.0 40.6 41.2 125.8 129.8 104 103 
9.7 
6.4 

35.08 xxx 
36.98 xxx 39.S 37.8 11 4. 1 123.5 10S 104 
42.31 xxx 
45.10 xxx 
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blood flow on the average, a 15% increase of the cerebral blood flow 
may be expected with the use of 0.5% by volume halothane. The in
crease presumably approaches 10% with the inhalation of 0.2 - 0.4% 
halothane. 

As WOLLMAN et al. (1965) and PIERCE et al. (1962) and SMITH et al. 
(1947) were able to show, the administration of muscle relaxants in 
the usual doses for anaesthesia does not affect cerebral blood flow. 
WOLLMAN et al. (1965) showed, in addition, that a 7 : 3 mixture of 
N20 and 02 given simultaneously with muscle relaxants does not signi
ficantly alter cerebral blood flow relative to waking values. 

Any change in cerebral blood flow due to marked arterial blood pres
sure fluctuations or to changes in the arterial partial pressures of 
oxygen or carbon dioxide can be ruled out in the present study. These 
parameters were kept nearly constant (Table 1 - 3). Although the 
evaluation program we used, permits correction of the calculated 
cerebral blood flow values to an arterial pC02 of 40 mm Hg (using the 
correction method described by ALEXANDER et al. 1964), we took care 
to make certain that the arterial pC02 in one and the same patient 
did not vary by more than 4 mm Hg before and after the administration 
of the anaesthetic drugs. Similarly, the arterial oxygen tension, 
which always exceeded 80 mm Hg, was kept very constant in one and the 
same patient. 

In all the cases in the thiopentone, methohexitone, etomidate and 
propanidid series, the mean arterial blood pressure was 5 - 8 mm Hg 
below the waking values at most and it was never lower than 90 mm Hg. 
In the ketamine series, a small blood pressure rise averaging 5 mm Hg, 
invariably occurred after the adminstration of the anaesthetic. 

Previously, KETY et al. (1948), WOLLMAN et al. (1965), PIERCE (1962), 
SOKOLOFF (1959), DUNDEE (1956), WECHSLER et al. (1951) and PICHLMAYR 
et al. (1970) using different experimental techniques found a de
crease in cerebral blood flow after the adminstration of thiopentone 
of approximately 50% using the nitrous oxide method. These results 
agree very well with the values we obtained (45% decrease of CBF) by 
the intra-arterial isotope clearance method. 

With respect to the influence of propanidid and methohexitone on cer~ 
bral blood flow, the only studies reported have been animal experi
ments by PICHLMAYR et al (1970), who noted a 20% decrease of blood 
flow through the cerebral cortex 45 seconds after the intravenous in
jection of propanidid (7 mg/kg body weight) and a 20.6% decrease 
after methohexitone (3 mg/kg). The reduction of human cerebral blood 
flow which we found in our series following the i.v. administration 
of propanidid (5 mg/kg) and methohexitone (1 mg/kg) was twice as 
great at identical times (45%). 

The comparatively small ef'fect exerted on cerebral blood flow by 
ketamine in the usual anaesthesia-inducing dose of 2 mg/kg body 
weight conforms to the results of animal experiments published by 
KREUSCHER and GROTE (1967). In dogs under light nitrous oxide anaesth~ 
sia, they found that the intravenous injection of ketamine (2 mg/kg) 
was followed by a decrease of timed cerebral blood volume from 
76.4 ml/100 g/min to 69.5 ml/100 g/min. after 2 minutes and to 
52.6 ml/100 g/min. after 10 minutes. These values correspond to a 
reduction of cerebral blood flow by approximately 10% after 1 min 
and by approximately 32% after 10 min. These study results are in 
close agreement with our finding of a decrease of cerebral blood flow 
by nearly 25% over a measurement period of 10 minutes. 
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They contrast with the data published by TAKESHITA and co-workers 
(1972) showing an increase in cerebral blood flow in man following 
the intravenous administration of ketamine (2 mg/kg). Their studies, 
carried out with the N20-method according to KETY-SCHMIDT, were done 
in patients breathing spontaneously; under these circumstances the 
maintenance of constant experimental conditions over a measurement 
period of 15 min cannot be positively assured. Accordingly, the au
thors also noted an average increase of the arterial CO 2 level by 
6 mm Hg during the measurement of cerebral blood flow under ketamine 
as compared with the control values. The first arterial pC02 value 
was not determined until 3 - 4 min after the completed injection of 
ketamine. As we were able to show in our measurement, the decrease 
of cerebral blood flow by ketamine is already markedly diminished 
5 min after the end of the i.v. injection. In contradiction to our 
study, the patients were ventilated with pure oxygen for 15 min. 
prior to the examination and with a 1 : 9 mixture of N 0 and 02 here
after. The mean arterial oxygen content was 492 and 47~ mm Hg, respec
tively. These 02 values are several_times higher than the normal arte
rial p02 values, and it is not known whether and to what extent such 
high arterial oxygen levels alter cerebral blood flow. 

With respect to the effect of etomidate on cerebral blood flow, no 
studies have been reported to date. In comparison with the other in
travenously administered anaesthetics, this drug caused the least 
decreasing effect on human cerebral blood flow in our series of in
vestigations. 
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Fig. 1. Change in cerebral blood flow in man under the influence of 
thiopentone (4 mg/kg), methohexitone (1 mg/kg), propanidid (5 mg/kg), 
ketamine (2 mg/kg) and etomidate (0,2 mg/kg) in relation to time 
after i.v.-injection of a single dose (resting value = 100%) 
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The Value of Routine Respirator Treatment in Severe Brain Trauma 

J. KRENN, K STEINBEREITHNER, P. SPORN, V. DRAXLER, and C. WATZEK 

In recent years long term respirator treatment (with hyperventilation) 
has been recommended as the optimal management of severe brain in
juries by several working groups (1, 3, 4, 5, 12 etc.). Pointing out 
the inherent risks of this technique,such treatment has been criti
cized by others (cf. survey given by GORDON, 4, 8, 16). 

In an attempt to contribute to the solution of this rather important 
question/we tried to analyse all cases treated up to now in our own 
ICU; since most of the results published hitherto were gained retro
spectivel~ we additionally started a prospective study. In this paper 
data of this prospective study as well as the results of the retro
spective analyses will be given in order to allow some conclusions 
as to the usefulness of routine "prophylactic" respirator treatment 
in severe cerebral trauma. 

Material and Selection Criteria 

a) Prospective Study: Patients admitted to the ICU because of severe 
brain injury were treated at random either by mechanical ventilation 
or by insufflation with oxygen under spontaneous respiration. In or
der to warrant rather homogeneous selection conditions, the require
ments to be fulfilled were as follows~ 

(1) Age range between 5 - 50 years. 

(2) Patients with concomitant chest or abdominal injuries (polytrau
rna) were excluded, whereas cases with simple extremity fractures 
without signs of severe shock were allotted to the study. 

(3) Only cases admitted directly to our casualty-department were al
lotted, patients transferred because of deterioration of clinical 
status and/or later than 24 h after the accident were excluded. 

(4) Every case of primary respiratory insufficiency was excluded. 

After intracranial interventions (trepanation because of (suspected) 
subdural or epidural haematoma, etc.)/ assisted respiration (CPNPB), 
triggered by the patient was used for about 12 h, continuing at 
random with artificial ventilation or spontaneous breathing with ox
ygen. The additional therapeutic regime corresponded to our usual 
management of severe brain trauma: 

Artificial ventilation: use of pressure cycled ventilators (BENNET, 
BIRD) with negative pressure applied during expiratory phase in order 
to avoid venous congestion; weaning from the respirator not before 
the 5th day of treatment with change to oxygen insufflation under 
spontaneous breathing. Blood gas controls twice a day (PaC02 30-40 
Torr, Pa02 in the range of 120-140 Torr); hypocapnia caused by hyper-
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ventilation was corrected by adding a dead space (14) and/or by ad
ministration of sedatives. 

spontaneous breathing: oxygen insufflation 6-8 l/min under continu
ous humidification. 

Routine tracheobronchial toilet and periodical manual hyperinflation 
in order to prevent atelectases (intervals of 2-4 h) were done in 
both categories of patients. 

Sedation: Diazepam (80-100 mg/day) as basic medication, additional 
"lytic cocktail" according to requirements. Prophylactic osmo- and 
onkotherapy: Human albumin 20% alternating with So~bitol 40% and/or 
Mannitol at intervals of 2-4 h for about 10 days. No corticoids were 
given. The decision, whether prolonged intubation or tracheostomy 
were to be preferred, was taken according to the individual course 
(facial cranium injury, difficulties in tracheobronchial suction 
etc. favouring tracheostomy). All other measures of intensive care 
(parenteral nutrition, use of antibiotics, treatment of hyperthermic 
attacks, general nursing care etc.) corresponded to accepted guide
lines. 

b) Retrospective AnaZysis: All patients with brain injuries admitted 
to the leu since its opening in 1963 were included, irrespective of 
age, sex, severity of lesions, and type of treatment. 

Results 

A survey of the prospective study group is given in Table 1. It in
cludes (since 1969) 44 patients fulfilling the conditions outlined 
above. Age distribution and duration of treatment are identical in 
both groups; the same holds true approximately for most of other 
criteria (intubation, or tracheostomy, additional fractures of ex
tremities), the number of trepanations in both groups also shows only 
a small difference. The influence of peripheral irritation on the 
evolution of a midbrain syndrome (2,9) as well as the effects of intra
cranial interventions, therefore, may be excluded from discussion. 

There is, however, a distinctive difference in mortality between the 
two groups: 4 ventilated patients died, whereas only one case in the 
non-ventilated group expired. 

Results obtained in 383 patients (divided into two equal periods of 
years) are presented in Table 2. There is a decrease in the number of 
patients treated during the period 1969-75 due to a more strict selec
tion before admission. It is to be seen furthermore, that, whereas 
initially respirator treatment was used only exceptionally, the indi
cation for long term respirator treatment (starting in 1967, cf. 15) 
did increase steadily. 

Discussion 

A comparison of the overall mortality during the periods 1963-69 and 
1969-75 reveals a decrease in mortality from 56,2 to 27,9%. That this 
fact cannot be ascribed to the more frequent use of respirator treat
ment - the number of ventilated cases during the second period being 
practically doubled - may easily be seen by comparing the results in 
respirator treated to those in nonventilated patients, the decrease 
of mortality in the latter group being much more pronounced than in 
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Table 1. Severe brain injury - prospective study group 

Mean age, years 

Mean range of intensive 
treatment, days 

Severe brain damage only 

Severe brain damage + 
fractures of extremities 
(without signs of shock) 

Trepanation 

Prolonged intubation 

Tracheostomy 

Mean duration of respi
rator treatment, days 

Patients expired 

artificial 
ventilation 
(n = 24) 

28,1 :t: 13,9 

25,5 :t: 18,0 

17 (70,8%) 

7 (19,2%) 

11 (45,8%) 

8 (33,3%) 

16 (66,6%) 

8,5 :t: 5,8 

4 (16,7%) 

spontaneous 
breathing 
(n = 20) 

28,0 :t: 12,0 

25,0 :t: 17,1 

13 (65,0%) 

7 (35,0%) 

9 (45,0%) 

9 (45,0%) 

11 (55,0%) 

(5,0%) 

Table 2. Mortality rate in severe brain injury (all ICU-patients) 

1963-1969 1969-31.3.1975 
(% ) (%) 

Number of cases 222 161 
patients expired 125 (56,2) 45 (27,9) 

Respirator treatment 82 (37,0) 106 (65,8) 
expired 52 (63,5) 37 (34,9) 

Spontaneous breathing 
(with oxygen) 140 (63,0) 55 (34,2) 

expired 73 (52,2) 8 (14,5) 

Significance of differen-
ence in mortality n.s. n.s. 

the ventilated collective. (The statistical evaluation of difference 
in both treatment-periods as well as in the study group does not re
veal any significance; when dividing the Cases treated during the pe
riod 1969-75 into the entire study group and the rest of cases, there 
a statistically significant difference may be obtained for the latter 
group, cf. Table 3.) In our opinion the decrease in mortality is 
mainly due to growing experience and improvements in management as 
well as to better defined selection criteria. The point of view is 
corroborated by similar results in other groups of cases treated in 
our ICU. 

The lower overall mortality in the study group (cf. Table 3) seems to 
justify the conclusion, that some additional factors - which were ex
cluded by the "selection rules" (higher age, poly trauma, insufficient 
initial treatment etc.) might be determinants of survival in severe 
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Table 3._Mortality rate of severe brain injury (period: 15.6.1969 -
31.3.1975) 

study group rest of cases 
(% ) analysed 

(%) 

Total number of cases 44 117 
Expired 5 ( 11 ,4) 40 (34,2) 

Respirator treatment 24 (54,6) 82 (70,1) 
Expired 4 (16,7) 33 (40,2) 

Spontaneous breathing 
(wi th oxygen) 20 (45,4) 35 (29,9) 

Expired 1 .(5,0) 7 (20,0) 

Significance of 
difference in mortality n.s. p < 0,05 

cerebral trauma. (Thus, e.g. the association of brain trauma with 
major chest injuries led to an increase in mortality up to 70% in our 
material even in most recent years.) 

Obviously there are definitely much poorer results to be seen in ven
tilated cases in aZl groups investigated when compared to spontane
ously breathing patients. In our opinion this may be caused by a 
variety of factors, which are summarized in Table 4. 

Table 4. Factors possibly responsible for an increase in mortality 
during artificial ventilation in severe brain injury 

(1) Primary indication (hypoventilation, increase in PaC02' extensor 
spasms) 

(2) Aspiration 

(3) Poly trauma ("shock-lung"?), chest injury etc. 

(4) Pulmonary "shock equivalents" (starting with "fluid lung") secon
dary to increase in intracranial pressure (cf. MOSS et al., 10) 

(5) Sequelae of respirator treatment 
a) hyperventilation (not or corrected too late) with impairment 

of CBF with secondary increase of lactate-levels in CSF (13) 
b) venous obstruction 
c) unrecognized hypercapnia (PAUL et al., 11) 
d) general complications of respiratory care (hypoxia, infections, 

etc. ) 

It might be argued that our study was not suitable for a comparison 
with results obtained by other groups under deliberate hyperventila
tion. An analysis of the data given by CROCKARD et al. (1), however, 
reveals even a higher mortality rate (38,7%) in hyperventilated cases 
than in our own group of ventilated patients 1969-75 (34,9% cf. Table 
2). The therapeutic value of hyperventilation may furthermore be 
questioned because of various reasons: As PAUL et al. (11) have dem
onstrated, an efficacious decrease in intracranial pressure cannot 
be achieved by lowering PaC02 to values less than 30 Torr. On the 
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other hand, these measures additionally cause a lowering of cerebral 
blood flow with resulting local hypoxia and promotion of cerebral 
edema. Our own investigations demonstrating a steep increase in CSF
lactate levels under hyperventilation (13) are pointing in the same 
direction. 

Conclusions 

What are the clinical implications to be derived from the results 
presented here? 

(1) For survival in severe brain injury as well as for the extent of 
(partial) recover~ the following factors - rated according to their 
respective significance - may be responsible: Extent of trauma, se
verity of brain edema, additional traumatic lesions and their seque
lae, and - finally - the experience and quality of management 
achieved in the rcu. 
(2) The primary indication for artificial ventilation emerges from 
the vital risks of hypoxemia and hypercapnia, caused by the brain 
trauma itself, by concomitant injuries, or by sequelae of therapeutic 
measures (heavy sedation, relaxation etc.). 

(3) Adequate oxygen supply, unimpaired ventilatory conditions and 
stability in circulation being secured, a decisive influence of "pro
phylactic" respirator treatment on the course and outcome of patients 
with severe brain injury cannot be expected. As our results demon
strate, long term respirator treatment has certain inherent risks. 
Artificial ventilation on prophylactic reasons, therefore, cannot be 
recommended, this holding true especially under unsatisfactory condi
tions (lack of experienced personnel, etc.). 

(4) Whether continuous monitoring of intracranial pressure combined 
with systematic release in pressure by CSF-withdrawal, "temporary" 
hyperventilation, and osmotherapy according to instant needs (7) 
might force a revision of therapeutic attitudes in the near future, 
cannot be decided at this moment. 

Summary 

Various working groups have recommended routine long term respirator 
treatment in severe cerebral trauma. Contrary to this widely accepted 
opinion, the analysis of almost 400 cases treated in our rcu from 
1963 to 1975 revealed a higher mortality in respirator cases. Results 
obta-ined in a prospective study comprising carefully selected cases 
treated at random with respirator treatment or simple oxygen insuf
flation were similar. Though there are, of course definite indica
tions for respirator treatment in cerebral trauma, "prophylactic" 
ventilation does not justify too optimistic expectations, since the 
final outcome in ventilated cases is - at least - not better than in 
patients, where adequate oxygenation is secured by other appropriate 
measures. 
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Pain 



Central Interactions of the Systems of Rapidly and Slowly 
Conducted Pain 
R. HASSLER 

Pain is always a manifestation of consciousness, a subjective pheno
menon, an experience. This is often forgotten by those medical men 
who are orientated predominantly to somatic aspects. Pain exists only 
in conjunction with an experiencing or sensitive subject. There is 
no such thing as an unconscious pain. The easiest way to induce the 
absence of pain sensation is by administering general anaesthesia, 
since this cuts out consciousness. Thus, pain is a phenomenon of the 
central nervous system. Peripheral processes, which can be recorded 
during painful stimulation, are able to trigger off the pain experi
ence, but if the impulse is prevented from reaching the central ner
vous system, there is no pain experience. Neural impulses triggered 
by painful stimuli lead to the experience of pain only if they are 
conducted further into the central nervous system and, somewhere 
within the brain, pass over the threshold of consciousness. 

These few sentences are not merely an indisputable introduction, but 
also have a clinical significance in the evaluation of whether a pain 
is psychogenic; on the part of the physician, the consideration of 
possible malingering almost always being involved. Pain is not an ob
jective phenomenon which can be recorded as such, but a conscious re
action of the individual to a variety of stimuli which have in common 
the fact that they can all lead to damage to the body of a person. As 
with any phenomenon of consciousness, with pain, too, the experience 
also includes an evaluation appropriate to the mental (psychological) 
situation of the moment. Since pain is a conscious experience, the 
identical painful stimulus does not trigger the same pain experience 
in such widely varying and greatly differing constellatlons, in which 
an individual can live at any particular moment of time. The physio
logical processes that trigger off the pain experience are, more than 
in other somatic sense systems, transformed before being, as it were, 
visualized on a monitor and finally projected to the periphery as a 
sensation. There is no justification for denying any conscious exper
ience of pain claimed by another person unless this person can be 
convicted to swindle. 

Not only is the identical noxious impact on the skin variously ex
perienced as pain by different individuals, but also one and the same 
person experiences the identical noxious effect on the skin in dif
ferent situations to varying degrees of tolerability right up to the 
unbearable or, he may experience nothing at all. In a highly exciting 
situation, for example, during a battle, the identical noxious stimu
lus on the skin is experienced in a different way than if it is pre
sented in a calm, pleasant atmosphere. Many painful war wounds are 
often not experienced as painful at all at the moment they are re
ceived during the battle. Similar remarks also apply in the sphere of 
sexual experiences. If there is no "focussing" on the noxious experi
ence, or if no attention is paid to the noxious experience, the nox
ious effects on the skin can remain completely unnoticed. 
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Despite this, the word pain should not be used for every unpleasant 
or disagreeable experience. Only phenomena that are experienced in a 
localized area can be described as pain. This information we owe to 
none less than Spinoza. What is not experienced as being localized 
is, for Spinoza, melancholia, but not pain. If the problem of pain is 
to be understood, in a terminologically narrow sense, only localized 
or localizable phenomena may be described as pain, not the Weltschmerz 
or the pain "experienced by the soul", which are merely linguistic 
metaphors. The widespread opinion that pain exists only during the 
time when painful s.timuli inf luence the skin or mucosae, which is, 
unfortunately, also held by some physicians, is certainly wrong. 
Even with such a small thing as an insect sting or a small cut in the 
skin, a burning, "radiating" pain is experienced, long after the sting 
or the cut itself has ceased to be effective as a stimulus! (second 
pain see below) 

The pain experience is not restricted in time to the duration of the 
peripheral noxious impact and not always due to such an appropriate 
stimulus to the skin. The corresponding excitatory processes take 
place, both under normal and pathological conditions, after several 
amplifications, in discrete diencephalic systems of the brain, and 
the experience is then projected outwards to the surface of the skin, 
secondarily. Such excitatory processes in the central pain systems 
can also occur when the conduction pathways from the peripheral pain 
fibres are interrupted and, as a result, a peripheral, noxious effect 
can no longer be experienced as pain. 

If the central pain-conducting and pain-processing neural systems 
themselves are damaged, they can be excited without any noxious peri
pheral stimulus, so that they give rise to pain experiences which are 
independent of any noxious impact to the skin, such as occur in 
anaesthesia dolorosa or in spontaneous pain, for instance due to a 
thalamic malacia. This ty~e of pain, too, is experienced as projected 
onto the skin, where no painful stimulus has occurred. 

Physicians who, themselves, are inexperienced in intractible pain, 
will probably suspect that a spontaneous pa~n in regions of the skin 
that are hypalgetic or anaesthe'tic to pain, is psychogenic. This also 
applies to pain experiences in diseases of the pain-processing sys
tems in the midbrain and basal ganglia. There are many neurosurgeons, 
psychiatrists and even neurologists who believe that it is impossible 
for a "phantom-pain" patient to feel pain in parts of the body which 
he no longer possesses, although painful experiences can no longer be 
triggered from the amputated stump and its nerve stumps. 

This "phantom feeling", irrespective of whether it is painful or with
out pain, is a fact that in most cases has nothing to do with a de
sire for compensation and is not an expression of an inability to 
come to terms with the experience of losing a limb. Every person, ir
respective of whether he still has his limbs or whether he has lost 
one, has a pain experience which depends upon the fact that the cen
tral representation system for the experience of pain in definite 
parts of the body is in an excited state. 

Since pain is basically a phenomenon of consciousness, I shall begin 
my explanations on the neurobiological fundamentals of pain with 
aesthesiophysiological experiments. Already 85 years ago, GOLD
SCHEIDER and, following him, THUNBERG, demonstrated that one and the 
same short-lasting, painful stimulus applied to distal parts of the 
skin, leads to two separate and distinct pain experiences: the first 
(fast) pain which stops immediately, with the stimulus, and a second 
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(slow) pain which "radiates" in an unpleasant way and which outlasts 
the causal effect. 

For demonstration, a needle can be used which is jabbed into the area 
between the thumb and the index finger. When I do this for a fraction 
of a second, I have an initial sensation, virtually without any la
tency period, simultaneous with the action of pinprick, locally and 
temporally exactly circumscribed and exactly localizable, perhaps a 
little alarming but certainly not very unpleasant. After a pause of 
about half a second, without any further stimulus, a slow, radiating, 
burning pain is experienced which long outlasts the painful stimulus. 
The "first pain", the sensation of pain, can easily be differentiated 
in intensity and quality (epicritical) (Figs. 1a and b). Biologically, 
perhaps, it is a warning system which "announces" the second slow, 
spreading pain that is always experienced as disagr~eable and burning. 
Considered psychologically, the second pain is protopathic, a dis
agreeable ego-state, since the subject experiencing the sentiment of 
pain or the pain feeling is involved and reacts with the attempt to 
eliminate this pain by scratching or rubbing. The second pain, there
fore, is a feeling of pain. We must thus state: a single rapid mech
anical effect on the skin is experienced twice, in each case differ
ing locally and with respect to the quality of the experience. 

The receptors of the second pain are unmyelinated free nerve endings 
which, in the receptor cells of the epidermis give r~se to unmyelin
ated fibres, less than 1 ~ thick, the so-called C-fibres which have 
a conduction velocity of less than 1 m per second. The first pain orig
inates in the mechano-receptors in the skin and is conducted by mye
linated A02 fibres, which have a diameter of about 2-5 ~ and a con
duction velocity of 10 to 25 metres per second. The conduction velo
city is, therefore, 20 to 30 times higher than that of the C fibres. 
This is the explanation for the fact that the first pain is experi
enced much earlier than the much more slowly conducted, delayed 
"second pain". ZOTTERMAN (39) has demonstrated this fact electrophy
siologically. 

The pain stimulus cannot be defined physically or chemically. What 
is common to pain stimuli is the circumscribed damage done to the 
skin which, initially, deforms a formed receptor somewhat (first 
pain) and leads to the passage of fluid and ions, in particular po
tassium ions, out of the cells. Through interaction of chemical pro
cesses, the free, unmyelinated nerve endings are excited - a fact 
which makes the considerable delay in the "second pain" more under
standable. 

Pain under which a person suffers, always has a longer duration and 
points to a change in the ego state, to a feeling or emotion. Such 
pain is always based on an uninhibited C fibre excitation. The C 
fibre type of pain is most marked in causalgia, the intolerable, 
burning pain in the palm of the hand or the sole of the foot in the 
case of chronic mechanical damage to the median or tibial nerve. 

The A02 and the C-fibres have their neurons in the spinal ganglia. 
The axons leading away from these latter form the posterior roots. 
In them, the finest fibres are collected together in the lateral part 
of the Obersteiner-Redlich root entrance zone, while the thicker, my
elinated fibres reach the spinal cord via the medial root entrance 
zone. For the past 60 years, since BILLINGSLEY and RANSON (1916), it 
has been known that a stimulation of the medial part of the root en
trance zone gives rise to rapid pressure sensations or a tingling 
parasthaesia, while the stimulation of the lateral root entrance zone, 
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with the C fibres, gives rise to a long-lasting burning pain, which 
is accompanied by an increase in blood pressure. If the lateral root 
entrance zone is severed or constricted as a result of chronic menin
geal inflammatory processes as in tabes dorsalis, peripheral stimu
lation no longer triggers long-lasting burning pain, or an increase 
in blood pressure. The destruction of the rapidly conducting myelin
ated nerve fibres in the lateral root entrance zone, on the other 
hand, leads to chronic spontaneous pain. From this it may be conclud
ed that, in the region of the posterior horn of the spinal cord, an 
antagonistic effect occurs between the rapidly conducting and slowly 
conducting pain systems - as was supposed by FOERSTER. The first 
place where the rapid and slow pain systems converge and influence 
each other is the posterior horn of the spinal cord. 

The numerous small nerve cells in the substantia gelatinosa of the 
posterior horn with their non-myelinated axons which branch immedi
ately, form a large inhibition and control apparatus for the sensory 
messages from the periphery. Here, we also have the site of the 
"gate control", the input control predominantly for the slow, second 
pain from the periphery. The interaction between the sensory impulses 
from the periphery that are conducted at varying velocities (A~; A02 
and others) and the C-fibre pain is, however, not the only control 
mechanism for pain. Rather, the excitations of the sensory fibres are 
also under the inhibiting influence of the reticular formation of the 
midbrain, of the red nucleus and also of the fields of the somato
sensory region in the cerebral cortex. 

In the posterior horn the descending influences from the brain stem 
and cortex predominate even the ascending sensory inflow from the 
periphery. In addition, the posterior horn and, in particular its 
substantia gelatinosa, is the first location in which such a strong 
convergence of excitation from the periphery and from the brain cen
tres is possible, that the threshold of consciousness may be crossed. 
As a result of the destruction of the grey matter of the posterior 
horn, for example in syringomyelia and syringobulbia, a state of per
manent spontaneous pain can arise. 

A disturbance in the relationship between the rapidly conducting and 
slowly conducting and adapting pain systems also forms the basis for 
sensory hyperpathias. In hyperpathia, a hypaesthesia for various 
qualities of stimulus usually present in addition to the unpleasant 
painful sensation that outlasts its stimulus. The preferential damage 
of the large-diameter, rapidly conducting myelinated sensory fibres, 
including the rapid pain system, for example by chronic pressure 
damage caused to peripheral nerves, gives rise to a hyperpathia. It 
is usually associated with a hyperaesthesia, so that, although peri
pheral stimuli are less well perceived, after their effect has ceased 
they trigger a long lasting, unpleasant burning sensation which the 
majority of patients describe as pain. The hyperpathia is due to a 
disproportion between the myelinated sensory nerve fibres, including 
the A02 fibres on the one hand and the C fibres of the slow pain 
feeling on the other, so that the latter, as in the normal case, are 
no longer inhibited by the more rapidly conducting epicritical sen
sations. 

The secondary fibres of the pain-conduction pathways originate in the 
neurons "embedded" in the substantia gelatinosa, or in the large fas
cicular cells of the posterior horn and from the nucleus proprius of 
the posterior horn. After crossing in front of the central canal, 
they ascend towards the brain stem in the ventrolateral column of the 
contralateral side. It has long been known that in the ventrolateral 
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column, the diameter of the fibres is not uniform throughout, but 
becomes smaller from dorsal to ventromedial. 60% of the fibres of the 
spinothalamic tract have a diameter of less than 2 ~; in addition, 
there are many C fibres, i.e. non-myelinated fibres, in the spino
thalamic tract. 

With the aid of integrated leads from 16 various individual pathways 
in the ventrolateral column, MANFREDI and CASTELLUCCI established 
that, on strongly supramaximal stimulation in the periphery, two dif
ferentiable waves can be measured in the spinothalamic tract, too, 
that is potentials of the rapidly conducting and slowly conducting 
pain systems, separately. 

When the rapid pain systems are blocked by means of tetanic (high
frequency) stimulation of the peripheral nerves, the same peripheral 
skin stimuli trigger only a slow wave in the spinothalamic tract 
which corresponds exactly with the C fibre wave. 

In Fig. 2 it can be seen that the two waves from the rapid and the 
slow pain system are formed in the spinothalamic tract and that they 
are less clearly differentiated in the thoracic spinal cord than in 
the cervical spinal cord, where, in consequence of the length of the 
conduction pathway, the slowly conducted wave is more markedly sepa
rated and delayed. In various regions of the brain stem, in particu
lar in sections of the paramedian reticular formation, it has been 
demonstrated that only C-fibre excitations of the slow pain system 
have an effect on these nuclei. As in the peripheral neuron, so in 
the first central neuron, too, a slow and a rapid pain conduction can 
be differentiated, the slow pain conduction being associated with an 
unpleasant painful feeling, that is, mediating the protopathic emo
tional C fibre pain. 

The same separation into a slow and a rapid pain system is also pos
sible in the rostral region of the midbrain and in the region of the 
diencephalon. The sparsely myelinated or non-myelinated fibres with 
their slow conduction velocity from the spinothalamic tract run medi
ally in the base of the thalamus and end in the nucleus limitans, 
perhaps in parts of the nucleus centromedianus and in the intralamin
ary nuclei of the thalamus. This is shown in pictures of experiments 
on baboons with a cordotomy at the level with C4/C5 (Figs. 3 and 7). 
The thick nerve fibres of the spinothalamic tract, with their gross 
degeneration products, also with the Nauta-Gygax method, lie in the 
ventral nuclei of the thalamus, in particular, in the small-celled 
caudal ventral nucleus (V.c.pc), where the nerve ending degenerations 
achieve their greatest density. The ventral nuclei supplied by the 
rapidly conducting fibres of the spinothalamic tract, project to the 
cerebral cortex and the small-celled ventral nucleus of the thalamus, 
in particular to area 3b, to the sensory konio-cortex in the post
central gyrus. 

On the border between midbrain and thalamus, a dichotomy of the pain 
conduction occurs, into a cortical pain pathway for the sensation of 
pain, and a subcortical pain pathway for the feeling of pain. For the 
nuclei which receive the slow pain fibres, such as the nucleus limi
tans and the intralaminar nuclei, have their outflow not to the cere
bral cortex but to parts of the basal ganglia, in particular to the 
outer segment of the pallidum. This can be demonstrated by the fact 
that, after isolated destruction of the outer part of the pallidum, 
e.g. in stereotactic operations for Parkinson's disease, a retrograde 
nerve cell atrophy and cell destruction occurs in the intra laminar 
and limitans nuclei of the thalamus months, or even years, later. If, 
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on the other hand, the pathways from the thalamus to the cerebral 
cortex are interrupted, the nerve cells of all the ventral nuclei 
(V.c.pc), including the small-celled ventral nucleus for the rapid 
cortical pain-conducting pathway, degenerate. 

The cortical pain-conducting pathway is the anatomi-cal substrate for 
the discriminating pain perception. Damage to the cortical pain path
way in the region of the cerebral white matter or in the area 3b of 
the post-central gyrus, result in a hypalgesia, i.e. reduced sensi
bility towards painful stimuli. The various degrees of intensity of 
pinprick stimuli can scarcely be differentiated; nevertheless they 
elicit subsequently unpleasant radial feelings that are referred to 
as hyperpathia. Despite the reduction otherwise found in the percep
tion of the painful stimulus, these slower pain feelings are medi
ated by the subcortical pathway of the slow (C-fibre) pain feeling. 
After the destruction of the cortical pain pathway, a painful stimu
lus is perceived as less painful than on the other side of the body, 
but,. at the same time, it is also experienced as a particularly pro
longed and unpleasant feeling. 

The extreme case of a dissociation between the perception of the pain 
and pain feeling can be observed in conditions of thalamic pain and 
also of spontaneous pain of other location (Figs. 4 and 5). The pa
tients manifest an insensitivity to pain on one side of the body, but, 
nevertheless, also experience, even without an external painful stim
ulus, a feeling of pain, a spontaneous pain, on this analgetic side. 
This is a central form of anaesthesia dolorosa. The anaesthesia is 
due to an interruption of the cortical pain pathway, the experience 
of the "dolorosa" is dependent upon the subcortical pathway for pain 
feeling being intact. Since the latter is normally under the inhibi
tory influence of the cortical pathway for pain perception, the sys
tems for the (slowly conducted) pain feeling are disinhibited under 
the condition of a thalamic syndrome with spontaneous pain. This can 
be unequivocally demonstrated in post-mortem studies of spontaneous 
thalamic pain patients. They regularly have destroyed the most impor
tant nucleus of the cortical pain-conducting pathway, namely the small
celled caudal ventral nucleu§ (V.c.pc), which projects to the area 3b, 
as Fig.7 shows. In accordance with this, the patient was analgetic on 
the opposite side of the body. The softening foci did not, however, 
destroy the medial slow-conducting pathway for the pain feeling or 
its terminal nucleus; the limitans and the intralaminary thalamic 
nuclei remain intact. They are disinhibited by the antagonistic ef
fect of the rapid cortical pain-conducting pathways and thus give 
rise to agonizing, burning spontaneous pain. 

On the basis of this concept, we have developed a new type of stereo
tactic pain operation, both for vascular cases of thalamic pain and 
also for other forms of otherwise intractable pain, such as phantom 
pain and anaesthesia dolorosa in the trigeminal nerve. When the pa
tient suffers from a disinhibition and an overactivity of the slow 
subcortical pathways for pain feeling, the nuclei of the subcortical 
pain pathways, in particular the nucleus limitans at the boundary of 
the midbrain and the thalamus (and also the nucleus parafascicularis) 
are disconnected by stereotactic coagulation. In this way, it is pos
sible to relieve the patient from his intolerable pain, that is in
tractable to any other kind of treatment. The foci that make this 
possible can be seen in Figs. 4 and 6. Fig. 4 is a case of thalamic 
pain and Fig. 6 is a case of a Pancoast tumor with intolerable shoul
der and neck pain. If the nuclei of the subcortical system of pain 
feeling are selectively disconnected, as was first done by MARKS with 
a different rationale, the relief of intolerable pain can be obtained 
without causing hypalgesia or analgesia for pain perception. 
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Thus, it seemed that selectively inactivating the slow system for 
pain feeling did not give rise to any functional loss phenomena in 
the somatosensory system. This is, however, not the case. If, in 
these patients, in accordance with aesthesiophysiological methods, 
the experience of the first and second pain is investigated on the 
sound and on the operated sides of the body, it is found that the 
patients with an inactivated subcortical pain system no longer per
ceive the second slow, burning, irradiating pain, although they are 
able to have this experience on the uninfluenced side of the body. 
At the same time, the dermatographism is strongly diminished and much 
less widespread than on the healthy side in the areas of skin, the 
central representation of which in the subcortical pain pathway have 
been disconnected. Thus, the inactivation of the central components 
of the slow pain system leads, as does the functional loss of the C 
fibres in the peripheral pain-conduction, to a loss of the second, 
slow unpleasant pain feeling and to the loss of dermatographism. 

I am of the opinion that the observations described here demonstrate 
that the pain systems from the receptors in the skin to their ter
minals in the basal ganglia and cortex are divided into two systems, 
namely, a rapidly conducting and rapidly adapting and a slowly con
ducting and poorly adapting system. Each system has separate conduc
tion pathways and separate nuclei, in the periphery, in the spino
thalamic tract, in the nuclei of the brain stem and in the diencepha
lon. The rapid pain system is responsible for feeling of pain percep
tion and the pain discrimination, as has already been postulated by 
FOERSTER. The slow pain system is a system for pain sensation, a pro
topathic pain system, which is not able to reflect the effective pain 
stimuli accurately with respect to time and location. The patients, 
however, suffer only under the excitations of the slow pain system. 
It must be the intention of the neurosurgeon, not to relieve the pa
tient of every experience of pain, but only to inactivate the pro
topathic, slow system of pain feeling, both in the periphery and 
centrally, in order to free the patient from his sufferings. 
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Fig. 1 a. Diagram of the relationship between the spike height, the 
conduction rate and the caliber of different types for somato-sensory 
fibers, namely, the A~, A51, A52 and C fibers 

Fig. 1 b. Action potentials of peripheral nerves to be read from 
right to left. A: during the end of a firm stroke to the skin with 
afterwards afterpotentials. B: during needle prick to the skin star
ting at ~51' 52 potentials are recorded during and after the needle 
prick whereas ~ spikes are of very short duration. C: the same pre
paration 3 sec later showing C potentials at irregular frequencies 
intermingled by some 51 and 52 potentials. Time 1/50 sec (after ZOT
TERMAN, 1939) 
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Fig. 2. Integrated discharges (A) recorded from 16 individual spots, 
as illustrated in F under the experimental conditions shown in E, 
demonstrate the excitation of the anterolateral column better than 
the simple conventional recording in B. Aa shows the reaction with a 
stimulation intensity ten times greater than the A~ fibre threshold 
registered from the lead R1 on the dorsal root in the lumbar level; 
only the myelinated A~ and A6 fibres were excited. Ab: During stimu
lation intensity 200 times greater than the A~ fibre threshold there 
is in the dorsal root recording a much slower C fibre-potential (un
der Bb) in addition to the A~ and A6 potentials. The pertinent inte
grated response (Ab) clearly shows a second slower elevation due to 
C fibres, which also continue to conduct the excitations in the an
terolateral column. Ac: After polarisation of the nerves, which 
blocks all fibres except the C fibres, the same stimulus intensity 
elicits an integrated response (Ac) in which the C fibre response is 
increased, whereas the myelinated fibre (A~ and A6) responses are 
missing. Diagram Bc illustrates that the myelinated fibre reactions 
were intercepted by polarisation. Ca: The integrated discharges from 
the anterolateral column of the mid-thoracic cord, recorded as a re
sult of stimulating the peripheral nerve, which produced a myelinated 
wave and a C-fibre wave, shows a small fast and a large slow impulse 
wave due to longer spinal cord conduction. Cb: After severing the 
posterior columns (Cf) the fast component has been reduced, but the 
large wave is almost unchanged. Cc: After severing the whole spinal 
cord below the recording spot (R2 ), there is no more response to sen
sory stimulation. D: The integrated discharge in the anterolateral 
column transmitted from the cervical part of the cord, in response to 
a series of impulses from myelinated and non-myelinated fibres, shows 
two elevations which now differ even more from one another because 
the C-fibres conduct the impulses more slowly along the anterolateral 
column than the myelinated fibres. After transection of the spinal 
cord, the integrated impulses in the cervical part of the medulla 
fail to respond to the same stimulation (Db) (after MANFREDI and CAS
TELLUCCI, 1969) 
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Fig. 3. Degeneration of spino-thalamic fibres after left chordotomy, 
at the level of the fifth cervical segment in the baboon. The Nauta
Gygax method shows degeneration, firstly in the large-cell part of 
the medial geniculate (G.m.mc), secondly in the small-celled caudal 
ventral nucleus, that is in its lateral part (V.c.pc.e), and thirdly 
in the lateral part of the caudal ventral nucleus (V.c.p.e) and in 
the caudal inter-mediary nucleus (Z.c.e). Finer medial degenerations 
can be seen in the intralaminar nuclei (i.La) after passage through 
the center median (ee) and in limitans (Li) (HASSLER, 1972, after ex
periments with lMAI, KUSAMA and WAGNER) 
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Fig. 4. Thalamic cross-section in a case of spontaneous thalamic pain, 
treated successfully with stereotactic coagulation. Occlusion of the 
thalamogeniculate artery produced softening around the sensory ven
tral nucleus (V.c.e) of the thalamus. There is demyelination (Mc) in 
the area d~scribed as V. c.e. as well as in the neighbouring portion 
of the nucleus reticulatus thalami, marked with an x. The medial part 
of the sensory ventral nuclei, in particular its base with the small
celled ventral nuclei, has been destroyed by a large area of coagu
lation (Co1). This extends medially to the edge of the center median 
(Ce). A second area was coagulated (C02) in the medial nucleus (M), 
in order to reduce psychological reaction to spontaneous pain. (Fibre 
straining according to HEIDENHAIN-WOELCKE; 6:1 magnification) (HASS
LER, 1972) 
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Fig. 5. Cross-section through the thalamus-midbrain border in the 
same case, 1.6 mm further on caudally. The midbrain-thalamus border 
is illustrated as a broken line, where the ganglion habenulae was 
separated from the thalamus. Normally the midbrain-thalamus border is 
taken up by the Nc. limitans, but in this case only its medial sec
tion (Li.m) is preserved. The limitans opticus and limitans portae 
have lost most of their nerve ce.lls, due to the two coagulation areas 
induced by a string electrode (Co1 and C02) placed into the lateral 
part of these nuclei. The geniculatum mediale with its large cells 
(mc) has not been coagulated and there is no cell destruction. As a 
result of these two coagulation areas and degeneration of the Nc. 
limitans, the patient remained free from pain during the last seven 
weeks of life (HASSLER, 1972) 
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Fig. 6. In the case of Pancoast tumor the second coagulation has de
stroyed all parts of the limitans nucleus and also the magnocellular 
part of the medial geniculate body (G.m), which receives dense ter
minals of spino-thalamic fibres. The clinical effect was a complete 
relief of both spontaneous and evoked pain for life and a contralat
eral hemianesthesia. Magnification 6:1 (HASSLER, 1970) 
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Fig. 7 
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Open Spinal Surgery for (Intractable) Pain 
K. PISCOL 

The task of presenting a paper on the "open" spinal operations for 
the relief of pain, that is, the longest-known neu+osurgical measures 
for combatting pain,has, to an equal degree, both its advantages and 
disadvantages. One of the advantages is, without a doubt, the fact 
that the basic problems, the techniques and their results in their 
trend significance can be assumed to be known; in particular since 
the writer of this paper has just contributed a handbook article on 
this topic (PISCOL, 1974). The disadvantages put in an appearance 
when, from these cold ashes, an attempt is made to rekindle the fire. 

It can immediately be stated that, in the meantime, no new open meth
ods have been developed and that the trend of the results of the in
dividual groups has not changed. The purpose of this paper is, there
fore, an attempt to determine the position of these methods in the 
present-day situation of neurosurgical pain therapy and to clarify 
their usefulness. Under these circumstances, three methods might be 
mentioned: posterior rhizotomy, commissural myelotomy and anterolat
eral cordotomy. 

Posterior Rhizotomy 

In the case of posterior rhizotomy, the decision as to whether the 
intradural or the extradural approach should be selected is of im
portance. In the case of processes involving the ganglion or the 
root, the intradural approach should always be selected, in the case 
of other peripherally located lesions, the extradural intervention 
can be selected. Within the framework of intradural rhizotomy, the 
attempt, formerly propagated by KUHN and by RANSON, to section se
lectively the laterally located fine fibres in the posterior roots, 
has been reintroduced, now admittedly, employing micro-neurosurgical 
techniques (for example SINDOU in Lyon). The question as to whether 
a laminectomy, a hemi-laminectomy, a fenestration or the technique of 
SCOVILLE or FRYKHOLM should be employed is, of course, dependent upon 
the location of the planned root section, and also on the technique 
of the surgeon and the physical condition of the patient. It has been 
shown that in the case of segmental pain in the trunk and the cervi
cal region, the best results can be obtained when the afferent fibres 
are divided, not only the segments involved, but also the neighbour
ing segments - that is, that in monosegmental or bisegmental pain, 
three to six roots are sectioned. In the regions of the extremities, 
this is usually not possible on account of subsequent impairment of 
function. 

Let us now take a look at some typical results (Table 1). The table 
presents two large, thoroughly evaluated and thus representative, 
groups of patients from hospitals with considerable experience in 
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providing pain therapy. The three smaller groups cannot be dealt with 
in detail here. 

Table 1. Rhizotomy 

Author Indication Number Success Rate 

ECHOLS Malignant diseases 31 81% 
Ischialgias, postop. 62 60% 
Headaches 3 66% 
Leg pain 3 66% 
Intercostal neuralgias 19 79% (63%) 

118 68% (66%) 

WHITE Malignant diseases, cervic. 33 58% 
Brachial plexus neuralgias 3 66% 
Ulnar lesions 5 60% 
Ischialgias, postoperative 12 75% 
Intercostal neuralgias 6 83% 
Meralgia 5 60% 
Abdominal scars 5 60% 
Specific intestinal pain 10 100% 
Non-malignant diseases 66% 

SCOVILLE Malignant and non-malignant 12 good 6 pats. 
diseases satisf. 6 pats. 

PISCOL Radicular pains 
thoracic and lumbar 5 (6) 4 pats. 

PIERI Zoster 4 3 pats. 

At first sight, the percentage data might appear problematical. They 
have, however, been incorporated in the table since, only in this way 
is a comparison possible, and also since they have been confirmed 
within the framework of larger surveys. 

I am sure that there is no need to emphasize that, in particular in 
the case of malignant lesions, the patients are strictly selected and 
present with particularly circumscribed pain patterns: On the basis 
of these prerequisites, the success rate is considerable: in WHITE's 
group 58% and in ECHOLS as many as 81% of the cases were relieved of 
their pain. In this connection, of course, the shortened life expec
tancy of the patients also has a certain significance. 

In the case of non-malignant processes, it can be assumed that 65% to 
68% of the patients are helped. It is certain that the so-called un
complicated peripheral nervous and radicular pain conditions repre
sent the indications which promise the greatest success. The table 
provides information on further details. 

As was to have been expected, the selection of the patients is of 
considerable significance for the overall results in the case of coc
cygodynia. In the meantime, it has been established that coccygeal 
pain in the case of carcinoma or cicatricial conditions in the true 
pelvis can be extremely refractory. So-called spontaneous coccygodyn
ias, said to be due to chronic microtraumatization, are, on the other 
hand, much more amenable to surgical treatment; the adequate tech-
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nique being rhizotomy involving S4 - CO bilaterally and S3 unilater
ally. The different composition of the groups of patients is probably 
the reason for the discrepancy between the results obtained by ECHOLS 
and those of other workers (Table 2). 

Table 2. Coccygodynia 

Authors 1 :Number 2:Pain-free 3:Pain 2+3 

BOHM and FRANKS SON 15 14 14 
PENZHOLZ 4 2 2 4 
PISCOL 7 4 1 5 
WHITE and SWEET 1 (1) 1 1 
ECHOLS 26 12 12 

Total 53 32 4 36 
100% 60% 8% 68% 

The advantage of posterior rhizotomy is, without question, to be seen 
in the fact that the patient has only a slight sensory loss - even 
after extensive operation. Surprisingly, after rhizotomy operations, 
the agonising dysaesthesias which can occur after other operations to 
relieve pain, are not observed. For this reason, in particular WHITE, 
but also ECHOLS, MATSOU and SHILLITO, PAILLAS and PELLET, PENZHOLZ, 
SCOVILLE et al., have advocated the increased use of this method. At 
the present time, however, the successes achieved with neurostimula
tion techniques in cases of extremity pain, have narrowed the indica
tions for this method. 

There is general agreement that the results are better and more per
manent when, in addition to the segments involved, one to two neigh
bouring segments in the cranial and caudal directions are "knocked 
out", too. 

As an explanation for this, we must assume that, in the case of chron
ic changes to the peripheral neurons, for example taking the form of 
a pathological fibre spectrum (see NOORDEN-BOS, WEDDELL) or a perma
nent pathological formation and conduction of excitation impulses 
(see BARNES, FLECKENSTEIN, STAMPELI), changes in the appropriate pos
terior horn structures also occur which, according to HASSLER, repre
sents the substrate which is "able" to give rise to a "painful sen
sation of a pain experience" (Fig. 1). Although the division of a 
single root can interrupt the direct pathological excitation inflow, 
it does not "knock out" the simultaneous stimulation of the changed 
posterior horn zone by irradiation from the neighbourhood, in parti
cular through vertical interactions. This can be abolished only by 
supplementary root sectioning. 

Since the number of sectioned roots is limited, the upper limit is, 
in accordance with the table, probably six posterior roots, only 
monosegmentally to oligosegmentally-limited processes can be consi
dered for posterior rhizotomy. 
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Commissural Myelotomy 

The technique of commissural myelotomy, advocated by GREENFEELD, 
AMOUR, LERICHE, has not found particular acceptance in Germany as a 
method for combating pain. The information provided by WERTHEIMER and 
LECUIRE ~1953) reflects the results following thoraco-lumbar inter
ventions in the first phase of application - mainly in France - quite 
reliably. Convincing results were obtained in only about one-third of 
the patients so treated (Table 3); PUTNAM carried out this operation, 
under the designation "mediolongitudinal chordotomy" also in the cer
vical spinal cord. 

Table 3. Commissural Myelotomy 

Authors Level Number Indication Results 

WERTHEIMER & 
LECUIRE 

LEMBCKE 

GRUNERT 
et al. 

thoraco- 100 
lumbar 

cervical 

thoraco
lumbar 

12 

10 

Stump pain (2) 
Brachial plexus 

lesion (3) 
Phantom pain (1) 
MS (1) 

very good 33% 
improvement 32% 
4 deaths 

pain-free 
(6-10 years) 

recurrent pain 
Malignant 

tumours (5) 4 pain-free 
1 improvement 

Malignant 
tumours (9) pain-free 

Benign proces-
ses (1) pain recurrence 

In the USA, the technique was abandoned. Elsewhere, too, the litera
ture on this subject dried up until LEMBCKE reported, in 1964, on 12 
patients, on whom he had carried out the intervention in the cervi
cal region employing the old technique. The indications can be seen 
in Table 3. Myelotomy was usually carried out between C3/C4 and 
C8/T1, in one instance even from C2 (!) to C5, without any deaths be
ing reported. In one instance (case with MS), recurrent pain occurred. 
In a patient suffering from a malignant disease, only an improvement 
was achieved. All the remaining patients became pain-free; the cases 
presenting with non-malignant processes remaining pain-free, even 
after 6 to 10 years. 

Later, the opportunity presented itself of carrying out the inter
vention employing the surgical microscope. In 1970, GRUNERT, SUNDER
PLASSMANN and GESTRING reported on 10 cases in whom they had carried 
out commissural myelotomy from T9/T10 - T11/T12 and from T10 - L1 or 
T12 - L4. During the - admittedly short - follow-up period, 9 pa
tients with malignant disease remained pain-free, while, in the case 
with a benign process, recurrent pain occurred (Table 3). We, our
selves, have carried out the operation in the thoraco-Iumbar region, 
in a female patient presenting with bilateral pain in the pelvic and 
perineal regions, the operation being carried out applying strictly 
microneurosurgical techniques. With regard to the technical and sur-
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gical-aesthetic considerations, the operation was more impressive 
than a chordotomy, but otherwise more complicated, difficult and 
more stressful for the patient. The neuropathologist confirms that, 
even after micro-neurosurgical operations, more extensive damage to 
the spinal cord can certainly be found (JELLINGER). For these reasons, 
we are, at present, adopting a wait-and-see attitude. 

An advantage of the method is considered to be the fact that only the 
decussating fibres - that is those for pain and temperature - are di
vided. The result should, therefore, be a pure analgesia and thermo
anaesthesia in the area supplied, admittedly, bilateral. In the 23 
cases of the last few years particularly considered here, however, 
temporary paralyses were observed and, in one case, a bladder dis
order was indicated by the patient. 

Even without these complications, there still remains a number of 
questions to be discussed, which we shall only be able to answer af
ter long-term follow-up observations-. 

The advantage of the method of involving only the decussating fibres, 
can also become a disadvantage in patients with long survival times. 
It is known - and this will be discussed in more detail when we deal 
with chordotomy - that, particularly in the case of the course of the 
pain-conducting fibres, considerable variations can be found. Here 
we would simply mention the reports of FOERSTER, FRENCH and PEYTON, 
VORIS, SWEET and AMASSIAN. In addition, attention must be drawn to 
the multi-synaptic-afferent system which, according to investigations 
carried out by SHEALY, can also effect homolateral pain conduction. 
And finally, it remains to be mentioned that the level of cross-over 
of pain-conducting fibres to the contralateral side is subject to 
appreciable individual variations. 

Accordingly, the results obtained in the last few years are really 
better than they ought to be. Of course, it should be remembered that, 
initially, the diaschisis effect probably also played a not-inconsid
erable role, which was particularly positive in the case of patients 
suffering from malignant diseases and having only a short survival 
time. The Vienna working group has collected further experience 
which it will present in a discussion contribution. The results ob
tained by LEMBCKE are surprising. Unfortunately, however, in his re
port he made no mention of whether other forms of pain or whether 
dysaesthesia occurred and how the patients with sensory disorders in 
the previously healthy arm, managed to cope. 

The intervention is certainly interesting - in particular when car
ried out as a micro-neurosurgical intervention. Despite the positive 
results mentioned, however, it cannot be said that it entails no 
risks. Applied to the cervical region and for use with benign proces
ses, it can be considered, at the present time, only in exceptional 
cases. All in all, further reports must be awaited before a final 
assessment can be made. 

Anterolateral Cordotomy 

And now we finally come to the procedure which for decades "ruled" 
surgical therapy for pain - anterolateral cordotomy. Since its in
troduction by SPILLER/MARTIC and FOERSTER/TIETZE in the years 1911/ 
1912, it has been subjected to modifications and supplementations 
and is carried out with a variety of different approaches. Laminec
tomies, hemilaminectomies, fenestrations can all be selected, in the 
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cervical regions also the elegant and patient-sparing SCHWARTZ tech
nique and the ventral approach of CLOWARD. Of greater importance, 
however, is the procedure involving the anterolateral column itself. 
In this connection, in addition to the endeavours to divide - either 
completely, partially or selectively - only the spinothalamic tract, 
the view is also held that only as radical a separation of the an
terolateral column as possible has any prospects of providing long
lasting success. In order to ensure an improved orientation and to 
protect blood vessels, a number of workers make use of the operating 
microscope or magnifying glasses. 

We have tried, elsewhere, on the one hand to represent the difficul
ties attached to the statistics of success while, on the other hand, 
providing at least a survey of representative results obtained with 
the various basic diseases (PISCOL, 1974). Let us recapitulate on a 
few remarks as a basis for discussion. In the case of malignant pro
cesses, the success rate is 72% to 88%, in benign processes 30% to 
60% (Table 4). The reason for this is not merely the shorter life ex
pectancy of patients with malignant disease, but also the fact that 
a number of non-malignant painful pictures are particularly resistant 
to chordotomy and that in otherwise healthy people, there is a great
er reluctance to undergo radical sectioning of the spinal cord. In 
the malignant processes, pain in the lower half of the body can be 
influenced more positively and more long-lastingly than that local
ized at a higher level (Table 5). This also applies to benign pro
cesses (Table 6) and the reason is to be seen in the difficulty of 
attaining and retaining an adequately high level of analgesia. Sur
prisingly good initial results gradually revert to the former state 
with time (ROTTGEN), (Table 7). A repetition of an open cordotomy 
has markedly lower chances of success than the initial intervention 
(Fig. 2). The slightly better results following bilateral cordotomy 
hardly outweigh the disadvantages in unilateral pain. Worthy of men
tion is, however, the fact that in all the more recent publications, 
where necessary, bilateral procedures are given preference (RASKIND). 
In the case of pain involving the lower half of the body, cervical 
chordotomy carried out employing the SCHWARTZ technique, can prove 
of advantage with respect to the short and sparing character of the 
intervention, but the results with respect to freeing the patient 
from pain are not significantly better. 

On the other hand, there can be no doubt that, as experience has 
shown, the number and duration of successes increase with the depth 
and extent of the section. In particular the results obtained by 
WHITE and SWEET, SCHWARTZ, OGLE et al., but also our own experiences, 
are proof of this. Individual successes with selective measures (for 
example HYNDMAN or JENKNER) are not incompatible with this observa
tion. Here, it is the statistical probability that is decisive. 

In this connection, we must deal with our own idea of the organiza
tion of the anterolateral column. SHEALY once called into question 
the justification of cordotomy since he denied the existence of or
dered pain tracts in the anterolateral column, favouring rather the 
multi synaptic afferent system and a diffuse course of the fibres. 
This opinion certainly goes too far. In hundreds of unilateral chor
dotomy operations, a complete contralateral analgesia has been ob
served, but a homolateral analgesia in only a few cases.In the awake 
patient, the level of the analgesia can be controlled by the ex-
tent of the section; a limited number of specific experiments has 
even shown that it is possible to "knock out" the sensation of pain 
in localized regions of the bedy. In this connection, the stimulation 
and "knock out" results obtained with percutaneous cordotomy may be 
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Table 5 

Site of the Number Successes Early Late Remaining 
primary tumor of pa- fail- pain re- success 

tients No. % ures currence rate (%) 

Mamma 19 14 74 5 7 37 
Lungs 21 11 52 10 2 43 
Upper gastro-
intestinal tract 9 5 56 4 2 33 

Lower gastro-
intestinal tract 63 53 84 10 3 80 

Kidneys 8 6 75 2 75 
Bladder 17 13 77 4 2 65 
Prostate, testes, 
penis 15 13 87 3 80 

Ovary, uterus, cer-
vix, vagina 101 76 75 25 10 65 

Bones 29 18 62 11 2 55 
Other soft parts 18 16 89 2 2 78 

Total 300 225 75 75 31 65 

Table 6 

Cases Successes 

early late 
( 1-20 years) 

(% ) (% ) 

Stump pain leg 8 100 63 
Phantom pain leg 18 94 67 

arm 4 100 25 
Peripheral nerve pain leg 8 100 63 

arm 2 100 50 
Tabetic crises 9 88 77 
Pain after zoster 

(thorax or abdomen) 7 85 57 

Non-malignant process, total 56 95 63 

Table 7 

Freedom from pain after 

2 2 to 12 3 to 6 6 to 12 1 to 12 
weeks weeks months months years 
(%) (% ) (%) (% ) (%) 

Primary thoracic cordotomy 
(46 cases) 95 83 71 51 47 

Secondary and tertiary thor-
acic cordotomy (8 cases) 36 36 36 27 18 

Primary cervical cordotomy 
( 14 cases) 93 86 64 54 46 

Secondary cervical cordotomy 
(6 cases) 66 17 17 0 0 
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mentioned (TAREN). The number of "counter examples" from FRENCH, 
VORIS, SWEET, AMASSIAN or OSACAR is small. Although the analytical 
studies of fibres carried out by HAGGQVIST and VAN BEUSEKOM, the mod
ern structural and functional conception which HASSLER had developed 
and special neuro-physiological results (see ECCLES, ZIMMERMANN and 
others) should be taken into account, the neurosurgeon should not 
forget his own experience and knowledge. Rather, he must try and 
find a synthesis for his activity and then orientate the measures he 
undertakes accordingly. This orientation should serve our working 
scheme which contains not only pain-surgical, but also general neuro
logical aspects (Fig. 3). The boundaries with respect to topical or
ganization must be understood to be fluid (right-hand side of the 
cross-sectional scheme) the organization of the modalities-to-be in 
the sense of a varying fibre concentration (left-hand side). The in
dividual range of fluctuation is considerable and extends right up 
to the "runaways" mentioned (PISCOL). This scheme shows where target
ted partial or selective "knock out" attempts have the greatest 
chance of success - today the domain of percutaneous cordotomy - but 
also that the attempt to achieve a complete "knock out" must take in
to account the entire anterolateral column. In such a case, NOORDEN
BOS's term "spinal leucotomy" is apt. 

In establishing indications, however, not only the success rate and 
the surgical technical fundamentals are to be considered, but, to an 
equal extent, also the complications and postoperative discomfort. 
In the case of unilateral interventions, disorders of the bladder 
(5% to 10%) and pareses (0% to 8%) are, as a rule, only of a tempor
ary nature or slight. In more recent work, permanent defects are 
rarely reported. In the case of bilateral operations, the complica
tion rate increases considerably and, in a larger percentage, remains 
permanent: disorders of the bladder, longer-lasting or persistent in 
15% to 30%, pareses in 1% to 24% (severe or permanent in 0% to 5%) of 
the cases. Here we cannot discuss in detail the problems involving 
disorders of respiratory function after bilateral high-cervical chor
dotomies. These disorders usually disappear within 24 to 48 hours and 
surprisingly rarely give rise to insoluble problems. A particular 
stress for the patient are, however, the postoperative complaints, in 
particular allachaesthesia, agonizing dysaesthesias and cincture sen
sations (zonaesthesia). These are reported in 3% to 20% of all cases. 

If we compare the successes in relieving pain with the complications 
and dysthaesias, and if we then compare the results with other pre
sently available possibilities of treating pain, the technique of 
open anterolateral cordotomy as an initial surgical intervention re
mains to be considered only in cases with malignant primary disease. 
In this latter case, however, we feel that it is still indicated. 
Basically, open cordotomy is, for a practised surgeon, a short oper
ation and with the more modern, less heroic approach, one that is not 
too demanding of the patient. Of advantage are the good view of the 
cord, the possibility of effecting a thorough-going division of the 
anterolateral column - if required - and the greater possibility of 
not having to repeat the operation at some future date. Carried out 
in the thoracic region, it also has the advantage over the percutan
eous technique that the arms will, with certainty, remain intact. 

In the case of non-malignant diseases, cordotomy should be consid
ered only when the other methods have failed, that is, it should be 
a last resort. Pain in the lower half of the body has a greater 
chance of being influenced than pain in the upper half. In view of 
the postoperative disturbances mentioned previously, in the case of 
pain in the lower half of the body, we again prefer to employ thorac-
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ic cordotomy and for unilateral pain, the unilateral version. In our 
experience, the informed patient would prefer to be re-operated on 
on the contralateral side rather than to put up with initially unnec
essary deficiencies. 

Evaluation 

An evaluation of open spinal surgery for the treatment of pain in the 
present situation of neurosurgical therapeutic possibilities, in par
ticular in comparison with percutaneous cordotomy and neurostimula
tion procedures, may not only serve as an orientation, but it must, 
of necessity, also lead to recommendations. Table 8 represents the 
attempt to deduce such recommendations from appropriate comparisons 
and to represent them in a clear manner. They are put up for discus
sion in the hope that they will provoke some critical and "corrective" 
suggestions. It might be said at this point that we, ourselves, in 
all painful conditions of a non-malignant nature, first make use of 
the various neurostimulation procedures since, here, no neurological 
deficits need to be accepted. Until a final clarification of effec
tiveness has been obtained, we try, at least transcutaneous neuro
stimulation, even in patients with malignant diseases and pain in the 
extremities. 

In Table 8, open cordotomy is listed as being extensively used only 
in the case of malignant processes involving the lower half of the 
body and as the method of choice in bilateral pain or pain in the 
midline; admittedly, however, only in the thoracic version, in order 
reliably to avoid negative results in the arms. On account of the 
monosegmental to oligosegmental painful conditions in the region of 
the trunk, rhizotomies are given three crosses in the group of benign 
processes. Double markings are also employed for situations in which 
other methods have failed or cannot be effected. Our views on commis
sural myelotomy have already been presented in the appropriate sec
tion. A single cross indicates that we should like to retain the op
tion for special cases, the cross in brackets means that this indi
cation is advocated by some authors. 

Instead of a summary, I should like to make a topical comparison. If 
the new methods and techniques of combatting pain be compared with a 
modern sports coupe provided with lots of electronic equipment, the 
open methods might then be seen as old timers which simply do not 
attract any attention in the year 1975, and which do not dominate the 
pain-therapeutic street scene. Basically, they still run reliably and 
can, occasionally, carry us to our destination when the road has be
come too uneven for the newer models. 
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Table 8. Recommendations for pain therapy with spinal operations 

Surgical 
Open cordot- ~ercuta-methods 

omy peous 
...... cordot- til 

u III omy 0 :>. H :>. 
Indication e ::I e T 0 Ul 0 

+' Ul+' ...; 0 ...; 0 -iJ U ·0 -iJ 0 ° U 
Pain site 0 OM 0 oj oj oj oj OM -iJ OM oj .... -iJ .... til 

N ~al 
0-1 ,.. oj ,.. 0-1 :> oj :> 0-1 :> oj :> .... OM 0 0-1 0 OM ,.. 0-1 ,.. OM ,.. 0-1 ,.. Z 
s::.c: OM .c: s:: OJ OM OJ s:: (i) OM (i) E-t .r:: 0:>' ::>-iJ ill-iJ ::> 0 ill 0 ::> 0 ill 0 

~ ue 

Benign diseases 

Upper extremity, unilateral (+) ? + ++ +++ 

Upper extremity, resist./recur. + + ++ +++ + 

Lower extremity, unilateral (+) ? + (+) ++ +++ 

Lower extremity, resist./recur. + (+) ++ (+) + +++ + 

Trunk (and bilateral radiation) +++ + + ++ + (+) ++ + + 

Phantom pain, zoster pain, etc. + ? + ? (+) + (+) ++ 

Malignant diseases 

Only upper half of the body, 
unilateral + (+) ++ +++ + +++ 

Up to the upper half of the body, 
unilateral (+) ++ +++ + +++ 

Up to the upper half of the body, 
bilateral ++ +++ + 

Up to the upper half of the body, 
resist./recur. + ++ + +++ 

Only trunk (mostly lower half) + ++ ? +++ ? + + 
Lower half of the body, unilatera ? +++ + + ++ + +++ 
Lower half of the body, bilateral + +++ + ++ + 
Lower half of the body, 
resist./recur. + +++ + + ++ 
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Fig. 1. Schematic representation of the relationships between the 
posterior root fibres and complicated posterior horn structures (see 
also FISCOL, 1974). Although a division of the posterior root between 
the spinal ganglion (Sp.G.) and the spinal cord interrupts the direct 
inflow of impulses via this root, it does not interrupt irradiations 
or interactions via the ascending and descending collaterals in the 
root inflow zone (for example LISSAUER tract) and in the posterior 
horn column itself (see also text) 
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Time after tractomy 

Fig. 2. In second and third interventions, the chances of success are 
markedly lower than with first operations (after WHITE and SWEET, 
1969) 

46 high-thoracic cordotomies in 34 patients followed over 
year (primary operation) 

ts- - -b. 14 high-cervical cordotomies in 13 patients followed over 
year (primary operation) 

------ 11 high-thoracic cordotomies in 9 patients followed over 1 
year (secondary and tertiary operation) 

A---A 6 high-cervical cordotomies in 6 patients followed over 1 
year (secondary and tertiary operation) 

Fig. 3. Scheme of the 
organization in the 
anterolateral column 
from the point of view 
of the surgeon operat
ing for pain relief 
(PISCOL, 1973, 1974) 
(see also text) 

/:,. Pain (Tr.spth) 
0 Pain (MAS?) C 
D Temperature D 
+ Touch L 

Pressure S 
Respiration P 

Fibres from the cervical segments 
Fibres from the thoracic segments 
Fibres from the lumbar segments 
Fibres from the sacral segments 
Pyramidal tract 
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Anterolateral Cordotomy in Cases of Phantom Limb Pain 
A PERNECZKY and M. SUNDER-PLASSMANN 

Introduction 

The surgical treatment of phantom limb pain is a problem which has 
not been solved so far. On account of the special pathophysiology of 
this phenomenon. most authors (1,-4, 5, 7, 8) disapprove of a surgi
cal treatment of phantom limb pain. This opinion, however, is op
posed by publications of some other authors (3, 6, 9). As we ob
served surprisingly good results after cordotomy in some of our pa
tients suffering from phantom limb pain, we decided to check the 
effectiveness of anterolateral cordotomy in so far as it influences 
phantom limb pain. 

Material and Method 

In the period from 1965 to 1974 anterolateral cordotomy was carried 
out at the Neurosurgical Department of the University of Vienna in 
14 patients suffering from phantom limb pain. The patients treated 
were 13 men and one woman. At the time of the operation, the patients 
were between 25 and 72 years old with an average age of 57. 

Description 

Table 1 gives a survey of the indications for amputation. In 13 pa
tients one lower extremity, in one patient an upper extremity had 
been amputated. On the average phantom limb pain had occured 12 years 
after amputation. The patients had been suffering from phantom limb 
pains for 8 years and 3 months on the average. Four of the cordoto
mised patients showed an abuse of analgetics. In addition Table 1 
gives information on those therapeutic measures which had been ap
plied before cordotomy. 

In 13 patients,cordotomy was carried out as an upper thoracic, in 
one patient as an upper cervical section of the spinothalamicic 
tract. Table 2 shows the results immediately after the operation 
with regard to phantom limb pain and phantom limb sensation. Post
operative complications are also to be found in Table 2. 

The late results in twelve cordotomised patients are shown in Table 
3. The postoperative obse~vation period was five and a half years on 
the average. At the time of the last examination two patients had no 
pain. Six patients complained about bearable phantom limb pain and 
the administration of analgetics was not necessary. The remaining four 
patients complained about strong phantom limb pain, which would be 
relieved to a certain extent only by regular alkaloid medication. All 
patients, also those without pain, stated that they had phantom limb 
sensation. Thus, 12 patients (66.7% of the cases) had either no pain 
or less pain by the time of the last examination. 
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Table 1. History of 14 cases of phantom limb pain 

Indication case pain in 
for No the limb 
amputation before 

ampu
tation 

trauma no 

osteo
myelitis 

vascular 
disease 

2 no 

3 no 

4 no 

5 no 

6 no 

7 no 

8 yes 

9 no 

10 yes 

11 no 

12 yes 

13 yes 

14 yes 

beginning 
of phantom 
limb pain 
after 
amputation 

21 years 

2 years 

14 years 

2 months 

1 year 

19 years 

23 years 

3 months 

10 years 

27 years 

4 years 

8 years 

39 years 

2 months 

duration 
of phantom 
limb pain 
before 
cordotomy 

4 years 

20 years 

6 years 

20 years 

20 years 

6 years 

1 year 

11/2 years 

4 years 

12 years 

14 years 

4 years 

year 

11/2 years 

abuse 
of 
drugs 

other 
operations 
before 
cordotomy 

no twice revi
sion of the 
stump 

no one revision 
of the stump 

no no 

no twelve revi
sions of the 
stump 

no sympathectomy, 
revision of 
the stump 

no sympathectomy 

alka- no 
loids 

no no 

phena- no 
cetin 

no 

no 

three revi
sions of the 
stump 

operation at 
level D11 (?) , 
E-shock 

alka- no 
loids 

no 

alka
loids 

no 

no 

The effectiveness of the interruption of the spinothalamic tract is 
especially obvious immediately after the operation, as 13 of 14 pa
tients (92%) had no pain or less pain. The method of treatment was 
not the reason why the operation was unsuccessful in case 4. In this 
case it was demonstrated that the crossing of the spinothalamic tract 
was missing (2). Our results, therefore, have to be considered to be 
good, as only three late failures occurred in eleven patients (case 
4 not calculated) at the time of the last examination. 

We could not find any relation between the duration of phantom limb 
pain and the effectiveness of the cordotomy nor between an abuse of 
drugs and the change of pain brought about by operation. 

As the rate of complications occurring as irreversible neurological 
failures is low (cases 2 and 10), anterolateral cordotomy is recom-
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Table 2. Postoperative results of cordotomy in 14 cases of phantom 
limb pain 

case phantom limb pain phantom limb complications 
No no pain improved no change temporary permanent 

x no 

2 x yes dysfunc-
tion of 
the 
bladder 

3 x yes 

4 x yes 

5 x no bladder 
atony 

6 x no 

7 x yes 

8 x yes extrem-
ity weak-
ness 

9 x no 

10 x yes dysfunc-
tion of 
the 
bladder 

11 x no extrem-
ity weak-
ness 

12 x yes 

13 x yes 

14 x yes 

total 6 = 7 1 = 
42,8% 50% 7,2% 

mended for the elimination of phantom limb pain with a relatively 
high rate of success. 

Summary 

The authors report on the effectiveness of anterolateral cordotomy in 
eliminating phantom limb pain in 14 patients. Immediately after the 
operation 13 patients stated that they had either no pain or less 
pain. In one patient, in whom the character of pain did not change, 
although cordotomy on the homolateral side had a good effect, the 
crossing of the spinothalamical tract was demonstrated to be missing. 
At the time of the last examination, late failure was diagnosed in 3 
of 11 patients (above-mentioned case not calculated). Anterolateral 
cordotomy is recommended for the elimination of phantom limb pain as 
the complication rate is low and the operative effect satisfying. 
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Table 3. Late results of cordotomy in 12 cases of phantom limb pain 

case duration of at the last control 
No follow up 

after cordo- phantom limb pain phantom limb 
tomy no pain bearable unbearable 

6 years x yes 

2 9 years x yes 

4 9 years x yes 

5 9 years x yes 

6 4 years x yes 

7 5 years x yes 

8 6 years x yes 

10 2 years x yes 

11 1 year x yes 

12 3 years x yes 

13 3 years x yes 

14 9 years x yes 

total 2 = 6 4 = 
16,7% 50% 33,3% 
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Results After Open Cordotomy 

W. PIOTROWSKI and C. PANITZ 

The first patient being treated in a new neurosurgical clinic usu
ally does not have a meningioma or an arterial aneurysm. This was 
also the case in Mannheim, where we had to care first for a 70-year
old man suffering from severe pain in his lower extremities due a 
rectum carcinoma. He was paraplegic and had lost all control of blad
der function. He was obtunded due to a high dosage of alkaloids, 
which had to be given many times a day. 

After unilateral open cordotomy at the level of D 4, he was immedi
ately free of pain so that the medication of alkaloids could be with
drawn. He felt much better than before operation but died 24 days 
later due to the carcinoma. The postoperative degeneration of the 
spino-thalamic tract is shown in Fig. 1. 

Over a period of 2 years we treated 15 patients, 6 males and 9 fe
males, by open cordotomy, all of them suffering from malignant tu
mors (Table 1). 

Table 1. Primary diagnosis in 15 patients treated by open antero
lateral cordotomy 

Mannheim 1973 - 1974 

Rectum Carcinoma 5 

Genital Carcinoma 3 

Mamma Carcinoma 2 

Unknown Carcinoma 2 

Bronchus-Ca 

Hypernephroma 

Synovialoma 

The cordotomy was done in 13 patients at an upper thoracic level, in 
11 cases the incision being made bilaterally at different segments. 
Only in two cases did we use the cervical cordotomy (Table 2). 9 pa
tients suffered preoperatively from paresis of one or both lower ex
tremities and 8 of these patients had lost control over their blad
der function. Postoperatively only one additional patient became 
paraplegic. 

The results of the cordotomy were good or "excellent in 12 patients, 
some of them being completely free of pain. The remaining 3 patients 
had only minor relief. 
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Table 2. Open anterolateral cordotomy in malignant tumors (n 1 5) 

postoperative symptoms 
age incision pare- bladder hypal- anal- good minor recur-
and C ° sis func- gesia gesia relief rence 
sex tion from from of pain 

55 m 1 ; 3 -+ + °6bil + ¢ 

19 m 2;4 -+ -+ °12bil + ¢ 

53 m 1; 3 + -+ °11bil + ¢ 

70 m 4 -+ -+ 0 11 + ¢ 

51 w 1 ; 3 -+ -+ L 1bil + ¢ 

48 m 2 ¢ ¢ C5 0 12 + ¢ 

55 w 1 ; 3 ¢ + ° 11 bil + R 

40 w 1; 3 ¢ ¢ L,bil + R 

27 w 1; 3 -+ -+ °8bil + R 

46 w 1; 3 -+ -+ 0 4 °12bil + R 
0 6 

64 w 1 ; 3 -+ + 0 8 0 8 + R 
L5 

73 m 1; 3 -+ -+ ? + R 

55 w 2 ¢ ¢ 0 12 + R 

61 w 1; 3 -+ -+ 0 12 + ¢ 

46 w ¢ ¢ 0 11 + R 

-+ preoperative lesion 

All patients died within 1 - 13 months after the operation (Fig. 2). 
In 8 cases pain recurred some days or weeks before they died, so 
that alkaloid medication had to be restored. However, in almost all 
cases, the open cordotomy had given some or even complete relief of 
pain, thereby improving the patients' situation. In agreement with 
the results of SCHWARTZ (1962) ,.DIEMATH (1967), and WHITE (1968) the 
open cordotomy can be recommended as a still valuable method in 
treating the unbearable pain of patients, suffering from malignant 
tumors. 
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Fig. 1. Postoperative degeneration of the spino-thalamic tract at 
the level of D 4. 
We want to express our thanks to Prof. P.W. HOER (Frankfurt/M.) for 
the permission to use this slide 
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Percutaneous Cordotomy 
R. LORENZ, TH. GRUMME,H.-O. HERRMANN, H. PALLESKE, A KOHNER, U. STEUDE, 

and J. ZIERSKI 

Interruption of the anterior lateral quadrant of the spinal cord, 
the spino-thalamic tract, has been used for many years for the re
lief of intractable pains. Cordotomy was introduced in the USA in 
1912 by MARTIN following the advice of SPILLER and in Germany by 
FOERSTER and TIETZE, 

Percutaneous cordotomy is the youngest of the techniques used for 
the interruption of the spino-thalamic tract. Principally the re
quirements for the procedure as well as its effects are similar to 
that of classic open cordotomy and depend on whether all pain
conducting fibers have been severed at the level of interruption and 
on whether the pain transmission from the area involved does not 
take place through other systems. HASSLER (1975) reported exten
sively on the present state of anatomical and functional knowledge 
of a pain transmitting system. Position and distribution of pain
conducting fibers in the spinal cord have not been fully clarified 
as yet. There is some evidence that pain is transmitted not only 
through the spino-thalamic tract, and it seems that the concept of 
somatotopic distribution will have to be altered at least in some 
aspects (PROCACCI, ZOPPI, and MARESCA, 1973). 

The report deals with the present state of percutaneous cordotomy 
and its results. The data of the literature (approximately 2,600 
cordotomies) for this report were kindly supplied by·the Neuro
surgical Departments in Berlin-Westend, Giessen, Heidelberg, Homburg/ 
Saar, Hull/Great Britain and Munich (approximately 224 cordotomies) . 

Percutaneous Cordotomy Technique 

The procedure was originally described by MULIAN, HARPER and HEKMAT
PANAH et al. in 1963. They used a radioactivate-tipped needle, but 
changed to electrolytic coagulation in 1965. At the same time ROSO
MOFF et al. reported first 268 radiofrequency percutaneous cordoto
mies in 177 patients. 

Both MULLAN et al. as well as ROSOMOFF et al.used the lateral approach 
at the C 1/C 2 level (Fig.1). The needle is advanced under X-ray 
check and aims at the junction between the anterior one-third and 
posterior two-thirds of the spinal canal. ALKSNE in 1966 and LIN, 
GILDENBERG and POLAKOFF (1966) used the anterior approach with the 
hope of avoiding the lesion of the reticulo-spinal tract. Their 
technique was percutaneous, and the needle had to penetrate the cer
vical disc. Correction of the position of the needle sometimes re
quired many repeated punctures. In 1964 CLOWARD described (see also 
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HARDY and LECIERQ in 1974)the open anterior approach to cervical 
cordotomy. CRUE, TODD and CARPEGAL in 1968 chose the posterior ap
proach. This approach necessitates the puncture of the spinal cord 
and advancing the electrode forward in order to reach the spino
thalamic tract. 

Whatever approach to the spinal cord is used, fixation of the head 
is necessary, the patient lying supine for lateral and anterior 
cordotomy, and prone for posterior cordotomy. The procedure is per
formed in local anesthesia. 

Spinal lesion was produced by isotopes (MULLAN et al. 1963), uni
polar coagulation (electrolytic lesion, MULLAN et al. in 1965), 
"bipolar" coagulation (radiofrequency lesion ROSOMOFF et al. 1965) 
and with cold (cryocordotomy, RAND et al. 1965). 

The technique most frequently used is thatof the lateral approach and 
radio-frequency lesion (MULLAN 1951 and ROSOMOFF 1971, TAREN 1971, 
ROTHBARD 1972, MATTMANN 1972, ONOFRIO 1971, TASKER, ORGAN and EVANS 
1973, LIPTON 1972 and others). 

Checking the Placement of the Needle 

After the subarachnoid space has been punctured, there is a free 
outflow of CSF, displacement of the needle is possible and careful 
check of the position of its tip in relation to the spinal cord is, 
therefore, necessary. For this purpose the cord is outlined either 
with air (ROSOMOFF 1965) or with positive contrast-medium (Panto
paque) (MULLAN and coll. 1965). SMITH (1973) advocated the injec
tion of Tantalum-powder. Placement checked by radiological markings 
of the cervical spine alone is insufficient. 

The majority of the authors performed cervical myelography with an 
emulsified contrast-medium (Pantopaque, Duroliopaque). The importan~ 
factor is the position of the needle in relation to the denticulate 
ligaments. This is practically impossible to realize with air myelo
graphy, but can be seen relatively well at Pantopaque myelography. 
If the position of the tip of the needle is correct, it should pro
ject just in front of the denticulate ligaments and for lesions aim
ing to interrupt pain conduction from the upper extremity, the elec
trode can be introduced slightly more ventral. It can happen that the 
resistance of the pia mater is such that penetration of the cord is 
difficult, and it tends to be pushed over to the other side or to 
rotate. This situation can be very easily recognized with a positive 
contrast medium used to visualize the denticulate ligaments. 

Penetration of the cord is checked by measurement of impedance in
troduced by ORGAN, TASKER and MOODY in 1968. Change of the impedance 
between CSF, pia mater and spinal cord can be checked optically or 
acoustically while advancing the electrode. 

Final check of the correct position of the electrode is done by stimu
lation (MULLAN 1971). Stimulation with rectangular impulse of higher 
frequency (75 - 100 Hz) with 0.1 - 0.25 volts produces a feeling of 
warmth (100 Hz) or cold (75 Hz) as well as paresthesia in the contra
lateral parts of the body, suggesting that the tip of the needle is 
placed within the spino-thalamic tract. Stimulation with 2 Hz cur
rent at 1 - 2 volts produces ipsilateral twitching of trapezius and 
neck muscles. These are the ideal values for the position of the 
electrodes. These differ, of course, if the needle is placed at some 
distance from the center of the spino-thalamic tract. 
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X-ray check and visualization of denticulate ligaments, impedance mea
surement, and stimulation provide a high degree of certainty about the 
correct position of the tip of the electrode. Impedance measurement 
and stimulation are now mandatory and considerably diminish the risk 
of the procedure, originally stressed by ROSOMOFF at a time when ra
diological check only was used. On the other hand, cordotomy series 
with a low complication rate were reported by surgeons who did not 
use impedance measurement and stimulation for checking the position 
of the electrode (UIHLEIN 1969). 

Coagulation 

Another check is done during the coagulati~n itself, which is per
formed in steps. Careful neurological examination after each coag
ulation will possibly reveal undesired effects thus preventing ir
reversible damage. In cases in which information received from the 
stimulation of the spinal cord is insufficient or bizarre, even after 
correction of the placement of the electrode, coagulation should, if 
at all indicated, be performed in steps. 

Often an unavoidable lesion of the reticulo-spinal tract may manifest 
itself after the operation or at sleep. The fact that the reticulo
spinal tract becomes damaged during cordotomy has been known for a long 
time (WHITE, SWEET, H;AWKINS, NILGES,. 1950). This notion became important 
with the increase of high cervical percutaneous procedures performed 
particularly with bilateral cordotomies. Respiratory disturbances and 
cases of death in sleep following cervical cordotomy directed LIN, 
GILDENBERG, and POLAKOFF to choose the anterior approach. Anatomical 
relations of the reticulospinal tract were described in detail by 
HITCHCOCK and LEECE in 1967. In patients with normal respiratory 
function/the risk of respiratory distrubances after cervical cordo
tomy is relatively low. Patients with reduced pulmonary function e.g. 
patients at an advanced age with pulmonary diseases and low p02 (MATT
MANN 1972) are a much higher risk. Such patients after having their 
reticulo-spinal tract damaged usually control their respiration when 
awake, but do not do so when asleep, in other words, they "forget to 
breathe" • 

Indications for Percutaneous Cordotomy 

Indications for percutaneous cordotomy as far as pain and choice of 
patients is concerned, are principally- the same as for an open proce
dure. However, there is a whole series of factors, which influence 
the indications and tend to favour the choice of the percutaneous 
procedure. These include, first of all, the relative simplicity of 
percutaneous cordotomy, its rapidity, and lack of such phenomena as 
blood-loss or disturbances in wound-healing, which may accompany an 
open procedure. Moreover, it must be stated that percutaneous cordo
tomy can be performed in patients in a markedly reduced general state, 
in which an open procedure will certainly be too risky. The immediate 
sequelae of the procedure must also be taken into account. Meninge-
al irritation following percutaneous cordotomy occurs only rarely and 
bed rest, providing the loss of CSF had been kept to a minimum, does 
not exceed 2-3 days. 

This relative simplicity and low risk of the percutaneous procedure 
directed several surgeons to extend the domain of cordotomy, reserved 
so far for patients with intractable pain due to carcinoma or other 
malignancy, onto patients with phantom-limb pains, neuralgia, causal-
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gia, and nerve-root pains (ROSOMOFF, 1972). These broader indications 
are, however, under discussion. 

:Results 

Results of percutaneous cervical cordotomy compiled from the review 
of the literature and our collected statistics from 6 centers are shown 
in Table 1. 

Table 1. Results of 2840 cordotomies 

Number of cordotomies 

Early results good 

Late results good 

Mortality 

Respiratory disturbances 

Bladder dysfunction 

Transient hemiparesis 

Permanent hemiparesis 

Ataxia 

Dysasthesia 

Horner's Syndrome 

Depression of blood pressure 

Review of 
literaturea 

2616 

80 96 % 

42 75 % 

0 4,6% 

0 4,6% 

1,5- 15 % 

4 17 % 

0 3 % 

seldom 28,3% 

5 % 

50 % 

3,3% 

Collected 
statisticsb 

224 

85 % 

60 % 

3 % 

3,5% 

7,6% 

7,6% 

% 

4 % 

2,2% 

aSeries of ACOSTA et al. 1969, CLOUGH et al, 1969, GILDENBERG et al. 
1967/1969, LIPTON 1973, MATTMANN 1972, MUEKE 1973, MULLAN 1966, 
ROSOMOFF 1965, TASKER et al. 1973, VAILATI et al. 1965. 

bSeries of Berlin-Westend, Giessen, Heidelberg, Homburg/Saar, Hull/ 
Great Britain, Munich. 

Early results of percutaneous cordotomy are usually good. Failures 
are caused by difficulties arising from patients' uncooperativeness, 
impossibility to achieve correct positioning of the needle, or less 
frequently, failure to penetrate the spinal cord. As an early result 
we defined patients' complaints about pain at leaving the Neurosurgi
cal Unit. In our series failures and bad results were mainly due to 
difficulties in achieving complete abolition of pain arising from 
the brachial plexus and not sufficiently high level of anesthesia. 
Analysis of late results was rendered difficult, mainly because the 
main indication for percutaneous cordotomy was pain connected with 
malignancy and accordingly survival following the procedure is usu
ally short. So far the best analysis was reported by ROSOMOFF in 
1971, who reported late results after 350 coagulations. With the 
prolongation of the follow-up period, the results are getting worse. 
He reported 90% of good results 6 months after the procedure, but 
only 24% after 36 months following cordotomy. In our collected sta
tistics the follow-up period was usually too short in order to draw 
certain conclusions. The majority of patients in whom percutaneous 
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cordotomy was performed, died in peripheral hospitals and no reliable 
postmortem findings were available. In those few cases, in which the 
spinal cord was sectioned, histological examination showed complete 
interruption of the spino-thalamic tract. The recurrence of pain in 
previously anesthetized areas has to be explained either by incom
plete interruption of the spino-thalamic tract or pain transmission 
through another way. 

The mortality after cervical percutaneous cordotomy is relatively 
high: 4,6% (literature data) and 3%(collective statistics) respec
tively. This is due to respiratory disturbances which occurred in 
patients with primarily reduced respiratory function. It has to be 
said that in the majority of patients in our series, death occurred 
after a period of prolonged artificial respiration and was due to the 
sequelae of artificial respiration. However, not ev~ry patient who 
shows respiratory disturbances after percutaneous cordotomy dies be
cause of it. According to LIN et al. there are less respiratory dis
turbances following cordotomy by the anterior approach. However, the 
number of patients and the frequency with which percutaneous cordo
tomy was performed through the ventral approach is small. These au
thors do not mention complications arising from the multiple punctur
ing of the cervical intravertebral space. Data concerning urinary 
disturbances due to cervical cordotomy are not uniform. Some authors 
have seen no bladder disturbances even after bilateral cordotomies, 
others reported that every sixth patient submitted to cervical cor
dotomy had micturition troubles. 

Thepercentage of transient motor weakness is relatively high. In some 
of our cases motor weakness developed with a certain delay. Transient 
character and delayed appearance of these signs would suggest hemo
dynamic sequelae or accompanying oedema. Since introduction of an 
impedance measurement and stimulation into our practice, we had no 
case of immediate motor weakness occurring during cordotomy. 

Limb ataxias were sometimes noted, reflecting accompanying lesion of 
the spino-cerebellar tract. In a few cases, paresthesias were reported 
in the area which has been rendered analgetic. 

ACOSTA and GROSSMAN (1969) reported a Horner-syndrome in more than 
50% of their patients due to the lesion of pupillodilatory fibers 
running in the vicinity of the anterior lateral tract. 

Meningeal reactions were rare. Some authors reported occipital neu
ralgias. These are due to the irritation of the C2 root, and accord
ing to our experience are quite frequently observed in the first 
hours or days after percutaneous cordotomy. There was no case of 
persistent occipital neuralgia. 

Attention should be drawn to the usually transient but sometimes 
resistent depression of blood pressure mainly after bilateral cordo
tomies. This blood pressure depression is of the orthostatic type and 
in a few cases the application of an antigravity suit was necessary. 

Finally we would like to briefly mention the risk of bilateral per
cutaneous cordotomy. In our collected statistics, there were 24 
patients in whom cordotomy was performed on both sides. 5 of them 
developed respiratory disturbances, 3 of them died after a prolonged 
period of artificial respiration. 2 patients had transient hemipare
sis, 6 of them micturition disturbances, and 3 blood pressure depres
sion. The risk of bilateral cordotomy is therefore quite consider
able, particularly as far as respiratory disturbances are concerned. 
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Conclusion 

In the last 12 years, since the introduction of the percutaneous cordo
tomy by MULLAN, the method has been developed and now has a solid 
place in the neurosurgical management of pain problems. A review of 
the literature and collective statistics of six centers showed that 
the lateral approach at the C 1/C 2 level with X-ray check, visuali
zation of the spinal cord by means of positive contrast myelography, 
impedance measurement, and stimulation is the most widely used and 
the least complicated method. Early results are good, analysis of 
late results shows that in 50% of cases the pain recurs. This fact 
should be kept in mind when considering the indications for cordotomy. 
There is uniform opinion that percutaneous cordotomy should be mainly 
used in the management of intolerable pain in patients with malignan
cy. The number of failures can be markedly reduced if other forms of 
pain are excluded. 

In comparison with classic open cordotomy, the p'ercutaneous procedure 
has the advantage of avoiding a major surgical procedure with opera
tive wound and opening of the CSF space. It can be performed in pa
tients at an advanced age and in poor general condition. As far as 
the neurological complications are concerned, the difference between 
an open and a percutaneous procedure (WHITE and SWEET) is not signif
icant. 
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Fig. 1. Schematic drawing of the different approaches to the spinal 
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Pain Treatment of Advanced Malignant Diseases by High Cervical 
Percutaneous Cordotomy 
W. BETT AG, H. WANDT, and K. ROOSEN 

The authors performed 73 high cervical percutaneous cordotomies on 
55 patients, aged from 21 to 74 years. They all suffered from intrac
table pain caused by malignant tumors. Table 1 demonstrates the pain
ful disorders. 

Table 1. List of pain-causing malignant tumors 

A. Carcinomas 

1 • uterus 

2. breast 

3. rectum 

4. urinary bladder 

5. bronchial tract 

6. prostate 

7. thyroid 

8. testis 

9. stomach 

B. Other neoplasms 

10. sarcoma - lumbar vert. 
spine 

11. chondroma - lumbar vert. 
spine 

12. Hodgkin's disease 

13. melanoblastoma 

14. vertebral metastases of 
an unknown primary tumor 

Solitary Tumors 

2 

2 

7 

Metastasizing Tumors 

13 

11 

11 

2 

2 

2 

2 

48 

This study is based upon the pre- and postoperative neurological 
check-ups, and on the results of answered questionnaires sent to the 
patients, the hospitals and the practitioners. 

49 unilateral and 12 bilateral cordotomies were done in 41 cases on 
the right side of the neck and 32 times on the left side. The time in 
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between two operations on the same patient at the same level of the 
spinal cord between the first and the second cervical vertebra varied 
from 7 days to 6 months. 

Because of intolerable pain during the spinal puncture, the opera
tion had to be stopped in 5 cases, before the spino-thalamic tract 
could be coagulated. 

Having visualized the denticulate ligaments, the anterolateral tract 
of the spinal cord is punctured under continuous measurement of the 
impedance. By electrical stimulation the intramedullary position of 
the needle can be determined; if necessary it is corrected according 
to the sensations described by the patient. Coagulation time is 15 
seconds; at each cordotomy we perform two coagulatiohs with 30 mV. 

In Table 2 the proximal level of analgesia after cordotomy may be 
seen. Above that, the correlation between the area of the radiating 
pain and the postoperative neurological deficits. Through further 
experience, we may be able to reduce the area of analgesia and 
thermanaesthesia to those regions of the body the pain is radiating 
to. In 36 cordotomies we achieved analgesia in selected parts of the 
contralateral body half. 

In 47 cases the neurological status was not changed except by the 
operative effect. Immediately after the operation all patients were 
without pain. 7 of them suffered from recurrent pain after a symptom
free period ranging from 12 hours up to 3 months. In 3 cases this 

Table 2. Postoperative neurological status 

Proximal analgetic segment 

C1 - C3 

below C4 

Th1 

Th3 

Th4 

Th5 

Th6 

Th8 

Th10 

Th12 

L1 

Areas of pain 

shoulder-arm 

thorax 

abdomen + lumbar 
vertebral spine 

sacrum 

leg 

Complete 
hemianalgesia 

21 

4 

3 

5 

4 

Patients 

27 

10 

4 

5 

3 

2 

5 

5 

5 

6 

Partial 
analgesia 

2 

9 

10 

1 5 
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phenomenon resulted from further growth of the neoplasm causing pain
ful pressure on nervous structures above the line of analgesia. Four 
times this level sank because of the decreasing edema around the coag
ulation necrosis. This symptom was stated by 8 patients; the deficit 
of analgesia was about 3 to 6 segments. Recurrent pain made us to re
peat the cordotomy in 7 cases. 

Table 3 demonstrates the complications. The pareses improved through 
antiedematous therapy. The subarachnoid hemorrhage caused headaches 
and nuchal rigidity. Unfortunately it was not possible to single out 
the cause of the convulsions. A 63-years-old female patient was 
suffering from a carcinoma of the breast. Retrospectively it is very 
likely that there was an intracerebral metastasis causing the sei
zures. The urinary and fecal incontinence, once observed, did not 
improve. 

Table 3. Complications 

1. Pareses 

ipsilateral, motor 
hemipareses 

2. Cysto- and proctoparalysis 

3. Subarachnoid hemorrhage 

4. Grand mal convulsions 

a) intraoperative (1) 

b) 1st postop. day (1) 

4 

2 

A 59-year-old male patient had an extensive bronchial carcinoma. He 
died two days after cordotomy was performed. Cause of death: hypo
static pneumonia. It was not clear whether this complication resulted 
from the primary disease or from the cervical cordotomy causing a 
paralysis of the respiratory muscles. 

The incidence of postoperative complaints is shown on Table 4. The 
cordotomy was regarded positively by 17 patients or relatives - at 
the time of our catamnestic inquiry 36 out of 55 patients had al
ready died - and by 20 physicians. 

8 patients objected to percutaneous cordotomy: 3 because of ~he pain
ful operative procedure; five other patients did not observe a deci
sive relief of pain in spite of the fact that analgesia and therrn
anaesthesia could be proved by neurological examination. The answers 
which demonstrated the personal, clinical and psychological problems 
in describing and interpreting pain, have to be evaluated with spe
cial regard to the psychopathological background of the malignant 
diseases. 

The possibility of an ambulant treatment and of a selective elimi
nation of pain, the fact that this operative procedure can be tol
erated by cachectic cancer patients, the relatively few risks, the 
prevention of an abuse of analge~ics and the relief of pain during 
the final days of life are the decisive advantages of this method of 
pain treatment. 
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Table 4. Postoperative symptoms 

1. Subjective complaints 

a) headaches 22 ca. 30% 

b) giddiness 8 11% 

c) nausea 14 19% 

d) vomiting 4 6% 

2. Abstinence symptoms 12 16,5% 

after withdrawal of analgetics 

3. Burns 5 7% 

because of thermanesthesia 

4. paresthesias 4 6% 

in the area of analgesia 
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Experience with Percutaneous Cordotomy 
W. ENTZIAN and D. LINKE 

Since FOERSTER (1912) and SPILLER and MARTIN (1912) described and 
performed the section of the spino-thalamic tract (STT), this method 
had become a neurosurgical standard procedure in patients suffering 
from pain not treatable by other means. MULLAN (1965), ROSOMOFF (1965) 
and HITCHCOCK (1969), developed a simpler semi-stereotactic method, 
by which means the STT and the level of C 2/3 is encountered percuta
neously with a needle and interrupted by thermocoagulation. 

We shall describe our experience with this method which we applied 
75 times in 62 patients since Sept. 1973. 

Patients 

Table 1 shows the indications for cordotomy with a predominance of 
patients with pain from malignant tumors. Patients with stump-neural
gia were treated after local surgical and orthopedic means had been 
performed exhaustively. One patient suffered from a stump neuralgia, 
two others from additional phantom pains. There was no patient 
treated who had described a phantom pain alone. Another group of 
patients had pain from cicatricial compression either of neural roots 
after spinal operation or traumatic transversal lesion or of periph
eral nerve origin after traumatic lesions. Finally a 70-year-old 
lady describing a perineal pain was cordotomized unilaterally. 

Method 

Using an image intensifier, the spinal canal is tapped through a late
ral puncture between C1 and C2' The denticulate ligament is demon
strated by positive contrast media and the spinal cord tapped ven
trally under the control of impedance measurements. The usual stimu
lation of sensation allows the localisation of the tip of the needle 
in the spinothalamic tract, motoric stimulation is done to recognize 
the distance to the pyramidal tract. Thermocoagulation is performed 
with a radiofrequency of 30 rnA and up to 60-120 sec in general until 
analgesia is achieved. 

Results 

The results are shown in the same Table 1. On an average the result 
was excellent or good in 80% of the patients; that means, the pain 
had disappeared completely or that there remained a negligible rest. 
These patients did not need further analgetic drugs. Approximately 
10% of the cases described the pain to continue in a lesser degree 
than preoperatively, however, the result was considered just partial 
or even insufficient. Some patients needed analgetic drugs. In a fi
hal group of 10% of all the cases, no effect at all was achieved. 
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Concerning the localisation,approximately 20% of the patients suf
fered from pain in the region of arm and shoulder, approximately 80% 
described their pain in hip and leg. The result of the therapy seems 
to be equal for both groups. Sometimes it was possible to restrict 
the area of analgesia to the painful leg or arm respectively, though 
such an result cannot be predicted positively. 

Table 1. Number and indications for percutaneous cordotomy. Definite 
relief on an average in 80% of the patients within 20 months obser
vation time 

75 Percutaneous cordotomies, 62 patients 

Pain from Relief 
Definite Partial No 

Malignant, unilat. 
tumor 39 2 2 

, bilat. 5 

[ , midline ] 6 - accent'd 

Stump neuralgia } 2 } 1 
Phantom 

Radicular, neural 3 2 2 
(causalgia) 

Perineal 

Arm, shoulder 11 3 2 

Leg, hip 39 3 3 

62 Pat.: - 80% 10% - 10% 

Discussion 

The reasons for inadequate effects of therapy seemed to be of a me
chanical-technical nature in some cases, whereas in others neuro
anatomical and local peculiarities impai,red the operative procedure 
or the therapeutic result: 

In four patients the first session was discontinued before the spino
thalamic-tract (STT) was encountered. This occurred among the first 
20 patients possibly because of beginning experience of the neuro
surgeon. There was an unusual and unexplainable experience in two 
patients, in whom the stimulation of sensation through the STT was 
performed typically, however, thermocoagulation produced no analgesia 
at all. 

Variations in the neuroanatomy is the reason for another experience: 
In 3 cases uncrossed fibers of the STT were encountered homolaterally 
at the typical site ventral to the denticulate ligament. 

Patients reported a complete herni-analgesia intraoperatively, however, 
they were found to have normal algesia and undiminished intensity of 
pain some hours later. Obviously the fibers of STT in some patients 
may run less narrowly bundled, what might be the reason for incom
plete coagulation. 
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Late recurrences of remarkable intensity occurred after an interval 
of days or weeks in 9 patients (15%). There is no definite corre
lation between recurrence and decrease in primary analgesia, because 
numerous patients show partial return of algesia, but no recur
rence. On the other hand we observed two patients complaining of 
pain localized in the joints of their arms though they had a com
plete analgesia of the skin of all the upper quadrant. 

One complained of new pains contralaterally to operative hemianalge
sia very shortly after the cordotomy. In this single case we did not 
feel that new metastases were the reason for the new pains, however, 
some phenomenon of pain-shifting had occurred. 

Among the problems of laterality it is to be mentioned that in some 
cases after unilateral cordotomy the result is optimal because of 
unilateral dominating pain: the pain may vanish on both sides. This 
phenomenon may depend on the varying homolateral and contralateral 
supply of algesia and on the varying localisation of the analgetic 
boderline, which may run at some distance paramedian to the anatomical 
midline. 

Because of immediate or late recurrence or because the STT was missed, 
a reoperation was done in 6 cases, most of these were performed suc
cessfully. In one patient an open thoracic cordotomy was added. 

Obviously the result of the surgery on pain-conducting structures 
depends on the psychic situation of the patients. We feel, that among 
those patients with insufficient effects after percutaneous cordotomy 
there is a number who seemed to be noticeable concerning their reac
tion to their pain. However, no psycho-pathological studies were done 
on this problem. 

The risks of the percutaneous cordotomy (Table 3) can be kept within 
small limits because of the chance of electrophysiological control 
intraoperatively: 

Homolateral transient paresis was produced in five patients, a per
manent one in no case. 

After unilateral and after bilateral percutaneous cordotomy, mictu
rition was disturbed - one patient in each group - because the feel
ing of intravesical pressure is missed. A similar disturbance of con
trol of the bowel, however, of a lesser degree, was reported by one 
patient. 

Patients very often complain of OCCipital neuralgia after percutane
ous cordotomy, which is probably produced by the needle touching the 
C2 root. In six patients (8% of operations) thi9 complaint persisted 
long and intensively. 

Three patients reported paraesthesia in the supplying region of the 
incompletely interrupted STT, however, the complaints were of moder
ate importance. 

Burns or similar severe complications because of the loss of the pro
tective function of analgesia have not been reported by any patient 
yet, though a number of physically active patients are observed. It 
should be mentioned, that even intelligent patients though informed 
pre- and postoperatively, need the experience of the hot bath before 
realizing the loss of analgesia and thermesthesia. 
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Table 2. Problems during the procedure of percutaneous cordotomy and 
recurrence incidence. The difficulty of encountering the spino-thalamic 
tract stands in the foreground 

75 Percutaneous cordotomies, 62 patients 

Pat. 
I. Mechan., technical problems 

1. Spino-thaI. tract not encountered 4 

2. Tract - stimulated, not 
coagulable 2 

II.Physio., anatomic. problems 

3. Homolat. stimulation (localisation) 
of spi. -thaI. tr. 3 

4. 1st session without effect 
( immediate) 3 

5. 2nd session without effect 
(immediate) 1 

6. Late recurrence 9 

7. Pain shifting 

8. Reoperation performed 6 

Table 3. Percutaneous cordotomy, operation risks 

75 Percutaneous cordotomies, 62 patients 

III. Op.-Risks 

1. Homolat. hemiparesis, transient 

Pat. 

5 

2. permanent 0 

3. Cystoplegia, unilat. P. Ch. 
(Sens) 

4. bilat. P. Ch. 

5. Potency deficit, unilat. P. Ch. 

6. Defecat. deficit, unilat. P. Ch. 

7. Burns 0 

8. Occip. neuralgia, permanent 7 

9. Parasthesia 3 

10. Mortality (1 st , 2nd, 8th postop. 3 
day) 

The known phenomenon of hypotonia after bilateral percutaneous cordo
tomy was observed just once - in a patient with traumatic paraplegia. 

The mortality within the first 8 days reveals a relatively small num
ber of 3 patients, i.e. 4% among 75 cordotomies. The first patient, 
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being in very bad condition, developed a circulation collapse intra
operatively and died 20 hours later. The second patient probably died 
from pulmonary metastatic complications. The third patient was in 
very good condition and died suddenly at home eight days after the 
second session of a bilateral percutaneous cordotomy. Unfortunately 
no autopsy could be done. 

Results and summary 

Percutaneous cordotomy was proven to be a useful routine method for 
the therapy of severe pain caused by malignant tumors and otherwise 
untreatable radicular or neural neuralgia. Until now no patient has 
been treated exclusively because of phantom pain or causalgia. How
ever, there seems to be a reasonable indication for patients with 
combined stump neuralgia and phantom pain. 

Unilateral and bilateral percutaneous cordotomy is followed by a 
moderate mortality (4%), and the burden of typical complications such 
as homolateral paresis and functional disturbances of bowel and blad
der is smaller than in open thoracic or cervical cordotomy. Addition
ally/the operative stress and the length of hospital care have been 
reduced markedly. 

For these reasons there are very few limitations for the indication 
of percutaneous cordotomy concerning the patients' age or general con
dition. Even as far as the underlying disease is concerned, the in
dication for percutaneous cordotomy might be put on a larger scale. 

194 



Potentials and Limits of Percutaneous Cervical Cordotomy 

R. MOKE and A CoRREIA 

Without doubt percutaneous cordotomy represents a certain improvement 
in the possibilities of pain surgery. Of course there are limits to 
it, due to its very nature. 

The critical evaluation of percutaneous cervical cordotomy has to be 
based on two parameters: what are the advantages, and, on the other 
hand, are there disadvantages as compared to open cordotomy. 

Results 

From 1971 to 1975, 226 percutaneous cervical cordotomies were per
formed on 178 patients in our department in Hamburg. Out of these, 
24 were done on both sides and 21 had to be repeated once. In 75% of 
the patients the procedure was required for malignant disease, 25% 
of the patients suffered from pain due to benign origin. A great num
ber of the patients complained of severe pain in the upper half of 
the body (tumors of the lung, carcinoma of the breast etc.). 

Elimination of pain in the intended area was achieved in 159 out of 
the 178 patients, equalling 89,3%; 12 or 6,5% improved. In 7 patients 
or 3,9% the method failed. 

The following complications were observed: 

4 fatal outcomes in connection with cordotomy, that is 2,2%. 

6 further fatal outcomes, due to the underlying disease while the 
patients were still hospitalized. 

7 respiratory difficulties, 4 of which were severe, requiring arti
ficial respiration. 

5 persistent pareses of 2,8%, of which 2 were severe, one of medi
um severity and two minor ones, consisting of impaired gross 
power. 

In 27 further cases we observed transient impaired motility of one 
or only a few days duration. 

The urinary bladder was permanently affected in 5 patients or 2,8%; 
transient bladder disturbances were observed in 10 patients. 

As can be expected, the rate of complications decreased with increas
ing experience and methodological improvement. In 1971, the first 
year in which percutaneous cervical cordotomy was performed in our 
department, we had to cope with 3 fatal outcomes in the 17 patients 
we operated on. They were due to respiratory difficulties. Moreover, 
we observed 3 persistent pareses and one persistent urinary bladder 
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disturbance. At that time we were not yet able to measure electrical 
resistance and to perform electrical stimulation. However, during 
1974 and 1975 there were no casualties and no persistent pareses in 
73 patients operated on, although a number of those were in very bad 
general condition due to far advanced carcinomas. In the latter cases 
we almost certainly would have abstained from open cordotomy. 

We want to point out, that the burden to be taken by the patient is 
comparatively small in percutaneous cervical cordotomy. From 1973 on
ward we timed the operation. In 152 cordotomies on 122 patients a 
mean of 39 minutes was recorded. During only a few minutes of those 
39 the patients experience some discomfort; that is during local an
aesthesia, during the needle puncture through dura and pia and during 
the actual coagulation. Moreover, there were no minor complications 
following cordotomy, like disturbances in wound healing, pains from 
the wound etc. Usually, the patients were able to ambulate the fol
lowing day and we did not observe any problems such as pneumonia, 
thrombosis or embolic phenomena. Once there was urinary tract infec
tion, once asthma occurred and in five more patients the course fol
lowing operation was impaired by the advanced underlying disease. 
Only once in 152 cordotomies did hypotension result following the 
operation. In one-fifth of these cases there were mild headaches for 
about one to three days, due to spinal tap and air insufflation. In 
25 cases we observed very mild transient ataxia, not preventing ear
ly mobilization at all. In half the cases, an Lncomplete HORNER syn
drome developed which often vanished already during the time of hos
pitalization and remained almost unrecognized by the patients them
selves. 

The time of hospitalization for percutaneous cordotomy is very short; 
it is even shorter than demonstrated by our figures since many of the 
patients had to stay on the ward longer than necessary due to social 
or organizational reasons. Our figures show a distinct decrease from 
a mean of 13,8 days hospitalization time in 1971 to 4 days in 1975. 
We never operate on out-patients. In high unilateral or bilateral 
cordotomies we even believe this practice to be dangerous. 

Due to its very nature, percutaneous cervical cordotomy is not apt to 
result in less relapses than open cordotomy. The only question is, 
whether the number of relapses is increased. We had the impression, 
that in most patients with pain from malignant disease this pain was 
eliminated until they died. Unfortunately we are not able to produce 
exact figures of all our patients due to lack of cooperation of the 
patients' relatives. 

28 out of the 41 patients with pain from benign disease could be re
examined or they answered our questionnaire. Of these we accounted 
for 15 relapses, equal to 53% and for 13 without relapse, equal to 
47%. 7 out of the 15 patients having relapsed were still analgetic in 
the initially intended area as checked by pin prick. In 3 patients 
the level of analgesia had dropped and in 5 we do not have the result 
of reexamination but only the questionnaire. 3 patients or 10,7% had 
painful dysaesthesia after cordotomy; they belong to those with re
lapses. Dysaesthesias of some other variety, like itching, irritabil
ity and sensation of warmth were seen in 8 patients; they were either 
transient or described as very mild and insignificant. Out of the pa
tients without relapses 4 reported with mild dysaesthesia. Interest
ingly enough, all relapses occurred within the first 5 months follow
ing operation, while all patients without relapses are free from pain, 
partly for years (3,6 years - 1,9 - 0,5 - 0,6 - 1,5 - 1,6 - 2,9 -
2,9 - 2,1 - 2,2 - 1,5 and 6 weeks). 
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Discussion 

The paramount advantage of the percutaneous versus the open cordotomy 
is the decreased stress for the patient. The rate of pain elimination 
is at least equally high (89,3% in addition 6,7% improvement), com
plications are less on the average (2,8% persistent pareses, 2,8% 
persistent urinary bladder disturbances). Another advantage of per
cutaneous cervical cordotomy lies in the certainty of rendering the 
patient painless up to very high cervical segments. In about 90% we 
achieved the analgetic effect desired. Pains in the shoulder-arm area 
are treated successfully as well. A segmentally limited cordotomy, 
for instance analgesia of isolated thoracic or cervical dermatomes, 
has in our hands proven to be impossible in most cases and does not 
seem advisable due to the higher rate of recurrences. 

Because of decreased time of hospitalization a more effective utili
zation of hospital beds can be expected. With the same capacity more 
patients can be operated on. 

The method of percutaneous cordotomy is easy to perform and has the 
advantage of equally simple re-operation if required: In 21 patients 
this re-operation was successfully performed. 

As compared to open cordotomy there is a disadvantage: percutaneous 
cordotomy cannot be performed on both sides in one session. On the 
other hand, we often achieve very effective diminution of the pain, 
which often is more severe one one side than the other, by cordotomy 
on one side only. Thus, waiting for the second operation is not at 
all as troublesome as one might think. Besides, if the patients are 
operated on in two sessions, complications, especially urinary blad
der disturbances, are less common. 

It is not our opinion to disapprove of double percutaneous cordotomy 
on principle. There were 4 fatal outcomes in the first year where we 
performed this operation. However, in the following 20 percutaneous 
cordotomies on both sides there was not one casualty. This may be due 
to an interval between operations of 3 to 4 weeks, to a better elec
trode position with electrical s~imulation and to abstaining from 
bilateral high cervical analgesia levels. 

One might argue, that relapses are more frequent after coagulation of 
the nerve tracts than after surgical separation, since the lesion in 
a percutaneous coagulation cannot be seen and is only estimated by 
its effect; and this effect might be transitory due to the heat of 
coagulation and the developing edema. However, comparing our results 
and those in the literature, quoting particularly for open cordotomy 
the experiences of WHITE and SWEET, there are apparently no substan
tial differences in the relapses after open versus percutaneous cor
dotomy. 

As an absolute figure, relapses are high if viewed on a long term 
basis. This, however, is the case in all operations aimed at render
ing a patient painless. Therefore one has to remain very critical of 
a pain-eliminating operation for pain syndromes of benign origin. 
This is not at all a novelty, it has been proclaimed over and over 
again. 

In these benign cases we had expected a positive effect from trans
cutaneous or dorsal column stimulation. Unfortunately these methods 
did let us down in about one-half of the cases. We are not attempting 
anything new, demanding special attention to the psychological situa-
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tion of the patient with pain of benign origin, before any pain elim
inating operation is taken into consideration. 

Summary 

The potentials and limits of percutaneous cervical cordotomy are dis
cussed in this paper. It is based on 226 cordotomies in 178 patients, 
which were performed from 1971 to 1975. Complete pain elimination 
was achieved in 89,3%; mortality was 2,2%; there were 2,8% persistent 
pareses and 2,8% persistent urinary bladder disturbances. Relapses 
were about equal to those following open cordotomy. The burden to be 
taken by the patient is considerably smaller in percutaneous than in 
open cordotomy; hospitalization following the percutaneous procedure 
was remarkably shorter. 
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Neurophysiological Models for Nociception, Pain, and Pain Therapy 
M. ZIMMERMANN 

Already in 1943 MARTINI, GUALTIEROTTI and MARZORATI (18) observed an 
anesthetic effect of repetitive electrical current application to the 
cat's spinal cord. There has been renewed interest in this phenomenon 
recently, when electrical stimulation of the spinal cord (e.g. the 
dorsal columns) and of peripheral nerves was used in man for the relief 
from chronic pain (c.f. the clinical reports to this meeting). What 
is the neurophysiological basis of this beneficial therapeutic method? 

Unfortunately, unlike in other sensory systems in the realm of pain, 
a coherent neurophysiological description has not been established as 
yet. There is still much debate about the fundamentals of a theory of 
pain perception (e.g. see the controversy about the gate control hypo
thesis (19, 29, 4, 10, 20». This should be kept in mind when reading 
the following statements, summarizing some recent findings of experi
mental neurophysiology, which possibly might be related to electro
analgesia or to hypalgesia in man. 

1. Nociceptors as Encoders for Pain Stimuli, and Peripheral 
Effects of Electrical Nerve Stimulation 

Nociceptors 

There is much evidence that in the periphery, noxious stimuli are 
transmitted via the activation of specific receptors, which have a 
high threshold of excitation, e.g. by mechanical or/and thermal stim
uli (1, 2, 3). These nociceptors have non-myelinated (C, or Group IV) 
or small myelinated (AD, or III) afferent fibers. Recently, record
ings have been made in man of single C-fibers, which did not respond 
to skin stimuli unless these had a painful intensity (14, 27). 

An example of a heat nociceptor, the cat's foot is shown in Fig. 1. 
In this experiment we recorded from single C-fibers separated by mi
crodissection from the nerve to the foot. The high correlation (Fig. 
lB) between discharge frequency and skin temperature during the heat
ing by thermal radiation provides information conveyed in these af
ferents on the intensity of the noxious stimulus. About 30% of the 
afferent C-fibers from the foot belong to this population of nocicep
tors. Behavioural and electrophysiological findings suggest that 
there are virtually no sensitive warm receptors in the cat's hind 
foot. Therefore noxious radiant heat to the foot might be considered 
as a rather selectively noxious stimulus, thus providing a favourable 
condition for studies in the central nervous system on nociception 
(see Figs. 3 and 4). 
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Peripheral Effects of Electrical Nerve Stimulation 

It has been suggested that the pain relief achieved by electrical 
stimulation of nerve trunks might be, at least in part, a peripheral 
interference with nociceptive afferents. This was found when studying 
experimental neuromas in rats (28). Ongoing discharges initiated with
in the neuroma were observed in small myelinated afferents (111-
fibers). Repetitive electrical stimulation of these fibers silenced 
the spontaneous discharges, this intermission outlasting the period 
of stimulation by several minutes (Fig. 2). The silencing is claimed 
to be due to changes effected by the antidromic action potentials in 
the pathological generator region of the sprouting nerve endings. 
The mechanism might be an electrogenic ion transport as will be de
scribed in the text on Fig. 6. 

The association of this finding with pain relief in man is, however, 
complicated by the dilemma that high frequency stimulation of the 
presumably pain-producing afferents is required to silence them for 
a while. Thus, the electrical stimulus itself might be painful. In 
spite of this obvious difficult~ research should be continued along 
this line, to clarify more quantitatively the effects of electrical 
currents on nociceptive afferents, including the C-fibers. 

On the other hand a peripheral interference of the kind suggested 
above must be excluded in the case of dorsal column stimulation (DCS) , 
which excites the collaterals of large myelinated (1- and 11-) affer
ents only, coming from sensitive mechanoreceptors. Nociceptive fibers 
are absent in the dorsal columns, and therefore cannot be stimulated 
antidromically by DCS. 

2. Inhibitory Actions in the Spinal Cord 

Types of Spinal Neurons Responding to Noxious Stimuli 

In the spinal cord two basic types of neurons have been found onto 
which the afferent fibers from cutaneous nociceptors terminate: 

a. Units in the marginal layer of the grey matter of the dorsal horn 
respond specifically to various types of noxious stimuli (7), 
which are transmitted via 111- and C-afferents. They have been 
identified histologically as the large WALDEYER cells; it is esti
mated that this population consists of less than 1% of dorsal horn 
neurons. Some of them project to the anterolateral tract. Thus far 
no experiments have been made on whether inhibitory influences 
upon these neurons are exerted by stimulation of the dorsal col
umns or of peripheral nerves. 

b. Polymodal neurons which are excited by both noxious and non-noxious 
skin stimuli. These polymodal units constitute the bulk (70%) of 
neurons encountered in our systematic microelectrode penetrations 
of the dorsal horn (9, 12). They have excitatory convergence of 
afferents (AS or II) from low threshold cutaneous mechanoreceptors, 
and of afferents from nociceptors (AB or III, and C or IV). Some 
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of them have an axon ascending in the anterolateral tract, or in 
the spino-cervico-Iemniscal pathway. We used radiant heat to the 
skin as a selective noxious stimulus to excite these neurons (Fig. 
3A), and to demonstrate inhibitory influences upon them, as will 
be shown in the subsequent paragraph. Part of these polymodal 
units exhibit convergence of somatic and of visceral afferents 
(24), and mutual inhibition of these two inputs (25). These neuro
physiological findings might be of relevance for the phenomena, in 
man, of referred pain and of somato-viscero counter-irritation. 



In other brain regions, which are assumed to be important for 
pain (13), it is still not clear whether neurons exist which have 
an exclusively nociceptive input. Recently it has been claimed 
that all the information on noxious stimuli appears in polymodal 
units (21). Therefore, the polymodal dorsal horn neurons might be 
neurophysiological models for the processing of pain messages in 
higher brain centers. 

Inhibition of Spinal Neurons by Electrical Stimulation 

In Fig. 3A the discharge of a polymodal neuron of segment L1 is 
shown during noxious heating of the skin. The response is suppressed 
or even abolished by electrical stimulation of the dorsal columns at 
L2, depending on the frequency of the DCS. The dorsal columns consist 
of the ascending collaterals of large myelinated afferent fibers, 
therefore many of the II-afferents of cutaneous nerves are excited 
antidromically by DCS. In most of our polymodal neurons these affer
ent impulses will eventually set up ~xcitation; however, particularly 
at higher frequencies of DCS (e.g. 50 Hz) the competing inhibitory 
influence prevails over the excitation. Similar inhibitions were 
found during electrical stimulation of the II-fibers in the plantar 
nerves, which innervate the heated skin region. The inhibition ob
served might have pre- or/and postsynaptic components; it never out
lasted the period of DCS or nerve stimulation by more than about 
100 msec. 

Supraspinal Inhibitory Control of Spinal Neurons 

An inhibitory control of supraspinal origin was revealed by locally 
cooling the spinal cord at L1 (Fig. 4A). By this procedure axonal 
conduction was blocked reversibly, thus releasing the spinal neurons 
from any descending influences. In Fig. 4B, C, the modification of 
the responsiveness to noxious heat is shown in two polymodal units. 
When the cord was blocked reversibly, both units responded vigorously 
to the noxious stimulus. The response to an identical stimulus was 
reduced (Fig. 4B) or completely suppressed (4C) after the withdrawal 
of the cold block of the descending pathways, thus indicating a tonic 
inhibitory influence by the supramedullary CNS. 

There are various regions in the brain which are known to modulate 
spinal neurons. Recently electrical stimulation in the periaqueductal 
grey matter in the midbrain has been reported to yield a powerful 
analgesia, which at least in part might be due to descending inhibi
tion in dorsal horn cells (22). 

Thus the inhibition of spinal neurons during DCS might have 3 com
ponents: a. segmental, b. ascending activation of suprasegmental 
descending systems, c. direct stimulation of descending tracts. There 
are hints that the inhibition of nociceptive neuronal responses also oc
curs in other brain regions. The neurophysiological findings reported 
here therefore might be regarded as models of inhibitory effects upon 
nerve and dorsal column stimulation. 

3. Other Potential Mechanisms Contributing to Pain Relief 

Pain relief in man by DCS and nerve stimulation has been reported to 
outlast the stimulation period often by minutes or even hours. On the 
other hand, the synaptic inhibitions evoked by a stimulus in the CNS 
do not last for longer than about 100 msec beyond that stimulus. 
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Therefore we have to ask for other neuronal interactions, having 
longer time courses. In the subsequent paragraphs we will specula
tively discuss two mechanisms, which might also be involved in pain 
phenomena. 

Long-term Changes in Synaptic Connectivity 

Evidence is accumulating rapidly now that in the CNS, plastic changes 
do occur (e.g. 11). Two main mechanisms are thought to contribute to 
this plasticity: a. sprouting of new terminals, which eventually 
form synaptic connections to other neurons; b. alterations in the 
efficiency of a synapse. 

Apart from their normal role in the developing and mature nervous 
system (e.g. in learning), both mechanisms are probably involved in 
the restitution of function after lesions or other pathological al
terations in the nervous system. 

For example, partial denervation of the spinal cord will induce col
lateral sprouting of the persisting terminals (8), and denervation 
supersensitivity, a phenomenon particularly well-investigated in 
neuromuscular junctions and in the autonomic nervous system (5, 26): 
the postsynaptic region develops an increased sensitivity to its 
transmitter when all 'or part of the presynaptic terminals degenerate 
(Fig. 5). 

On the other hand, morphologically existing synapses might be func
tionally ineffective. Such ineffective synapses could be turned on 
when other synapses on the same neuron are silenced by losing their 
normal synaptic drive, e.g. after a lesion of the afferents. Examples 
have been reported of such turning-off and on (repression and depres
sion) of neuromuscular synapses during competitive innervation of a 
muscle by different motor nerves (6). Some or all of these mechanisms 
might be involved in the enhanced responsiveness of central neurons 
after deafferentation (Fig. 5): following such manipulations an in
crease in firing frequency to a stimulus, or an increased spontaneous 
discharge have been observed (15, 16). 

It is very tempting to hypothesize that some states of chronic pain 
have to do with denervation supersensitivity, or with depression of 
synapses, e.g.: thalamic pain; aggravation of pain following tem
porary relief by a cordotomy; persistence of phantom limb pain after 
dorsal rhizotomy; dermatome border hyperalgesia after dorsal rhizo
tomy. Could electrical stimulation interfere with such pathological 
enhancement of synaptic connectivity? Experiments on the model syn
apse, the neuromuscular junction, indeed revealed, that both super
sensitivity and the turning-on of ineffective synapses could be 
prevented by electrical stimulation of the silent presynaptic affer
ents, or even of the postsynaptic elements (17). Thus far, however, 
experimental evidence is rather indirect that such synaptic plastici
ty could be involved in pain. Experiments using "quantifiable noxious 
stimuli should be performed· to test this hypothesis. 

Effects on Neuronal Metabolism 

It is well known that long lasting repetitive stimulation gives rise 
to a pronounced hyperpolarization of neurons, or of nerve fibers, by 
which they are rendered less excitable. This hyperpolarization is 
produced by the active transport of Na+ ions out of the cells; since 
there is a surplus positive charge transfer in the outward direction 
by this Na+ transport, it is called an electrogenic pump. As a con-
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sequence, the membrane hyperpolarizes, decreasing the neurons' ex
citability to the synaptic drive, and the probability of spontaneous 
discharges. 

The details of this electrogenic transport of Na+ ions subsequent to 
stimulation have been studied particularly in non-myelinated or C
fibers (23), which might be considered as a model for central neurons 
in this respect. A feature which might be of importance in the con
text of pain is shown in Fig. 6. In Fig. 6A several records of hyper
polarizations are superimposed after stimulations at increasing dura
tions. The hyperpolarizations last several minutes, and the time con
stant of recovery increases in proportion to the duration of the 
stimulus train (Fig. 6B). 

Such a process could well contribute to a long lasting decrease in 
responsiveness to noxious stimuli. Any means of repetitive stimula
~ion of the neuron (direct, by antidromic invasion from the axon, or 
transsynaptic) would be good to init~ate the hyperpolarization. In 
addition, it was observed that an increase in extracellular K+ con
centration will activate the electrogenic Na+ pump; thus it should be 
expected that even K+ release induced by the stimulation of neigh
bouring cells could yield some hyperpolarization. 

Direct neurophysiological tests for a potential role of postsynaptic 
hyperpolarization by an electrogenic Na+ pump on nociceptive respon
ses in central neurons have not yet been performed. Therefore the 
hypothesis stressed above must be considered as highly speculative. 

4. Concluding Remarks 

The term "pain" is used for a great variety of sensations, ranging 
from those evoked by well-defined stimuli under laboratory conditions 
to the excruciating chronic pain of the thalamic syndrome. It would 
be a comparable situation if we used the expression "brightness" to 
subsume all our sensations in the visual system. Thus semantic prob
lem will arise when asking for the neurophysiological correlates of 
pain, since obviously these might be different for different types of 
pain. 

Therefore our experimental search for the neuronal basis of pain 
should be restricted to specified situations of experimental stimuli 
or of distinct pathological disorders, instead of comparing incom
mensurable subjects. In order to succeed in this task, neurobiolo
gists and clinicians should come to a serious cooperation: the clini
cians to demonstrate intricately the various pain syndromes, enabling 
the physiologists to develop and to study experimental models of cer
tain pain situations, which, in turn, could provide results to yield 
new therapies. 

Summary 

Four mechanisms are discussed as potential neuronal correlates of 
the phenomenon of pain relief by electrical stimulation of afferent 
nerves or the dorsal columns: 

1. Suppression of ongoing discharges initiated in peripheral endings 
of regenerating nociceptive afferents 

2. Pre- or postsynaptic inhibition of spinal neurons involved in the 
processing of noxious stimuli 
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3. Repression of denervation supersensitivity of neurons in the CNS 

4. Longlasting hyperpolarization by postexcitatory active transport 
of ions 
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Fig. 1. Discharges of a "C-heat-receptor" in the cat's footpad at 
different skin temperatures. A: Nerve impulses (upper traces) during 
10 sec heating; time course of temperature recorded with a thermo
couple (lower traces). B: Total number of impulses per stimulus (e) 
plotted versus skin temperature. Receptor located in hairy skin of 
second toe. Conduction velocity of fiber 0.6 m/sec. From (1) 
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Fig. 2. Effect of electrical nerve stimulation (arrangement shown in 
A) on spontaneous discharges from regenerating nerve sprouts in an 
experimental neuroma (schematic). B: Ongoing discharge in a Group 111-
fiber is silenced for several minutes after a 10 sec train (100 Hz) 
of electrical nerve stimulation. According to (28) 
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Fig. 3. Responses in polymodal dorsal horn neurons of the cat upon 
noxious heat stimulation of the foot skin. A: Impulses (upper traces) 
evoked by heating the skin to various temperatures (lower traces). 
B: Time course of discharge frequency of another unit during heating 
of the skin to 52 oC, and concurrent dorsal column stimulation at 5 
Hz. C: Same unit as in B, dorsal column stimulation, however, at 50 
Hz. Animal was anesthetized with pentobarbital-Na; spinal cord tran
sected at L1 level. From (12) 
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Fig. 4. Effect on dorsal horn neurons of cold block of the spinal 
cord. A: Schematic diagram of sites of electrical and adequate stim
uli, of recording electrodes on and in spinal cord, and of thermode 
for local cold block of the spinal cord. B: Effect of cold block on 
the discharge induced in a polymodal dorsal horn neuron by heating 
the foot skin to 58oC. Time course of discharge frequency when cord 
is blocked at L1 (solid line histogram), and with cord intact (dotted 
line histogram). C: Same procedure as in B, different unit in another 
animal. Pentobarbital-Na anesthesia. From (12) 
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Fig. 5. Effect of denervation on responsiveness of neurons. A: Sche
matic hypothetical neuron with 5 normal synapses (a, c) and one func
tionally ineffective synapse (b). Below, the hypothetical normal re
sponses of the neuron are shown to a standard stimulation of either 
inputs a or b+c. B: Same neuron as in A, however the afferents a have 
either become silent by peripheral interruption, or have degenerated. 
Synapse of afferent b is indicated to be derepressed, and those of 
afferents c to be supersensitive. The discharge of a neuron upon the 
standard stimulus to b+c is enhanced, as is indicated below 
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Fig. 6. Poststimulation hyperpolarization by electrogenic active 
transport. A: Time course of hyperpolarization in non-myelinated 
nerve fibers after repetitive stimulation (30 Hz) at 4 different du
rations. B: Relation between duration of stimUlation and the time 
constant of recovery of hyperpolarization recorded under slightly dif
ferent conditions than in A. From (23) 
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Electrical Stimulation of the Spinal Cord for the Relief of Pain* 

Method - Patient Selection and Clinical Results (Based on the Results of the 
Freiburger "Arbeitsgesprache Uber elektrische Schmerzhemmung", October 1974) 

J.-U. KRAINICK and U. THODEN 

The first description of electrical pain therapy was given by the 
Roman physician SCRIBONIUS LARGUS (9) in 47 B.C., who gave a report 
on a man who happened to get in contact with an electric torpedo 
fish with resulting pain relief in his arthrotic knee. 

During the Middle Ages, the application of this electrical stimula
tion was recommended for various diseases and pain etiologies. In 
the 17th century acupuncture was already known in all details in 
Europe. SALANDI~RE (8) published a book r~commending a combination 
of the original needle acupuncture with the application of electrical 
current for treatment of pain. During the 18th century there was an 
increasing interest in the application of electrical currents for 
cure purposes with a development of electrostatic pulse generators. 
At the beginning of the 20th century this interest in electrical 
stimulation diminished due to the rapid development of pain control
ling drugs in the pharmaceutical industries. 

Since MELZACK and WALL (4) published their gate control theory as a 
new concept of pain in 1965, various electrical stimulation methods 
to control pain have been clinically evaluated. All methods were 
aimed at the stimulation of large rapidly-conducting afferent fibers 
to inhibit the transmission of pain stimuli in the small A-Delta and 
C~fibers. Besides the non-invasive transcutaneous stimulation of 
peripheral nerves (TNS), SWEET and WEPSIC (13) implanted electrodes 
on peripheral nerves and later SHEALLY (10) on the dorsal columns of 
the spinal cord. 

Transcutaneous nerve stimulation (TNS) 

Transcutaneous nerve stimulation, originally developed as a screening 
procedure for patients selection prior to a DCS implant, rapidly de
veloped into a valuable therapy for chronic and acute pain. The appa
ratus we have been using consists of a battery pulse generator 
(weighing approx. 300 g) cables and skin electrodes. SHEALLY and 

MAUERER (12) saw 80% of good pain relief in 125 patients with acute 
postoperative or post-traumatic pain. Trying TNS on 625 patients with 
various chronic pain etiologies, the success rate of achieving excel
lent pain relief was in the neighbourhood of 25%. 
During the patn symposium in Freiburg on electrical pain inhibition 
in October 74 , reports were presented on a total of 206 patients 

*Supported by Bundesministerium fur Arbeit und Sozialordnung and Son
derforschungsbereich Hirnforschung (SFB 70) der DFG, Bonn/W. Germany. 

1Active participants: J.A.V. Bates, London; D. Bowsher, Liverpoo,l; 
H. Dietz, Hannover; Fischer, Homburg/Saar; H. Gerbershagen, Mainzi 
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treated with TNS. Fair to good results have been reported in 43% of 
these cases. This relatively high rate of success has to be seen in 
the light of a different pre-selection group and different grading 
criteria. 

It became apparent how difficult it is to compare results of differ
ent authors. To achieve a more uniform description in the grading sys
tem, we made the attempt to develop a standardized pain evaluation 
form and a pain profile form during this symposium. Pain symdromes 
that responded well to TNS were postherpetic neuralgia, stump pain, 
low back pain (in the U.S.), while phantom pain showed only unsatis
factory results. This safe and easily applicable method should be 
recommended as a first treatment for pain, as no major side effect 
have been reported yet (14). 

Dorsal Cord Stimulation with Implantable Systems 

The system consists of an implantable electrode - lead - receiver 
combination and an externally worn radio-frequency transmitter with 
antenna. By means of inductive coupling, the energy is transmitted 
to the electrode. Amplitude is variable from 0 to 14 volts, pulse 
width from 0,1 to 1 msec and the frequency from 8 to 250 Hertz using 
a biphasic rectangular pulse shape. 

Operation Technique 

SHEALLY (10), NASHOLD et al. (5) recommended implanting the electrode 
subdurally or subarachnoidally and fixing it to the dura to have the 
electrode in close contact with the dorsal cord. Implantation level 
depends on the segmental distribution of the pain and should be some 
segments higher than the last segment with pain input. Complications 
of CSF leakage and CSF cysts have been reported. 

We place the electrode endodurally between two layers of the dura, 
trying to dissect out the inner layer as thinly as possible to avoid 
high tissue resistance (7, 2). 

The advantages of the endodural approaah are as follows: No opening 
of the subdural space, time-saving, no radiaular pain aaused by direat 
aontaat of the eleatrodes with the dorsal roots, and fewer postopera
tive arachnoidal reactions. 

The following disadvantages have been seen with this technique: High
er stimulation threshold, sometimes needing the maximum amplitude of 
the device (special high out-put devices had to be supplied to those 
patients). Unpleasant radicular stimulation which rather aould be 
aontrolled by ahanging the pulse width. 

1 cont.: J. Gybels, Loewen; E. Hauglie-Hanssen, Oslo; R. Hassler, 
Frankfurt/M.; H.J. Hufschmidt, Bonn; R. Jung, Freiburg i. Br.; 
J.-U. Krainick, A. KUhner, Heidelberg; R. Lorenz, GieBen; B. Meyer
son, Stockholm; J. Miles, Liverpool; Muhtaroglu, Kiel; J.M. Mum
ford, Liverpool; H. Penzholz, Heidelberg; E. Perret, ZUrich; K. Pis
col, Bremen; C.D. Ray, Minneapolis; T. Riechert, Freiburg i. Br.; 
F. Schonberg, Hamburg; J. Siegfried, ZUrich; J. Spierdijk, Leiden; 
A. Spring, GUnzburg; Steude, MUnchen; A. Struppler, MUnchen;, 
U. Thoden, Freiburg i. Br.; W. WinkelmUller, Hannover; M. Zimmermann, 
Heidelberg. 
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Patient Selection 

Preoperative careful patients selection has a major influence on a 
good success rate. A multi-disciplinary approach is therefore recom
mended. The first step should be a general neurological exploration 
to assure that there is no causal cure for the pain syndrome. In a 
psychiatric interview we try to define the psycho-pathological per
sonality traits, as it has been demonstrated that a low rate of 
success can be expected in seriously disturbed patients, as well as 
in drug addicts. 

Additional personality tests like MMPI recomm~ded by some American 
pain clinics are certainly valuable but did not find acceptance in 
Europe because of their extremely time consuming' nature. Evaluations 
of different authors have demonstrated that the physician's opinion 
about his patient correlates in most cases with the findings of a 
MMPI (6). 

Against our initial selection criteria, we now tend to treat even 
drug addicted pain patients in cooperation with the psychiatrist, if 
the electro-stimulation is accompanied by a withdrawal treatment. 

Patient Selection with Electrical Stimulation Methods 

Initial neurological exploration of the pain patient is followed by 
the application of transcutaneous peripheral nerve stimulation. Does 
the patient benefit from TNS, then he will be discharged with a TNS. 
In case that the patient seriously disliked the paresthesias of TNS 
he is no longer considered a candidate for electrical stimulation. 
In case TNS shows only a partial success or electrodes cannot be 
applied for other reasons, Ior example leg amputees, we try percuta
neous DCS (1). Via a Dattner-canula, a 300 u steel electrode is in
serted into the subdural space above the pain segment. The stimula
tion is performed with a battery powered pulse generator. We try to 
verify whether or not the induced paresthesias are tolerated (10% of 
our cases do not tolerate these paresthesias), and pain relief is 
achieved. The value of this procedure is limited to chronic pain 
syndromes with consistent pain, or if the patient can trigger a pain 
attack during the testing procedure. The variation of the acute pain 
threshold has no significant correlation with the postoperative suc
cess and cannot be used as a selection criterion. 

This percutaneous short-term DCS is certainly a stress situation 
for the patient. The procedure is uncomfortable for him and he tends 
to give unprecise answers in order to terminate the .testing procedure 
as soon as possible. During the last year we started using flexible 
floating electrodes which can be inserted either in the lumbar or 
high cervical area C1/C2 from the side into the subdural space under 
X-ray control. The advantages of this technique. are that the elec
trodes can remain in place' for about 2 to 3 days and the postopera
tive situation is simulated for this period of time. We have seen a 
very good correlation between good testing results and good postopera
tive results (3). 

This screening procedure has been tried on 25 patients and we excluded 
about half of this group from implantation often on the patient's own 
request. Beside insufficient pain relief some patients have maj.or 
difficulties in operating the technical device. Complications from 
cerebral spinal fluid leakage are considerable due to the spring coil 
construction of the electrode which includes a potential risk of in
fection which we, however, have not experienced yet. 
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With the above described screening methods we exclude altogether 
about 90% of all patients coming for DCS. 

Clinical Results 

DCS systems have been implanted in 98 patients. 73 of them have been 
implanted for more than 1 year up to 3 years ago. 

To judge the operative success we use the subjectively percentage
wise estimated pain relief of the patient and the reduction of drug 
intake. 

Statistics (Table 1) 

In the group with amputational pain we saw a fair to excellent re
sult in 62%. A 25% pain reduction or less was considered to be a 
failure. The two other groups are too small to show any statistical 
significance. 

The reduction of drug-intake (Table 2) with 73% is significantly 
higher than the estimated pain reduction. Among those patients who 
reduced their drug intake considerably, we found patients who claimed 
to get no pain relief from stimulation, however they discontinued 
their regimen with anagesics. 

Table 1. Post-operative results vs. pain relief 

Pain relief 

Diagnosis N 0 2 3 4 

post amp. pain 52 10 10 10 11 11 

peripheral, rad. , 
spinal lesions 16 7 3 2 3 

other pain syndromes 5 2 0 1 

73 19 13 13 13 15 

44% 56% 

Table 2. Post-operative drug intake vs. pain relief 

Pain relief 

Drug intake N 0 2 3 4 

no drugs afterwards 25 4 1 4 6 10 73% 
less than before 28 2 8 6 7 5 

same as before 15 8 4 3 0 0 27% 
more than before 5 5 0 0 0 0 

73 19 13 13 13 15 
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Essential for pain relief is that the induced paresthesias are felt 
in the area of pain. No pain relief can be generally expected if the 
paresthesias do not cover the painful area. 

Table 3. Masking of pain area and post-op. DCS results 

Pain relief 

masking of Eain areas and 
electrical paresthesias N 0 2 3 4 

masking 40 2 4 10 11 13 

no masking 33 17 9 3 2 2 

73 19 13 13 13 15 

With percutaneous DCS as well as with permanent implantable systems, 
we observe a correlation between the pulse width and the distribution 
of paresthesias. With unipolar systems and a small pulse width of 0,1 
msec we saw a more segmental distribution of the paresthesias, some 
segments above and below the implantation site, while with a larger 
pulse width of 1 msec duration, they were felt much stronger in the 
lower part of the body. This phenomenon is independent of the fre
quency and has not been seen with bipolar systems. For pain in the 
upper part of the body we preferred to implant unipolar systems, 
thus avoiding the distribution of paresthesias in the lower extrem
ities. 

During the Freiburg Symposium on electrical pain inhibition in Oc
tober 74, the participants reported on 206 cases with implantable 
systems. The follow-up period was three months to 3 years. Though 
it seems to be impossible to compare the results of the different 
groups, an overall rate of 60% fair to excellent results was shown. 

A 60% success rate for the treatment of chronic pain syndromes is 
relatively satisfactory, however, long-term results have to be 
awaited. 

Development of percutaneous chronic implantable systems, improvement 
of screening procedures and apparatus shows a promising future for 
this mode of pain treatment. 
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Control of Pain by Electrical Stimulation 
A Clinical Follow-Up Review 
CH. D. RAy 

Introduction 

Clinical results of electrical stimulation therapy for acute and 
chronic pain are continuing to accumulate. While the mode of action 
remains the subject of theory, successes obtained with both cutaneous 
and implanted stimulating devices lead to a better understanding of 
the mechanisms involved and better use of these techniques. The col
lective clinical data reported here were obtained from over 25 neuro
surgeons cooperating in pain-treatment study groups. Cases were 
collected and analyzed by follow-up correspondence to determine the 
lasting results of transcutaneous, dorsal column, peripheral nerve 
and direct brain stimulation devices. The patient-scoring criterion 
form used is presented and results are reported for each of the four 
techniques used in this study. These findings and their implications 
are, therefore, a composite of the present state of the art of pain 
control by electrical stimulation as practiced by a number of neuro
surgeons in North America. 

Method of Study 

The management of acute and chronic pain is a decidedly important 
phase, and a very difficult one, of medical care. There have evolved 
a number of materials and methods for the medical, surgical and psy
chiatric management of patients having acute or chronic pain. Elec
trical stimulation may now be added as an additional method. Although 
the concept and practice of electrical stimulation for pain control 
is rooted in history, it is only since the development of the "gate 
control theory" by MELZACK and WALL in 1965 that a new and refreshing 
look at the potential use of electrical stimulation for pain control 
has occurred (1). Following the first clinical implantation of a dor
sal column stimulation device in 1967 by SHEALY (2, 3), new tech
niques and devices utilizing this mode of therapeutic management have 
emerged at an ever-increasing rate. The results have ranged from 
spectacular to disappointing. There is now accumulating a considerable 
evidence fo the neurophysiological basis of electrical stimulation in 
pain control, but much physiological and anatomical mystery persists. 
Nonetheless, this concept has provoked more intensive study of the 
anatomy and physiology of sensory mechanisms in the spinal cord than 
any other clinical therapeutic mode (with the possible exception of 
the older destructive techniques for pain control). One of the most 
attractive aspects of electrical stimulation for pain control lies in 
its non-destructive and reversible nature. If good results are not 
obtained either in a short or prolonged period of time, the removal 
of the device will in all cases (with the exception of rare complica
tions resulting from pressure exerted on nerve or spinal cord by 
electrodes) return the patient to his pre-implantation state. Further, 
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electrical stimulation may indeed somehow "re-train" or "modulate" 
the nervous system so that, in due time, the pain disappears without 
the need for further treatment. 

This report contains the collective experiences of 25 neurosurgeons 
in North America who have utilized various modes of electrical stim
ulation for the control of acute and chronic pain. Four reports are 
included here: transcutaneous nerve stimulation, dorsal column stim
ulation, peripheral nerve stimulation, and direct brain (thalamic or 
internal capsular) stimulation. This work was done by study groups 
formed and supported by Medtronic, Incorporated, in order to further 
evaluate both the concept and the specific application of devices. 
The study group method brings together expert clinicians who may 
share experiences relevant to patient selection, screening criteria 
and methods, surgical techniques, problems, follow-up results, indi
cations and contraindications, device and electrode'design improve
ments, comprehensive pain management programs, drug detoxification, 
third party payment for devices and fees, etc. In the early stages of 
the development and application of-new devices, there is a limited 
quantity of instruments available; the study group helps to "ration" 
the devices. Further, study groups help insure that the well con
trolled clinical studies are subjected to review by peers. 

A number of patient evaluation forms have been developed but the most 
representative appears to be a series of questions which permit the 
scoring of a pain profile relative to five major criteria. 1 The scor
ing matrix shown in Table 1 was developed principally by PICAZA aided 
by SHEALY and RAY. In the questionnaires developed by Medtronic, Inc., 
to be filled out by the physician and by the patient, responses are 
arranged according to five criteria into grades ranging from 0 ~o 4. 
Since pain is a subjective, conscious process, and since the respon
ses of patients to inquiry regarding their pains will always be high
ly loaded with subjective impressions, this pain profile and the as
sociated questionnaires make a maximum attempt at objectifying (and 
quantifying) the very subjective nature of most pain syndromes. 

At intervals, beginning prior to implantation or cutaneous stimula
tion treatment, and following therapeutic use of the corresponding 
devices, patients are asked to complete questionnaires from which the 
profile could be drawn each time. In many cases physician interviews 
and impressions were reduced to a scoring of the profile for compara
tive purposes. In conducting a post-therapeutic follow-up by mail, a 
great number of patients will not respond. Therefore, direct patient 
surveys must often be supplemented by having a member of our staff 
(a registered nurse skilled in the techniques of patient interview 
and follow-up analysis) contact the non-responding patients by tele
phone in order to urge their completion of the form or, in order to 
obtain oral information sufficient to complete the scoring of the 
profile. All such subjective follow-up techniques may cast some doubt 
as to the reliability of results, but since the same group of people 
evaluated all the responding patients, and since these clinical as
sistants were not associated with the operating surgeon or treating 
physician, it is felt that this might have helped to remove some pa
tient bias (where he might have desired to satisfy his clinician as 
to good results when there might not have been any). 

1Forms available from Medtronic, Inc. 
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Transcutaneous Nerve Stimulation 

In this collective study, 396 chronic pain patients were followed. 
Their average age was 48 years, rangQng from 18 to 80. 

The results of the average seven-month duration of use for various 
pain etiologies is presented in Table 2. 

Table 2. Transcutaneous nerve stimulation for the relief of chronic 
pain. 396 patients: 7 month average time device used (direct patient 
survey) 

Etiology N Successful % Unsuccessful % 
(50-100% relief) (0-49% relief) 

Low back syndrome 29 19 66% 10 34% 
Multiple op-low back 125 69 -55% 56 45% 
Post trauma-low back 18 11 61% 7 39% 

Post trauma-thoracic 5 2 40% 3 60% 
"Other" - upper back 4 3 75% 1 25% 

Multiple op-cervical 6 5 83% 17% 
Post trauma-cervical 8 7 88% 13% 

Degenerative spine 14 9 64% 5 36% 
Arthritis 14 10 71% 4 29% 
Cancer 3 3 100% 
Headache 5 4 80% 1 20% 
Causalgia 5 4 80% 1 20% 
Postherpetic 5 3 60% 2 40% 
Neuroma 3 3 100% 
Amputation/phantom 10 8 80% 2 20% 
Unknown 72 44 61% 28 39% 
Other 53 37 70% 16 30% 

Total 379 241 64% 138 36% 

Seventy-eight patients who were using the device at the end of 12 
months responded to a follow-up questionnaire. The comparison of over
all results between these two groups are given in Table 3, where it 
may be noted that patients showing 50% or better pain relief com
prise 63% of the patients in the seven-month group and 55% of the pa
tients in the twelve-month group. Since TNS is a very si~ply applied 
external device, it is indeed important that in this collective study 
the success was quite high, considering the nature of the pain and 
the fact that a great number of cases had pain over long periods of 
time, even years, prior to treatment by electrical stimulation. 

In general, patients who show significant, major or complete relief 
of pain, also show improvement in nearly all of the other criteria of 
the pain profile. Indeed, PICAZA (4) has found that when patients 
show improvements in all elements of their profile with the exception 
of 1 or 2, then the validity of their results may be questioned. (The 
only possible exception to this lies in the use of drugs where one 
may find a disproportionately high percentage of patients having ma
jor relief of pain who, nevertheless, continue to use drugs in grades 
3 or 4.) 
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Nonetheless, the technique is so innocuous and easily applied that 
the method is worthy of trial in a great number of pain cases, not 
only as a method of screening for subsequent implantation, but also 
as the sole mode of therapy. TNS is often combined with other thera
peutic means in a comprehensive pain program and a number of clinics 
have reported series ranging up to as many as 3,000 cases whose 
overall results appear to be similar to those given here (5, 6, 7). 

Further, a very large population of patients exist who have been 
treated for acute pain by transcutaneous nerve stimulation but no 
firm statistics are available at this time. 

In general, the acute applications show an overall efficacy as high 
as 80% (8) as compared to approximately 25% efficacy for chronic pain 
cases over a long term period (9). The acute applications include 
traumatic pain in limbs and jOints, postoperative pain management 
following abdominal or thoracic procedures, acute episodes of head
ache, rehabilitation (such as in range of motion exercises) and as 
an adjunct to local anesthesia for various surgical and dental pro
cedures. 

Of course, we can assume that a large number of patients who initial
ly had tried the treatment, dropped out before seven months and an 
even larger number by 12 months; they did so because of receiving 
little or no relief of their pain. 

Dorsal Column Stimulation 

The patients reported in this collective series, as shown in Table 4, 
comprise a large number of pain etiologies. Two hundred and sixty
six patients are reported in a follow-up period having an average of 
18 months implantation. These patients were divided into two groups. 
The first group was an earlier collection of 481 cases in which only 
39% of the questionnaires were returned completed. The majority of 
the cases either did not return their questionnaires or they were re
turned incomplete. A second group of 119 cases returned 66% (78) of 
the questionnaires. This represents a combined total of 266 patients 
who responded out of a total of 600 cases sent questionnaires. Since 
the time of collection of these data, a number of the patients have 
been followed by telephone and by additional correspondence and it 
appears that the non-responding patients probably fall fairly equally 
divided between those patients who have not been adequately relieved 
and those patients who have (This will be the subject of a subsequent 
publication). In general, the results show that approximately 50% of 
the cases had 50% or better pain relief over 18 months of average im
plantation time. More recently, the use of acute and relatively 
chronic indwelling electrodes, mostly placed extradurally for longer 
term screening, has resulted in an overall improvement in patient 
selection. It is anticipated that this may well result in an eleva
tion of the general efficacy of this technique (10, 11). 

Peripheral Nerve Stimulation 

In Table 5, one finds the combined results of 75 patients who re
sponded. In general, this technique appears to have an efficacy simi
lar to that of dorsal column stimulation for selected cases. It is 
most often used for low-back syndromes with pain radiation into one 
leg. The large number of sciatic implants reflects this principal ap
plication. 
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Table 4. DCS implant survey of U.S. study group members. Average 
follow-up period of 18 months, total of 266 patient respondents 

Diagnosis/Etiology Successful Unsuccessful Total 

(50-100% (0-49% 
pain relief) pain relief) 

N (%) N (%) 

Low back pain described as: 

1. Low back syndrome 27 (45) 33 (55) 60 
2. Unsuccessful disc surgery 39 (53) 34 (47) 73 
3. Adhesive arachnoiditis 25 (45) 30 (55) 55 
4. Degenerative disc disease 4 (50) 4 (50) 8 

Subtotal low back 95 (48) 101 (52) 196 

Trauma 6 (35) 11 (65) 17 
Cancer 0 (0) 3 (100) 3 
Paraplegia 1 (50) 1 (50) 2 
Post-amputation 2 (40) 3 (60) 5 
Peripheral nerve syndrome 1 (50) 1 (50) 2 
Neuroma 1 (100) 0 (0) 1 
Postherpetic neuralgia 0 (0) 2 (100) 2 
Multiple sclerosis 2 (100) 0 (0) 2 
Other 7 (44) 9 (56) 16 
Unknown 2 (50) 2 (50) 4 

Total 117 (47) 133 (53) 250 

Table 5. PNS patient survey of U.S. study group members. 75 patient 
respondents 

Electrode placement vs. pain relief: 

Placement Successful Unsuccessful Total 

(50-100% (0-49% pain 
relief) relief) 

N (%) N (%) 

Sciatic 25 (71 ) 10 (29) 35 
Ulnar 4 (44) 5 (56) 9 
Occipital 4 ( 100) 0 (0) 4 
Femoral 1 (34 ) 2 ( 66) 3 
Brachial Plexus 3 ( 75) 1 (25) 4 
Pudendal 1 (100) 0 (0) 1 
Peroneal 1 ( 100) 0 (0) 1 

Total 39 (52) 18 (24 ) 57 a 

a 18 patients (24%) have either had their PNS device removed or have 
discontinued its use. 
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Brain Stimulation 

In Table 6, one finds a resume of 28 patients who are the total pop
ulation of this one-year-average implant study. Under the column 
"Implant site", one also sees a listing of the pain etiologies treat
ed by each particular implant technique. In general, this technique 
shows the highest degree of efficacy for relief of chronic pain of 
the techniques reported in this paper. The majority of these patients 
were treated by ADAMS and HOSOBUCHI (12) (both of San Francisco) and 
RICHARDSON (of New Orleans). This technique, while the most complex 
of those reported here, appears to affect far more directly the path
ways of pain, and therefore the smallest electrical field has the 
greatest overall initial and lasting results. 

Table 6. Brain stimulation for relief of chronic pain. 28 patients: 
1 year average implant 

Implant site 

Internal Capsule 
CNS lesions 
PNS lesions 

Sensory thalamic (VPM) 
Facial pain 

Medial Thalamus (PVG) 
CNS lesions 
PNS lesions 
Cancer head 
Cancer trunk 
LB syndrome 

Brain stem 
Facial pain 

Total 

N 

11 
2 

4 

1 
1 
1 
4 
3 

28 

Successful % 
(50-100% relief) 

9 
2 

3 

4 
3 

24 

82% 
100% 

75% 

100% 
100% 

100% 
100% 

100% 

86% 

Unsuccessful % 
(0-49% relief) 

2 18% 

25% 

100% 

4 14% 

At 75-100% relief: 6 successes, CNS lesion, internal capsule stimula
tion; 2 successes, facial pain, VPM stimulation. 

Discussion and Summary 

Presented here are clinical results and follow-ups of cases compris
ing patients in the series of 25 neurosurgeons in North America. Re
ported are four modalities of therapy using electrical stimulation 
to control chronic pain. In general, the long term results using 
transcutaneous nerve stimulation for chronic pain were favorable in 
63% and 55% of patients whose results were reported at the end of 7 
and 12 months of therapy', respectively. Due to the rather selective 
nature of these cases, it is felt that these results compare favor
ably with those now being reported elsewhere which indicate that 
transcutaneous nerve stimulation may have an overall efficacy of 
about 25% of cases for chronic pain control. Approximately 80% of the 
cases with acute, traumatic or postoperative pain may be successfully 
managed with little or no additional medication while employing skin 
surface stimulation. Overall results for dorsal column and peripheral 
nerve stimulation indicate that about 50% of the patients will be 
helped by removing 50% or more of their pain for periods of time 
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ranging up to more than 18 months. Recent reports indicate that where 
the good results of dorsal column stimulation may show a decline in 
many cases, a number of these patients may be returned to good pain 
control if the electrode is moved to another site along the spinal 
cord. This appears to be often related to the development of fibrosis 
around the surface of the electrode with long term stimulation. A 
few cases similarly have been reported with peripheral nerve stimu
lation. These conclusions indicate that in all stimulation techniques, 
the relocation of electrodes should be considered before discontinu
ing the therapy entirely. Deep brain stimulation has the highest over
all rate of success, although this method is applied in what are 
probably the most severe pain cases. In summary, this report, as well 
as others which are now appearing regarding the use of electrical 
stimulation for the control of acute and chronic pain, indicates that 
this is a viable therapy in selected cases that compares favorably 
with existing methods of treatment in the management of intractable 
chronic pain, particularly in relation to certain pain etiologies. 
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The Clinical Value of Dorsal Column Stimulation (DCS) 

W. WINKELMOLLER, H. DIETZ, and D. STOLKE 

Since SHEALY (2, 3) and NASHOLD (1) reported about good results in 
the treatment of intractable pain by DCS, an increase in clinical and 
experimental work about pain pathophysiology could be observed. There 
are different views on the value and effectivity of DCS as a method 
of pain surgery: some tend to an optimistic judgment, others are 
skeptical and regard DCS implantation as a passing trend. 

With this discussion in mind we made a follow-up study of 40 patients 
who have undergone implantation of a dorsal column stimulator during 
the last 2 1/2 years in our clinic. The analysis of these cases was 
made in order to clarify failures, complications, the qualification 
of selection procedures and the value of technical improvements. 

DCS implantation was performed to control various types of pain, 
caused by malignant tumors with infiltration of a nerve plexus, trau
matic lesions of peripheral nerves and spinal cord, arachnoiditis, 
peridural scar compressions following disc operations, as well as 
stump and phantom limb pain. 

Patients with obvious signs of hysteria, depression and hypochondria 
were excluded from implantation. Special psychological tests were not 
used. Implantation was carried out when a repeated pain relieving ef
fect was achieved by transcutaneous or percutaneous stimulation. In 
the beginning we did not eliminate drug addicted patients. 

Unipolar electrodes were implanted in 34 patients, bipolar in 6 cases, 
all were fixed endodurally. The electrodes were placed at an upper 
thoracic level, the cable was led over the shoulder and the receiver 
was buried subcutaneously in the infraclavicular region. Stimulation 
started on the first postoperative day. 

According to pain etiology we differentiated four groups of patients 
(Table 1): 

1. Malignant tumors with infiltration of a nerve plexus. 

2. Stump and phantom limb pain. 

3. Chronic low back pain following multiple lumbar disc operations. 

4. In this group we summarize all other intractable pain syndromes. 

Our follow-up study covers up to 30 months after operation. At this 
time we can overlook 15 good to very good results and 19 failures out 
of 40 patients. 6 patients with only fair pain relief needed analge
tic substitution. We have to point out that there are up to 70% long
term failures in malignant tumor patients. These data, however, in
clude those cases in which pain could be relieved temporarily, at 
least for several months. 
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Table 1. Follow-up study after DeS-implantation (up to 30 months) 

Primary disease eases Pain relief in % 

0-25 25-50 50-75 75-100 

Malignant tumor 14 10 1 3 
Stump and phantom limb 16 5 3 8 
Low back syndrome 6 2 1 3 
Miscellaneous 4 2 1 

Total 40 19 5 15 

Therefore we classified the results into groups of early failures, 
pain relief up to 6 months and pain relief of more than 6 months (Fig. 
1). The malignant tumor group shows the least success rate, especial
ly when tumor expansion led to reduced survival time. The judgment of 
survival time, however, is difficult, because in 6 patients who died 
during the following 6 months no signs of tumor metastasis were pre
sent at the time of implantation, neither by x-ray screening nor 
scintigraphically. 

31% primary failures in the group of stump and phantom limb pain is 
a rather high percentage. A long-term pain relief could be achieved 
in 50% and 60% of benign pain syndromes. These patients had complete 
pain relief and did not need additional analgetic medication. 

Furthermore we examined postoperative complications and side effects 
of DeS (Table 2). 

4 patients experienced unpleasant radicular sensations and compres
sing dysesthesias at the implantation level, probably induced by di
rect irritation of neighboring dorsal roots. Even by increasing the 
voltage, stimulation-induced paresthesia did not spread into distant 
parts of the body. Pain relief occurred only if the paresthesia pro
duced by Des was referred into the painful area. By changing the 
transmitter and setting the pulse width to a maximum of 1 msec, we 
succeeded in abolishing the unpleasant radicular sensation and ob
tained analgesia by a more diffuse current propagation. In two pa
tients we failed in taking this range of stimulation parameters, so 
that we plan to replace the monopolar electrode by a bipolar one. 

Table 2. Postoperative complications 

eases 

1. Side effects of Des a) unpleasant sensation at 
implantation level 4 

b) loss of gait control 4 

2. Technical failure defect of cable isolation 3 

3. Infection 

4. Epidural bleeding 
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4 patients complained of being unsteady in the upright position and 
of loss of motor control during stimulation. They performed stimula
tion in a lying position and thus obtained a sufficient analgetic 
effect. We suppose that this impairment of motor control is due to 
current spread in the cord involving the dorso-lateral spino-cerebel
lar tracts. 

3 patients, who previously obtained excellent relief from pain, re
ported on irregular stimulus impulses until transmission had com
pletely stopped. Twice we reoperated and found an insulation defect 
in the monopolar device which led to a short circuit between def
ferent and indifferent cable. The third patient was satisfied by ad
ditional application of a transcutaneous set, so that we desisted 
from reoperation. 

The quota of operative complications was low. One dorsal column stim
ulator had to be removed 6 months after implantation because of an 
infected decubital ulcer along the cable at the level of collarbone. 
More serious was a postoperative subfascial bleeding, which caused an 
incomplete paraplegia by cord compression. After immediate reopera
tion it took more than 4 months to recover completely. 

In three cases no pain relief was achieved in spite of good function 
of the DCS implant. But even stereotactic thalamotomy and bilateral 
open as well as percutaneous cordotomy could bring sufficient lasting 
pain relief. All patients experienced pain recurrence within 6 months 
after the interruption of the spinothalamic pathway. 

If we look upon our follow-up study critically, a modification of 
selection criteria and an adequate correction of technical complica
tions is indicated: 

(1) Our figures show that pain due to carcinoma is not worthwhile be
ing treated by DCS. A better result would be obtained by cordoto
my and thalamotomy. 

(2) The treatment of benign pain syndromes by DCS is considered more 
promising, because a lasting pain relief is achieved at least in 
50%. The rather high percentage of primary failures may be dimin
ished by a better selection of patients and by technical improve
ments. We would, for example, exclude drug addicted and so-called 
career patients who have undergone multiple operative procedures. 
Further improvement is expected by the application of bipolar 
electrodes together with more effective transmitters. The concen
tration of electrical current in bipolar electrodes has the ad
vantage of avoiding unpleasant radicular sensations and of better 
covering the painful area by stimulation-induced paresthesia. 

Comparing destructive operations like cordotomy and thalamotomy with 
DCS, the first method is incriminated by defect symptoms and a rather 
high rate of complications. The latter achieves pain relief by a more 
physiological neuronal modulation. 

The confrontation of both methods in respect to their results in the 
treatment of cancer favors cordotomy: the published cases of WHITE 
and SWEET (4) show that a total of 54% have good relief of pain by 
cordotomy opposed to 25% early failures. In benign pain syndromes, 
too, the early successes of open cordotomy (70%) are better than our 
results of DCS. But, regarding long-term results, the failure rate of 
cordotomy (64%) - due to the dropping level of analgesia - is higher 
than the failure rate of DCS. But much longer follow-ups are neces
sary in order to evaluate the efficiency of this system. 
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As to the clinical value of DCS at present, this method offers the 
possibility of long lasting pain relief in most forms of benign pain 
syndromes, if a careful selection of patients was made. 
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Central Stereotactic Interventions for Intractable Pain 
G. DIECKMANN 

Stereotactic procedures were first performed by KIRSCHNER (15). In 
his original publication the term "gezielte Operationen" was already 
used. KIRSCHNER's apparatus and the method of denaturation of the 
trigeminal ganglion had already fulfilled all criteria of operations 
later performed under the term "stereotactic operations". Modern 
stereotactic procedures against pain started with SPIEGEL and WYCIS, 
whose first stereotactic papers were concerned with interventions in 
the mesencephalon and the thalamus against pain (33). TALAIRACH and 
co-workers (13) first correlated stereotactic lesions in chronic pain 
patients with the clinical result. They were followed-up by HASSLER 
and RIECHERT (11). First long-term results were then reported by HAS
SLER and RIECHERT (12), MARK et al. (19, 20) and SPIEGEL and WYCIS 
(33) • 

Today, the indications for central stereotactic procedures are all 
pain states not to be influenced by direct or pharmacological means 
or by the usual neurosurgical interventions. These indications are: 
essential ne.uralgias, post-herpetic neuralgias, anaesthesia dolorosa, 
causalgias, phantom limb pain, thalamic syndrome and pain in the 
course of a neoplastic disease. 

Nucleotomy of the Tractus Spinalis Nervi Trigemini 

This intervention is the same as the open operation of SJOQUIST (32). 
The procedure was made possible after the introduction of spinal 
stereotactic interventions by CRUE et al. (4) and HITCHCOCK (14). An 
approach is made to the caudal nucleus, i.e. the lower part of the 
trigeminal nucleus. Electrical stimulation of this nucleus causes 
pain responses in the face in the area of the classical onion-skin 
arrangement. Deep recordings show evoked potentials after nociocep
tive stimulation in the ipsilateral periphery. At the present time 
the method of SCHVARCZ (31) seems to be the therapy of choice for 
destroying the caudal part of the trigeminal nucleus. A tungsten 
electrode with a tip diameter of 50 ~ is introduced through the 
atlanto-occipital interspace by means of a HITCHCOCK device. Imped
ance changes indicate cord contact and penetration. Control of exact 
electrode placement is indicated by the results of electrical stimu
lation. Lesions of 2,5 to 3,5 rnrn are produced fractionally by radio
frequency. After each coagulation quality and extent of sensory 
changes are checked. 

The indication for stereotactic nucleotomy are all chronic pain 
states of the trigeminal nerve, mainly essential neuralgias in which 
surgical pretreatment was unsuccessful. Furthermore, anaesthesia do
lorosa, post-herpetic neuralgias and malignant tumors of the head. 
SCHVARCZ's method is a new one and various postoperative follow-up 
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studies are available showing very good results in patients with 
malignant tumors as well as those with non-malignant diseases (4, 14, 
31). Postoperatively an analgesia occurs. The aesthesia of the skin 
is preserved thus enabling a bilateral intervention. Persisting com
plications were not observed. 

Mesencephalotomy 

Stereotactic mesencephalotomy was introduced by SPIEGEL and WyeIS 
(33). Principally, it corresponds to the open operation of DOGLIOTTI 
(5) and of WALKER (38). These operations interrupt spinothalamic and 
quintothalamic pathways at the level of or rostral to the colliculus 
superior. Later reports on this topic were given by TORVIK (37), 
MAZARS et al. (23) and ROEDER and ORTHNER (30). Recently NASHOLD and 
WILSON (25, 26) reported on mesencephalic stimulation and destruction 
by means of chronic implanted electrodes. The stimulation of this 
region produced pain in the trigeminally supplied skin. Inversely 
spontaneous pain was removed by radiofrequency lesions in this region. 
As did SPIEGEL and WYeIS, NASHOLD and WILSON recommended the combina
tion of mesencephalotomy with the destruction of the thalamic dorso
medial nucleus in patients with pronounced psychological reactions to 
their pain. 

The authors recorded epileptic discharges from the mesencephalic re
gion during spontaneous pain attacks. After radiofrequency lesions, 
these attacks no longer appeared. Because of the possibility of pro
ducing pain by electrical stimulation in this mesencephalic area and 
the disappearance of pain after radiofrequency lesions, NASHOLD and 
WILSON presumed that central pain was possibly caused by an irrita
tion at the midbrain level (25). 

Pain, particularly of the head and neck, can disappear by this inter
vention. Postoperatively, about 72% of the patients are immediately 
and totally free of pain according to SPIEGEL and WyeIS (33). The 
long-term results are essentially unfavorable, i.e. only 31% of the 
patients are free of pain. The mortality in the cases reported by 
SPIEGEL and WyeIS was 7,4%. This is remarkably more than the usual 
stereotactic mortality which is commonly about 1%. Today this proce
dure is hardly used, the target point itself being dangerous, and 
long-term results are more unsatisfactory than those of stereotactic 
thalamotomy. 

Thalamotomy 

The thalamic interventions occur in three neuronal systems concerned 
with pain experience as specifically described by HASSLER (see page 
1). Accordingly there are three different target points which are at
tacked. The interruption of the specific or cortical pain conducting 
system is at the relay pOint between the 2nd and 3rd neuron, i.e. the 
end point of part of the fibres from the spinothalamic tract (the 
basal part of the sensory relay nucleus of the thalamus). In the 
awake patient, low frequency electrical stimulation of this nucleus 
causes a prickling or feeling of heat; higher frequency stimulation 
is followed by pain sensation in circumscribed contralateral parts 
of the body (12). The interruption of the specific pain conducting 
system always results in an analgesia and thermalgesia. In cases of 
lesions within the specific sensory relay nucleus alone, only tem
porary relief of pain is obtained. 
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This is explained by the so-called "dichotomy" of the pain pathways 
(10). From the spinothalamic tract, fibres merge into nuclei (such 
as nucleus limitans, parafascicular complex, centre median, intralam
inar nuclei) of the unspecific thalamic projecting system. All of 
these nuclei belong to the so-called subthalamic pain-conducting sys
tem. Electrical stimulation of these nuclei causes in awake patients 
- according to the site of the stimulation - disagreeable sensations 
which are difficult to define and localize. Electrical high-frequency 
stimulation in the nucleus limitans evokes strong pain feeling in the 
contralateral part of the body without local differentiation. Lesion 
of these nuclei augment the analgesia and make it more lasting as 
BETTAG and YOSHIDA (3) have already reported. Also, the selective 
lesion in the subcortical pain conducting system is often followed by 
complete relief of pain without any sensory deficits (13, 20). The 
interruption of this system diminishes attention to the pain and the 
subjective "feeling" of pain. 

The interruption of thalamo-frontal pathways takes place at one tha
lamic level by lesions in the dorso-medial nucleus and the adjacent 
internal lamella. Thereby, the anxious fixation of the patient on his 
pain as well as the estimation of the pain still present can be di
minished or removed. 

In general, the thalamic interventions show immediate postoperative 
good to very good pain relief in 70-100% of the patients (3, 19, 12, 
27, 28). This good immediate effect is due less to a selective lesion 
in the cortical pain conducting system, but rather brought about by 
a combined lesion in both the cortical and subcortical pain-conduc
ting systems or at tim€s in the subcortical system alone (3, 13, 27, 
34, 35). But what brings this good result about is still a matter of 
discussion. More recently a single lesion in the subcortical system 
seems to be preferred by certain authors, although from the anatomi
cal point of view, combined lesions in both systems seem to be neces
sary. About 1 year after the intervention the relapse rate increases 
greatly. For the non-malignant pain patients then only about 50% of 
them were free of pain, another 20% showed partial amelioration. On 
the other hand, 70-90% of the patients with malignant tumors remained 
free of pain until their death because of the short survival time. In 
these latter cases, the lesion can be limited to the subcortical pain 
conducting system. 

Remaining side-effects consisting of analgesia, thermanaesthesia, 
ataxia, sometimes also hypaesthesia, occur after a lesion in the 
cortical pain-conducting system. After destruction in the subcortical 
system sometimes only paraesthesia or dysaesthesia is seen. Lesions 
in the dorso-medial nucleus and the adjacent internal lamella, even 
if only performed unilaterally, can be followed by apathy and loss of 
initiative. Such thalamic procedures are definitely ineffectual in 
drug addicted patients. The mortality is generally 0-7% (29). 

In recent years, good results were sometimes reported after interven
tions in the pulvinar, the great integrative nucleus of the thalamus 
(27, 28, 41). The mode of action of this intervention is not yet 
clear. Clinically, the effect of operation is similar to that ob
tained after a lesion in the central median nucleus, although the 
neurophysiology of both nuclei is different. Postoperatively one can 
find pain improvement without sensory deficits. The immediate results 
are not only postoperatively good, but also often last a longer pe
riod of time (27, 41). 
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Sharply delineated lesions are not only produced by high frequency, 
electrolytic or cryolesions by means of intracerebral electrodes, but 
more recently also by radiosurgical procedures, the so-called y
thalamotomy of LEKSELL (17). This is a cross-radiation with y-beams 
from 169 Co-sources, i.e. a closed, unbloody technique in the course 
of which a burr hole need not be performed. The procedure is still 
expensive~ probably it points to a future method of stereotactic 
lesioning. 

Chronic Thalamic Stimulation 

Aside from the previous methods mentioned to obtain pain relief by 
the interruption of neuronal systems, more recently the possibility 
of avoiding central pain by chronic stimulation of cerebral struc
tures, analogous to DC-stimulation of the spinal cord, has been in
troduced. It is known from animal experiments that electricl stimula
tion of periventricular and periaquaeductal grey matter causes agen
eral analgesia. Neurophysiologically this analgesia is explained by 
activation of a pain inhibiting system which modulates pain inputs (1, 
24). Clinical application of this finding was carried out by RICHARD
SON (27, 28). Chronic intermittent stimulation with 50 and 75 Hz pro
duced good pain relief, outlasting stimulation by up to 20 minutes. 
Similar good results with intermittent electrical stimulation of the 
sensory thalamic relay nucleus by means of chronic implanted elec
trodes were reported by MAZARS (22). 

Psychosurgical Procedures 

In the beginnings of psychosurgery, it was found that in patients 
with unbearable pain/the suffering was diminished by frontal leucot
omy, although the operation had no specific effect on the pain thresh
old itself (39). Searching for possibilities to replace the relative
ly rough method of frontal leucotomy by more selective lesions led to 
the method of resection of the cingulate gyrus (16) and later to 
radiofrequency lesioning of the cingulum bundle in the rostral cin
gulate gyrus (2, 6, 7). 

Stereotactically, the cingulum interruption was performed bilaterally 
in the rostral third. The electrodes were situated just above the 
corpus callosum, not too far rostrally to avoid fronto-thalamic pro
jecting fibres. Rostral cingulotomy does not cause analgesia, it 
reduces or removes the suffering in a way so that the patient no 
longer suffers from his pain. Postoperatively, there is little or no 
preoccupation with the pain. At the same time, the need for medica
tion is diminished. However, the problem is, as usual, the indication 
as to intervention. Probably this decision is best made in conjunc
tion with a psychiatrist. Appropriate patients are those with psycho
genic pains or with pain of non-malignant origin or of a non
recognisable probably organic nature respectively, and when a strong 
emotional factor dominates. These patients show good pain relief for 
a longer period of time. In judging the operative effect, not the 
verbal complaints of the patients, but the actual behavior should be 
considered. Recently GUTIERREZ-LARA (9) reported complete pain re
lief in 10 of 14 patients. The remaining 4 patients at times needed 
some medication against pain. 6 of the patients were addicted to 
drugs; postoperatively they showed no withdrawal symptoms. 

Another possibility of a selective leucotomy consists of a circum
scribed destruction of fronto-thalamic fibres in the rostral part of 

232 



the internal capsule. MARTINEZ et al. (21) reported such a stereo
tactic interruption of the fronto-thalamic fibres in the anterior 
capsule. During this procedure, it is possible to define the cranial 
and basal borders of the internal capsule by means of microelectrode 
recordings in order to delimit the lesions as exactly as possible. 

Hypophysectomy 

Surgical ablation of the hypophysis has a good effect on bone meta
stases as well as on pain. The pituitary can be destroyed by simple 
surgical means, semistereotactically with radioactive isotopes, or 
stereotactically by high frequency or cryolesions respectively as 
well as by implantation of radioactive isotopes. The method of pref
erence is usually personally determined. The stereotactic approach 
avoids all risks of open cranial surgery. By a simple transnasal, 
transphenoidal approach, radioactive isotopes can be implanted to de
stroy the pituitary as first reported by TALAIRACH et al. (36). 

Final Remarks 

Stereotactic interventions are performed for a symptomatic relief of 
unbearable pain: 

(1) At the caudal nucleus of the spinal tract of the trigeminal nerve 
for pain relief in the trigeminal region. 

(2) At the mesencephalic level, mostly against pain in the head and 
neck region. 

(3) In the basal thalamus with an interruption of the specific as 
well as the subcortical pain conducting system to interrupt the 
systems of pain sensation and pain "feeling". 

(4) In the pulvinar, where the mode of action is not yet known. 

(5) In the thalamic dorso-medial nucleus to interrupt thalamo-frontal 
systems because of psychiatric indications. All thalamic target 
points are effective against all the pain states mentioned above. 

(6) Above the thalamic level the interruptions are performed in the 
cingulate gyrus or, 

(7) In the fronto-thalamic projecting systems, in the rostral part of 
the internal capsule for psychosurgical reasons. 

(8) A special indication for pain relief is hypophysectomy in hormone
dependent malignant tumors. 

There are basic reasons for being very careful with regard to the in
dications for stereotactic procedures in central pain of non-malignant 
origin because of the unfavorable long-term results. However, thera
peutic alternatives are lacking in such cases, so that the possibili
ty of a stereotactic operation should be discussed from time to time. 
On the other hand, the indication is given in cases of unbearable 
pain caused by malignant tumors because of the good immediate results. 
Indeed, such an indication should be considered more often than is 
now the case. 
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Long-Term Results of Central Stereotactic Interventions for Pain 

F. MUNDINGER and P. BECKER 

The treatment of chronic pain and pain due to malignant tumours is 
one of the prob.lems dealt with by functional neurosurgery. The tra
ditional use of the cordotomy and tractotomy performed either with 
the percutaneous or the stereotactic puncture technique has been 
supplemented in recent years by direct, permanent radio-stimulation 
of interneuronal connections on the dorsal surface of the spinal 
medulla (so-called dorsal column stimulation). Apart from these pro
cedures performed at the periphery, we have been carrying out stereo
tactic interventions on the structures of the central nervous system 
itself since 1952 in Freiburg. Beginning in April 1952 one of the 
authors (MUNDINGER) operated 137 patients with intractable pain 
(Fig. 1), by stereotaxy. The first such operation was performed on 
the primary sensory nuclei together with RIECHERT following a sug
gestion by HASSLER (5, 6, 7, 9). The proportion of operations for 
pain is small in relation to the total number of stereotactic opera
tions: 5,112 of these were performed up till February 28, 1975 (1, 2, 
10, 12, 13). The reason for this is that from the outset we have 
severely restricted the indications for central pain operations. 

Essentially we differentiate three pain-conducting systems (5) (Fig. 
2) : 

1) the spinothalamic system which terminates in the parvocellular 
ventro-caudal nucleus (V.c.pc) of the posterior thalamus and in the 
nucleus limitans (Li). After coagulation at these points, pain im
pulses can neither be transmitted further nor processed. 

2) the lemniscus-medialis system or the thalamic reticular system 
which terminates in the caudal ventral nuclei (v.c.) and the lamella 
medialis (la.m.) and transmits unpleasant sensations in a cortico
pedal direction. The cortical representations are, however, of little 
significance for the experience of pain, as the cortectomies show 
(10) . 

3) the trunco-thalamic system (Ce.Pf) which is a non-specific system 
of secondary subcortical pathways for pain impulses to the reticular 
activating system, to the central grey matter and to the dynamogenous 
zone of HESS in the caudal hypothalamus. This system is important for 
the affective reaction to pain stimuli. 

The pulvinar (PU) contains multisensorial impulses from both cortical 
regions (8). It is the structure responsible for integrating sensory 
perception and is activated by sensory stimuli. For the most part 
these stimuli pass via the dorsal column or, alternatively, via the 
antero-lateral tract and the mesencephalic formatio reticularis to 
the lateral pulvinar (11). Finally, the connection between the pre
frontal cortex and the medial fascicular nucleus (M.fa.p.) is of 
therapeutic significance since it produces a change in the auto-re-
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presentation of pain as well as in the emotional components of the 
pain experience. Interruptions are performed on these structures 
( 9, 10) ( see Fig. 2). 

Assessment 

We performed 63 operations on 35 patients whom we were able to ob
serve post-operatively for a period of up to 14 1/2 years. Excluded 
here are the stereotactic interventions with coagulation of the 
ganglion Gasseri. 

Fig. 3 gives a survey of the various diagnoses, the number of patients 
in each category and the number of stereotactic operations performed. 

Phantom pain with or without causalgia is numerically the largest 
category, followed by trigeminal neuralgia - for the most part post
herpetic with anaesthesia dolorosa - and by the thalamus syndroms. 
The other groups are composed of patients with chronic pain syndromes 
of other origins, such as the intercostal neuralgia caused by tabes 
dorsalis, etc. With the exception of the thalamic pain syndrome, one 
or more neurosurgical operations on the pain-conducting systems have 
usually been Performed previously. The average age of the patients 
at the time of the first stereotactic operation was 59 years. 

For our assessment we made use of the patients' health records with 
the results of post-operative examinations and catamnestic investi
gations. After more than 2 decades 20 of the 35 patients had died of 
causes not related to the operation. 

The results are broken down in categories according to the positions 
of the lesions (Table 1). In the first column we find the cases in 
which lesions have been performed in the primary (specific) senso
motor nuclei, the small-cell ventro-caudal nuclei (V.c.pc) and the 
nucleus limitans (ncl.li); the second colums shows the cases of le
sions in the secondary (nonspecific) senso-motor nuclei (the lemnis
cus medialis and trunco-thalamic system); and in the third column we 
have the break-down of the cases in which a combination of these loci 
was used. 

We differentiate, moreover, between post-operative and long-term re
sults. 

The best results can be obtained for treating phantom pain without 
causalgia (Table 1) by making lesions in the non-specific pain nuclei 
as well as by combined lesions in the specific thalamic pain nuclei. 
In comparison, the patients who underwent coagulations in the primary 
senso-motor nuclei alone did not show as good post-operative improve
ment and in the course of further observation only registered moderate 
improvement. 

For the patients suffering from phantom pain combined with causalgia, 
good results were achieved post-operatively with the combined coagu
lation, while long-term results showed only modest improvement for 
one patient following the combined coagulation. The patients with 
causalgias that had not responded to other methods of treatment re
ported good long-term improvement. 

Thus, out of a total of 22 patients with phantom pain and causalgia, 
17 or nearly 4/5 improved, 6 of them (approx. 1/3) showing good or 
very good results. 
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Table 1. Postoperative and late results depending on targets 

prim. sens.- sec. sens.-
mot. ncl mot. ncl 

Diagnosis postop. long- postop. long-
term 

a) phantom a 3 -
pains and b 3 1 causalgia 

c - 4 

d - -
e - 1 

b) trigeminal a 2 -
neuralgia 

b 1 1 

c 2 1 

d - 2 

e - 1 

c) thalamic a 1 -
pain b 2 2 

c - -
d ,... 1 

e - -

d) other a 1 -
intrac- b - -table 
pains c - 1 

d - -

a = painfree, b = good improved, c 
worse, e = unknown. 

term 

4 1 

2 1 

1 3 

- 1 

- 1 

1 -
- -
2 -
- 3 

- -

3 1 

3 3 

3 4 

- 1 

- -

1 -
2 1 

- 2 

- -

improved, d 

combined 
target 

postop. long-
term 

6 -
3 3 

- 4 

- 1 

- 1 

5 -
3 4 

2 4 

- 2 

- -

1 -
4 3 

- 1 

- 1 

- -

3 -
- 1 

1 -
- 1 

unimproved or 

For the most part, the patients with trigeminal neuralgia accompanied 
by anaesthesia dolorosa (Table 1b) showed good to very good improve
ment immediately following the intervention - which was a coagulation 
of the primary pain-conducting system or especially the combined 
coagulation of all 3 pain-conductiIlg systems. However, here again, 
long-term results revealed that only the combination produced satis
factory results. Following coagulation in the primary sensa-motor 
nuclei alone just half of the patients reported moderate to good im
provement as compared to 80% of those treated with the combined pro
cedure. Coagulation of the secondary senso-motor nuclei alone did 
not bring any long-term improvement. 

Best late results in the thalamic pain syndrome were observed after 
combined lesions including the dorsomedial nucleus (4/5 remained im
proved). But after lesions of the secondary senso-motor nuclei 8/9 
also remained improved, the dorsomedial nucleus being lesioned in 
5/9 of the patients. 
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For the other conditions of chronic intractable pain (Table lc), the 
post-operative results of 5 interventions (on 4 patients) where sec
ondary and combined coagulations in the pain-conducting systems had 
been performed were very satisfactory. On a long-term basis, even the 
group with lesions in the non-specific system showed lasting improve
ment; however, the small number of cases in this group prevents an 
adequate assessment. 

Summary 

Long-term evaluation (up to 14,5 years) of 56 patients with intract
able pain demonstrates that: 

a) Combined coagulation of the primary and secondary senso-motor nuc
lei (in 2/5 additionally combined with coagulation of the medial nuc
leus) gives the best results with an over-all improvement rate in 
4/5 of the patients; 2/5 of these show improvement ranging from good 
to pain-free. 

b) Bearing in mind that these operations were performed as an u~tima 
ratio after all other operative measures had failed, we may conclude 
that central stereotactic interventions for pain performed at the 
level of the thalamus and capable of extension to other systems such 
as the posterior hypothalamus (14) and the cingulum (10) represent a 
method which can even produce an effect on these patients. 
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Intermittent Thalamic Stimulation in the Management of Intractable Pain 

G. MAZARS, L. MERIENNE, C. ClOLOCA, and M. PRENDEVILLE 

Prior to 1961, an extensive study of stimulation of the sensory path
ways and sensory nuclei in man suggested the use of intermittent sti
mulation of the nucleus ventralis posterolateralis (VPL) in the man
agement of some types of pain (1). 

Since 1962, we have been investigating thalamic stimulation,in order 
to select the best parameters of stimulation and the crit~ria for 
selecting the patients. 

In a first period, stereotactically implanted electrodes were connect
ed through the scalp to an external stimulator for periods of several 
weeks, but, since 1972, implanted stimulators with built in batteries 
and a magnetic switch are connected to the electrodes. Bipolar elec
trodes with 4 mm between poles are placed in the VPL in a frontal 
plane 3 to 6 mm in front of the posterior white commissure. The dis
tance from the midline depends on the localization of pain since the 
target is the somatotopic representation of the painful area; in most 
instances it ranges between 8 mm for the head and face to 10 mm for 
the shoulder and arm, and 14 to 16 mm for the leg. 

The best criteria for a correct placement are obtained through elec
trical stimulation with 3 volts, 2 msec pulses, 20 Hertz: this should 
produce a sensation of light shocks, vibration or throbbing in the 
area affected with pain and nowhere else. Recording of action poten
tials, though interesting, cannot be used when the long sensory path
ways are impaired. 

At lower voltages, viz. between 0,6 volts and 2,2 volts, electrical 
stimulation is not perceived or produces just a feeling of light 
throbbing; yet, at these low intensities, stimulation during one to 
three minutes is able to result in "fading out" of pain. The most 
surprising fact is that pain does not recur when stimulation is dis
continued; the relief of pain lasts for one hour to several days, and 
stimulation with the same parameters affords for a new and often 
longer period of pain relief. Implanted stimulators built to our 
specifications by BIOMEDIX deliver 1 or 2 volts impulses of 2 msec at 
a duration at a rate of 10 per second; a switch can activate the sti
mulator by holding a magnet in front it. The batteries can last for 
several years, owing to the low amount of energy used during the short 
periods of stimulation. 

Electrodes are made of fine silicon coated gold wires, and the connec
tions are made through miniature plugs. 
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Selection of Patients 

Our experience concerns 44 patients studied over a period of 13 years; 
it enables us to draw some criteria for future selection of patients: 
Thalamic lesions, as might well be guessed, do not respond to poste
rior thalamic stimulation: an intact thalamus is a must to be pain 
free. 

Tic douloureux or idiopathic trigeminal neuralgia has never been re
lieved, in our experience, with thalamic stimulation. 

Compression of peripheral nerves or nerve roots and most forms of pain 
due to cancer are unaffected by VPL stimulation. 

Amputation stumps are responsible for several types of pain: 

(1) acute, sharp and non lasting pain produced by manipulation of the 
stump: this type of pain is best stopped by chordotomies and is 
not affected by thalamic stimulation. 

(2) chronic, diffuse pain in the stump or in the phantom limb, not 
improved by section of the spino-thalamic tract, is relieved by 
thalamic stimulation and, in our opinion, by no other methods. 

One of our patients had received an implanted dorsal column stimula
tor a year before: even high intensity stimulations producing un
pleasant sensations in most of the body failed to reduce pain in the 
missing arm. From the very first thalamic stimulation, complete re
lief of pain was obtained for three hours and, since operation, the 
frequency of stimulations has dropped to 4 or 5 daily. 

Altogether, 4 patients with diffuse chronic pain in the stump and/or 
phantom limb pain can be recorded as fully successful, although we 
had to remove the stimulator after 3 weeks in a case of severe acute 
osteomyelitis. 

Post herpetic pain seems to be one of the most frequent indications 
although 2 of 7 of our cases were failures. However, 5 of our pa
tients (including 2 aged 81 and 82!) have been fully successful: one 
needs only one daily stimulation and the others, two to four stimu
lations. These patients consider that a stimulation in time is able 
to prevent the recurrence of pain. 

Peripheral nerVe lesions include a caustic lesion of the sciatic 
nerve, an avulsion of several intercostal nerves and a "crushed 
foot"; all may be classified as successful, although arthralgias per
sist at manipulations of the foot in one case and will need a comple
mentary chordotomy. Traumatic avulsions of the brachial plexus, re
sponsible for causalgic pain and hyperesthesia or anesthesia dolorosa 
gave excellent results in three cases, although, in one, trouble with 
an earlier type of stimulator occurred after one month. Postradio
therapeutic lesions of the brachial plexus seem to respond well to 
posterior thalamic stimulation: 2 cases are fully successful, although 
an earlier case did not experience a noticeable relief of pain after 
a single stimulation of over 10 minutes; an uncorrect electrode place
ment is questionable. 

Analgesia dolorosa following alcohol blocks (2 cases) and MONBRUN 
BENISTY syndromes (orbital pain following enucleation of eyeball) (2 
cases) are pain free after 1 to 4 years, and one of them has discon
tinued stimulations for two years. One case of atypic trigeminal neu
ralgia also had an excellent result although the electrodes had to be 
replaced twice. 
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Paraplegias with diffuse pain in both legs and the lower part of the 
body are not uncommon; simultaneous bilateral implantations with one 
single stimulator has been performed twice with excellent result. 

Vascular lesions at the pontine and penduncular levels are sometimes 
responsible for pain, often described as "thalamic". In these cases 
posterior thalamic stimulation works very well, and has provided an 
excellent recovery of motor function as well in one case. 

It is noteworthy that posterior thalamic stimulations can stop pain 
only when it is related to a lack of proprioceptive informations, 
and have no effect on pain due to an excess of nociception as show 
the following examples: 

- causalgia of pontine origin has been successfully relieved by tha
lamic stimulation, but an attack of gout required administration 
of colchicine to stop this new type of pain; 

- scapular periarthritis required -inj ections of corticoids in pa
tients who had been relieved of their chronic causalgic pain from 
avulsion of the brachial plexus. 

- radicular pain (S1) persists in one case of painful paraplegia 
successfully improved by thalamic stimulation; 

- in a few instances, combined operations associating spinothalamic 
coagulation to intermittent stimulation of the VPL seems to be an 
almost perfect answer to cancer pain. 

These facts apparently prove that electrical stimulation delivered 
to the VPL works as a substitute to physiological proprioceptive 
stimUli and fit well with the theory of HEAD and HOLMES. The need for 
an intact thalamus is an additional proof that MELZACK's gate theory 
is inadequate and that the integration level of pain is thalamic 
while "protection reflexes" are integrated at spinal and medullary 
levels. 

Summary 

Intermittent stimulation of the nucleus ventralis posterolateralis 
proved to be a worthy method of treatment of pain due to a lack of 
proprioceptive informations, such as pain following herpetic lesions, 
peripheral nerve lesions, avulsions of the brachial plexus, amputa
tions or anesthesia dolorosa. It can be combined with interruption 
of the spinothalamic tract in cases where the two types of pain are 
associated, as happens in some cases of cancer pain. The implanted 
stimulators are reliable and can work several years without needing 
replacement. 
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Results of Stereotaxic Operations in Patients With Intractable Pain 

A. STRUPPLER, C. H. LOCKING, W. REISS, and W. HUBERLE 

15 patients suffering from chronic, medically not controllable pain 
were operated oni in all patients stereotactic lesions were made in 
the area of the c.m., V.c.pc. and the medial lemniscus. 

Lesions were made not only in the unspecific but also in the specific 
pain-conducting cortical systems. 

Table 

NO of patients 

2 

6 

2 

2 

2 

3 

Cause of pain 

pancoast tumor 

metastasis of various carcinomas 

intractable zoster neuralgia 

plexus damage by X-rays 

thalamic syndromes 

traumatic spinal cord damage 

The exact area of the stereotactic lesion was determined in 3 ways: 
(1) by ventriculography, 
(2) by recording of evoked potentials produced by cutaneous stimula

tion and 
(3) by observations following intracerebral electric stimulation. 

The sites of the stereotactic lesions in various planes are shown 
Figs. 1 and 2. 
They were calculated from X-rays films made following the coagulation 
while the electrodes where still in place. 
It has been shown in animal experiments that the average size of the 
lesion is between 2 and 3 mm. 

Results 

Complete pain relief lasting longer than 3 months was obtained only 
in 6 patients. In another 6 patients pain relief lasted 4 weeks and 
in 3 patients it was even shorter. 

The etiology of the pain as well as its duration did not seem to in
fluence the duration of pain relief in our 15 patients. 
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Discussion 

In a previously reported series of 13 patients (1972), unilateral 
lesions in the area of the c.m. and V.c.pc. produced pain relief of 
shorter duration as compared to the last group of patients with more 
extensive lesions. 

The fairly short duration of pain relief may be explained by the 
small size of the lesion and the by fact that they are unilateral. 
We did not observe hypersensitivity to sensory stimulation following 
lesions in the cortical pain systems, even in patients with thalamic 
syndromes. This may have been prevented by the lesions in the c.m •• 

Summary 

In patients with intractable pain in whom other surgical methods 
such as percutaneous cordotomy cannot be performed, stereotactic le
sions in thesspecific and unspecific pain systems are quite effec
tive in obtaining a temporary pain relief. 

(a) 

(b) 

< 
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J 
I 
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, , 

Mel 
5111 

Fig. 1. a,b. Lesions in the lateral plane (according to Schaltenbrand 
and Bailey, 1957). Positions of electrodes: P +4, +2, ±O, -2 
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(a) 
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( c) 

(d) 
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Fig. 2. a, b, c, d. 
Lesions in the sagittal plane 
(according to Schaltenbrand 
Bailey, 1957). Positions of 
electrodes: P +4, +2, + 0, -2 
head and arm ., leg, 



Cerebral Stereotaxic Operations for Pain 

G. BOUCHARD, T. FUKUSHIMA, and L. F. MARTINS 

For years we have given preference to cerebral stereotaxic operations 
for the treatment of pain, particularly in malignant diseases, not 
only because of their limited life expectancy, but also because of 
their good risks and short recovery period, especially when cachexia 
is present. 

Our patients are divided in four groups: 
(1) Malignant tumors of the head and neck. 
(2) Malignant tumors of the upper half of the body (Fig.1). 
(3) Malignant tumors of the lower half of the body (Fig.2). 
(4) Severe anesthesia dolorosa, vascular thalamic pain syndromes 

(Dejerine-Roussy syndromes) and phantom pain (Fig. 3). 

In the figures, the four degrees of shading of the horizontal columns 
indicate the relief of pain. Interruption in the columns indicate a 
second contralateral operation. This was seldom necessary in cases of 
malignancy of the head and neck. The coagulated areas are given at 
the right margin of the diagrams. Three schematic drawings (Fig. 4-6) 
represent the different operative techniques, with steeper insertion 
of the elctrodes and the tendency to coagulate the median thalamic 
nucleus more medially and occipitally, to perform additional pulvinar 
lesions, and to restrict the coagulations in the median center and 
the subthalamic region. Only in the group of malignancies of the up
per part of the body are better results not obvious in late cases. 
Perhaps this is due to a sudden stress from multilocular skeletal 
metastases. This also occurs even after an additional bilateral chor
dotomy. Spontaneous thalamic pain and anesthesia dolorosa can appar
ently be treated with success as shown by our limited number of ca
ses. One patient was not operated on at our typical targets because 
of progredient vascular disease, and was, consequently, unsuccessful. 
Phantom pain did not respond. 

The phenomenon of decreased emotional response to pain due to destrac
tions in the median thalamic nucleus is also desirable in cases of 
pain due to non-malignant disease. There is , however, no obvious 
alteration even of differentiated personalities. Transitory acute or
ganic brain syndromes occur seldom now, even after bilateral opera
tions at an interval of about three weeks. They last no longer than 
the healing period of one week the patients usually spend in the hos
pital. 
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A 

3cm 3cm 

Fig. 4. Schematic drawings of the angle of insertion of the electrode 
on intraoperative X-ray pictures, and of the coagulations in corre
sponding atlas sections (Schaltenbrand-Bailey and Van Buren-Borke) in 
the former group of patients 
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Fig. 5. Same as Fig. 4 in the following patients 
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Fig. 6. Same as Fig. 4 in the late patients since 1974 
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Intrathecal Application of Phenol in the Treatment of Intractable Pain 

A. KOHNER and H. ASSMUS 

Introduction 

Nerve blocks for relief of intractable pain were first performed by 
DOGLIOTTI in 1931 by means of intrathecal injeciton of absolute alco
hol. MAHER (1955) was the first to make use hypertonic solutions of 
phenol in glycerine and Pantopaque. Encouraged by the results of oper
ative rhizotomy in symptomatic coccygodynia due to pelvic cancers 
(26), chemical rhizotomy seemed to us to be worth a trial in such 
cases, which, otherwise, give rise to important therapeutical prob
lems. 

Mode of Action of Phenol 

Phenol in a watery solution of only 0,5% is a strong sclerosing agent 
producing severe nerve fiber damage (10, 23). Due to their rapid dif
fusion into the CSF, aqueous solutions cannot be employed for selective 
rhizotomy. Suspended in hypertonic agents such as glycerine or Panto
paque, the hygroscopic phenol cristals diffuse slowly into the CSF, 
creating a relatively high concentration near the hypertonic "vehicle" 
and, therefore, near the root to be destroyed. The diffusion rate of 
the agent out of glycerine is somewhat faster than from Pantopaque, 
so that phenol-glycerine is more effective at equal concentrations 
(4, 11, 20, 32). The usual concentration is 5,0%, that of phenol
Pantopaque 7,5%. However, higher concentrations up to 20% have also 
been used (9, 11, 12, 14, 21, 22). The diffusion rate of phenol was 
studied by NATHAN (21), who stated that immediately after injection 
the phenol concentration in CSF is very high and falls considerably 
within the first hour. This author also stated that the effects on 
nervous conduction begin 2 minutes after injection and are over with
in 10 minutes. 

Clinically, phenol acts in two phases (16): there is an initial com
plete sensorymotor paresis by anaesthetic block lasting for about 15 
minutes, followed by a definitive or chronic effect with pain relief 
without major neurologic disturbances. These facts as well as electro
physiologic studies (10, 20, 23) suggested the hypothesis that phenol 
may produce selective destruction of C-fibers. Histological investiga
tions (2, 3, 4, 8, 9, 20, 27, 28), however, clearly showed that there 
is a non-selective destruction of all fibers. Superficial fibers are 
more affected than those within the root (3, 28). The histological 
findings generally consist demyelination, axon degeneration, and pro
liferation of Schwann cells. 
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Techniques 

The puncture of the spinal canal is performed in lateral position at 
the level of the involved segment, with the affected side lowermost. 
Before injection into the cervical and thoracic areas the patient has 
to be turned about 450 backwards to ensure that the neurolytic agent 
will be in contact with only the posterior roots. In the lumbar region 
there is no spatial separation of anterior and posterior roots, so 
that the patient has to be turned about 45 0 ventrally to ensure fil
ling of the radicular pockets. This is easy to perform when Panto
paque solution is used (Fig. 1). 

Chemical rhizotomy of the sacral roots is done in the sitting position 
with the patient bent about 300 to the affected side. If bilateral 
rhizotomy is wanted the patient will be bent to the other side 5 min
utes later and a second injection performed. The usual dose varies 
from 0,5 ml to 2,0 ml. 

Indications 

Phenol is mainly employed in cases of intractable pain due to cancer. 
An analysis of 596 published cases (Table 1) shows that pelvic cancers 
represent the most frequent indication. These lesions also have the 
most favorable results, while the results in cases of thoracic cancers 
or those of the upper extremities are less favorable. Chemical rhizot
omies have also been performed in cases of chronic pain due to benign 
lesions. Pain syndromes of radicular, arthritic or spondylotic origin 
gave poor results, while pain associated with spasticity, and spastic
ity itself, offered good results in about 90% of the reported cases. 
Two cases of successfully treated phantom limb pain (4) which could 
not be influenced by previous cordotomy deserve to be mentioned here. 
A global analysis of 1365 published cases (Table 2) shows that pain 
relief by intrathecal phenol can be obtained in about 57%. Success 
rates in pelvic cancer are even higher (Table 1). 

Table 1 • Results of chemical rhizotomy in cancer pain 

Localisation Total Complete Partial No 

nb relief % relief relief 

Urogenital 291 66,6 22,5 10,9 

Rectum 108 78,7 12,9 8,4 

Pelvis + lower extr. 39 51,3 38,5 10,2 

Abdominal 49 34,7 20,4 44,9 

Lungs 88 57,9 20,5 21,6 

Chest 16 62,5 12,5 25,0 

Upper extr. 5 ° 40,0 60,0 

Total 596 50,3 23,9 25,8 
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Table 2. Global results of phenol blocks as reported in literature 

Author number complete relief partial relief no relief 

MAHER 253 178 75 
PAPO 213 83 54 76 

CIACOTTO 207 162 19 26 

STOVNER 151 116 35 

TANK 100 48 18 34 

SWERDLOW 100 44 30 26 

MARK 87 24 26 37 

WHITE 63 31 32 

BALL 51 21 17 13 

LOURIE 47 6 14 27 

BROWN 38 30 8 

GORDON 37 19 13 5 

KENNEDY 15 10 5 

BERRY 3 0 0 3 

Total 1365 772 191 402 

% 100 56,5 13,9 29,6 

The duration of pain relief is a very important point to consider. 
The analysis of 156 reported cases shows that the effect of chemical 
rhizotomy lasts up to 3 months in 60%. However, among these 60%, 25% 
were pain-free for less ·than one week. Thus, a longlasting effect from 
1 to 3 months could be observed in 35%. Another 20% had complete re
lief for more than 3 months, the longest follow-up being 2 1/2 years. 
20% were pain-free until death. 

Complications 

It has been demonstrated that there are no toxic side effects on CSF 
except a slight increase in albumin and cells within the first day 
(21 ) . 

Important neurologic complications are rare. One case of lethal men
ingitis (27), Brown-Sequard-Syndrome (5) and 2 cases of paraplegia 
(5, 21) have been reported. 

Other side effects like incontinence, sensory loss, or paresis were 
more frequent, especially within the first days. Thus, transient in
continence occurred in 12%, motor paresis in 11%, and sensory loss in 
26%. Permanent neurologic lesions were seen in about 18%. Sensory 
losses were the most frequent (15%), bladder dysfunction occurring in 
2% and permanent motor paresis in 1%. 
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Material 

We limi~ed indications of intrathecal phenol to cancers of the pelvis 
e~cept 1n one case. Thus, chemical rhizotomy was performed in 7 cases. 
F1ve of them had rectal cancer, another a collum cancer. The last 
ca7e exhib~ted spa7tic pain in the left thigh. In most cases (Table 3), 
pa1n was s1tuated 1n the sacrum and the perineum. Sometimes there was 
pain also in the dermatome S 1. Complete relief could be obtained in 
2 case7 with a follow-up of 2 and 3 months respectively. In 5 cases 
a part1al but good result was obtained, but in 2, there were recur
rences which did not respond to a second block. 

Both these cases were successfully treated by percutaneous chordotomy. 
The complications observed were mostly transient (Table 4). In one 
case definitive incontinentia occurred. There were no motor losses 
but permanent sensory loss to pinprick occurred in 3 cases. Touch 
perception was never disturbed permanently. The typical two-phase ac
tion was seen in most cases: a large _zone of complete sensory loss 
from (L 5) S 1 to S 5 with recovery of touch perception within 3 to 5 
hours and recovery of pain perception within 4 to 6 hours. In 3 cases 
there was a permanent sensory loss to pinprick in the dermatomes S 4 
and S 5 (Fig. 2). 

Table 3. Own experience: etiology and results 

Case etiology site of dosis complete partial no 
pain relief relief relief 

rectum perianal 0,8 ml 5,0% 1 month 
cancer 1 ,4 ml 5,0% 2 months 

2 rectum 
cancer sacral 1 , 4 ml 5,0% 4 months 

3 rectum sacral 1,0 ml 7,5% 3 months cancer S 1 

4 rectum 
cancer sacral 1 , 4 ml 5,0% 6 months 

5 rectum sacral 1 ,5 ml 7,0% month cancer S 1 

6 collum 
L 5 + S 1 ,5 ml 7,5% 0,5 month + cancer 1 , 5 ml 25,0% 

7 spasticity L 2 - L 4 1,0 ml 7,5% 1 ,5 months + 1 ,8 ml 7,0% 

Conclusion 

Intrathecal phenol is a valuable method for the treatment of intrac
table pain in selected cases. According to literature, however, its 
indications should be restricted to well-defined cases such as local 
and/or radicular pain in pelvic cancers. Thus, chemical rhizotomy may 
be an alternative to percutaneous chordotomy. On the other hand, we 
think that phenol may be used also as a supplement to chordotomy so 
as to avoid the high bilateral cervical approach for pain syndromes 
of the midline. 
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Table 4. Own experience: dosis and neurologic changes observed 

Disturbance of 
Case dosis pain perception touch perception bladder 

2 

3 

4 

5 

6 

7 

0,8 
1 ,4 

1 ,4 

1 ,0 

1 ,4 

1 ,5 

1 ,5 
1 ,5 

1 ,0 
1 ,8 

ml 5,0% 
ml 7,5% 

ml 5,0% 

ml 7,5% 

ml 5,0% 

ml 7,0% 

ml 7,5% 
ml 25,0% 

ml 7,5% 
ml 7,0% 

definitive 

4 hrs 3 hrs 

definitive 5 hrs + 
4 hrs 3 hrs 

6 hrs 4 hrs 

definitive 

Summary 

Indications, technique and results of chemical rhizotomy in cases of 
intractable pain are discussed. The authors conclude that intrathecal 
block with phenol is worthwhile in the treatment of pain due to pelvic 
cancers. It may be an alternative or sometimes even a supplement to 
chordotomy. The rate of side-effects is not higher than that of other 
methods. 
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Fig. 1. Radioscopically controlled phenol-Pantopaque injection for 
pain at the dermatomes L 4, L 5 and S 1 (case NO 6) 

262 



Fig. 2. Typical two-phase action 
on sensibility (case NO 3) 10 min (' ), 
four hours (I) and 48 hours (I) after 
injection 
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Place of Hypophysectomy in the Neurosurgical Treatment of Pain 

A Comparative Study of Surgical Hypophysectomy and Radio-Isotope Implants: 
Report of 124 Cases 

CL. GROS, PH. FREREBEAU, J. M. PRIVAT, and J. BENEZECH 

Introduction 

In addition to the methods acting directly on pain pathways, either 
mechanically (destruction neurotomy, radicotomy, cordotomy) or by 
electrical stimulation according to WALL and MELZACK's theory, it is 
of interest to establish the place of hypophysectomy in the neurosur
gical treatment of pain. 

We report on the effects of hypophysectomy on pain due to metastases 
from hormonodependent tumours: breast and prostate. Our experience 
amounts to 128 cases since 1954. The effect of hypophysectomy on pain 
in acromegaly and Cushing syndrome due to pituitary adenomas will not 
be dealt with in detail, since their interest lies in their physio
pathology. 

Material and Methods 

Methods and Their Evolution 

Our experience with total hypophysectomy, for carcinoma metastases 
starts in 1954. The first 14 cases reported - MARTELLI thesis (20) -
were of surgical hypophysectomy by frontal approach. 8 cases were 
metastasis from breast cancer. Since 1958, following the works of 
BAUER (14) and of TALAIRACH (29), surgical treatment gave way to 
radioactive hypophysectomy by means of intra-sellar implants of 
yttrium 90. A comparative study of both methods was published in 
1960 (10). Efficiency and uneventful postoperative course of the 2nd 
method were emphasized. 

From 1958 to 1970 a series of 100 cases of radioactive hypophysecto
my for the treatment of tumoral metastases has been carried out. We 
applied a simplified stereotactic trans sphenoidal technique according 
to the GUIOT et al. (13) technique, modified by HARDY (14). 14 cases 
have since been operated upon by this procedure. 

Results 

Table 2 summarizes the first series of trans frontal surgical (group 
A) and radioactive hypophysectomies (group B) already published in 
1960 (10) as well as those published in 1966 (11) (group C). 

Table 3 contains details of the 20 cases of transsphenoidal surgical 
hypophysectomy carried out since 1971 (group C) . 

Table 4 gives the complications noted with the different techniques 
in the 3 series (groups A-B-C). 
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Table 1. Technical evolution and material 

Technique 

S.H. (frontal approach) 
(Group A) 

R.A.H. (Group B) 

S.H. (transsphenoidal) 
(Group C) 

Cases 

8 

100 

20 

Period 

1954-1959 

1958-1970 

1971-1974 

S.H. surgical hypophysectomy 
R.A.H.: radioactive hypophysectomy 

Table 2. Results 

Group A Group B 
S.H. (frontal) R.A.H. : 100 cases 
Breast: 8 Breast: 92 

Prostate:8 

Mortality 
« 1 month) 3 (38%) 11 (11 %) 

Good results 

on pain 5 (60%) 65 (65% ) 

objective 
improvement 2 (25% ) 9 ( 9%) 

Delayed 
improvement 0 11 (11 %) 

Metastatic solitary multiple 
localization met as- metas-

tasis tases 

rne 

i 7 12 55 

Skin 0 12 22 
Breast Viscera 1 1 21 

Brain 0 2 6 

Prostrate 7> Bonej 0 8 

S.H. surgical hypophysectomy 
R.A.H.: radioactive hypophysectomy 

Group C 
S.H. (transsphenoidal 
20 cases/Breast: 19 

"'Prostate: 1 

2 ( 10%) 

15 (75% ) 

3 (15% ) 

2 (10% ) 

solitary multiple 
metas- metas-
tasis tases 

3 1 5 

2 

1 1 

1 
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Table 4. Complications 

Exitus 
« 1 month) 

Diabetes 
insipidus 

C.S.F. Temp 

Leak Perm 

S.H. (frontal) 
(Group A) 
8 cases 

3 (38%) 

8 (100% ) 

0 

0 

S.H. surgical hypophysectomy 

R.A.H. 
(Group B) 
100 cases 

11 ( 11 %) 

47 (47%) 

14«14%) 

9 (9%) 

R.A.H.: radioactive hypophysectomy 

Discussion 

S.H. (trans
sphenoidal) 
(Group C) 
20 cases 

2 ( 10%) 

16 (80% ) 

2 (10% ) 

1 (5% ) 

Several points must be discussed in regard to the results of hypo
physectomy in cases of cancer. 

Analgetic effects 

a) Subjective results are noted early postoperatively. With pain re
lief comes a sensation of good feeling. This is observed in a com
plete and permanent way in 60 to 65% of the cases belonging to group 
A and B. The percentage reaches 75% in group C. Most frequently, 
favorable results on pain are obtained immediately, as soon as pa
tient awakes from anesthesia. However, in 10% of our series, relief 
was recorded between the 24th hour and 14th day (case NO 14 Table 3). 

In 15% of these cases, a transitory improvement of pain without com
plete relief is obtained. This, however, allows an adjustment to the 
major analgetic drugs administered, over a variable period, shorter 
than in cases of complete relief. 

The apparently better results of group C seem to be related to a bet
ter selection of cases, bone metastases alone, without visceral in
volvement, being more numerous in this group than in group B. 

b) Delay of action: Physiopathology. It is surprising that the same 
immediate results (10 times more frequent than in late improvement) 
are obtained with radioactive or surgical hypophysectomy. If one con
siders the post-mortem data of TALAIRACH, SEDAN, SZIKLA et al. (29). 
These authors, found a 90% pituitary destruction in 5 or 6 days, fol
lowing yttrium implants. One must, therefore, admit a " s ideration" in 
pituitary activity which is caused by the trauma of radioactive im
plants. We do not, however, possess sufficient biological proof 
(early postoperative hormonal check) to support this hypothesis. A 
very previous report (11) has shown the correlation between good clin
ical results and the degree of hormonal pituitary deficit as evalu
ated by hormonal tests one week after surgery. The sarne is confirmed 
by many authors, namely LINQUETTE and LAINE (18), POMMATEAU et al. 
(23), FORREST (9), JADRESIC et al. (15), BONIS et COVELLO (5). From 
the physiopathological point of view, a relation must be established 
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to the results obtained by surgical or interstitial radioactive hypo
physectomy (implant of Au 198) for pain in acromegaly and Cushing 
syndrome provoked by secretory adenomas. Acromegalic arthralgia and 
pain of the extremities (acromegalic rheumatism), as well as headache, 
are relieved almost constantly and immediately. At the same time, ob
jective improvement is noted; infiltration of teguments especially of 
the hands, diminishes. In our series, this result is constant and sup
ports similar results of other authors (6, 16). 

In the Cushing syndrome (24, 16, 27), relief of osseous pain, due to 
osteoporosis and myalgia, is less constant, incomplete and delayed. 
Analysis of our series shows complete relief of pain in 15%, incom
plete in 60% and none in 25%. Immediate postoperative pain improve
ment has never been registered. 

These data lend support to the role of the growth hormone (GH) and of 
Prolactine (LTH), both of close chemical structure, for the course of 
pain in bone metastases from hormono-dependent tumours. 

c) Time of action. Analgetic effects of hypophysectomy are variable 
in duration, lasting from a few days to 4 years in the extreme cases 
of our series. This surgical treatment does not prevent pain recur
rence due to other metastatic localizations. 

d) Associated objective resuZts are appreciated on the basis of peri
ods of survival, recalcification of lytic lesions, improvement of 
cutaneous signs (regression or resorption of nodules), and of local 
or regional signs (peri tumoral and periganglionic edematous infil
tration) . 

According to the technique used, roetgenographic improvement of bone 
lesions and cutaneous signs occur in 9 to 25%. However, the objective 
results seem essentially related to the group with longer period of 
survival. In group A the 2 patients objectively improved have sur
vived over a one-year period. In group Band C the same survival pe
riod has been noted in 15% of the cases. The mean survival period is, 
however, longer in group C, especially for the range covering 3 to 
12 months. 

A case reported by DUFY (7), where hypophysectomy alone without de
compressive laminectomy led to subtotal recovery of a metastatic para
plegia, demonstrates the objective effect of hypophysectomy. 

One can conclude, in view of these reports, that in each group there 
is a statistic relation between survival period and objective signs 
of relief. In individual cases this correlation is not so marked. One 
must also stress the fact that frequently efficient results in pain 
relief are noted without alteration of objective signs. However, im
provement of objective signs has never been recorded without relief 
of pain. We do not want to discuss here the remission of the disease 
as caused by hypophysectomy. This is difficult to establish on series 
that do not allow comparison in their evolutive course. In our cases, 
however, periods of remission of over 3 months are recorded in 50 to 
60%, similar findings have been stated in literature, and in LUFT and 
OLIVECRONA's report (19). 

e) LocaZization of the metastases. Comparison of the 3 series (Ta
ble 2) shows a more marked subjective improvement in cases of bone 
metastases alone. If viscera are also involved, the percentage of 
subjective relief falls, as also shown. BONIS and COVELLO (5) re
ported 164 cases of metastatic mammary cancer treated by radioactive 
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hypophysectomy. The authors stated that incidence of subjective im
provement wa~ no~ higher than in any other secondary localization. 
However, subJect~ve response to pain, mainly originated from bone 
localizations, is practically constant. However, this must not be 
the rule, as our ca~e 14 (Table 3) reported an important subjective, 
though delayed, rel~ef, although lymphatic node metastases were noted 
without bone involvement. 

In our experience, and in other series (5), failures were predominant
ly observed in older women, post-menopausic forms and generalized vis
ceral involvement. Prognosis in cases of isolated bone metastasis can 
not be based on localization and on radiological aspects. 

f) Nature of primary tumor. Despite our small experience (9 cases), 
subjective signs of improvement are more pronounced in breast rather 
than in prostatic cancer. If comparison of immediate postoperative 
results is possible, improvement is frequently transitory: a few days 
to a few weeks, as also noted by SEDAN and HARTER (26) and by FERGU
SON (8). The latter finds a lasting relief of metastatic pain in 45% 
of his cases. However, according to these authors, to STAUBITZ et al. 
(28), and to our own experience, subjective improvement (regression 
of perineal oedema, survival period) is more constant than in breast 
cancer. 

Complications 

A review of our results as related to the different techniques reveals 
a lower rate of postoperative mortality in groups Band C. It also 
indicates that surgical trans sphenoidal hypophysectomy in cases of 
tumor and metastases is not more hazardous than radioactive hypophy
sectomy • 

The incidence of diabetes insipidus is twice as frequent in cases sur
gically treated, while rhinorrhea is produced with the same frequency 
in radioactive hypophysectomy. Reoperation through a tranfrontal ap
proach has been undertaken 7 times in group B and once in group C. 
Two other patients belonging to group B, who underwent surgery for 
obturation of a rhinorrhea, died of meningitis. Finally, radioactive 
hypophysectomy may provoke late rhinorrhea all the more serious since 
the patients are out of hospital control and care. 

Indications 

Pain due to isolated bone metastases alone of hormonodependent tumors 
(breast, prostate) presents the ideal indication for hypophysectomy 
by transsphenoidal approach. However, an associated visceral metasta
sis must not outrule surgery radically, all the more if it does not 
threaten short-term survival. Absolute contraindications are cases of 
hepatic involvement, multiple intracranial metastases with intra
cranial hypertension and pleuropulmonary impairment with latent car
dio-circulatory disbalance. 

In our opinion the ideal technique is the transsphenoidal approach. 
Results are slightly better and complications less frequent (late 
rhinorrhea) by this route. Radioisotope irradiation is conducted when 
the general condition is mediocre or metastatic diffusion is advanced. 

This is the attitude we have adopted after reviewing our cases and 
the progress of our experience. 
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Associated surgical treatment 

We shall not discuss the moment and indications for hypophysectomy as 
related to other endocrine-suppressive surgery (ovariectomy, adrenal
ectomy, orchidectomy), since this has already been done by others for 
cases of breast cancer (1, 2, 3, 21, 22) and prostatic cancer (17). 
Nevertheless, in accordance with ROY-CAMILLE (25), we want to empha
size the importance of decompression-fixation procedures, using a 
metal plate screwed to pedicles bridging the metastatic vertebral 
lesion and providing stability in special cases of vertebral metasta
ses. We have applied this treatment in association with hypophysectomy 
in 3 cases (NOS 8, 18, 19, Table 3) and we have published elsewhere 
(12) the good results obtained thereby. 

Conclusion 

According to our experience, hypophysectomy has its place in the neu-
rosurgical treatment of pain. -

The ideal indication remains the metastases from breast cancer involv
ing bones only, although visceral localization does not outrule this 
surgery radically, under specific conditions. 

In prostatic cancer, relief of pain is obtained in a lower rate, but 
objective improvement is more frequent. 

From the physiopathological point of view, comparison can be made with 
the results obtained by hypophysectomy for the treatment of pain in 
cases of acromegaly and Cushing syndrome. As compared to the subfron
tal procedure and to the radioactive implants, the best approach re
mains the trans sphenoidal route. Thus, the best results are achieved, 
and complications are less frequent. Moreover, material is obtained 
for pathological examination whereby some pituitary metastases have 
been diagnosed. 

Finally, the association of surgical treatment with fixation of ver
tebral metastases by means of metal plates is reported as a complement 
to hypophysectomy in the relief of pain. 

Summary 

The authors report on 128 cases of hypophysectomy for treatment of 
pain in hormonodependent cancers. Three different techniques were 
employed: surgical hypophysectomy by subfrontal (8 cases) or trans
sphenoidal (20 cases) approach and radioactive hypophysectomy 
(100 cases). Breast cancer had better results as concerns pain relief 
than prostate cancer, but bone metastases of the latter showed better 
objective improvement. Pain relief was obtained in 60% to 75%. Trans
sphenoidal approach gave the best results and less complications and 
this is proposed as the treatment of choice. Despite the higher risk 
of rhinorrhea, radioactive hypophysectomy is considered as a valuable 
method in cases which otherwise present a high surgical risk. 
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Percutaneous Differential Thermal Trigeminal Rhizotomy for the 
Management of Facial Pain 

w. H. SWEET 

Introduction 

To discuss electrothermal destruction of the trigeminal pathways be
fore the German Neurosurgical Society is truly to bring coals to New
castle or owls to Athena. In particular one acknowledges the pioneer
ing work of the Heidelberg Professor KIRSCHNER (4). More important for 
us today are the excellent studies of Professor SCHURMANN and collea
gues (10), of ST5wSAND'S group (12) and the recent paper of our hosts 
MENZEL and your President Professor PENZHOLZ (5). 

My hope that it might be feasible differentially to destroy the poorly 
myelinated fibers for pain, in the trigger zones in trigeminal neural
gia and in the painful facial areas in other intractable neuralgias, 
has led me to continue work begun in 1955 with the heat generated by 
a radiofrequency current. This is transmitted to a cannula-electrode 
whose tip lies preferably among the trigeminal rootlets in cerebro
spinal fluid and behind the ganglion. This I first reported in my 
monograph on pain with Dr. WHITE in 1969 (22). The selective produc
tion of analgesia has usually been achieved as a consequence of the 
following aids: (1) Electrical generators of a precisely controllable 
heat source; (2) small thermistors measuring the heat developed; 
(3) neurolept anasthetics to keep the patient calm and cooperative for 
sensory testing; (4) ultra-short-acting Methohexital (Brevital) to 
produce brief unconsciousness during the painful parts of the proce
dure; and (5) patient application on only 5 - 100 C. increments of 
heating each lasting 1 minute or less. Even when Dilantin and Tegretol 
are giving not quite adequate relief at tolerated doses, many patients 
are unwilling to take the 1+% mortality risk and the larger risk of 
extratrigeminal morbidity entailed by open operation in the middle or 
posterior fossa. The fact that we can not offer a procedure with a 
mortality and extratrigeminal morbidity close to zero has led to an 
increasing influx of patients to clinics where this operation is done. 
In the last 23 months, for example, I have personally done 177 of 
these procedures. 

I propose in this paper to describe what to some may appear to be ex
cessively elaborate safeguards not only to keep the extratrigeminal 
morbidity near zero, but also to reduce the undesired intratrigeminal 
morbidity. 

Clinical Material 

My conclusion are based mainly on the 669 procedures on 570 patients 
which have been done at the Massachusetts General Hospital since I 
initiated the method in October 1965. The diagnostic categories and 
the number of procedures in each are shown in Table 1. I use the term 
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atypical trigeminal neuralgia, much as does TAARNH¢J (13), to describe 
those patients whose paroxysmal pains occur on a background of contin
ous aching or burning, or have other atypical features such as incon
sistent provokability of the pain or spontaneous hypesthesia. 

Table 1. Differential thermal rhizotomy 

Diagnosis 

Typical V neuralgia 

Atypical V neuralgia 

Multiple sclerosis 

Cancer 

Post-herpetic neuralgia 

Periodic migrainous neuralgia 

Trigeminal neuropathy 

Central pain 

Post-traumatic neuralgia 

Atypical facial neuralgia 

Total 

# of 
patients 

430 

54 

16 

20 

3 

8 

3 

2 

16 

18 

570 

# of 
procedures 

505 

58 

22 

23 

3 

9 

3 

2 

17 

27 

669 

I shall depart from the usual policy in presenting a scientific paper 
by first summarizing the results we and others have obtained with dif
ferential thermal rhizotomy in trigeminal neuralgia, and then indica
ting how we are trying to improve these results in all types of facial 
pain. Table 2 shows the late recurrence rate. The longer the followup 
the higher this is. THIRY'S figures (15) refer fo his entire series 
from 1950 thru 1970. My 28% figure refers only to the 125 patients 
followed for more than 4 1/2 years and up to 9 years. In the unusual 
series of our host Professor PENZHOLZ (5) 315 cases were followed for 
an average of 12.7 years with a relapse rate of 80%. 46.6% of these 
occured during the first two post-operative years. Those operations 
were done before the present refinement became available. Table 2 also 
depicts the encouraging lack of significant morbidity and almost no 
mortality which has been the feature of all reports. The only 2 deaths 
in the series of NUGENT (6) and STnWSAND (12) (not cited in the table) 
occured in debilitated patients aged 87 and 91 years respectively from 
pneumonia. To avoid this we use much less neurolept anesthesia and 
prophylactic broad spectrum antibiotics in the ultra-frail patients. 

Technique and its Rationale 

I shall discuss only the features relevant to increasing the safety 
and precision of HARTEL's anterior approach to the foramen ovale. It 
is usually so easy by the free hand approach to enter this foramen, 
that I use neither fluoroscopy nor special aiming apparatus. If this 
tactic fails the oblique position of the head for fluoroscopy and a 
film as suggested by WHISLER (21) and by ONOFRIO (7) are helpful. The 
head is hyperextended if necessary and rotated 15 - 20 0 away from the 
side of the pain. At times the foramen ovale is hard to make out in 
any projection. A useful guide to it is the foramen spinosurn. This 
smaller opening in the denser sphenoid spine, is more readily identi-
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fied by virtue of the contrast. In only one patient in the past 2 
years has it been impossible for me to enter the foramen ovale. In 
patients with either cancer, PAGET's disease or basilar impression in 
whom the landmarks were destroyed, I have nevertheless been able to 
make lesions in the ganglion or rootlets. 

Table 2. Differential thermal rhizotomy 

# of pa- # of Late Permanent Death Corneal Severe 
tients proce- recur- extra V anes- dyses-

dures rence loss thesia thesias 

NUGENT 65 72 0 8% 4,6% 

ONOFRIO 135 142 12% 0 0 7,4% 1,5% 

SCHURMANN 285 351 5% 0 0 0,4% 

SIEGFRIED 34 35 0 0 

SWEET 484 563 28% 0 0 5,1% 1,2% 

TEW 205 12% 0 0 12 % 0,5% 

THIRY 365 441 18,8% 1 hemi- 0 4,2% < 3,5% 
plegia 
XII 

TURNBULL 41 44 12% 0 0 20% 2,4% 

From the approach 2,5 - 3,0 em lateral to the labial commissure there 
may be 3 basal cranial openings other than the foramen ovale which 
can enter. Fig. 1 shows a spurious oval foramen which may be formed 
by failure of ossification of part of the wall of the intrapetrous 
canal for the carotid artery. I have traversed this vessel and en
tered the intracranial cavity in a cadaver; thus far I have avoided 
this in vivo. I have also entered the intracranial cavity in the pos
terior fossa on one occasion at which my initial cannula-electrode 
placement yielded slightly pink spinal fluid. Stimulation at 0,6 V 
with our usual 60 cycle square wave pulse of 1 duration caused a 
sensation in the ipsilateral throat alongside the pharynx. Fig. 2 a 
and b reveals that I had wandered into the antero-medial component of 
the jugular foramen which represents its pars nervosa. In the 1 sub
sequent patient I have had with intractable vago-glossopharyngeal neu
ralgia I could enter only the pars venosa, the jugular bulb, despite 
rereated attempts with the assistance of my neuroradiologic colleague 
Dr. New. I mention this because one of you, knowing about this percu
taneous route to the roots of cranial nerves IX and X, may be able to 
do better. I also unintentionally entered on 5 occasions a small fora
men anterior to the foramen ovale lateral to the base of the lateral 
pterygoid plate not present in many skulls. DE ROUGEMONT (9) had de
scribed to me a similar experience, referring to the opening as a 
"trou inomine". In the first patient in whom I did this, virtually 
clear spinal fluid appeared after my tentative electrode placement. 
Gradually increasing the electrical stimulation, I was in the 4,5 volt 
range when a brief convulsive seizure occured with turning of head and 
eyes to the opposite side. I then took a lateral radiograph which 
showed the electrode tip athwart the profile of the anterior wall of 
the sella. It had to be lying medial to the temporal lobe and lateral 
to the cavernous sinus. This experience has led me not to use a stim
ulus above 1,5 volts since then. Intracranial entry thru this anterior 
foramen led to no sequel in 3 patients. Fig. 3 a shows the position in 
one of them. However, in the fifth patient treated only 1 month ago 
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there occurred the first neurologic deficit outside the trigeminal 
zone in the Massachusetts General Hospital series. I had just taken 
the film shown in Fig. 3 b when I noted proptosis of the ipsilateral 
eye. The eye was blind and the IIIrd, IVth and VIth cranial nerve 
functions were impaired. There was no change in any aspect of trigem
inal sensation. The electrode was removed and within a few minutes 
vision began to return. To my great relief the entire deficit cleared 
within 2 days and I made the appropriate trigeminal lesion on the 
third day. It was a graphic demonstration of the way xn which abrupt 
increase in pressure from bleeding near a nerve can cause immediate 
gross, though temporary, impairment of function. 

On one other occasion, that time the electrode tip shown by the 
radiographs in a position usually excellent for a lesion, an arterial 
puncture was revealed by my withdrawal of the stilet. Prompt removal 
of the needle was followed by an uneventful lack of clinical change 
in the patient and no blood in her lumbar CSF. However, I elected to 
treat her by open operation. 

The hazards of vascular injury from inserting a sharp electrode tip 
for a heat lesion are of course much greater than from using a needle 
to inject a chemical. For example, HARRIS (2) by 1940 had treated over 
2500 cases of trigeminal neuralgia by intracranial alcohol injection 
and THUREL's (16, 17, 18, 19) series of such treatments for facial 
pain had reached 3000 cases by 1961 - with only modest numbers of 
extratrigeminal complications. Contrariwise KIRSCHNER's electrocoag
ulation methods yielded so many complications that the method fell 
into disrepute in some quarters. To decrease the chance of vascular 
injury - hemorrhage or thrombosis - I have always introduced a device 
of the smallest feasible diameter, a 20 gauge needle (outside diameter 
0,89 mm). An 18 gauge needle has the much larger diameter of 1,23 mm. 
I am exploring the use of a more rigid shaft of 0,7 rr~ diameter. I 
think it may be important also not to insert a small sharp 1esion
making electrode beyond the outer sheath needle, as is done by a num
ber of neurosurgeons. One has no warning that the point may have pe
netrated a vessel wall e. g. the cavernous sinus, which would not 
bleed until after the heat lesion is made. APFELBAUM (1) has kindly 
given me a detailed account of a major sequel involving this tactic. 
Lesion making was underway following satisfactory reference of sen
sation on stimulation with a solid electrode extending 5 rom beyond 
the cannula when the patient became progressively less cooperative. 
He drifted into coma with a contralateral hemiplegia and ipsilateral 
dilated fixed pupil before the neurosurgeon could remove a large ap
parently intratempora1 hematoma. The hemiplegia persists. THIRY (15) 
has also reported one permanent and one temporary hemiplegia in pa
tients in whom an arterial puncture was done during the course of in
troducing the needle electrode. I have stopped the procedure when I 
have punctured an artery, returning to complete it another day. Thus 
far there has been no sequel. This totally elective procedure can be 
stopped at any second and we should not hesitate to use this advan
tage. 

One patient with a unilateral hearing loss on the side of his pro
vokab1e paroxysms of pain refused diagnostic studies until after his 
pain was relieved by a heat lesion. Vertebral angiogram disclosed a 
fusiform dilation of the basilar artery 5 cm long and 2 cm in diame
ter. The electrode tip had been about 5 rom from this huge vessel. I 
tell patients with probable symptomatic trigeminal neuralgia about 
this experience when they demand treatment without full diagnosis. 
Table 3 lists these and other intraoperative complications. The 
second patient with a seizure, severely ill with a collagen disease, 
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Table 3. Intraoperative complications 

Seizure 

Cardiac episode 

Brief paralysis II, III, IV, VI 
III (lidocaine) 

2 

3 

Arterial blood (intracranial in 1) 7 

Venous blood 16 

Hematoma cheek 2 

had it merely upon hyperextension of her head. The 3 cardiac episodes 
provoked no sequel. They include 2 with precordial pain and gave us 
a valuable warning to stop the procedure. When we encountered venous 
blood intracranially, presumably from puncture of the cavernous si
nus, we replaced the electrode and continued the operation. One pa
tient developed such massive hematomas in the cheek on 2 successive 
occasions that the procedure was terminated. There were many other 
minor hematomas in the cheek. 

To increase our precision we do thorough sensory and electrical sti
mulation testing after each increasement to the lesion. The thresh
old sensory reponses to square wave pulses and to radiofrequency 
heating are checked each time since the reference of sensation may 
change. Prior to the first lesion we of course seek to have the sen
sation referred at each.type of stimulus only to the division to be 
partially destroyed. As the lesion is increased stepwise most of that 
division's fibers may become unresponsive and the sensation be re
ferred to a neighboring division. Especially when this is the first 
division we withdraw the electrode slightly or heat it again with 
greater caution. The crucial datum is the sensory testing after each 
episode of heating. In my last 158 procedures the sensory loss ap
peared in a division to which stimulus sensation was not referred in 
9 patients when the stimulus was heat and in 8 patients when the 
stimulus was a square wave pulse. 

The principal problem in avoiding corneal anesthesia has been the 
abrupt tendency for all sensation in the first division to disappear 
as one is seeking to complete a second division lesion or produce 
some higher analgesia because of a first division trigger zone or 
pain. To decrease the incidence of corneal anesthesia I have used the 
index of facial flushing, a change which may be striking, and gradu
ally appears during the heating in over half of the cases while the 
patient is unconscious. Analgesia may not develop in the zone of 
vivid flushing so the sign may be a false alarm. However, it proved 
a true warning of evolving first division loss after much less than 
the usual one minute of heating in at least 5 patients in whom cor
neal anesthesia was averted. An even more reliable way to avoid major 
first division loss is to carry out the last lesion or two with the 
patient conscoius enough to moan, wince or describe sharpness upon 
pinprick. When vigorous jabs in the forehead no longer cause this 
reponse the heating is stopped. This is the most certain way I know 
to avoid corneal sensory loss. Table 4 compares our earlier and most 
recent results with respect to first division analgesia and corneal 
anesthesia. In the later group a higher percentage had some other 
syndrome than trigeminal neuralgia requiring the achievement of first 
division sensory loss. I am, however, disappointed that 5,7% of these 
later patients still had corneal anesthesia. The response to sensa-
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Table 4. Corneal sensation 

Operations V1 analgesia V1 analgesia Corneal 
intended unintended anesthesia 

First 353 8.0% 4.5% 8.0% (29) 

Next 177 10.7% 5.7% 5.7% ( 10) 

Other Postoperative Complications 

Aseptic meningeal reaction 

Dysphagia (preexistent hemiplegia on 
side opposite pain) 

Anesthesia dolorosa 7 

Analgesia dolorosa 6 

Late temporal lobe abscessa 

aA much more serious complication has just been reported to me. In 
this patient I had required 3 procedures within 5 days to secure ade
quate analgesia. Five weeks later there began lethargy, difficulty in 
concentration, and a contralateral hemiparesis including the face. 
Dr. Robert KNIGHTON removed a well encapsulated temporal lobe abscess 
1 week later from which the patient made a good recovery. 

tion of the cornea is so predominantly one of pain that there is a 
very fine line between an analgesic and an anesthetic cornea. At 
present I am trying to decrease the incidence of anesthesia here by 
settling for hypalgesia in the first division. This will of course 
increase our number of prompt failures. These occurred 37 times 
(5,5%) after our 669 procedures to date. The sensory loss was inade
quate or receded in a few days and the pain recurred. 

Other Post-Operative Complications 

Table 4. The aseptic meningeal reaction with 712 white cells/crnrn in 
the lumbar CSF, severe headache and nuchal rigidity lasted less than 
24 hours. The dysphagia in 1 patient, with a pre-existent R. hemi
plegia and hemi sensory loss and a global aphasia, was apparently 
related to bilaterally inadequate sensory cues for swallowing. He 
could always take liquids and the symptom gradually improved. Inci
dentally, it was possible to make a differential analgesia confined 
to the second and third divisions in this speechless man by observing 
his facial motor response to pin prick. I do not include mastiaator 
weakness or paralysis as a complication; this gradually or promptly 
recovers and causes no significant disability. I make no special ef
fort to preserve the motor fibers except in persons with mUltiple 
sclerosis, in young individuals (who may have V neuralgia as the 
first symptom of multiple sclerosis), and those with bilateral at
tacks. A convenient way to check proximity to the motor fibers is to 
use single shocks which cause an obvious muscle twitch. A more later
al placement of the electrode is then necessary. I have always been 
able to avoid masticator paralysis given the above indications for 
taking the trouble to do so. 
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The principal complications in addition to the corneal anesthesia are 
the disagreeabZe sensations reZated to sensory Zoss. The severest 
form of this problem is of course anesthesia dolorosa, the denerva
tion state in which the patient finds the constant sensations accom
panying total numbness of an area intensely distressing or even 
intolerable. It was the hope that preservation of some touch sensa
tion would eliminate this sequel to trigeminal rhizotomy which has 
led.me to concentrate on the procedure described. As we study these 
pat1ents postoperatively, however, it is apparent that there may be 
not only an a~esthesia dolorosa, there is also analgesia dolorosa, a 
constantly pa1nful state - even though some touch sensation is con
served. I have even had one patient whose trigeminal neuralgia was 
converted to a hypalgesia dolorosa. He could distinguish both touch 
and pin prick at high threshold in an upper gum but was grossly ham
pered in practicing law by a new, relentlessly constant, profoundly 
distressing feeling in that area unrelated to local stimuli. 

Direct questioning of the patients after operation reveals a contin
uous spectrum of abnormal sensations from none through mildly and mod
erately to severely annoying. I have classified them as severe when 
they interfere with the patient's productivity or lead him repeate'dly 
to seek help for them. There was severe anesthesia dolorosa in 7 pa
tients, 4 of whom had trigeminal neuralgia, and a severe analgesia 
(or in 1 patient hypalgesia) dolorosa in 6 patients, 2 of whom had 
trigeminal neuralgia. 

In a detailed analysis of postoperative sensation in 132 consecutive 
patients with at least some analgesia after this operation 60% were 
aware of some change in sensation; 12% were somewhat bothered by numb
ness and 25% were unhappy about other sensations. These were vari
ously described as little electric shocks, stinging, windburn, sore
ness, cramps, pinching, itching, painful vibrations, scorched feeling, 
"a bug with wiry feet crawling in the lips" - etc. Eight had sen
sations referred to the ear - a blocked or queer feeling or a "film 
over the ear canal" related to the expected analgesia of the anterior 
wall of the external auditory canal as part of the third division 
loss. One of the 8 had a major roaring in the ear. Eight more had 
problems referred to the nearly normal sentient eye; in 4 it watered 
too much; in 1 it was too dry; in 2 it burned; in 1 it itched. 1 

SCHtiRMANN has also pOinted out the high incidence of minor side ef
fects from the procedure in patients with trigeminal neuraZgia. 45% 
of his patients disliked the sensations in the analgesic tongue and 
2% bit their tongues. In general 10% of his patients disliked their 
paresthesias and in 6% cold and wind irritated the face. Similar 
figures for incidence of paresthesias are reported by others: TEW 
(15%) (14), THIRY (10.9%) (15), TURNBULL (10%) (20). 

I have sought to deal with this problem by 2 tactics. 1) Retrogas
serian differential lidocaine block and 2) appraisal, of the patient's 
subjective reaction to his sensory loss after each increment to the 
lesion during operation. 

1RIFKINSON (8) has described to me a trigeminal neuralgia patient 
of his with a retrogasserian rhizotomy on one side about 6 years be
fore, producing analgesia and anesthesia. A recent radiofrequency 
(RF) heat lesion for tic pains on the other side yielded analgesia 
without anesthesia in all 3 divisions here. The RF lesion on the 
second side has been followed by continuing profuse bilateral lac
rimation persisting for several months. The tic pains remain re
lieved. 
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The incidence of dysesthesias in patients who do not have trigeminal 
neuralgia is much higher. In them, I now do initially a differential 
lidocaine block to give the patient a temporary sample of the facial 
sensations associated in him with the analgesic but non-anesthetic 
state. With the electrode cannula tip among the trigeminal rootlets 
as determined by the same technique as that for making a lesion, I 
have found that as little as 0.1 cc to 6 cc of 1% lidocaine were re
quired to produce this analgesic state. Even if the sensory loss pro
gresses to full anesthesia to touch it will usually recede through a 
state of analgesia to pin prick for 5-15 minutes so that the patient 
and doctor have a chance to determine if the constant or the paroxys
mal provokable pains are relieved and the new sensations of numbness 
or paresthesias are acceptable. If as the analgesia clears, the pa
tient is uncertain, the analgesic state can be restored with a few 
more drops of lidocaine and the patient can resume his introspection. 
The electrode cannula is inserted under Methohexital anesthesia but 
with no Innovar in order to decrease confusion from this latter chem
ical cause. Table 5 summarizes the results after such tests in the 8 
disorders mentioned. No lesion was made in any patient unless he was 
satisfied with the relief of pain and the new sensations which re
placed it after a block producing analgesia. 

Table 5. Lidocaine block V rootlets 

Acceptable Needed Relief 
Pain diagnosis # of relief with no with 

cases block lesion lesion 

Atypical trigeminal 3 2 2 

Post-traumatic 4 3 1 2 of 2 

Periodic migrainous 7 3 2 0 of 

Acromegaly 1 1 of 

Post-herpetic 4 V2 lesion 
not achieved 

Atypical facial 19 6 No lesion 
yet in 2 1 of 4 

Trigeminal neuropathy 3 0 

Hyp- or analgesia 2 0 
dolorosa 

The atypical facial neuralgias have remained our major bete noir. 
In our first series of 274 patients not one of the 14 patients in 
this intransigent group was relieved. We have submitted another 19 
to preliminary lidocaine block. Only 6 of them were clearcut in de
scribing relief; we made lesions in 4 of these. Only one of the four 
is a success. However, my hope that preservation of touch fibers in 
these patients would not only decrease denervation dysesthesias but 
preserve some pain suppressor mechanisms hypothesized by WALL and me 
to travelling in the large myelinated fibers has not been realized. 

The second tactic I now use in all of the patients during the proce
dure is to ask their subjective appraisal of the annoyance of the 
sensations accompanying sensory loss after each increment to the 
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lesion. Many are emphatic about preferring much more numbness in the 
hope of permanent elimination of their agonizing paroxysms. Others, 
though, are wary about the new sensations ans especially if one cannot 
provoke a bout of pain they prefer to settle for hypalgesia. Asking 
the patient to participate in the decision re the extent of his lesion 
leads to less dissatisfaction when the pain returns and less grumbling 
about dysesthesias. Of course the sensations during either a dif
ferential block or a lesion do not cover the gamut of those probably 
occurring later. We can assure patients that subsequent operations are 
no more difficult to complete than the original one. This makes them 
less uneasy about stopping with hypalgesia. 

The degree of preservation of touch varies greatly in some areas 
the threshold for a calibrated hair is in the 30 to 90 gram range and 
is more appropriately described as a sense of painless pressure. In 
skin analgesic to pin jabs, many patients, however, have touch thresh
olds only moderately elevated such that they localize most calibrated 
hairs of 1.2 to 5 g corresponding roughly to touch with cotton or 
gauze. The thresholds on the homologous normal side run from 200 mg 
to 1.5 g. The complaints of paresthesias tend to be worse in those 
with the severe loss of touch. 

Results Re Pain 

Trigeminal neuralgia. In the patients both in the typical and atypical 
categories with or without multiple sclerosis, the production of anal
gesia in the trigger zone relieves virtually all of them. I have seen 
only one exception to this - a man in whom I made over a 6 year period 
6 radiofrequency lesions with only a year or less of relief each time, 
finally producing dense sustained trigeminal analgesia everywhere but 
the corner of the mouth. From trigger areas in the markedly hypes
thetic upper lip, tongue and chin severe paroxysms could still be pro
voked. In addition he now had constant pain. At my operative exposure 
of the trigeminal nerve at the pons a convincing posterior indentation 
into all the trigeminal rootlets, but mainly the motor ones, by 2 
branches of the superior cerebellar artery was seen. These branches 
could be displaced above and parallel to the trigeminal rootlets as 
described by JAN ETTA (3). I cut all but the most medial presumably 
motor rootlets, and the patient has been completely free of pain for 
the last 3 years. 

The results in the 7 other types of facial pain deserve a more de
tailed analysis and will be described elsewhere. 

Table 6. Preservation of some touch 

Some touch throughout analgesic skin 

Touch partially in analgesic skin 

Analgesia and anesthesia coincided 
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68% 

23% 

9% 

My last 165 
operations 

72% 
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Conclusions 

The encouraging results of differential thermal rhizotomy in the 
treatment of trigeminal neuralgia can be improved and the technique 
applied to selected patients in other categories of facial pain by 
(1) diagnosis of and prophylaxis for potential medical problems 
especially in the very frail; (2) the use of an electrode of minimal 
diameter with a lumen extending to its tip; (3) careful attention to 
the initial trajectory of the electrode shaft; (4) repeated moni
toring by radiographs of electrode placement, and of lesion evolution 
by thermistor readings, 2 forms of the areas of facial flushing, and 
the patient's own report of his sensory loss and dysesthesias; (5) 
completion of the lesion in critical areas with the patient semicon
scious and undergoing continuous testing with pin pricks; (6) accep
tance of severe hypalgesia as the therapeutic goal in those patients 
who agree; (7) a preliminary trial of differential lidocaine block 
in the trigeminal rootlets in those patients with facial pain who do 
not have trigeminal neuralgia. 

REFERENCES 

1. APFELBAUM, R.I.: personal communication 1974. 

2. HARRIS, W.: An analysis of 1433 cases of paroxysmal trigeminal 
neuralgia (trigeminal-tic) and the end-results of Gasserian 
alcohol injection. Brain &}, 209 - 224 (1940). 

3. JANETTA, P.: Personal communication 1974. 

4. KIRSCHNER, M.: Zur Elektrochirurgie. Arch. Klin. Chir. 167, 761 -
768 (1931). 

5. MENZEL, J., PIOTROWSKI, W., PENZHOLZ, H.: Long-term results of 
Gasserian ganglion electrocoagulation. J. Neurosurg. j1, 40 - 143 
(1975) . 

6. NUGENT, G.R., BERRY, B.: Trigeminal neuralgia treated with 
percutaneous radio frequency lesions. J. Neurosurg. 40, 517 - 523 
(1974) . 

7. ONOFRIO, B.M.: Radiofrequency percutaneous Gasserian ganglion 
lesions. Results in 140 patients with trigeminal pain. J. 
Neurosurg. j1, 132 - 139 (1975). 

8. RIFKINSON, N.: Personal communication 1974. 

9. DE ROUGEMONT, J.: Personal communication 1973. 

10. SCHURMANN, K., BUTZ, M., BROCK, M.: Temporal retrogasserian 
resection of trigeminal root versus controlled elective persuta
neous electrocoagulation of the ganglion of Gasser in the treat
ment of trigeminal neuralgia. Report on a series of 531 cases. 
Acta Neurochir. (Wien) ~, 33 - 35 (1972). 

11. SIEGFRIED, J.: Un nouveau traitement neurochirurgical de la 
nevralgie du trijumeau: analgesie sans anesthesie. Neuro
Chirurgie 22, 585 - 587 (1973). 

12. STOWSAND, D., MARKAKIS, E., LAUBNER, P.: Zur Elektrokoagulation 
des Ganglion Gasseri bei der idiopathischen Trigeminus-Neuralgie. 
Nervenarzt!i, 44 - 47 (1973). 

13. TAARNH¢J, P.: Decompression of the trigeminal root. J. Neurosurg. 
1..1.-, 299 - 305 (1954). 

14. TEW, J., MAYFIELD, F.: Trigeminal neuralgia: A new surgical 
approach. (Percutaneous electrocoagulation of the trigeminal 
nerve.) Laryngoscope~, 1096 - 1101 (1973). 

283 



15. THIRY, S., HOTERMANS, J.M.: Traitement de la nevralgie essentielle 
du trijumeau per stereotaxie et electrocoagulation partielle 
selective du ganglion de Gasser. Experience portant sur 365 cas 
traites entre 1950 et 1970. Neuro-Chirurgie 20, 55 - 60 (1974). 

16. THUREL, R.: Nevralgie faciale et alcoolisation du ganglion de 
Gasser. Sem. Ther. 37, 608 - 610 (1961a) also Reve. Neurol. 104, 
75 - 77 (1961a). -

17. THUREL, R.: Alcoolisation du ganglion de Gasser et diffusion de 
l'alcool aux formations nerveuses du voisinage. Rev. Neurol. 104, 
78 - 79 (1961b). 

18. THUREL, R.: Nevralgie faciale et sclerose en plaques. Rev. Neurol. 
105, 346 - 347 (1961e). 

19. THUREL, R.: Nevralgie faciale et nevrite du trijumeau. Rev. 
Neurol. 105, 347 - 349 (1961£). 

20. TURNBULL, I.: Percuntaneous rhizotomy for trigeminal neuralgia. 
Surg. Neurol. l, 385 - 392 (1974). 

21. WHISLER, W., HILL, B.J.: A simplified technique for injection 
of the Gasserian ganglion, using the fluoroscope for localization. 
Neurochirurgie 12, 167-172 (1972). 

22. WHITE, J.C., SWEET, W.H.: Pain and the Neurosurgeon. A Forty Year 
Experience. Springfield 111.: Charles C. Thomas 1969. 

Fig. 1. Electrode traverses foramen ovale. Posterior to this is a 
larger oval foramen (arrows) due to incomplete ossification of the 
canal for the intrapetrous internal carotid artery. This is an in
constant but dangerous route to the intracranial cavity. (Courtesy J. 
Neurosurg. ~: 146, 1974) 
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(a) 

(b) 

Fig. 2 a, b. Electrode tip has passed below the base of the skull 
lateral to the foramen ovale and medial to the internal carotid 
artery and the spinous process of the sphenoid bone to penetrate into 
CSF in the antero-medial component of the jugular foramen, its pars 
nervosa. (Arrows) In this position it might have been feasible to 
make a differential lesion in the vago-glossopharyngeal rootlets 
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(a) 

(b) 

Fig. 3.a,b. 
The electrode 
placement in one 
pateint depicted 
in 3.a caused no 
clinical sign or 
symptom; the 
placement in an
other patient 
shown in 3.b was 
followed at once 
by a temporary 
ipsilateral 
proptosis and a 
temporary deficit 
in cranial nerves 
II, III, IV and VI. 
(The horizontal 
electrode is the 
ground electrode 
beneath the tem
poral sclap) 



Results of Percutaneous Controlled Thermocoagulation of the 
Gasserian Ganglion in 300 Cases of Trigeminal Pain 

J. SIEGFRIED 

Introduction 

Every year some 5.000 to 10.000 new patients suffer from trigeminal 
neuralgia in the United States (20), as compared to 2.500 in West 
Germany and 250 in Switzerland. Three drugs can be recommended in the 
treatment of this disease: Diphenylhydantoin (Dilantin), Carbamazepi
ne (Tegretol) and Clonazepam (Rivotril). The results of medical treat
ment are good, but still controversial. In a double blind study of 
Tegretol, (the drug which is probably the most commonly used) KILLIAN 
and FROMM (4) showed that only 70% of the patients had continuous re
lief for periods up to 36 months. Over the years, more and more pa
tients have recurrence of pain, despite the increased dosage of the 
drug. However, the incidence of serious side-effects requiring with
drawal of the drug (rash, leukopenia, thrombocytopenia, aplastic 
anemia, abnormal liver function tests, etc.) varies from 5% to 19% 
(4,8). The best indicator of successful treatment of trigeminal neu
ralgia is not a decrease in intensity and frequency of the pain 
attacks, but a definitive disappearance of the neuralgia. This can 
not be achieved by conservative therapy in all cases. The surgical 
treatment of trigeminal neuralgia has a long story and a large num
ber of procedures were proposed: alcohol injection and avulsion or 
section of the sensory root of the nerve distal or proximal to the 
ganglion. However, lesions peripheral to the gasserian ganglion are 
usually effective for only a limited period of time, whether in-
duced by injection of caustic agent, thermally or by direct surgery. 
The classical division of the preganglion generally relieves the pa
tient of his neuralgia permanently, but it is a major neurosurgical 
procedure, with possible severe complications, particularly in the 
elderly, which constitute the majority of the patients suffering from 
trigeminal neuralgia, Besides, it produces facial anesthesia, a 
condition poorly tolerated by as much as 20% of those who undergo the 
procedure and intolerable in a smaller but not negligible percentage 
(19). Postoperative anesthesia dolorosa is one of the worst compli
cations in 4,8% (5), besides corneal keratitis, extraocular palsy, 
hemiparesis and aphasia. The percutaneous approach to the gasserian 
ganglion introduced by HARTEL avoids the complications of a major 
neurosurgical operation and its use for more than 60 years has con
firmed its effectiveness. The technique of coagulation of the trigem
inal ganglion, introduced by KIRSCHNER, has been largely used in the 
last 40 years, particularly in Europe, but was abandoned in many 
places because of complications resulting from the uncontrollable 
spread of heat to adjacent cranial nerves and arteries. Since 1950, 
THIRY (17, 18) using the relatively crude surgical diathermy for 
electrocoagulation, had already Been able to produce no objective 
sensory loss or only an hypesthesia in many cases by applying less 
current to the electrode. SCHURMANN et al. also used partial electro
cuagulation, checking the sensory deficit each time after a repeated 

287 



short period of electrocoagulation (10). In 1965 W.H. SWEET (14) in
troduced the particularly valuable technique of controlled thermo
coagulation of the trigeminal ganglion. Assuming that the less myeli
nated small pain fibers (A-delta and C) are more sensitive to the 
heat transmitted through and electrode than the heavily myelinated 
A-beta touch fibers, graduated controlled thermocoagulation could 
produce differential destruction of pain fibers (15). We were able 
to confirm this assumption recently in experimental neurophysiologi
cal studies (1). The large experience obtained by SWEET in 353 such 
procedures up to 1974 (16), including our own (6, 11, 12), confirm 
clinically all most valuable advantages of the SWEET's modification 
of KIRSCHNER's percutaneous electrocoagulation of the preganglion 
rootlets and we will present here our 3-years experience with 300 
cases (1972 - 1974). 

Method 

The technique of the percutaneous-controlled thermocoagulation of 
gasserian ganglion as described in detail by SWEET (16) and by us 
(13) will be only mentioned briefly. 

The anterior approach to the foramen ovale by percutaneous puncture 
technique as described by HXRTEL (2) is used. Improper placement of 
the electrode is very unusual. On 3 occasions we penetrated the carot
id artery through the foramen lacerum. We have, nevertheless, in each 
case, performed the operation as planned. The electrode is a hollow 
20-gauge insulated with an exposed tip of 5 - 10 mm. SUbmentovertex 
and lateral skull films are made to confirm the needle placement 
radiologically. Low voltage stimulation is performed until paresthe
sias are reported in the trigeminal division responsible for pain. 
Under an ultra-short-acting barbiturate, a radio frequency current is 
generated to produce a temperature of 650 C for 60 sec as measured by 
a thermistor at the needle tip. A sensory testing is than performed. 
If a dense hypalgesia or analgesia to pinprick in the division medi
ating the pain is not obtained, successive lesions are made until 
the result is achieved. 

Material 

From February 1972 to December 1974, 300 patients suffering from tri
geminal pain underwent percutaneous controlled thermocoagulation of 
gasserian ganglion. 245 patients were suffering from the classical so
called essential (idiopathic) trigeminal neuralgia (tic-douloureux), 
38 from atypical facial pain, and 17 from symptomatic trigeminal neu
ralgia (10 cases of disseminated sclerosis and 7 cases of miscella
neous ethiology, mainly tumors) (Table 1). 

Table 1. 

"Idiopathic trigeminal neuralgia" 
(Tic douloureux) 

Atypical trigeminal neuralgia 

Symptomatic trigeminal neuralgia 

245 

38 

17 

The youngest patient was 20 years old at the time of the procedure 
(atypical facial pain), the oldest 89 years old (tic douloureux). 
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Fig. 1 indicates the age distribution of these patients, with a mean 
age of 62 years. The sex-ratio is not remarkable: 148 males and 152 
females. The operation was performed 172 times on the right and 128 
times on the left side. The projection of pain in the second root was 
most commonly observed. Figure 2 shows the pain distribution when 
only one root was affected (left figure) and when two or ocasionally 
three roots were involved (right figure). The number of coagulations 
necessary to obtain a sufficient analgesia varies from 1 to 9 but in 
103 cases, only 1 coagulation of 60 seconds and in 84 cases 2 coag
ulations were made. The average number of coagulations performed in 
our series is two. The duration of the trigeminal pain extended from 
1 month to 30 years prior to operation. 

Results 

1. "Idiopathic" Trigeminal Neuralgia (Tic Douloureux) 

All 245 patients suffering from tic douloureux underwent the opera
tion after transient success or partial amelioration or unsuccessful 
treatment with drugs. Alcohol injections into the gasserian ganglion 
had been previously performed in 92 patients once or more times. A 
retrogasserian rhizotomy of the Spiller-Frazier type had been pre
viously performed in 23 cases and one patient had been operated on 
according to the technique of Dandy. Acupuncture was tried in a large 
number of cases without any improvement. 

Percutaneous controlled thermocoagulation was repeated 3 times within 
2 days because analgesia or hypalgesia was not obtained following the 
first procedure and pain attacks recurred on the first postoperative 
day. All patients were painfree following the procedure but recur
rence of pain took place between 6 months and 2 1/2 years in 15 pa
tients (5.8%) (Table 2). In these 15 cases, mild or strong analgesia 
was not achieved by thermocoagulation, and when the patient was dis
charged from the hospital we already had the feeling that the success 
would be only transitory. The majority of these patients was rather 
old and the neurological examination following thermocoagulation and 
short anesthesia was not satisfactory since the patient did not give 
convincing answers. 

Analgesia or marked hypesthesia was obtained in 215 cases (87.7%). 
Immediately postoperatively, an impairment in touch sensation (moder
ate hypesthesia) was seen in 199 cases (81%), but this number decrea
sed in the following weeks so that after a few months a normal touch 
sensation was present in 98 cases (40%). In 26 cases (10.6%) post
operative anesthesia remained unchanged during the follow-up time, 
but anesthesia became dolorosa in only 1 case (Table 3). In 15 cases 
anesthesia involved the territory supplied by the first and second 
roots and, as a complication, keratitis had to be treated in 4 pa
tients. In one case, following a corneal scarring an important dimi
nuition of sight was observed. It is generally admitted that the 
cornea has no tactible sensation. We do not want to discuss this 
problem here, but we have observed, in many patients operated on for 
the first and the second root pain, that analgesia and slight anes
thesia are not enough to suppress all corneal sensation. 

Other compliations are also listed in Table 3. Transitory troubles 
of ocular motor function from 2 days to 6 months, including double 
vision, were seen in 6 cases. Numbness or parethesia was a real prob
lem in 10 patients for a period of 4 weeks to 6 months. In 1 case 
only, after 2 years, the patient still complains of this complication, 
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although neurological examination reveals a very moderate hypesthe
sia. Two patients were operated on both sides, the second operation 
having taken place 6 months after the first one. Later both of them 
complained of difficulty in chewing and swallowing. 

Table 2. Short-term and long-term success (at least 4 months and up 
to 38 months) of the percutaneous controlled thermocoagulation of the 
gasserian ganglion for tic douloureux, atypical trigeminal neuralgia 
and symptomatic trigeminal neuralgia. 

Short-term Long-term 
success success 

Tic douloureux 
(245 cases) 245 (100%) 231 (94.2%) 

Atypical neuralgia 
(38 cases) 9 (23.6%) 9 (23.6%) 

Disseminated sclerosis 
(10 cases) 10 (100%) 10 (100%) 

Other symptomytic 
(7 cases) 5 (71.4%) 4 (57.1%) 

2. Atypical Trigeminal Neuralgia 

In this series of 38 patients no diagnosis has been made which could 
explain pain projected into one, two or into all three trigeminal di
visions. All patients were treated by many specialists without any 
improvement during many years. This group of patients will be men
tioned only briefly and will be published in detail later. Curiously, 
we do not see a difference between short-term and long-term success 
in this group. Only 9 patients became pain-free postoperatively 
(Table 3). Six of these patients were suffering from continous pain 
at the time of surgery, but the diagnosis of tic douloureux was also 
suggested, since they had reported that at the beginning of the dis
ease, some years previously, they were suffering from pain attacks 
of relative short duration. The 23.6% of success in this series is, 
unfortunately, not an argument to propose the operation in cases of 
atypical trigeminal neuralgia. Indeed, 6 patients complained of more 
pain after surgery, probably due to the fact that troublesome numb
ness was experienced in addition to the original pain which remained 
uninfluenced. However, neurotic components are very often seen in 
cases of atypical trigeminal neuralgia. This makes interpretation 
rather difficult. Hypesthesia became dolorosa in 3 cases and an 
anesthesia in one. We do not know why this complication was about 10 
times more frequent in cases of atypical neuralgia than in cases of 
tic douloureux. One case of keratitis followed an anesthetic cornea 
(Table 4). 

3. Symptomatic Trigeminal Neuralgia 

a) Disseminated Sclerosis. 10 patients (3% of the total series) suf
fering from trigeminal neuralgia due to disseminated sclerosis under
went percutaneous controlled thermogoagulation of the gasserian gan
glion. The average age of these patients was 51 years (ranging from 
43 to 60 years). The disease had been known from 9 to 20 years (mean: 
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15 years and trigeminal pain had existed from 1 month to 7 years 
prior to surgery (mean: 4 years). 3 patients were suffering from 
bilateral trigeminal pain: 2 had successfully been operated on uni
laterally by the technique of Spiller-Frazier. In one case, thermo
coagulation of the gasserian ganglion was performed on both sides 
with an interval of one month. No complications followed these bi
lateral operations. The follow-up of this series is short, from 7 to 
16 months. All patients are painfree so far, with the desired anal
gesia. Total anesthesia never occurred, and in only one case the 
corneal reflex was diminished postoperatively. There is, therefore, 
a very good indication for percutaneous controlled thermocoagulation 
of gasserian ganglion in trigeminal neuralgia due to disseminated 
sclerosis (Tables 2 and 5). 

Table 3. Short- and long-term complications following percutaneous 
controlled thermocoagulation of the gasserian ganglion for tic 
douloureux (245 cases) 

Tic douloureux Short-term Long-term 
245 cases 

VI palsy 2 (0.8% ) 0 
IV palsy 2 (0.8%) 0 
III palsy 2 (0.8%) 0 

Keratitis 4 (1.6% ) 4 (1 .6%) 

Anesthesia/hypesthesia 
dolorosa (0.4%) (0.4%) 

Parethesias 10 (4%) (0.4%) 

Table 4. Short-term and long-term complications after percutaneous 
controlled thermocoagulation of gasserian ganglion for atypical 
trigeminal neuralgia (38 cases) 

Atypical neuralgia Short-term Long-term 
38 cases 

Ocular palsy 0 0 

Keratitis 1 ( 2.6%) 1 2.6%) 

Anesthesia/hypesthesia 4 (10.5%) 3 7.9%) 
dolorosa 

Paresthesias 6 (15.7%) 6 (15.7%) 

b) Other Forms of Symptomatia Trigeminat Neuratgia. The 7 patients in 
this group had the following diagnoses: 1) one case of Paget, with 
significant bone thickening at the base of the skull and narrowing of 
the foramen ovale compressing the third trigeminal root; 2) one case 
of giant aneurysm of the internal carotid siphon which had thrombosed 
following carotid ligature; 3) one case of basal meningitis; 4) one 
case of postherpetic neuralgia who already had hypesthesia dolorosa; 
5) three cases of metastatic or direct invasion of the middle fossa 
by carcinomas. 
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The patient with postherpetic neuralgia and the tumor patients were 
not improved by thermocoagulation of gasserian ganglion. The trigemi
nal pain as sequel of a basal meningitis initially improved, but ,re
curred after a few weeks. All other cases haye so far remained pain
free, and no postoperative complications have been observed (Tables 
2 and 6). 

Table 5. Short-term and long-term complications after percutaneous 
controlled thermocoagulation of gasserian ganglion for disseminated 
sclerosis (10 cases) 

MS Short-term Long-term 
10 cases 

no complications 

Table 6. Short-term and long-term complications after percutaneous 
controlled thermocoagulation of gasserian ganglion for symptomatic 
trigeminal neuralgia (except disseminated sclerosis) (7 cases) 

Symptomatic neuralgia 
(no MS) 

7 cases Short-term Long-term 

no complications 

Table 7. Recurrence and complication rate of trigeminal neuralgia 
following different surgical approaches (completed apud MARGUTH (7) 
1972 ) 

Peripheral surgical procedures 

Alcohol injection 

Division of preganglionic 
rootlets 

Parapontine neurotomy 

Percutaneous controlled thermo
coagulation of gasserian 
ganglion 
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N<? Recurrence 

3.500 ~ 50 - 80% 

9.000 ~ 25 - 40% 

10.000 5 - 10% 

670 15% 

8 

800 5 - 22% 

completed apud 

Complication 

5% 
~ 10 - 15% 

5 - 10% 

5 - 10% 

5 - 10% 

MARGUTH, 1972 



Discussion 

A new surgical procedure must have definite advantages against older 
techniques, and should proven to be satisfactory for a long period 
of time. Percutaneous controlled thermocoagulation of the gasserian 
ganglion for trigeminal neuralgia provides a very good relief of tri
geminal pain while avoiding many objectionable side-effects a&soci
ated with other surgical methods. Since the majority of patients 
suffering of typical trigeminal neuralgia are elderly people, the 
surgical procedure must be devoid of stress. Percutaneous puncture 
of the gasserian ganglion through the foramen ovale enables the pa
tient to remain substantially ambulatory. The comfortable position 
of the patient on the table and the general anesthesia of 2 to 3 
minutes with an ultra-short-acting barbiturate is always well toler
ated by the patient, and no mortality occurred in the 800 patients 
reported in literature. Some complications of the surgery of the 
trigeminal nerve or trigeminal ganglion are also encountered follow
ing percutaneous controlled thermocoagulation of the gasserian gan
glion: keratitis, cranial nerve palsies, troublesome numbness and 
masseter weakness. Hemiparesis, facial paresis and retrotympanic 
hemorrhage, which have been reported following different surgical 
approaches, has never occurred following percutaneous thermocoagu
lation of the gasserian ganglion, white cranial nerve palsies and 
masseter weakness were always transitory. Troublesome numbness 
usually regressed and disappeared following a few months, in the 
majority of patients, but sometimes only after a very long period of 
time. The recurrence rate and that of troublesome numbness with anes
thesia depends on the patients cooperation. To attain the goal of 
analgesia without anesthesia or with a slight hypesthesia, a very 
good cooperation of the patient following the first thermocoagulation 
is necessary. In elderly patients short anesthesia is sometimes fol
lowed by a prolonged drowsy state. When the patient is not sufficient
ly awake to give adequate information about pinprick and touch sensa
tions, thermocoagulation will be repeated or the operation ended if 
the surgeon is not patient enough. As a consequence, excessive thermo
coagulation can lead to an undesirable anesthesia, which can be 
followed by some troublesome numbness or anesthesia dolorosa. If 
analgesia or strong hypalgesia is not obtained, a recurrence of tri
geminal pain can be observed. This also explains why these problems 
are more frequent in cases of idiopathic trigeminal neuralgia than 
in those of symptomatic or of atypical facial pain: patients.of the 
first group are definitely older than those of the other two. 

A survey of the literature shows that we have about the same rate of 
recurrences and of complications as reported by others with other 
surgical techniques (Table 7). However, the complications are transi
tory in the majority of cases. Interestingly, also, we have observed 
only one case of postoperative herpes simplex, a very frequent com
plication (22.7% in the large series of PETR) following retrogasse
rian rhizotomy. 

The absence of stress for the patient, even for the elderly, less 
complications, very few of which are permanent, and the same rate of 
success as other surgical procedures have already made the percuta
eous controlled thermocoagulation of the gasserian ganglion the oper
ation of choice for trigeminal neuralgia. Besides, the great advan
tage of this technique is the possibility to preserve touch sensa
tion. 
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Sununary 

From February 1972 to December 1974, 300 patients suffering from 
trigeminal neuralgia have been operated on by the technique of per
cutaneous controlled thermocoagulation of the gasserian ganglion as 
described by SWEET. 245 patients were suffering from the classical 
so-called idiopathic trigeminal neuralgia, 38 from atypical facial 
pain, 10 from disseminated sclerosis and 7 from other symptomytic 
trigeminal pain. In cases of classical trigeminal neuralgia (tic 
douloureux), the author always succeeded in relieving pain; in cases 
of symptomatic facial pain the results are fairly good, but in cases 
of atypical facial pain only less than 25% of the patients were im
proved. The relatively short follow-up period probably gives a false 
view of the recurrence rate, which was only 5%. Anesthesia dOlorosa 
occured in 5 cases as a complication. The simplicity of the method, 
the very good results, the low complication rate and the advantages 
of this operation as compared with other different procedures make 
the percutaneous controlled thermocoagulation of the gasserian gangli
on the operation of choice in cases of trigeminal neuralgia. 
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Fig. 1. Age and distribution of 
300 patients suffering from trige
minal neuralgia 

Fig. 2. Pain distribution in the trigeminal roots. On the left (a), 
repartition of pain projection when one root only was affected and 
on the right (b) when two or eventually three roots were involved 
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Thermorhizotomy in Trigeminal Neuralgia: Preliminary Considerations 
on 46 Cases 
G. BROGGI 

Introduction 

Percutaneous approach to the gasserian ganglion and its rootlets for 
the treatement of trigeminal neuralgia have proven effective since 
long (9, 3). However, only after WHITE and SWEET (11) introduced 
radiofrequency (R.F.) graded thermocoagulation, did trigeminal neural
gia have a more selective treatement, it being possible to achieve 
facial analgesia without tactile deficit (7, 8, 5, 10, 6). Aim of 
this paper is to report briefly experience on a group of 46 patients 
suffering from "essential" trigeminal neuralgia treated by this per
cutaneous technique, and followed up from 3 to 12 months. 

Method 

The forty-six patients were operated on at the Istituto Neurologico 
"C. Besta", Milan between april 1974 and december 1974). All were 
suffering from "essential" trigeminal neuralgia except two, one of 
which had multiple sclerosis, while the second had an ipsilateral 
frontotemporal glioblastoma, operated on in 1973. Age ranged from 27 
to 86 years. 21 were males and 25 females. Neuralgia was right-sided 
in 30 patients. 43 patients had been previously treated with Tegretol 
(3 to 9 tablets per day) from 1 to 6 years. Only 36 had experienced 
remission of pain. However, side-effects (leucopenia, drowsiness, 
dizziness and unsteadiness, cutaneous rash etc.) had led to discon
tinue the medical treatement and to recommend surgery. 

The surgical technique is as described by WHITE and SWEET (11), and 
by SIEGFRIED (7), but we use fluoroscopic control (Siremobil Siemens) 
during the entire surgical procedure. Repeated intravenous Penthotal 
was employed as short-acting anaesthetic. Introduction of the needle 
into the foramen ovale was achieved under local anaesthesia (Xy
locaine 2%) and sedation with intravenous Fentanest (Phentanyl, 
average dosage 0.10 mg.) plus Sintodian (Dehydrobenzperidol, 2.5 mg.) 
or Valium (Diazepam, 10 mg.). Under the above circustances a good 
cooperation by the patient was usually achieved. The R.F. coagulation 
of the retrogasserian portion of trigeminal nerve was performed under 
control of the needle tip temperature, which reflects the temperature 
in the surrounding tissue. A RFG-5 Radionics Inc. equipement has been 
used. The procedure included impedance measurement as well as low and 
high frequency stimulation at different voltages, so as to evoke 
masseter muscle twitching and paraesthesia on the face. The patients 
were instructed beforehand to identify the territory of paraesthesia. 
After obtention of a brief unconsciousness with intravenous Penthotal, 
repetitive R.F. coagulation was performing checking the face sensitiv
ity with a sharp needle and pinching slightly with a surgical forceps 
every time the patient awakened. The overall dosage of Penthotal 
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ranged from 200 to 600 mg. The number of R.F. coagulations ranged 
from 3 to 100. Temperature measured at the electrode tip ranged from 
560 C to 95 0 C with different durations (from 10" to 60"), for every 
single coagulation. This procedure was repeated untill satisfactory 
analgesia was obtained. The foramen ovale was always reached through 
the anterior way of HARTEL (3); in about 60% of the cases some cere
brospinal fluid dropped out from the needle. In two cases the inter
nal carotid artery was puntured, but no neurological deficit nor 
sequelae were present in the postoperative follow up. In both cases 
the procedure was continued following a new electrode placement. In 
many cases a transient rash of the skin limited to a well defined 
territory of one or two trigeminal branches appeared as an expression 
of a vasomotor reaction. Only in one case complete hemifacial pallor 
appeared following a single R.F. coagulation performed to achieve 
second and third branches analgesia. 

Table 1 

Number 
of 46 
cases 

Percent- 100% 
age 

Results 

Mor
tal
ity 

0 

0% 

Relapse Unwanted tri-
of geminal nerve 

pain morbidity 

severe slight 

5 4 14 

10.9% 8.7% 30.5% 

Topographic 
selectivity 

32 

69% 

Other 
neurological 

morbidity 

0 

0% 

The surgical procedure was succesfull in all (100%) 46 cases, leading 
to complete disappearance of lightening trigeminal pain. Operative 
mortality has been zero. Pain relapsed in 5 cases (10.9%), in 3 of 
which on the day following to the procudure, while in the other two 
it returned one and three months later, respectively. All patients 
underwent a second procedure which has proven successfull to present. 

Neurological morbidity other than related to the trigeminal nerve 
has been none, also in the two cases in which the internal carotid 
artery had been accidentaly punctured. Analgesia of topographic se
lectivity as desired has been achieved in 32 (69%) of the cases. 

Unwanted severe impairement of trigeminal function appeared in four 
cases (8.7%), specifically, corneal complications in one and masti
catory weakeness in three. Undesired but slight trigeminal impaire
ment such as excessive analgesia or tactile hypesthesia was present 
in 14 cases (30.5%). No tactile anesthesia has been found following 
surgery. A slight but not disappointing hitching in the analgesic 
territory was reported in 22% of the cases. No "anaesthesia dolorosa" 
syndrome has developed to present. 
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Discussion and Conclusions 

Although our follow-up is not very long yet, some preliminary consid
erations can be made based on these 46 cases. 

Controlled thermorhizotomy is a safe, simple and successful treatment 
of trigeminal neuralgia, being possible without discomfort to the pa
tient even under bad general condition or in late age (our oldest pa
tient was 86 years). It is possible to achieve either qualitative 
(analgesia vs. tactile deficit) or quantitative (only the desidered 
branch territory) selective lesion. This is very important because 
it seems that the more uncomfortable consequence of the SPILLER
FRAZIER or DANDY's operation, anaesthesia dolorosa, requires a heavy 
tactile deficit. Thermorhizotomy, providing the best possibility of 
sparing tactile fibers, should free the patient operated on from this 
potential discomfort. 

To achieve the best results good cooperation by the patient and a 
time consuming electrophysiologicalprocedure are required. 

Electrophysiological data supporting the selective action of R.F. 
heating on trigeminal fibers, come from one in vitro study of LETCHER 
and GOLDRING (4) on the isolated sciatic nerve of the cat, and from 
one in vivo study on the retrogasserian portion of the trigeminal 
nerve in anesthetized cats (1). Both studies showed that the various 
components of the compound action potentials of the nerve have dif
ferent sensitivities. A-delta fiber and C-fiber components are the 
more sensitive to graded R.F. heating, and disappear well before the 
large diameter nervous fiber potentials do. 

It seems that there is not only a hystological reason for this (smal
ler diameter and little shielding from myelin sheath), but also a 
metabolic interference of R.F. heating which affects A-delta and C
fibers at lower temperature. Probably only more sophisticated elec
trophysiological recordings as well as electromicroscopic studies 
now in progress (2) will permit more precise conclusions in view of 
the excellent clinical results (5, 6, 7, 8, 9, 10, 11) of graded ther
morhizotomy for the treatment of trigeminal neuralgia. 
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Controlled and Partial Percutaneous Electrocoagulation of the 
Gasserian Ganglion in Facial Pain 

E. SCHORMANN and K SCHORMANN 

Each neurosurgeon has his own experience in the treatment of trigemi
nal neuralgia as well as a good knowledge of the historical aspects 
of the various surgical procedures. Therefore I can restrict my state
ments to the own experience with 0 pen and c los e d operations 
during a period of about twenty years. However, I would like to start 
by explaining some of the reasons which have led us to our present 
technique. I think it was a long and curved yet natural and logical 
road. It now seems to be an unintended double blind study. Many times 
in the past 20 years we have changed our mind about the seemingly op
timal operative therapy for trigeminal pain attacks (Table 1). 

Table 1. Survey of 638 procedures between 1955 and 1973 (201 open 
operations and 437 aZosed procedures) 

Neurectomy 1st branch 

Open cranotomies - 187 

Temporal retrogasserian root section 
(SPILLER-FRAZIER) 

Temporal gasserian decompression 
(TAARNH~J, extradural modification) 

Intramedullary tractotomy 
(SJ5QVIST) 

Percutaneous procedures 437 

Gasserian ganglion (alcohol destruction) 

Gasserian ganglion (electrocoagulation) 

Total 

14 

79 

70 

38 

24 

413 

Presently we aim at performing the sma 1 1 est procedure and 
smallest lesion with the highest possible effect. However, 
there are certain barriers, as shall be shown below. 

Let me point out some steps of the curved way to our present tech
nique. In their recent paper on thermocoagulation, SWEET and WEPSIC 
(13) stressed that "in North America various forms of open operations 
have been the preferred definitive treatment for patients with tri
geminal neuralgia refractory to medical management". But the authors 
are somewhat mistaken in stating that "in Europe the feasibility, 
relative safety, and effectiveness of a percutaneous approach to the 
Gasserian ganglion and its rootlets have been convincingly demon
strated for over two-thirds of a century". 
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It is true that until World War II trigeminal neuralgia had been 
preferably treated by using the uncontrolled Gasserian ganglion de
struction techniques of HARTEL (2) (1913, alcohol injection) and 
KIRSCHNER (3) (1936, electrocoagulation with his ingenious stereotac
tic apparatus). 

The simplicity of these techniques led to their widespread use, par
ticularly in the hands of general surgeons, due to the absence of 
Neurosurgery at that early time. The radical application of these 
methods, however, led to many sequelae and complications, such as 
corneal ulcers, enucleated eyes, blindness, palsies of the sixth, 
fourth, third and seventh and also twelfth cranial nerves, partial or 
total deafness, hemiplegia, carotid thrombosis, bulbar syndromes, 
cardiac and respiratory arrests, meningitis, death and, last but not 
least, a high incidence of an est h e s i ado lor 0 s a, one of the 
most unpleasant sequelae. This is why, following World War II, in 
Germany and other European countries - parallel to the progress in 
establishing Neurosurgery - a distinct preference for open cranio
tomies was seen, as vehemently advocated by my teacher TONNIS (15) 
and others. 

Nevertheless, while I was still a pupil of TONNIS he gave me the task 
of treating virtually inoperable patients - i.e. very old people and 
patients with serious heart or pulmonary diseases - by means of al
cohol injection into the Gasserian ganglion. Actually no one was per
mitted to notice this sacrilege. Therefore, I had to hide the patient 
and myself in a small separated chamber of the radiological depart
ment. Alone with the patient and my thoughts, I had my first encoun
ters with a defamed method. In spite of a high rate of recurrences 
and complications - one sixth cranial nerve palsy in the, neverthe
less, thankful wife of a colonel, and three corneal ulcers, as well 
as three cases of anesthesia dolorosa - among a total of 24 cases, 
the final results after several very carefully repeated procedures in 
some patients, was indeed not so bad (12,5% of failures). 

Notwi thstanding, we continued to prefer 0 pen operations during the 
following years, preferably temporal retrogasserian root section (1) 
in elderly, and by the technique of SJOQVIST (11) in younger patients 
and those with 1st division neuralgia, because of the superficial 
intramedullary site of the 1st branch fibers and the preservation of 
touch. However, the advantages of differential loss of pain and of 
prevention of anesthetic keratitis were outbalanced by several dis
advantages, particularly hemiataxia, hemianalgesia, disturbances of 
equilibrium, as sequelae of lesions to the neighbouring restiform 
body, spinothalamic tract and vagal fibers. I remember a violinist, 
who was postoperatively disabled because of hemiataxia. With more 
precise and restricted indication the results became better, but we 
gave up in 1957, parallel to the growing experience in other proce
dures. 

Following the report of TAARNH¢J (14) on the operation of decompres
sion, we performed this procedure by an extradural modification in 
70 patients. However, about half of this series had recurrences and 
underwent root section or electrocoagulation, which I had slowly in
troduced in the meantime. 

Then a period of uncertainty in the handling of facial pain patients 
followed. Temporal retrogasserian root section v e r sus percutane
ous electrocoagulation. Initially we performed electrocoagulation 
without peroperative sensitivity control. 53 cases were treated under 
local anesthesia of Gasserian ganglion and 75 cases under general an-

302 



esthesia, giving a total of 128 more or less un con t roll e d pro
cedures. Despite very careful conduct, the surgeon was in the unplea
sant and unsafe position of having to perform an uncontrolled de
struction of the Gasserian ganglion. The risk was decreased somewhat 
by using a test in each procedure. The size of the individual lesion 
was tested on a piece of meat prior to coagulating the ganglion. 

Despite the relatively high incidence of recurrences and the insuf
ficient primary effect in cases of a too cautious lesion, the rivalry 
between open root section and limited percutaneous destruction of the 
Gasserian ganglion had been decided in favour of the latter, particu
larly when it became evident that repeated interventions led to the 
desired positive result in a very large number of cases and had a 
very low rate of complications. 

The most important step, that of con t r 0 1, was introduced with 
"neurolept-anesthesia" in 1963 (8, 9, 10). This form of anesthesia 
allows an almost painless puncture of the ganglion of Gasser in the 
"awake" resp. "semi-awake" patient. That means that, despite the 
dramatic reduction of pain caused by direct puncture of the ganglion, 
it is possible to control and check immediately the partial destruc
tion of the ganglion and the resultant sensory deficit. Thus, for the 
first time, the procedure of electrocoagulation of the Gasserian gan
glion came under the control of the surgeon even during its perfor
mance. Following each short period of coagulation the surgeon imme
diately checks the extent of the inflicted damage by performing a 
sensitivity test. Furthermore, the surgeon can vary the position of 
the needle tip within the ganglion until the desired effect is ob
tained. It is possible, for instance, to "hit" only the mandibular 
territory when the skull films show the needle tip has barely passed 
two to three millimeters through the foramen ovale. If an additional 
destruction of the second division is desired or necessary, the 
needle tip is advanced further into the ganglion so that it comes to 
lie midway between the base of middle fossa and the upper border of 
the petrous bone. When the elimination of the first branch is also 
necessary, the needle tip has to be introduced until it is barely be
low the upper border of the petrous bone. 

Obviously, these are only gross topographical landmarks, the real ef
fect of the procedure being estimated by testing the sensory loss and 
the corneal reflex. The application of electric current and the cor
rection of the needle position are performed as long as necessary un
til the desired localization and effect are obtained. This is why we 
speak of a "controlled, elective, partial electrocoagulation" of the 
Gasserian ganglion. 

Technique of Electrode Introduction and Coagulation 

One does not need more than 1) a common but long injection needle of 
12 to 14 cm length, with an outer diameter of 1.2 mm, inner diameter 
of 0.8 mm, and insulated except for 5.0 mm at the needle tip and the 
opposite end; 2) a common Bovie coagulation apparatus; 3) drugs for 
neuroleptanesthesia (Thalamonal, Dehydrobenzperidol, Dextromoramid, 
Fentanyl, and Lorfan); 4) an ordinary x-ray apparatus, perhaps com
bined with a television monitor for lateral view; 5) a small piece of 
fresh meat, about 5 to 5 cm in diameter. 

The procedure is carried out in the x-ray room under neurolept
anesthesia. Previous to anesthesia the patient is informed of what 
will happen, and command respiration is trained. 
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Neurolept-Anesthesia 

30 minutes prior to the procedure the patient is given an intramus
cular injection of 1.0 ml Thalamonal and 0.5 ml Atropine, followed 
by intravenous infusion of 10 to 15 mg Dehydrobenzperidol. Five min
utes later 2 ml Dextromoramid (1:10 solution) and 13.8 mg Dextromor
amidbitartrat per ml are administered intravenously. Following place
ment of the needle tip into the foramen ovale, 2 to 4 ml of the Dex
tromoramid-solution are injected again. 

The mean duration of the coagulation procedure amounted to 40 min
utes, and the patient usually needed 11.6 mg Dehydrobenzperidol and 
7.8 mg Dextromoramid-Base. 

Following the procedure, the patient always receives 1 ml Lorfan i.v. 
and 1 ml Lorfan s.c. 

Blood gases (ASTRUP method) change only slightly (initially a slight 
temporary diminution of p02 is common). 

During the whole procedure the patient remains in speaking contact 
with the surgeon. 

Before describing the technique of puncture I would like to demon
strate the procedure in a skull model to show some possible mistakes 
(Fig. 1). 

In the center of the middle fossa is the foramen ovale, through which 
the 3rd division of the trigeminal nerve leaves the skull. The tip 
of the insulated needle in the position demonstrated would lie in the 
center of the ganglion and close to the rootlets. To the right of the 
needle is the foramen spinosum (middle meningeal artery), and dorso
medially the foramen lacerum (internal carotid artery). Anteriorly 
there is the foramen rotundum for the 2nd trigeminal division, and 
still more anteriorly and somewhat more cranial the superior orbital 
fissure, through which pass the 1st trigeminal division and the motor 
nerves to the eye muscles. Since these are to be preserved, x-ray 
studies are necessary. 

Puncture is performed freehand, that is, without using KIRSCHNER's 
(3) or another stereotactic apparatus. HARTEL's (2) anterior approach 
to the foramen ovale is followed (Fig. 2). 

In order to reach the foramen ovale the needle is directed towards a 
point placed at the crossing of an imaginary anteroposterior line 
through the pupil and a second imaginary transverse line from the su
perior edge of one ear to a corresponding point on the opposite side. 
The needle tip penetrates the skin about 20 mm lateral to the corner 
of the mouth, being advanced in the direction of the crossing of the 
two described vertical and horizontal lines until the needle tip 
passes through the foramen ovale. 

At this moment the patient feels sudden pain projected to the skin 
area of the mandibular branch. In more than 50% of patients CSF drops 
out of the needle. We like it because this means the needle tip lies 
behind the ganglion and the lesion will affect mainly rootlets and/or 
ganglion. 

Correct positioning of the needle is then roentgenologically checked. 
If the foramen ovale is not entered at the first puncture, the needle 
is usually stopped by the temporal bone at the skull base near to the 
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foramen ovale. In this case the radiographs aid in correcting the 
position of the needle tip. Care has to be taken not to introduce the 
needle into the neighbouring foramen lacerum (lesion of internal ca
rotid artery leading to hematoma of pterygopalatine fossa and cheek) 
or into the ventrally placed superior orbital fissure (danger for 
ocular and optic nerves). 

After passing through the foramen ovale, the needle tip is advanced 
to the desired depth of about three to twelve mm, depending on wheth
er the 3rd, 2nd or 1st division is to be coagulated. 

When radiographic examination in lateral view and base projection has 
confirmed correct placement of the needle tip, coagulation can be 
started. Usually we test the size of the lesion on a small piece of 
meat placed on the plate-electrode. In the patient, following each 
short period of coagulation (2 to 3 seconds), the resultant sensory 
deficit is checked. As said, the position of the needle within the 
Gasserian ganglion can be varied during the procedure until the de
sired coagulation is obtained. It is very important to obtain a sen
sory loss or diminution in the trigger zone and to preserve the 
corneal reflex, as discussed below. In the whole series of 285 pa
tients with 351 controlled coagulations, the average time of the pro
cedure was about 39 minutes (9, 10). 

Results 

Table 2 summarizes the results of the various procedures during a 
twenty years period. It is obvious that only in the group of percu
taneous procedures immediate repeated interventions (usually a few 
days after the first operation) were necessary because of deficient 
primary effect. This occurs more frequently in un con t r 0 lIe d 
(16.6% to 24%) than in con t r 0 lIe d procedures (only 8%), what is 
not difficult to explain, since we were too cautious in handling un
controlled interventions. Furthermore, when a sensory loss is ob
tained in the trigger zone the results are, in total, better. 

In some patients we observed the unintended effect of loss of painful 
sensation with simultaneous preservation of touch. In such patients -
in whom the effect is comparable to that of differential destruction 
of pain fibers with sparing of fibers for touch by means of thermo
coagulation (12, 13) - recurrences were distinctly less intense and 
protracted in time (late recurrence) but more frequent than in pa
tients with total sensory loss in trigger zone. 

We treated patients with recurrences following temporal retrogasseri
an root section by means of coagulation of the Gasserian ganglion. 
Patients with recurrences following temporal Gasserian decompression 
were treated by root section or electrocoagulation until the defini
tive result was obtained (Table 3). 

Finally, we would like to comment briefly on the last series of 285 
patients, treated by 351 con t roll e d procedures, which doubt
lessly led to the best results. Table 3 shows the well known fact 
that the highest incidence of trigger zones was found in the terri
tory of the 2nd division, followed by the combined 2nd/3rd division, 
and by 3rd division. By relating the trigger zone to the rate or re
currences and failures it becomes evident that the best results are 
obtained in patients with 3rd division neuralgia, in which group all 
patients (100%) eventually had definitive pain relief. More than one 
recurrence we found particularly in 2nd division and in combined 2nd/ 
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Table 3. The highest frequency trigger zones was found in the second 
division of trigeminal nerve (45%), followed by the combined second 
and third division and by third division. A trigger zone in the ter
ritory of the first division was very rare. The best results are ob
tained in patients with third branch neuralgia (100% definitively 
painless). More than one recurrence was found particularly in second 
division and in combined second/third division neuralgia. Repeated 
procedures increased the rate of definitive cure (about 94%), although 
the relatively highest number of not-cured patients (about 6%) was 
also found in this group. 
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3rd branch neuralgia. In this group we found the highest percentage 
of failure to obtain definitive cure, amounting to about 6% (Tables 
2 and 3). 

The incidence of unpleasant side effects is relatively high. Although 
they are actually slight, they may be particularly of subjective im
portance. Half the patients considered hemianesthesia of the tongue 
as a very unpleasant sequela, although it was present in about 80% 
(Table 4). 

Subjectively unpleasant paresthesias (10%) and locked mandibular 
opening (22%) takes the 2nd place among unpleasant subjective seque
lae (Table 4). Although weakness of masticator muscles was observed 
with a relatively high incidence (12%), patients were subjectively 
not very troubled by it. Slight hearing disturbances (7%) are probab
ly caused by injured Eustachian tube during surgery (pterygopalatine 
fossa hematoma) . 

Complications 

The complication rate in the recent series of controlled procedures 
has been minimal. No neurological deficit outside the territory of 
the ipsilateral trigeminal nerve, no paralysis of cranial nerves, 
no mortality (Table 5). 

Extra- and intracranial morbidity has been temporary, without any 
permanent sequelae, with the only exception of slight hearing distur
bances, probably due to extracranial hematomas upon unintentional 
puncture of the carotid artery and to lesion of the Eustachian tube 
(Table 5). 
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Table 4. The incidence of unpleasant side-effects is relatively high, 
but of preponderantly subjective importance 
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Table 5. Complications were very rare. With the exception of one 
slight meningitis of three days duration there was n 0 i n t r a -
c ran i a 1 complication, particularly no cranial nerve paralysis 
and no mortality. The most frequent ext r a c ran i a 1 compli
cation was a temporary cheek hematoma. Two cases had temporary kera
titis 

Intracranial 
Complications 

Extracranial 

Blindness 
(optic nerve lesion) 

Oculomotor n. lesion 

Abducens n. lesion 

Facial n. lesion 

- 0 

- 0 

- 0 

- 0 

Epileptic seizures - 0 

Hemiplegia 

Intracranial hematoma 

Bulbar symptoms 

Brain abscess 

Meningitis (slight, 
duration) 3 days 

308 

- 0 

- 0 

- 0 

- 0 

- 1 

Blindness 
(following Keratitis) - 0 

Keratitis, temporary 
(without corneal ulcer) - 2 

Hematoma of the cheek 
(temporary) -12 

(0,7%) 

(4,2%) 



In summary, the advantages of the con t r 0 I led technique are: 

(1) Minimal operative risk (no mortality). 

(2) Time-saving procedure (mean duration: 40 minutes). 

(3) No age limit (oldest patient 92 years) (Fig. 3). 

(4) Control of sensory deficit with gradual coagulation during the 
procedure (preserving corneal reflex). 

(5) Possibility of repeating procedure as often as necessary (about 
23% in total). 

(6) Marked reduction of recurrences as final result (about 6% fail
ures) . 

(7) Short period of hospitalization of 3 to 5 days in average. 

(8) Shortened period of postoperative convalescence with earlier re
turn to work. 

Summary 

Based on his experience with 638 procedures for the treatment of tri
geminal neuralgia between 1955 and 1973 (5, 6, 7, 8, 9), the author 
developed a strong preference for the percutaneous electrocoagulation 
of the Gasserian ganglion. Although the method was repeatedly modi
fied in the early years, a standardized technique of controlled, se
lective and fractional coagulation in the semi-awake patient under 
neurolept-anesthesia has been used since 1963 in 285 of 437 patients, 
treated in this manner. The advantages of the method, particularly if 
compared to 149 cases of open intracranial root sections, are: mini
mal operative risk, control of the coagulation effect during the pro
cedure, small sensitivity deficit, low complication rate, short peri
od of hospitalization, short convalescence and satisfactory end 
results in a high percentage, only in some instances after a second 
or third coagulation, if needed. Hypesthesia of the trigger zone is a 
prerequisite for success. 
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Fig. 1. Model of the base of skull illustrating the free-hand punc
ture of the Gasserian ganglion. The non-insulated needle tip has been 
passed through the foramen ovale. Lateral to it is the foramen spino
sum and medial to it the somewhat larger foramen lace rum 
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Fig. 2. Reference points for the percutaneous free-hand puncture of 
the Gasserian ganglion. In order to reach the foramen ovale the nee
dle is directed towards a point placed at the crossing of an imagi
nary anteroposterior line through the pupil and a second imaginary 
transverse line from the root of one ear to a corresponding point on 
the opposite side. The pOint of entrance of the needle tip through 
the skin lies about two centimeters lateral to the angle of the mouth. 
The needle tip is advanced in direction of the crossing of the imag
inary anteroposterior and transverse lines until it passes through 
the foramen ovale. The correct position of the needle tip is then 
roentgenologically checked 
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f = 61 % 

d = 39% 

Age and sex in facial pain patients 

Fig. 3. About two-thirds of the series is female. The youngest pa
tient was aged 23 and the oldest 92 years, while the highest frequen
cy of tic douloureux was found between the ages of 66 and 75 years 
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Remarks on the Techniques of Electrocoagulation of the Gasserian 
Ganglion forTrigeminal Neuralgia. Experience With More than 
900 Operations Performed in Over 600 Patients from 1952 to 1974 
B. HOSNER 

Over the past 22 years we have applied electrocoagulation of the gas
serian ganglion according to the method o"f K.H. BAUER 893 times in 
630 patients suffering with trigeminal neuralgia. At the end of my 
lecture I will provide a short account of the results obtained. The 
purpose of this lecture is to give some idea of the technical aspects 
with the aid of which we have been able to obtain reliable results 
with smallest risk. These techniques have undergone development and 
improvement in the course of the years. 

(1) Anesthesia. From 1952 to 1965, the patients were usually sub
mitted to coagulation under hexobarbital anesthesia and later under 
insufflation anesthesia. For three years now, we have frequently used 
Ketanest anesthesia, a method which I regard as the most protective 
and which has certain limitations only in cases of sclerotic patients 
and persons suffering from hypertension. Premedication is made with 
Dolantin, Atosil and Atropine. 

(2) The Positioning of the Patient is best on an operating table ca
pable of being raised and lowered hydraulically. Directly connected 
to the table is a complete amplifier unit with a television system. 
This facilitates optimum positioning of the head for puncture of the 
ganglion as well as for TV-control. 

(3) Puncture is accomplished with a normal puncture needle (Akufirm) 
coated with insulating paint, and sterilized in boiling water. Care 
should be taken not to allow other instruments to corne into contact 
with the varnish coating. The tip of the needle is scraped bright to 
a length of 5 to 7 rnrn using a scalpel. The shorter the uncoated sur
face, the more accurate the obtained coagulation. Coatings consisting 
of modern plastic insulating material are invariably below our expec
tations: frequently they burn through even when charged below 600 rnA. 
A needle should be used only once. 

(4) The Method of Puncture we employ is that described by HARTL and 
K.H. BAUER. Control of the precise position of the needle with the 
amplifier in an axial position makes it possible to coagulate only 
the 3rd or 2nd division or all 3 branches, depending on the indivi
dual indication. This facility of control avoids inadvertent puncture 
of the jugular foramen, the foramen lacerum, the Eustachian tube or 
the pterygopalatine fossa. 

(5) Coagulation of the Ganglion is performed by means of continuously 
variable diathermy, employing precision-controlled current up to a 
maximum of 600 rnA. After each circuit closure of a few seconds dura
tion, it can be ascertained, by turning the puncture needle slightly, 
whether and to what extent coagulation has occurred. Although this 
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method is an empirical one, it is undoubtedly more accurate than the 
method of limiting the time of coagulation by using a stop watch, or 
of precoagulating using a test piece of meat. The complete procedure 
does not take longer than 5 to 10 minutes. 

(6) Follow-Up Treatment should definitely include protection of the 
eye by means of a watch-glass bandage so that a moist chamber safe
guards the cornea. Depending on the patient's state of consciousness, 
we decide, after a period of 6 to 24 hours, whether the protective 
dressing may be removed in the case of normesthesia of the cornea. 
To be on the safe side, however, ointment of Bepanthen or a similar 
agent should always be applied to the conjunctival sac during the 
first few days. We allow the patients to leave bed after 24 hours and 
discharge most of them after only two days. For safety, an opthal
mological check-up should be made regularly during the first week fol
lowing the procedure. 

Table 1 shows that the relapse rate is relatively high, amounting to 
15%, especially since we coagulate only on a selective basis. On the 
other hand, we have an extremely low rate of complications. Serious 
late damage to the eye or mucous membranes amounts to less than 2%. 

Table 1. Operations on patients suffering from trigeminal neuralgia 
from 1952 - 1974 

Number of patients 

Number of electrocoagulation 
operations 

Relapses included in this number 

Number of other operations 
Relapse rate 

Postoperative mortality rate (3 cases) 

Serious early complications (keratitis) 
(20 cases) 

Serious late complications 
(loss of sight, chronic mucosal ulceration) 
(15 cases) 

Average age of the patients (924 operations) 

630 

893 

130 

31 
15% 

0,33% 

1 ,31 % 

1 ,64% 

63,8 years 
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Results of Treatment of Trigeminal Neuralgia by the Operation of Dandy 
R. WOLLENWEBER and P. OISTELMAIER 

When comparing different surgical methods applied for the treatment 
of a disease one has to consider: 
(1) the results, 
(2) the complications, 
(3) the specific indications. 
DANDY (1, 2, 3) has described the following advantages of the para
pontine section of the sensory roots of the trigeminal nerve: 
(1) no lesions of the cornea, 
(2) no paresis of the masticatory muscles, 
(3) no anesthesia of the face, 
(4) only one case of transitory facial nerve paresis, 
(5) no hemiplegia, aphasia or epileptic seizures as sequelae of the 

operation. 
The lethality in a series of 200 patients - operated on by himself -
was 0,5%. He observed recurrences of pain in only 2%, these patients 
recovered after reoperation. 

Patients 

212 patients suffering from a trigeminal neuralgia were operated on 
at the Neurosurgical Department of the University of Bonn. The age 
distribution corresponds to the morbidity rate of trigeminal neural
gia, with a peak within the 6. and 7. decades (Fig. 1). The relation 
of females to males, 3 : 2, confirms the findings of other statis
tics. The oldest patient was 81 years, the youngest 29 and suffering 
from a traumatic lesion of the trigeminal nerve. 64% of the patients 
had typical "tic douloureux". This group includes idiopathic as well 
as symptomatic neuralgias. 36% were cases with atypical neuralgia, 
described in the majority of cases as a continuous pain. From these, 
14% were tumors of the base of the skull and 26% sequelae of head 
injuries. 60% of the patients had been operated on previously (32% 
exeresis of peripheral branches, 58% destruction of the Gasserian 
ganglion according to KIRSCHNER or HARTL, 10% operations according 
to FRAZIER or TAARNH¢J). 

Results 

145 patients were followed up to 16 years. In the group of typical 
tic douloureux 85% recovered to the point that no further medicamen
tous treatment was necessary. 15% had recurrences, but only 6% had a 
typical tic douloureux. The results in cases of atypical pain of the 
face without tic douloureux were very poor. 65% of the patients had 
recurrences. Most recurrences developed within the first 3 years 
following ~urgery. 
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Complications 

The most common and harmless complication was a herpes labialis in 
more than 50% (Fig. 2). The symptoms disappeared completely within 
2 - 3 weeks after surgery. The rate of transitory facial paresis and 
of hearing deficits was very high. It may be assumed that these dis
turbances were caused by traction of the nerves during cerebellar 
retraction. Persistent facial paresis was observed in only 1 case 
(0,8%), but persistent hearing deficits occured in 6%. No corneal 
lesion was recorded. Cerebellar symptoms, observed postoperatively 
in 6%, persisted in one case. Transitory disturbances of mastication 
were seen in 4% but persisten in only 2 cases. In these 2 cases le
sions of the motor root must be assumed. Anesthesia dolorosa was ob
served in 5%, 2/3 (4 cases) of which had herpes zoster. The high 
rate of hearing defects may be caused by vascular lesions, since 
damage only by traction would probably also have involved the facial 
nerve. Lethality was 3,7% but only 4 patients died as a consequence 
of the operation (1 hemorrhage, 2 pontine softenings, 1 purulent men
ingitis caused by mastoidotomy). In the other 4 cases death was caus
ed by extracerebral complications, 3 patients suffering from arterial 
hypertension. All patients who died following surgery were in the age 
group from 60 - 69 years. 2 patients died 2 months following surgery. 

Recurrence Operations 

As mentioned above, 60% of allpatients operated on by the technique 
of DANDY had already been operated before. Recurrences following 
paracerebellar dissection of the trigeminal roots were almost impos
sible to influence. In 4 cases renewed exposure of the cerebello
pontine angle was undertaken to dissect remnants of the sensory roots. 
In only 2 cases the result of the reoperation was satisfactory. Anes
thesia dolorosa, observed in 6 cases, could not be cured by different 
operations (thalamotomy included). The highest rate of recurrences -
besides the zoster-cases- was seen in cases of posttraumatic facid 
pain. The poor results of reoperations by DANDY's technique suggest 
that no further operative treatment should be given, particularly 
since more than 50% of the patients treated with TEGRETAL, recovered 
and were able to resume their occupation. 

Range of Indications 

The main indication for DANDY's procedure has been considered to be 
those patients who did not recover following other more peripheral 
procedures. Formerly we saw a further indication in cases in which 
cerebellopontine angle tumor had not been excluded but had also not 
been proven with the usual diagnostic methods. In fact, we found only 
4 tumors - mostly cholesteatomas - affecting the trigeminal roots. As 
a result of the refinement of diagnostic procedures this specific 
indication can be considered obsolete nowadays. 

Thorough analysis of the operative reports revealed that arachnoidal 
adhesions were described in more than 30%. Naturally these findings 
depend on the subjective opinion of the surgeon. It is therefore im
possible to answer the question of whether these findings have any 
importance for the pathogenesis of idiopathic trigeminal neuralgia. 
Concerninq the range of complications, DANDY's comments must be con
firmed, except for the hearing disturbances, not metioned by him. 
No permanent lesions of the cornea, and no focal disturbances attrib
utable to a cerebral hemispheric lesion were observed. The percentage 
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of permanent facial or masticatory paresis was very low. The high 
percentage of permanent hearing deficits in our group of patients 
led us to indicate this type of surgery with reserve in all cases 
in which uni- or bilateral hearing disturbances already existed. 
The excellent results of DANDY's series could not be confirmed. 

Summary 

212 patients with trigeminal ne~ralgia were operated on by section 
of the sensory root accoring to DANDY. 85% of the cases with typical 
tic douloureux recovered, but only 35% of patients suffering from 
atypical pain of the face. 60% had previously been operated on by 
other methods. 4 patients died as a consequence of surgery. The rate 
of transitory disturbances was rather high, but permanent deficits 
were only seen in a low percentage. No permanent corneal lesions and 
no focal disturbances attributable to a cerebral hemispheric lesion 
were observed. 
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Fig. 1. Age distribution in 212 cases of trigeminal neuralgia treated 
by the operation of DANDY 
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Transient Permanent 

Herpes labialis 500/. -

Facial nerve paresis 17,},0 1"10 

Hearing disturbances 11 'Y. 6"10 

Cerebell. symptoms 6% 1% 

Paresis of masticatory muscles 4 'Yo 2% 

Anesthesia dolorosa - 5% 

Keratitis 2% -

Fig. 2. Complications in 145 cases of trigeminal neuralgia treated by 
the operation of DANDY 
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Results of Surgical Treatment of Idiopathic Trigeminal Neuralgia 
Using Different Operative Techniques 

(A Co-Operative Study)* 

H. PENZHOLz, J. MENZEL, and H.-U. HAGEN LOCHER 

Trigeminal neuralgia is one of the most dreadful pain diseases that 
is known. Patients suffering from this pain do not die of it, unless 
they commit suicide; however, their life is a torment. A very effec
tive treatment may be achieved by neurosurgical procedures. The value 
of different operative techniques is to be judged by (1) the effi
ciency with which pain relief - transitory or, better permanent - is 
obtained and by (2) the dangers that accompany surgery. 

The aim of this study was to gain better insight into the possibili
ties, limitations, and risks of the most frequently-used operative 
methods and to subject them to critical evaluation. 

Material and Methodology 

For this purpose the co-operation of all German and Austrian neuro
surgical units was requested. They were asked to re-examine patients 
who had been operated in the last 10 years and to list their results 
in the questionnaire which had been mailed to them and which had been 
prepared for computer analysis. We intended to gather information 
on the efficiency and complications of surgical methods used in Ger
man-speaking countries. 

Seventeen German and Austrian neurosurgical clinics responded to our 
request, and we would like to express our thanks to all of the collab
orators for their co-operation (Table 1). Based on these data, we 
were able to analyze a total of 1,946 patients who had undergone sur
gical treatment for idiopathic trigeminal neuralgia. 

Results 

Table 2 shows age distribution and applied surgical procedures. Anal
ysis showed that 1,051 patients were treated by electrocoagulation or 
received alcohol injection into the Gasserian ganglion. 477 patients 
underwent FRAZIER's temporal or DANDY's suboccipital rhizotomy. In 55 
cases medullary tractotomy was performed. The discrepancy between the 

*The following colleagues have collaborated in the present study: 

M. Schirmer and H. Schlarb (Berlin-Neukolln), Th. Grumme (Berlin
Westend), V. Hensell, H. Miltz and RoBberg (DUsseldorf), W.-J. Bock 
(Essen), D. Kirchhoff and H.-W. Pia (GieBen), B. Rama (Gottingen), 
H. Tritthart (Graz), K. Schmidt and A. Spring (GUnzburg), K. Faul
hauer (Homburg/Saar), E. SchUrmann and K. SchUrmann (Mainz), B. 
Richling (Salzburg), E. HeiB and F. Pampus (Stuttgart), P. Oldenkott 
and H. Rooschliz (Tlibingen), J. Ganglberger and H. Kraus (Wien), P. 
GruB and H. Straber (Wurzburg), T. Demirel (Wuppertal). 
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Table 1. Results after different operative procedures for idiopathic 
trigeminal neuralgia (A cooperative study) 

Participating Clinics 

Berlin-N euk6lln 
Berlin-Westend 
Dusseldorf 
Essen 
Giessen 
G6ttingen 
Graz 
Gunzburg 
Heidelberg 
Homburg (Saar) 
Mainz a 
Salzburg 
Stuttgart 
Tubingen 
Wien 
Wurzburg 
Wuppertal 

Total 

Number of Cases 

13 
190 
281 

50 
467 
106 

57 
40 

107 
48 

102a 
27 

142 
120 
129 

30 
37 

946 

aBecause of a regrettable misunderstanding, only the follow-up of the 
patients in the time between January 1st 1971 and December 31st 1973 
has been taken over in the Computer study. The results of the follow
up of the whole series of 635 cases treated in various procedures by 
the Neurosurgical Department of the University Clinic in Mainz is 
compiled and compared in the paper by K. SCHURMANN (see Table 3). 

Table 2. Frequency of the different surgical procedures in relation 
to patients age 

Age Electro- Alcohol- FRAZIER DANDY SJCiQVIST 
coagula- injection 
tion 

20 1 0 0 1 0 

30 6 4 5 2 1 

40 39 2 12 11 1 

50 109 18 52 21 8 

60 249 22 115 30 10 

70 338 19 137 30 23 

80 203 14 47 9 12 

90 26 1 2 3 0 

Total 971 80 370 107 55 

1 051 477 55 
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total number of patients examined and the sum given in Table 2 is 
explained by the fact that 300 patients were first subjected to oper
ative techniques, mainly preganglionic procedures, which were not 
taken into consideration in our questionnaire. 

The frequency of pain relief after the first operation and until dis
charge from clinical care is shown in Table 3. Of the 971 patients 
who underwent electrocoagulation, 892 (= 91.8%) were free of pain or 
had at least satisfactory pain relief. 37 patients (= 3.8%) showed 
no improvement. Of the 80 patients treated by alcohol injection, 
58 (= 72.5%) greatly improved or even had no further pain attacks. 
However, in 14 cases (= 17.5%) this method was ineffective. Of the 
370 patients who underwent surgical treatment according to the tech
nique FRAZIER's 349 (= 94.3%) were free of pain or satisfactory pain 
relief was achieved. This operation was ineffective in 13 cases. 
According to DANDY's method, which was applied in 107 cases, no im
provement was observed in 7 cases (= 6.9%). 96 (= 89.7%) patients, 
however, were relieved of pain. SJOQVIST medullary tractotomy led to 
pain relief in 98.1 %. In only one case was the operation unsuccessful. 

Table 3. Free of pain after the first operation 

Painless or essentially not n 
improved improved 

Electrocoagulation 892 91,8% 37 3,8% 971 

Alcoholinjection 58 72,5% 14 17,5% 80 

FRAZIER 349 94,3% 13 3,5% 370 

DANDY 96 89,7% 7 6,5% 107 

SJOQVIST 54 98,1% 55 

The complications resulting from the various procedures are shown in 
Table 4. 

Paralysis of the masseter muscle (masticatory paralysis) after elec
trocoagulation (6.3%) and alcohol injection (2.5%) is rare, following 
somewhat more often the FRAZIER procedure (8.9%) and occurring sur
prisingly frequently in patients who underwent surgical treatment 
according to DANDY's method (22.4%). But these results must be inter
preted with caution, because the assessment of postoperative mastica
tory paralysis is dependent on very subjective reports both on the 
part of the patient and clinical investigator. 

Facial paralysis resulted in 10.5% and 13.1% following FAZIER's and 
DANDY's methods respectively. From the 39 patients with facial palsy 
after FRAZIER's operation 29 could be followed up. Re-examination 
showed improvement in 14 cases so that in the total of 370 who under
went the FRAZIER procedure there were only 15 cases (= 4.1%) with per
manent, complete facial paralysis. In 14 cases of the DANDY group, 
13 could be followed up. Here we found improvement in 6 patients so 
that only 7 were impaired permanently (= 6.5%). In contrast to this 
the rate of this complication after electrocoagulation was only 0.8% 
(8 : 971). 
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Paralysis of the oculomotor nerve, although rare, developed in 9 pa
tients after FRAZIER's operation or 2.4% of the group. 

Impaired hearing and cerebellar ataxia occured especially frequently 
in 17.8% and in 14% respectively after DANDY's operation. 

Mental change was most frequently observed after alcohol injection 
(= 11.3%) and with approximately the same frequency after FRAZIER's 
temporal (6.5%) and DANDY's suboccipital retroganglionary rhizotomy 
(8.4%). But these mental changes may also occur after electrocoagu
lation (3.5%). Here it should be borne in mind that in older patients 
with arteriosclerosis of the carotid and vertebral arteries and os
teochondrosis of the cervical spine, hyperextension of the head, 
which may be necessary for X-rays of the skull base, may lead to per
manent brain damage. 

Neuroparalytic keratitis developed in 1.7% of the patients subjected 
to electrocoagulation, in 2.2% of the FRAZIER group and in 3.7% of 
the DANDY group. Blindness of the afflicted eye resulted only in one 
instance each after electrocoagulation and the FRAZIER procedure. It 
is remarkable that unilateral loss of sight has apparently never 
occurred in patients who had undergone surgical treatment according 
to the DANDY technique, in spite of the fact that the frequency of 
keratitis is much higher in this last group. 

The frequency and intensity of postoperative paresthesia as well as 
of anesthesia dolorosa have been listed separately (see Table 5a and 
5b). Severe permanent paresthesia (Table 5a) is most often seen after 
alcohol injection: 3 patients (3.7%) in a total of 80 cases showed 
this unpleasant development. Less severe, permanent paresthesia was 
observed in another 3 patients. Although this complication seems to 
be rare after electrocoagulation and after temporal rhizotomy, one 
has to face the possibility. In the group of 971 electrocoagulated 
patients 5 (= 0.5%) had severe and 40 (= 4.1%) less severe, permanent 
paresthesia. It is remarkable that no case of severe permanent pares
thesia was observed in the 107 patients of the DANDY group and only 
3 cases (= 2.8%) developed moderate, permanent paresthesia. 

Table 5a. Surgical procedures and paresthesia 

Transitory Permanent 
n 

Slight Severe 

Electro-
coagulation 38 3,9% 40 4, 1 % 5 0,5% 971 

Alcohol-
injection 6 7,5% 3 3,7% 3 3,7% 80 

FRAZIER 16 4,3% 5 1 ,4% 7 1 ,9% 370 

DANDY 8 7,5% 3 2,8% 0 107 

SJC5QVIST 0 0 0 55 

Anesthesia dolorosa (Table 5b) was most frequent after alcohol in
jection. After eletrocoagulation, this dreadful complication occurred 
in 0.8%, after FRAZIER's temporal approach in 2.2% and after the DANDY 
operation in 1.9% of the cases. 
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Table 5b. Surgical procedures and anesthesia dolorosa 

Number n 

Electrocoagulation 8 0,8% 971 

Alcohol injection 4 5,0% 80 

FRAZIER 8 2,2% 370 

DANDY 2 1 ,9% 107 

SJOQVIST 0 55 

Table 6. Surgical procedures - rate of mortality and causes of death 

Direct causes Indirect causes Total n 

2 3 Total % 2 3 Total % t % 

Electro-
coagul. 0 2 0,2% 3 0,3% 5 0,5% 971 

Alcohol-
inj ect. 0 2 2,5% 3 0 0 3 3,8% 5 6,3% 80 

FRAZIER 2 2 2 6 1,6% 3 1 0 4 1 ,0% 10 2,6% 370 

DANDY 2 0 0 2 1,9% 2 2 5 4,7% 7 6,6% 107 

SJOQVIST 0 0 1 1 1,8% 0 0 1 1,8% 2 3,6% 55 

Postop. Hemor- Infarction 
rhage 

2 Meningitis 2 Embolism 
3 Other causes 3 Pneumonia 

Table 7. Rate of relapses 

Number % n 

Electrocoagulation 374 38,5 971 

Alcohol injection 61 76,3 80 

FRAZIER 61 16,5 370 

DANDY 8 7,5 107 

SJOQVIST 16 29,1 55 
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Table 6 shows the postoperative mortality. The cause of death is re
lated to direct (e.g. hemorrhage, meningitis etc.) and to indirect 
(pneumonia, embolism etc.) postoperative causes. The lowest rate of 
mortality was found in the electrocoagulation group (0.5%). In the 
FRAZIER group, as the second most frequently used method, the mortal
ity rate was 2.6%. Worth mentioning is the high rate of mortality in 
the group of patients who had undergone the DANDY procedure (6.6%), 
wheregy 4.7% died from indirect postoperative causes alone. 

The frequency of relapse is given in Table 7. Of the 971 patients who 
were electrocoagulated, 374 (= 38.5%) had to undergo a second opera
tion as a result of a genuine relapse. In another 11 cases a second 
operation is planned so that the recurrence rate rises to about 40%. 
61 patients (= 76.3%) who were treated by alcohol injected into the 
gasserian ganglion had pain relapse. In the FRAZIER group, recurrence 
was noted in 61 patients (= 16.5%), whereas in the total of 107 pa
tients who underwent the DANDY operation, 8 cases (= 7.5%) suffered 
a relapse. 

Discussion 

The results presented can only give a rough idea about the efficiency 
of different surgical procedures for trigeminal neuralgia in German
speaking countries. It is probable that the results would have been 
quite different if the various operations had been performed by only 
one neurosurgeon who is specialized in this field. This applies 
equally to the three most frequently used methods, namely electro
coagulation, the FRAZIER temporal operation and the DANDY suboccipi
tal approach. This may also be valid for the at present less fre
quently used procedures such as HKRTL's alcohol injection and 
SJ~QVIST's medullary tractotomy. 

Some of the remarkable results in this co-operative study might be 
explained by different degree of exactness practised by the follow-
up investigators in the individual clinics. As an example the di
verging data concerning the frequency of masticatory paralysis, neuro
paralytic keratitis, and mental changes after the different operative 
procedures can be mentioned. 

Finally the unequal size of the groups could be a factor. This may 
play a role as to the difference between the frequency of pain recur
rence after FRAZIER's procedure (370 cases) and after the DANDY ope
ration (107 cases). The present data seem to favour the suboccipital 
approach of DANDY as far as the probability of relapse is concerned. 
However, the significance of the lower rate of recurrences in this 
latter group was not statistically verified. 

Summary 

On the basis of the present study involving 1,946 patients from 17 
neurosurgical clinics who were operated on for idiopathic trigeminal 
neuralgia, we can say the following: 

(1) Electrocoagulation with 50% of the total test-group was the most 
frequently used operativ method. 

(2) All operative techniques resulted in immediate pain relief or at 
least satisfactory improvement, in approximately 90% of the cases. 

(3) The number of complications was the lowest following electrocoa
gulation. It was twice as high after the FRAZIER operation and 
4 1/2 times higher after the DANDY operation. 
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(4) Permanent postoperative paresthesia occurred in 4.6% of the cases 
following electrocoagulation, in 3.3% of the cases after the tem
poral approach and in 2.8% of the cases after the DANDY operation. 
Permanent severe paresthesia did not remain in any of the patients 
who underwent the DANDY procedure. 

(5) Anesthesia dolorosa resulted in less than 1% of the cases after 
electrocoagulation. It occurred after the temporal and suboccip
ital approaches more than twice as often. 

(6) Mortality after electrocoagulation amounted to 0.5%, following 
FRAZIER's operation 2.6%, and after DANDY's operation 6.6%. 

(7) The relapse frequency amounted to 40% after electrocoagulation, 
16.5% after the temporal approach and 7.5% after DANDY's approach. 
The different number of cases in the last two groups permits only 
a limited comparison. 

It seems to be legitimate to state, on the basis of our investigation 
that electrocoagulation - or its modern variation, thermocoagulation 
of the ganglion GASSERI - seems at the present time to be the best 
method for treating idiopathic trigeminal neuralgia surgically the 
first time. 
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Complications from Surgery on a Vulnerable Spinal Cord 
B. B. WHITCOMB 

Certain risks are to be expected in surgery of the spinal cord. There 
are particular situations, however, where serious complications may 
occur where there is an obvious vulnerability of the cord. In other 
situations, the vulnerability may be more obscure due to an abnormal 
vascular supply. This will be demonstrated in the following cases. 

Case I 

A 49-year-old female achondroplastic dwarf gave a history of pain in 
the right upper extremity for several years. On admission, she 
showed some generalized weakness and long tract signs with ankle 
clonus, left Babinski and peripheral weakness in the right arm. 
X-rays showed borderline platybasia with developmental changes at 
C1-C2. There was some scoliosis of the cervical spine. The myelogram 
showed an upward course of the cervical roots, suggesting an Arnold
Chiari malformation, but there was no obstruction. An arteriogram 
showed a hypopZastia Zeft subaZavian artery. Operation was performed 
in the sitting position under generaZ anesthesia with decompression 
of C1, C2 and the foramen magnum. The spinal cord was not touched or 
manipulated. Postoperatively, there was a central cervical cord 
syndrome with flaccid motor paralysis of the hands, which has per
sisted, plus paralysis of the right shoulder girdle, arm and upper 
intercostals. She has a bilateral Babinski response but is able to 
walk. 

Here a vulnerable ischemic cord became infarcted because of the 
procedure, probably from posturing under anesthesia in a patient 
whose cord circulation was borderline with hypoplastic vessels. 

Occurring at about the same time, there were three similar cases in 
New England of cord or medullary infarctions following rhizotomies 
for spasmodic torticollis. Dr. William StVEET of Boston described his 
case as postoperatively having a devastating flaccid paralysis in 
both upper extremities similar to the case presented above; Dr. Hanni
bal HAMLIN of Providence reported a similar serious complication with 
a Left Brown-Sequards Syndrome and Dr. William SCOVILLE had the fol
lowing case in our clinic in Hartford: 

Case II 

A 49-year-old male with severe spastic torticollis. Operation was 
performed in the sitting position with section of the motor roots of 
C1, 2 and 3 bilaterally plus the spinal accessory nerves. There was 
transient troublesome bleeding between C1 and 2 roots anteriorly. The 
immediate postoperative result was satisfactory, but the patient 
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developed sleep apnoea in a few hours. This was immediately recog
nized, and he was placed on the respirator but found to have a med
ullary syndrome with inability to swallow, speak or breathe and with 
a drop in blood pressure, quadriparesis and bladder paralysis. There 
was slight gradual improvement over a few months. He was ambulatory 
with assistance and sent to a convalescent hospital for physical 
therapy and died of sleep respiratory arrest. At autopsy, unfortu
nately the cervical cord was not removed, but sections of the med
ulla indicate the infarction that occurred. 

In retrospect, we found two other cases at Hartford Hospital which we 
believe fit into this category although fortunately their neurologic 
signs were transient. 

Discussion 

These cases all suggest an unexpected vascular insult to a cord made 
vulnerable from a preoperative anomaly or pathological vascular 
change. 

Anatomically, from the works of ADAMKIEWICZ, HUGHES and later anato
mists and the more recent works of LAZORTHES, PISCOL, TONNIS, ZULCH, 
DiCHIRO and others, we know the major anastomotic vessels enter at 
the cervical and lumbar enlargements producing the so-called "water
shed circulation" with its vulnerable areas. We have been warned that 
the variations in location of the major anastomotic vessels are also 
a cause for caution. 

Pathologically, vulnerability is produced by those conditions reduc
ing the size of the spinal canal and by vascular conditions jeopar
dizing the circulation of the cord. The bony stenosing lesions may 
be congenital such as platybasia, achondroplasia, dysraphism, sco
liosis, etc. or acquired such as spondylosis, subluxation, fracture, 
arachnoiditis ossificans, etc. Cases of spondylosis have been made 
paraplegic simply by manipulation of the neck under general anesthe
sia for the purpose of intubation; also by chiropractic manipulation 
when subsequent occlusion of a vertebral artery has been demonstrated. 
The soft tissue lesions include: tumors, central disc herniations, 
hematomas, infections (granuloma) etc. There is also vulnerability 
from vascular lesions and anomalies. The primary vascular lesions 
include A.V.M. and arteriosclerosis. WILSON et al. reported two cases 
of A.V.M. in which there was transient paraplegia occurring after 
eating a large meal. It was assumed these arose from splanchnic steal 
through enlarged feeding arteries. More important, however, are 
lesions of the contributing circulation: aortic - as aneurysms, co
arctation and trauma; vertebral - as unilateral compression, occlu
sion or anomalies. We have reason to believe that this latter situ
ation may have been at play from the marked torsion of the neck in 
the cases of spasmodic torticollis as illustrated by the second case. 
Of particular interest are lesions affecting the anastomotic feeding 
vessels to the cord and the consequent ischemia in the watershed 
areas. Unexpected injury may occur to these vessels because of their 
variability in location. The great anastomotic ar~ery (Adamkiewicz) 
is of such importance that the side and level of its entrance into 
the spinal cord should be established, particularly before surgical 
attack in the thoracolumbar area. Damage to this vessel in ap
proaching thoracic discs has accounted for some of the complications 
in these cases. Diagnostic, radiologic agents used intra-arterially 
by transient blocking of these vessels have produced tragic paralyses. 
A low systemic blood pressure or a sudden drop during surgery com
pounds the vulnerability of an already compromised cord circulation. 
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Surgical factors to be implicated are the posturing and positioning 
of the patient with a vulnerable cord under general anesthesia. Local 
or regional block anesthesia may be much safer and is advised her in 
most cases as well as in tumors of the dominant hemisphere. This is 
well tolerated particularly by the older people. 

The surgical approach must be planned to give no further encroachment 
to an already compromised cord or vascular supply. A central cervical 
disc is better approached anteriorly and a thoracic disc through a 
transthoracic or costotransversectomy approach. However, these are 
not without accidents. KRIEGER and ROSOMOFF have reported two cases 
of sleep apnoea which they felt resulted from ischemia of the cord 
from an anterior surgical approach to C3-4 disc herniation. If oper
ated psoteriorly, the dura must be opened to permit direct visual
ization of the cord while expressing the disc. The tragedies of the 
extradural approach are too well known. Manipulation must be avoided, 
and the preservation of radicular vessels is essential. 

In the lumbar canal, cauda equina palsy can occur from severe com
pression with associated ischemia of these roots or by the resulting 
arachn oiditis which commonly follows a complete block in the lumbar 
subarachnoid space. It is curious why some cases of severe arach
noiditis may have neither signs nor symptoms while others may have 
severe neurologic deficits and pain. It is suggested that, in some 
of these cases, vascular occlusion of sufficient duration has oc
curred to produce the deficit. 

Summary 

(1) Damage to vascular supply of the cord is often more devastating 
than direct intrinsic cord surgery. 

(2) Conditions rendering the cord circulation to be vulnerable must 
be recognized preoperatively. 

(3) Selective arteriography is advisable prior to surgery on some 
chronic compressive cord lesions. 

(4) Bilateral vertebral angiography 'is a pertinent preoperative test 
when considering rhizotomy for spasmodic torticollis. 

(5) In cord surgery, one must protect all spinal vessels which may 
appear of secondary importance normally, but which may be of prime 
importance in a pathological situation. 

(6) Arachnoiditis from extradural surgery more commonly arises from a 
compression lesion of the cauda equina and may become symptomatic 
when circulation to the cauda equina is involved. 
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Spinal Cord Injuries 

The Immediate Complete Areflexic Tetraplegia Syndrome*, ** 

R. C. SCHNEIDER 

The author (37) and others (11, 21, 22, 41) have stated in the past 
that if a spinal cord injury is immediate and complete, without a 
block on the jugular vein compression (Queckenstedt) test, for 24 
hours or longer, the prognosis for any functional recovery is hope
less. Spurred on by the developments in basic and clinical research, 
this author believes that this view is no longer tenable, for there 
has been effective functional recovery in such instances occurring 
beyond the 24-hour limit. 

Seven years ago, TURNBULL and co-workers (43) reported their impor
tant microangiographic study of the spinal cord of the cadaver, de
scribing the intrinsic relationships of the tiny vessels. In order to 
study the results of trauma to the spinal cord in the laboratory, the 
older techniques of ALLEN (2, 3) of dropping a given weight a speci
fic distance directly on the cord has been revived (1, 13, 30, 31, 
46). However, a rather more natural development of a lesion by GOSCH 
and co-workers (18, 19), employing the impact track, has been used in 
the Michigan Neurosurgical Research Laboratory, with very satisfac
tory results. 

GOODKIN and CAMPBELL (17) presented their preliminary material on the 
sequential alterations found in experimental cord trauma. In further 
studies, DUCKER and ASSENMACHER (12), studying trauma induced in mon
key spinal cords, emphasized the importance of the timing in the mi
crovascular response. They believed that the subacute and delayed 
response due to alteration of the vessel wall resulted in a perivas
cular inflammatory response, vasomotor paralysis, intravascular sta
sis, and occasional intravascular coagulation, which halted circula
tion and led to necrosis within the cord. These authors indicated 
that such a response was self-destructive and suggested that pre
vention of this phase was essential. Subsequent studies showed that 
the severity of injury was reflected by alterations in the smaller 
vessels, and that the failure of their perfusion was responsible for 
the irreversible damage (14). 

In other important experimental work, WAGNER and co-workers (45) be
lieved that, within four hours following contusion, pathological 
changes occurred in the microvasculature of the spinal cord which re
sulted in depleted circulation through the capillaries and the post
capillary venules. In further work from that laboratory, DOHRMANN and 
others (10) demonstrated by electron microscopy that by one hour af
ter the spinal cord was experimentally contused, the peri axonal 

*Partially reprinted from SCHNEIDER, R.C., CROSBY, E.C., RUSSO, R.H. 
and GOSCH, H.H.: Clin. Neurosurg. 20: 424-492, 1973 (39). 
**(Work supported by the Begole-Brownell Neurosurgical Fund). 
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spaces of the involved fibers were dilated, and although the myelin 
sheaths of the fibers were attenuated, the axonal morphology remained 
intact. After four hours, the myelinated nerve fibers had markedly 
dilated peri axonal spaces, and the intact but attenuated sheaths con
tained axons in various stages of degeneration. However, there still 
were only partially denuded axons. Since some of their animals only 
had a transitory paraplegia, they postulated that the changes in 
these less injured fibers were reversible within the first two weeks 
after injury. KELLY and co-workers (23) found in studying traumatized 
spinal cords in dogs that low tissue p02 could be replaced with oxy
gen under high pressure, and that following the use of hyperbaric 
oxygen, recovery of neurological function seemed equal to other 
treatment with hypothermia, steroids, etc. (24). 

From their observations of monkeys whose spinal cords were submitted 
to the weight-dropping technique (2, 3), OSTERHOLM and MATHEWS (30) 
discovered the rather rapid accumulation of norepinephrine after in
jury. The result was first a neural reaction of electrical depression 
or paralysis of fiber activity. The second response was a vascular 
one which was toxic tissue destruction. Their subsequent studies (31) 
demonstrated that a-methyl tyrosine blocked the formation of norepi
nephrine and thus diminished the degree of spinal cord damage. How
ever, a-methyltyrosine is extremely toxic and OSTERHOLM and MATHEWS 
(31) have warned against its use in humans. Nevertheless, this 
chemical study provides the possibility of an improved outlook for 
the spinal cord injury patient of the future. However, recent studies 
fail to support their work. 

To ALBIN and co-workers (1) and WHITE and ALBIN (46) must go the cred
it for the current interest in experimental work due to their studies 
with local hypothermia. Their work suggested that local cooling of 
the traumatized spinal cord, using ALLEN's (2, 3) old techniques, 
effected remarkable neurological recovery. However, DUCKER and HAMIT 
(13) and BLACK and MARKOWITZ (5) found the administration of ste
roids in similarly produced experimental trauma to be at least equal 
to, and usually superior to, local cooling of the injured cord in 
attaining neurological recovery. The report of COLE and co-workers 
(8), stemming from the long use of corticosteroids at the University 
of Minnesota, suggested that if they are to be effective they should 
be administered early, for the effect is probably greatest in three 
to six hours. 

Although DAWSON studied cerebral responses after electrical periph
eral nerve stimulation in 1947 (9) and improved his technique in 
1954, the use of evoked responses in studying the prognosis of trau
matized peripheral nerves (26) and injured spinal cords in man (15, 
16, 20, 32) has only recently received renewed usage. The future ap
plication of these techniques may be of aid in estimating the prog
nosis and the value of various medical and surgical techniques in the 
treatment of acute spinal cord injuries in man. 

For years, cervical myelography was not used in the cord injury pa
tient for fear of causing increased deficit. However, more recently 
the use of percutaneous instillation of contrast medium at the C-2 
vertebral level for cervical myelography using the trans lateral film 
in the prone position has eliminated anxiety concerning undue move
ment at the cervical fracture or dislocation site such as might occur 
with tilting of the patient if the radiopaque oil was injected by the 
lumbar route. The increasing use of gas myelography (25, 29) with 
poly tomography in some clinics (28, 33) has demonstrated the presence 
of extruded disc or bone fragments anterior to the cervical spinal 
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cord and reinforced the clinical observation of the "acute ~terior 
cervical spinal cord injury syndrome" (34, 35) with the necessity for 
urgent operation (35, 37). On the other hand, if there is a smooth 
gas shadow anterior to the cervical spinal cord, and a fragment is 
excluded, there may have been destruction or merely vascular insuf
ficiency without compression to the anterior portion of the cervical 
spinal cord, and surgery may be contraindicated as suggested by 
ROSSlER to the author (33). 

In the light of these old (42) and new developments suggesting the 
urgency of instituting treatment (6), the following two case reports 
of immediate complete areflexic tetraplegia are of some interest. 

Case 

This 18-year-old right-handed girl was riding in a car, not wearing 
a seat belt, when the vehicle went out of control and turned over. 
She was ejected from the vehicle without sustaining a loss of con
sciousness on August 29, 1971 at 9:00 p.m. Upon arrival at a local 
hospital, the x-rays revealed a C-6 on C-7 fracture-dislocation (Fig. 
1A) and a comminuted left fractured humerus. She was then sent direct
ly to the University Hospital. The patient had an immediate complete 
areflexic tetraplegia, with good residual flexion of her biceps, very 
weak extension of the triceps, and no grip in the hand bilaterally., 
There was a complete loss of all sensory modalities to the C-7 der
matome on the right and C-8 on the left. Within two hours after in
jury, by 11 :00 p.m., Vinke tongs had been placed and a lumbar punc
ture demonstrated a complete block on the jugular vein (Queckenstedt) 
test. At 6:00 a.m. on August 30 a course of dexamethazone was insti
tuted (4 mg every six hours for two weeks). A second lumbar puncture 
was made at 9:00 p.m. on August 30, 24 hours after injury and 22 hours 
after the institution of traction and the initiation of steroid ther
apy. No blockage was noted on this second Queckenstedt test. 

By August 31, 1971 at 2:00 p.m., there was recovery of gross touch, 
vibration and position sense, and deep pain in the toes bilaterally. 
Both Achilles reflexes were intact and extensor plantar reflexes were 
noted. On September 5, the sensory level for hypalgesia had dropped 
to the T-5 dermatome level. At operation on September 16, a disrupted 
spinous ligament was found at the C-6-C-7 interspace. There was a 
locked right facette and a free bone fragment compressing the right 
side of the cord. A complete laminectomy of C-6 and a partial one of 
C-7 was performed, with removal of the fragment from the posterior 
aspect of the cord. The dura was opened and the cord appeared normal. 
The dentate ligaments were cut and no evidence was found of an ex
truded disc or bone fragment anterior to the cord. Dural closure was 
performed and posterior fusion was made by wiring the C-5 and C-7 
spinous processes and inserting an iliac bone graft (Fig. 1B). Six 
months after injury the patient was totally independent. She walked 
well but had slight imbalance. There was good strength in her lower 
extremities and right arm, but the left leg was weak. There was sym
metrical hyperreflexia with bilateral extensor plantar reflexes. 
Bladder function was controlled by intermittent catheterization. Ten 
months after injury she was teaching dancing five days a week and 
spending a sixth day on her ballet lessons. Her only neurological 
deficit was the hypalgesia to the L-1 dermatome in the right lower 
extremity, but this appeared to present no handicap in her activities. 
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Comment 

This patient had an immediate complete tetraplegia with a block on 
the Queckenstedt test demonstrated two hours after injury. The insti
tution of traction immediately thereafter and the administration of 
dexamethazone six hours later were successful in overcoming the block 
as shown on lumbar puncture 22 hours later. It is not known which of 
these factors was responsible for improvement, but her tetraplegia 
was shown to clear, disappearing 42 hours after injury. Dr. Robert 
KNIGHTON (27) had first mentioned to the author in 1969 that he had 
been administering dexamethazone to his spinal cord injury patients 
with some success for about 1 year. 

The advantages of the posterior approach in this case were the abili
ty to reduce the locked right facette and to elevate the depressed 
laminar fragment, and the opportunity to view the external condition 
of the cord and cut the dentate ligaments and to check the possible 
evidence of an anterior ruptured intervertebral disc or bone fragment. 
The disadvantage was a longer interval on a frame. An anterior ap
proach could have accomplished the anterior exploration of the cord, 
but reduction of the facettes, elevation of the depressed lamina, 
visualization of the condition of the cord, and stimulation of it (if 
it had been desired) above and below the site of the lesion could not 
have been accomplished. 

A second case is presented because this patient and the previous one 
were hospitalized concurrently with immediate complete tetraplegia, 
but the timing in the two patients' management varied considerably 
and is significant in our discussion. 

Case 2 

An 18-year-old male was riding in the guest-passenger seat of a car 
without any seat belt when the vehicle struck an abutment at 55 m.p.h. 
at 1:00 p.m. on August 27, 1971. The car turned end over end and the 
patient regained consciousness on the ground, having sustained an 
immediate complete paralysis of the lower extremities; he was barely 
able to grip with his hands. At the hospital, the immediate complete 
areflexic tetraplegia was confirmed, with a sensory level to C-8 for 
hypalgesia. Cervical spine x-rays demonstrated a fracture through the 
right lateral mass of the C-6 vertebra on the anterior-posterior view 
(Fig. 2A) with a slight anterior dislocation of the C-6 vertebral 
body on C-7 on the lateral view (Fig. 2B). The latter film also sug
gested the presence of a bony fragment either in the spinal canal at 
the C-6-C-7 interspace or just lateral to it. Because of the anterior
posterior view, the latter condition was suspected. He was placed in 
halter traction on a frame until 8:00 a.m. on August 28, 1971, at 
which time a lumbar puncture was performed and a partial block was 
found on the jugular vein (Queckenstedt) test, with a cerebrospinal 
fluid protein value of 77 mg per cent. Immediately thereafter, 19 
hours after injury, he was placed on a regime of 10 mg of dexametha
zone intravenously and continued on a 4-mg dosage every six hours. 
Skeletal traction was instituted simultaneously, and there was a 
slight improvement in alignment at the dislocation site. A lumbar 
puncture was repeated 72 hours after the first one with no evidence 
of block on the Queckenstedt test and with the protein value recorded 
at 40 mg per cent. By September 2 his hypalgesia level was at the C-5 
dermatome but otherwise there was no neurological change. He was 
hyperextended slightly. On September 9, 13 days after his injury, he 
continued to demonstrate his complete areflexic tetraplegia, and a 
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complete laminectomy of C-5, C-6, and C-7 was performed. On the right 
a fractured C-6 lamina, which had compressed the spinal cord, was 
removed, the dura opened, and the dentate ligaments were cut. The 
cord appeared to be normal. Evoked responses were obtained between 
the C-6 and C-7 posterior nerve roots bilaterally, suggesting poste
rior continuity of the spinal cord. (It was unfortunate that further 
attempts to provide similar stimulation to the anterior roots could 
not be accomplished because of equipment failure.) The dura was then 
closed and an iliac bone graft made from C-3 to T-l, with care taken 
to bridge the bony defect and protect the spinal cord from loose 
fragments. 

By March 15, 1972, he had recovered almost completely, being neuro
logically negative except for weakness in the interossei of both 
hands; his right showed more involvement than the left. There was 
minimal weakness in the right hand, with minimal hyperesthesia in the 
fingers of both hands. There were right hyperactive upper and lower 
extremity reflexes, with only a right extensor plantar reflex. He 
had used self-catheterization for his motor paralytic bladder. His 
lateral cervical spine x-rays showed a solid bony fusion from C-3 
through T-l but he had surprisingly good movement on flexion and ex
tension films, although his extensive fusion was solid. Ten months 
after injury he returned with only some weakness and atrophy in his 
interossei muscles. In spite of this neurological pattern his plant 
physician had let him return to his work as driver of semi-trucks 
which task he was reported to have performed skillfully. 

Comment 

There is no doubt that this patient had an immediate complete are
flexic tetraplegia, and inasmuch as the block on lumbar puncture and 
jugular compression was only partial it was thought that surgical de
compression could be delayed. This was especially true since the 
lateral x-ray film suggested the possibility of some encroachment on 
the spinal canal at the C-6-C-7 interspace. A C-2 percutaneous Pan
topaque 1 myelogram might have demonstrated the degree of encroachment 
on the spinal canal and might have led to earlier operation. However, 
it was feared that the manipulation necessary to insert an intra
tracheal tube might further damage an already compromised spinal cord 
which apparently had had relief of pressure by traction or the re
lief of spinal cord edema by dexamethazone. 

The posterior surgical approach in this case permitted the elevation 
of the depressed fracture of the lamina and enabled visualization and 
stimulation of the spinal cord. The posterior cervical spinal fusion 
was far too extensive and would have been adequate if carried one 
segment less in both a cephalad and caudad direction. Instead stabili
zation could have been accomplished by a two-space anterior fusion at 
another time, perhaps 10 days later. However, in this instance the 
desired result was accomplished by one operative procedure despite 
its extent. The recovery from neurological deficit cannot be attri
buted necessarily to traction, but perhaps dexamethazone administra
tion permitted protection of the spinal cord function by decreasing 
cord edema. It was administered 19 hours after injury and presumably 
this is much too late to have prevented the supposed irreversible 
changes that have been reported in experimental works by so many ob
servers. 

lpantopaque, ethyl 10-(p-iodophenyl) undecylate, Lafayette Pharmacal, 
Inc., Fayetteville, Ind. 
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Discussion 

From a discussion of the data above, it is apparent that the goal in 
the treatment of acute spinal cord injuries, whether it be on a bio
chemical or surgical basis, should be the diminution of hypoxia to 
the injured spinal cord by the improvement of the microcirculation. 
WHITE and ALBIN (46) reported applying their experimental local cool
ing techniques, which require operative intervention, to 10 patients, 
who had "complete or nearly complete" tetraplegia, with some degree 
of satisfactory neurological recovery. This paper intimated that such 
recovery probably was related to the operation and the hypothermia 
technique which was employed. Inasmuch as this work was presented at 
a national meeting, and numerous impressionable neurosurgeons may 
hasten to provide such therapy, perhaps the author may be permitted 
a few constructive critical comments. A lesion is either complete or 
incomplete. Since the recognition of the acute central cervical spi
nal cord injury syndrome (36, 38), the author has discovered that 
patients with only a twitch of the quadriceps or minimal movement of 
a great toe may progress to complete recovery without operation. If 
surgery had been performed, the return of function would have been 
attributed to the successful operative procedure. Attention to each 
detail in the neurological examination is significant; this is the 
reason why large surveys of spinal cord injuries by a multitude of 
examiners, some thorough, and others not so compulsive, may produce 
evaluations which may be misleading. 

Another consideration relative to surgery is the jostling about nec
essary to introduce an intratracheal tube in a patient who already 
has an almost completely compromised respiratory function by a com
plete lesion at the C-3-C-4 level or higher; this may lead to trag
edy (37). In the series of the 10 patients which WHITE reported (47), 
there were four who were stated to have respiratory and/or cardiac 
arrest. It is difficult to understand what effect such occurrences 
can have on the microcirculation of the injured spinal cord other 
than a deleterious one. 

One of the most important factors to be gleaned from recent experi
mental and clinical work is the fact that the immediate administra
tion of steroids (dexamethazone in the cases reported) at the site of 
the accident or shortly thereafter may be as effective or perhaps 
even better than surgery. However, it is just as dangerous to credit 
this type of conservative medical therapy with the neurological im
provement (Cases 1 and 2) as it is to state that operation with hy
pothermia to the cord is responsible for the recovery of some neuro
logical function. In Cases 1 and 2 the presence of a block on the 
Queckenstedt test was complete in the former instance and partial in 
the latter one. Recovery might well have been attributed to the ini
tiation of skeletal traction. 

With regard to the operative approach, the neurosurgeon must use the 
anterior or posterior surgical procedure which best fits the patient's 
condition. If only cervical bony deformity is present without neuro
logical deficit, locked facettes, the evidence of bone fragments in 
the canal, or depressed lamina on laminagraphy and percutaneous mye
lography (performed at the C-2 level), then the anterior approach may 
be desirable (4, 7, 40, 44). Its advantages of the avoidance of a 
bony fusion over the dura and the early mobilization and rehabilita
tion of the patient are very important. However, if there is a neuro
logical deficit, with disc material or a bony fragment seen in the 
spinal canal, a locked facette unilaterally or bilaterally, or a de
pressed lamina on laminagraphy or myelography, then the posterior 
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approach is perhaps the bet.ter. This permits opening the dura, visu
alizing the cord, cutting the dentate ligaments, and stimulating the 
cord, thus evaluating evoked potentials across the site of injury. 
The immobilization problem is no longer as great since the develop
ment of the halo support permits early ambulation and rehabilitation 
even with a posterior cervical fusion. 

Summary 

The immediate complete areflexic tetraplegic injury syndrome and its 
management has been discussed. Two such cases with almos± complete 
recovery have been reported which were immediate and complete for 
over 24 hours. Although the current experimental data suggest that an 
irreversible effect may occur in three to six hours after injury, 
some of the cases recently treated with steroids after a considerably 
longer interval between injury and therapy have shown beneficial re
sults. The dangers of claiming that the steroids were responsible for 
achieving the desired effect in these cases, or that results can be 
improved by operation and hypothermia, are cited. From the data pre
sented here, the current dictum of speed to perform a decompression 
operation within four hours does not seem to be valid. The importanae 
of treating eaah patient with a spinaZ aord injury as an individuaZ 
rather than fitting a singZe operative approaah to the patient is 
emphasized. 

REFERENCES 

1. ALBIN, M.S., WHITE, R.J., ACOSTA-RUA, G., YASHON, D.: Study of 
functional recovery produced by delayed localized cooling after 
spinal cord injury in primates. J. Neurosurg. ~, 113-120 (1968). 

2. ALLEN, A.R.: Surgery of experimental lesion of the spinal cord 
equivalent to crash injury of fracture dislocation of spinal col
umn. A preliminary report. J.A.M.A. 22, 878-890 (1911). 

3. ALLEN, A.R.: Remarks on the histopathological changes in the spi
nal cord due to impact: an experimental study. J. Nerv. Ment. Dis. 
11, 141-147 (1914). 

4. BAILEY, R.W., BADGLEY, C.E.: Stabilization of the cervical spine 
by anterior fusion. J. Bone Joint Surg. 42A, 565-594 (1960). 

5. BLACK, P., MARKOWITZ, R.S.: Experimental spinal cord injury in 
monkeys: comparison of steroids and local hypothermia. Surg. 
Forum 22, 409-411 (1971). 

6. BUCY, P.C.: Acute spinal cord injury. The Fourth Annual Edgar A. 
KAHN Lecture, Ann Arbor/Michigan, October 13, 1972. 

7. CLOWARD, R.B.: Treatment of acute fractures and fracture
dislocations of the cervical spine by vertebral body fusion. J. 
Neurosurg. ~, 201-209 (1961). 

8. COLE, H., LONGBY, D., CHOU, S.: Are corticosteroids effective in 
the treatment of spinal cord lesions. Presented at the 25th Annual 
Meeting of the Neurosurgical Society of America, Pebble Beach/ 
Calif., March 22, 1972. 

9. DAWSON, G.D.: A summation technique for the detection of small 
evoked potentials. Electroenceph. Clin. Neurophysiol. ~, 65-84 
(1954) . 

340 



10. DOHRMANN, G.J., WAGNER, F.C., Jr., BUCY, P.C.: Transitory trau
matic paraplegia: electron microscopy of early alterations in 
myelinated nerve fibers. J. Neurosurg. 36, 407-415 (1972). 

11. DRAKE, C.G.: Cervical spinal cord injury. J. Neurosurg. ~, 487-
494 (1962). 

12. DUCKER, T.B., ASSENMACHER, D.R.,: Microvascular response to ex
perimental spinal cord trauma. Surg. Forum 20, 428-430 (1969). 

13. DUCKER, T.B., HAMIT, H.F.: Experimental treatment of acute spinal 
cord injury. J. Neurosurg. 30, 693-697 (1969). 

14. DUCKER, T.B., KINDT, G.W., KEMPE, L~G.: Pathologic findings in 
acute experimental cord trauma. J. Neurosurg. 35, 700-708 (1971). 

15. DUCKER, T.B., PEROT, P.L., Jr.: Cerebral somatosensory evoked po
tentials from peripheral nerve stimulation in spinal cord inju
ries. Presented at the Third Annual Edgar A. KAHN Neurosurgical 
Meeting~ November 19, 1971, Ann Arbor/Michigan. 

16. GIBLIN, D.R.: Somatosensory evoked potentials in healthy subjects 
and in patients with lesions of the nervous system. Ann. N.Y. 
Acad. Sci. 112, 93-142 (1964). 

17. GOODKIN, R., CAMPBELL, J.B.: Sequential pathological changes in 
spinal cord injury. A preliminary report. Surg. Forum 20, 430-
432 (1969). -

18. GOSCH, H.H., GOODING, E., SCHNEIDER, R.C.: Mechanism and patho
physiology of experimentally induced cervical spinal cord inju
ries in adult rhesus monkeys. Surg. Forum~, 455-457 (1970). 

19. GOSCH, H.H., GOODING, E., SCHNEIDER, R.C.: Cervical spinal cord 
hemorrhages in experimental head injuries. J. Neurosurg. 11, 640-
645 (1970). 

20. HALLIDAY, A.M., WAKEFIELD, G.S.: Cerebral evoked responses in 
patients with dissociated sensory loss (Abstract). Electroenceph. 
Clin. Neurophysiol. li, 786 (1962). 

21. KAHN, E.A.: Spinal cord injuries (Editorial). J. Bone Joint Surg. 
41A, 6-11 (1959). 

22. KAHN, E.A., ROSSlER, A.B.: Acute injuries of the cervical spine. 
Postgrad. Med. ~, 37-44 (1966). 

23. KELLY, D.L., Jr., LASSITER, K.R.L., CALOGERO, J.A., ALEXANDER, 
E., Jr.: Effects of local hypothermia and tissue oxygen studies 
in experimental paraplegia. J. Neurosurg. 11, 554-563 (1970). 

24. KELLY, K.L., Jr., LASSITER, K.R.L., VONGSVlVUT, A., SMITH, J.M.: 
Effects of hyperbaric oxygenation and tissue oxygen studies in 
experimental paraplegia. J. Neurosurg. 36, 425-429 (1972). 

25. KLEFENBERG, G., SALTZMAN, G.F.: Gas myelographic studies in 
syringomyelia. Acta Radiol. (Stockholm) 52, 129-128 (1959). 

26. KLINE, D.G., DeJONGE, B.R.: Evoked potentials to evaluate peri
pheral nerve injury. Surg. Gynec. Obstet. 127, 1239-1248 (1968). 

27. KNIGHTON, R.S.: Personal communication 1969. 

28. LARSON, S.J.: Gas myelography in the management of spinal cord 
injury. Presented at the 25th Annual Meeting of the Neurosurgical 
Society of America, Pebble Beach/Calif., March 22, 1972. 

29. ODEN, S.: Diagnosis of spinal tumours by means of gas myelography. 
Acta Radiol. (Stockholm) 40, 301-313 (1953). 

341 



30. OSTERHOLM, J.L., MATHEWS, G.J.: Altered norepinephrine metabolism 
following experimental cord injury. Part I: Relationship to 
hemorrhagic necrosis and post-wounding deficits. J. Neurosurg. 
l.§., 386-394 (1972). 

31. OSTERHOLM, J .L., MATHEWS, G.J.: Altered norepinephrine metabolism 
following experimental spinal cord injury. Part II: Protection 
against traumatic spinal cord hemorrhagic necrosis by norepineph
rine synthesis blockade with alpha methyl tyrosine. J. Neurosurg. 
l.§., 395-401 (1972). 

32. PEROT, P.L., Jr.: The use of somato-sensory evoked potentials in 
the evaluation of brain and spinal cord injuries. A preliminary 
report. Presented at the 25th Annual Meeting of the Neurosurgical 
Society of America, Pebble Beach/Calif., March 22, 1972. 

33. ROSSlER, A.B.: Personal communication 1971. 

34. SCHNEIDER, R.C.: A syndrome in acute cervical injuries for which 
early operation is indicated. J. Neurosurg. ~, 360-367 (1951). 

35. SCHNEIDER, R.C.: The syndrome of acute anterior cervical spinal 
cord injury. J. Neurosurg. 12, 95-122 (1955). 

36. SCHNEIDER, R.C.: Surgical indications and contraindications in 
spine and spinal cord trauma. Clin. Neurosurg. ~, 157-184 (1962). 

37. SCHNEIDER, R.C.: Trauma to the Spine and Spinal Cord. In: Cor
relative Neurosurgery, Ch. 26 (eds. E.A. KAHN, E.C. CROSBY, R.C. 
SCHNEIDER, J.A. TAREN). Springfield/Ill.: Charles C. Thomas 1969. 

38. SCHNEIDER, R.C., THOMPSON, J.M., BEBIN, J.: The syndrome of acute 
central cervical spinal cord injury. J. Neurol. Neurosurg. Psy
chiat. ~, 216-227 (1958). 

39. SCHNEIDER, R.C., CROSBY, E.C., RUSSO, R.H., GOSCH, H.H.: Trauma
tic spinal cord syndromes and their management. Clin. Neurosurg. 
20, 424-492 (1973). 

40. SMITH, G.W.: Treatment of certain cervical spine disorders by 
anterior removal of the intervertebral disk and interbody fusion. 
J. Bone Joint Surg. 40A, 607-624 (1958). 

41. S UWANWE LA , C., ALEXANDER, E., Jr., DAVIS, C.H., Jr.: Prognosis in 
spinal cord injury, with special reference to patients with motor 
paralysis and sensory preservation. J. Neurosurg. 19, 220-227 
(1962). -

42. TARLOV, I.M., KLINGER, H.: Spinal cord compression studies. II. 
Time limits for recovery after acute compression in dogs. Arch. 
Neurol. Psychiat. (Chicago) 21, 271-290 (1954). 

43. TURNBULL, I.M., BRIEG, A., HASSLER, 0.: Blood supply of cervical 
spinal cord in man. A microangiographic cadaver study. J. Neuro
surg. li, 951-965 (1966). 

44. VERBIEST, H.: Anterior operative approach in cases of spinal cord 
compression by old irreducible displacement or fresh fracture of 
cervical spine. J. Neurosurg. ~, 389-400 (1962). 

45. WAGNER, F.C., Jr., DOHRMANN, G.J., BUCY, P.C.: Histopathology of 
transitory traumatic paraplegia in the monkey. J. Neurosurg. 22, 
272-276 (1971). 

46. WHITE, R.J., ALBIN, M.S.: Spine and spinal cord injury. In: Im
pact Injury and Crash Protection, Ch. 3 (eds. E.S. GURDJIAN, W.A. 
LANGE, L.M. PATRICK, L.M. Thomas), pp. 63-85. Springfield/Ill.: 
Charles C. Thomas 1970. 

342 



47. WHITE, R.J., YASHON, D., ALBIN, M.S., DEMIAN, Y.K.: The acute 
management of cervical cord trauma with quadriplegia. Presented 
at the meeting of The American Association of Neurological Sur
geons, April 16, 1972, Boston/Mass. 

Fig. 1. Case 1. (A) A poor quality film showed the result after 40 
lb. of cervical traction. There were locked facettes with a sugges
tion of bone spicules in the canal (arrow). (B) A film five months 
after realignment and a posterior spinal fusion, with wiring of the 
C-5 and C-7 spinous processes and the application of iliac bone, 
showed solid union (Reprinted courtesy Clin. Neurosurg. 20, 424-492, 
1973) -
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1. 

Fig. 2. Case 2. (A) The anterior-posterior view of the x-ray sugges
ted bilateral fractures through the pedicles of the C-6 vertebra with 
probable joint disruption. (B) The initial lateral x-ray film demon
strated disruption at C-6-C-7 with possible bone fragments in spinal 
canal (Reprinted courtesy Clin. Neurosurg. 20, 424-492, 1973) 
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Evoked Potential Studies for the Evaluation of Spinal Function After 
Experimental Spinal Trauma 

D. LINKE and I. VLAJIC 

In most experimental studies on spinal trauma dealing with the eval
uation of afferent and efferent spinal function by means of neuro
physiological techniques, compression was quantified by measures 
difficult to correlate to clinical problems (1). 

Spinal trauma can be quantified by the following parameters: latitude, 
depth, pressure as well as compression time and time course. 

In the present study the effects of duration of compression on func
tion of spinal cord are evaluated by neurophysiological methods fol
lowing sudden spinal cord compression to half its diameter. 

Methods 

20 adult rabbits were laminectomized at the thoracal level under 
Nembutal anesthesia. Compression was performed by means of a device 
developed for this purpose, and allowing differentiated variation of 
compression parameters. The spinal cord was suddenly compressed to 
half its diameter for the following periods of time: less than 1 sec, 
for 1 min, 7 min, 15 min, 30 min, 1 h, and 1 hand 15 min. 

Cortical potentials were evoked by stimulation of the exposed left 
sciatic nerve. Stimulation was performed by means of bipolar elec
trodes with rectangular pulses of 1 msec duration and an amplitude 
of 10 V at rates of one per second. Monopolar recording of evoked 
cortical responses was made extradurally on the contralateral hemi
sphere with the aid of a steel screw electrode in contact with the 
dura 1 mm parasagittal. 64 successive responses were amplified by 
a Toennies-Physioskop and averaged by a Hewlett Packard 5450A Fourier 
Analyzer. 

In order to evaluate efferent conduction muscular responses were 
evoked by extradural stimulation of the sensorimotor cortex with 
amplitudes up to 90 V. Recordings were made in the contralateral 
biceps femoris. 

Results 

In all cases of sudden compression of the spinal cord to half its 
diameter for up to 1 h only flat, distorted and delayed cortical 
evoked potentials were obtained, demonstrating a severe disturbance 
of afferent spinal function, as seen in averaged cortical evoked 
responses recorded 1 h to 24 h following the trauma. Controls up to 
72 h after compression showed no significant change. No evoked poten
tials were seen in animals in which the spinal cord was compressed 
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for 1 h and 15 min. Only in 1 out of 4 cases was there a slight 
doubt about this finding. Similar results were seen upon cortical 
stimulation. In intact animals muscular reaction in the biceps femo
ris was seen about 20 msec after cortical stimulation. Reduction and 
delay of response was seen in cases of compression lasting up to 1 h. 
No response appeared after 1 hand 15 min of compression. 

Discussion 

Following sudden compression of the spinal cord to half its diameter 
extensive loss of afferent and efferent spinal function is seen. 
Residual spinal function is significantly dependent of compression 
time in cases of compression lasting more than 1 h. No function of 
the longitudinal systems were detected in such cases. There was no 
significant change of these findings in the course of three post
operative days. 

The lack of correlation between residual spinal function and compres
sion time suggests that a circulatory factor may be involved. Fur
ther investigations to clarify these problems are planned. 
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Fig. 1. Evoked potentials following different compression times, 
recorded 1 - 24 h after compression (first column) and 24 - 72 h 
after compression (second column). No significant responses could 
be found upon compression lasting more than 1 h 
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Fig. 2. Muscular responses to cortical stimulation before and after 
diffent compression times. No response could be found after compres
sion lasting more than 1 h 
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"Dumb-Bell"-Shaped Echinococcus in the Spinal Canal 
G. LEDIN SKI and L. NEGOVETIC 

According to NITTNER (1972) Echinococcus cysts are most frequently 
located in the liver 65% and the lungs 10%. Echinococcus cysts local
ized within the central nervous system (MATTOS PIMENTAi BRANDT, 1960) 
are far less common, amounting only to 0.16 to 2%. HENNEBERG noted 
that until 1936 only approximately 150 cases of hydatidosis had been 
reported. Vertebral localization is particularly frequent. The para
site disseminates by a hematogenous route and reaches the spongiosa 
of the vertebral body. In approximately 84% of the cases the Echino
coccus cysts extend into the spinal canal resulting in medullary 
compression. 

The first case of Echinococcus cyst in the spinal canal was described 
in 1807 by CHAUSSIER. Until 1950 about 210 cases of this localisation 
had been described (ZOLTAN). 

For several reasons it is difficult to find a comprehensive survey 
of spinal Echinococcosis in literature. First, individual surgeons 
have very little personal experience with this problem and do not 
always publish their findings. Second, geographic and regional fac
tors influence the extent and percentage of infestation, resulting 
in marked statistical variability. Since, however, we believe spinal 
Echinococcosis to be of specific importance, we should like to report 
on an additional case. 

Case Report 

B.H., 64 years old married male, father of 8 children, living near to 
Banja Luka. Hie was admitted to the Central Institute for Tumors and 
Allied Diseases on September 27, 1973. Prior to admission he had been 
treated in another hospital, where myelography revealed an exspansive 
process at L1. 

The patient's symptoms had begun 8 years previously. First he expe
rienced pain in the back extending along his left leg. The pain was 
particularly acute when he coughed or stretched. Temporary pain re
lief was obtained by means of analgeties. However, pain returned 
yearly, becoming more intense. Early 1973 pain had become intolerable 
and the patient was sent to a rehabilitation hospital for three 
months at which time a lumboishialgic syndrome was diagnosed. There 
was a motor and a sensor dysfunction first in the left and then in 
the right leg. The patient felt bilateral leg, weakness accompanied 
by complete anesthesia in both leg on the following day. From then 
on he had difficulties to defecate and urinate. Ten days prior to his 
admission complete paraplegia had developed caudal to Th12. 
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Based on clinical and myelographic findings, a laminectomy from Th12 
to L3 was performed. Multiple transparent cysts varying from the size 
of a corn grain to a walnut were found in the dorsal epidural space. 
Larger cysts were observed ventral to the dural sac, compressing the 
cauda equina. Some cysts ruptured spontaneously following removal 
of the vertebral arches (Fig. 1). As soon as the intraspinal cysts 
had been removed, additional cysts, some of which burst, protruded 
into the spinal canal through the intervertebral foramina L1-L2 and 
L2-L3 on the left side. Following enlargement of the foramina, a 
large cavity was seen underneath the diaphragm, lined by a firm pri
mary membrane and full of smaller cysts (Fig. 2). 

The primary membrane and its contents were removed completely. There
after another large cavity full of cysts was found extending into 
the pelvis. There was no primary membrane. All cysts were removed, 
but some of them burst spontaneously because of the great pressure. 
The surgical cavity was drained and the wound closed in layers. 
Hystopathological diagnosis was Echinococcus. The operative wound 
healed primarily and the patient was transferred to a rehabilitation 
center, where his symptoms improved during the following 6 months. 

Ten months later the patient was readmitted due to recurrence of 
Echinococcus in the area of the surgical wound, where a large fluc
tuating soft tumor was found. The repeated antigen test was negative. 

Several days later the tumor ruptured spontaneously, giving exit to 
approximately 200 ml of liquid and to multiple cysts of varying 
size (Fig. 3). The tumor ruptured several times more: each time the 
content was the same. The patient was treated for 3 months. During 
the last month cysts had become more rare but the fistula persisted. 
The patient was again returned to the rehabilitation center. 

Discussion 

It is necessary to distinguish primary from secondary spinal hydati
dosis. The location of the parasite is either intradural or epidural. 
Intraparenchimal localization is very rare. POPOW and UMEROW (1935) 
reported several cases. Intradural localization is likewise very 
rare (HENNEBERG, 1936). Primary extradural hydatidosis was described 
by GUSEINOV in 1963. In Yugoslavian literature intradural and extra
dural Echinococcus were described by HAMERSAK (1956), POPOV (1935) 
and FERKOVIC (1966). 

One very characteristic aspect of paravertebral hydatidosis is the 
tendency of the parasite to penetrate through the intervertebral 
foramina into the spinal canal. The foramina are markedly enlarged, 
showing that Echinococcus in the spinal canal is secondary. This was 
so in our case. Sometimes by intense pressure. Parts of the vertebral 
arches are destroyed, rarely the vertebral body. In our case there 
were no changes in the roentgenograms, but aimed x-ray studies of 
the intervertebral foramina had not been made. It is interesting to 
note that although Echinococcus leaves marked traces on bony struc
tures the dura remains intact and represnets a barrier to further 
spreading of the parasites. 

Paravertebral parasitic cysts can extend to the pleural cavity, to 
the mediastinum, the kidneys, the peritoneum, to various abdominal 
organs, to paravertebral muscles and to connective tissue. On the 
other hand, paravertebral parasites can penetrate into the spinal 
canal without causing neurological symptoms. 
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The clinical picture in our case was of radicular nature for a period 
of 8 years. Sudden sensorimotor paraplegia associated with sphincter 
disturbances suggested an expansive process which was confirmed by 
mielography. 

Based on the intraoperative findings and on the postoperative X-ray 
studies, we conclude that our case was of primary paravertebral mus
cular localization. According to HENNEBERG the most common site for 
primarily paravertebral muscular Echinococcosis is the lumbosacral 
region. Prognosis of spinal Echinococcosis is very poor due to the 
recurrences. Cerebral localization was a better prognosis. Since the 
cysts are crowded within the spinal canal and often rupture sponta
neously, infecting the surroundings, we consider these cases incur
able. 

Summary 

The autors describe a patient who had suffered from a painful left
sided lumboishialgic syndrome for 8 years. Only following the devel
opment of paraplegia an intraspinal expansive process was suspected. 
Suboccipital myelography showed a complete stop at L1' Surgery re
vealed secondary Echinococcosis of the spinal canal believed by the 
authors to be of primary paravertebral muscular location. 
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Atypical Localizations of Pachymeningitis Cervicalis Hypertrophicans 
M. SCHIRMER, G. KOSTADINOW, and H. WENKER 

Pachymeningitis cervicalis hypertrophicans is a rare chronic inflam
matory condition of the spinal dura mater. The clinical picture of 
this disease was first described by CHARCOT (1) in 1872 and is char
acterised by irritation of the spinal nerve roots and compression of 
the spinal cord, damaging the long tracts and leading to paraparesis 
or tetraparesis. JOFFROY (2) described the pathological changes in 
the dura mater in 1873 and called the disease pachymeningitis cer
vicalis hypertrophicans, because it was at first known to occur only 
in the cervical region. Tuberculosis and syphilis are considered as 
ethiologic factors. 

In the past 6 years two patients have been operated on CHARCOT
JOFFROY's disease at the neurosurgical department of the Stadtisches 
Krankenhaus Neukolln in Berlin. In both the typical hypertrophic 
changes were found outside the cervical region. 

The first case was a 63 years old woman with pachymeningitis hyper
trophicans in the thoracic region: a spinal cord compression syndrome, 
already characterised by considerable unsteadiness of gait and pro
nounced distrubances of sensitivity, could be improved by laminectomy 
from the 6th to the 9th thoracic vertebrae and removal of the hyper
trophic dura mater. After two month of intensive physiotherapy the 
patient was able to walk slowly without help; the pronounced preoper
ative disorders of sensitivity were now limited to the dermatomes L5 
and S1. Micturition and defaecation were not disturbed, either before 
or after the operation. 

The second patient operated on deserves greater attention. In this 
case the typical pathological changes were found in the intracranial 
dura mater. To our knowledge this has been described in only one case 
so far (3), in contrast to the spinal manifestation of CHARCOT
JOFFROY's disease. 

This patient was a 30 years old man who had been in hospital several 
times over 20 years due to tuberculosis of the lungs and skin, and 
for tuberculous retinochorioiditis. As long as eight years before the 
present illness he had been thoroughly examined neurologically and 
radiologically because of unexplained headaches and bilateral papil
ledema. No cause was found for the clinical symptoms. Improvement, 
with regression of the papillary stasis occurred during treatment 
with tuberculostatics and cortisone. The patient was investigated 
neurologically once more because of renewed violent headaches, worse 
on the right side, and incipient bilateral papillary stasis. In the 
brain-scan1 a distinct technetium concentration was found in the 

1we thank Dr.Meisel, head of the radiological department of the Stad
tisches Wenckebach-Krankenhaus in Berlin for kindly supplying the 
brain scans. 
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right occipital region. A less distinct staining in the same region 
was seen in the cerebral angiograms. Since the erythrocyte sedimenta
tion rate was highly raised, and serum electrophoresis suggested an 
inflammatory process, we suspected the presence of a tuberculoma. 
Surgery, however, revealed only a tumor-like thickened tentorium with 
denser expansion into the supratentorial region. The soft meninges 
and the cerebral and cerebellar cortices showed distinct inflammatory 
changes. The affected tentorium was resected. 

Histological examination by Prof. K.KOHN (Pathological Institute of 
the Stadtisches Krankenhaus Neukolln) revealed: fibrous thickening of 
the tentorial tissue, containing numerous vessels with thickened and 
extensively hyalinised walls, as well as abundant non-specific chronic 
infiltrations, partly diffuse, partly focal, interspersed with lym
phocytes and particularly histiocytes. Histological diagnosis: pachy
meningitis hypertrophicans. 

The postoperative course was free of complications. When discharged 
4 weeks later, the patient no longer had any headaches and the papil
ledema had completely regressed. The final neurological examination 
revealed only an unchanged facial weakness on the right and a mild 
nystagmus on gaze to the left. 

It seems remarkable that in the patient with the intracranial local
ization of the pachymeningitis hypertrophicans there is an obvious 
direct relationship with a long existing tuberculosis and that the 
dura mater changes typical for CHARCOT-JOFFROY's disease were not 
found exclusively in the cervical region. Therefore we consider it 
advisable to name this disease simply pachymeningitis hypertrophicans. 
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Fig. 1. Brain scan: distinct technetium concentration in the right 

occipital region (from Dr. MEISEL) 

Fig. 2. Pachymeningitis hypertrophicans of the tentorium. Hematoxylin

eosin-staining. Magnification 1:160 
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Fig. 3. Hyalinized vessel with thickened wall in pachymeningitis 
hypertrophicans. Hematoxylin-eosin-staining. Magnification 1:420 
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First Experiences With the Anterior Discectomy Without Fusion of the 
Cervical Spine in Cases of Acute Disc Rupture 

G. BUSCH, K SCHORMANN, and M. SAMII 

Since 1967 we have performed the anterior fusion operation in de
generative and traumatic lesions of the cervical spine according to 
the CLOWARD technique, sometimes with modifications. The results have 
been reported several times (1, 6, 7). The total amoun.t of operations 
is 115. Since October 1973 we have performed the anterior discectomy 
without fusion in 6 patients with acute cervical disc rupture. 

The method corresponds to that of MURPHY and GADO 1972 (5), based on 
publications of HULT (4) and HIRSCH et al. (3). The approach is the 
same as in the operation of CLOWARD. Following exposure of the ven
tral surface of the cervical spine, the intervertebral disc is 
roentgenologically identified by insertion of a cannula. Thereafter 
the intervertebral space is incised and subtotal removal of the disc 
performed in a way similar to that of lumbar discs. The posterior 
longitudinal ligament is not cut, no attempt being made to remove 
dorsal osteophytes but only to decompress the cervical r.oot laterally 
by foraminotomy. Finally, a small drainage is inserted and the wound 
sutured. The cervical spinal column is immobilized by a plastic col
lar for 2 weeks. 

We approached this surgical intervention with skepticism and fear. 
We knew that, by removing only the anterior part of the segment, we 
ran the resk of instability. On the other hand, we do not expect 
postoperative instability for the following anatomic and functional 
reasons: 

(1) The small vertebral joints remain intact. 

(2) The uncovertebral processes remain and prevent lateral gliding, 
resp. dislocation. 

Finally, no dislocation has been observed following lumbar disc sur
gery and following anterior fusion in cases of degenerative disease, 
particularly during the first postoperative days. 

The indication is given only in cases of acute soft herniation of a 
cervical nucleus pulposus accompanied by neurological deficits. Table 
1 gives a short survey of the symptomatology. All patients are male, 
aged between 32 and 54 years. The involved level was C-5/6 3 times, 
C-6/7 2 times, and both segments once. In no case did the myelogram 
show a substantial narrowing or even a stop. CSF protein content was 
increased in only one case. 

The results were very satisfactory. All patients reported relief of 
pain immediately after surgery, followed by a slow improvement of the 
neurological deficits. The follow-up is now 18 months. In one patient 
we observed shoulder and arm pain 9 months after surgery. The pre
operative neurological deficits, however, had disappeared. 
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Table 1. Symptomatology in 6 patients with cervical disc herniation 

Acute Motor Reflex Sensibil- Osteo- Involved 
Pain Deficit Impair- ity Im- Chondrosis Height 
Syndrome ment pairment 

CI. , B. 
42 years + + + Narrowing C 5/6 

AH. , H. 
39 years + + + + + C 5/6/7 

sU. , J.P. 
32 years + + + + + C 6/7 

SI. , K. 
54 years + + + + + C 5/6 

SM. , F. 
52 years + + + + + C 6/7 

HI. , C. 
35 years + + + + Narrowing C 5/6 

The following 3 figures show the course of roentgenological changes. 
First, x-ray pictures of a patient with a C 6/7 syndrome in retro
flexion (left) and anteflexion (right). Obvious narrowing of C 6/7 
(Fig. 1). The roentgenograms shown in Fig. 2 were made 8 months fol
lowing surgery. The intervertebral space is still narrowed, a slight 
anterior angulation has developed. This angulation has been re
ported by CLOWARD in 10% of his patients with ventral fusion as due 
to degenerative changes without an affecting the clinical results, as 
has been confirmed in our material. It seems, however, that we have 
to count with a higher percentage in cases of clear discectomy. The 
x-ray pictures shown in Fig. 3 are from a patient with a disc hernia
tion between C 6/7 before (left) and after (right) surgery. The x-ray 
films show no marked changes. Fig. 4 shows a lesion at C 5/6, imme
diately before operation, and 2 months later. Beginning fusion has 
developed. In no patient was there obvious gliding or dislocation of 
the vertebral bodies. 

Because of the small number of cases, final conclusions should be 
drawn with care. For a limited number of patients, i.e. with acute 
soft cervical disc herniation, anterior discectomy seems to be an ef
fective treatment. It would spare the patient the removal of auto
logous bone as well as the insertion of foreign material. 
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a) Retroflexion b) Anteflexion 

Fig. 1. Osteochondrosis and narrowing of the intervertebral space C 
6/7 
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a) Retroflexion b) Normal position 

Fig. 2. The same patient 8 months af.ter anterior discectomy C 6/7 
without fusion 
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Fig. 2. 
c) Anteflexion 

Further narrowing and anterior 
angulation C 6/7 
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a) before b) 2 months after the operation 

Fig. 3. Nucleus pulposus prolaps C 6/7 
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a) 5 days after operation 

Fig. 4. Discectomy C 5/6 

b) beginning fusion at the 
anterior part of the vertebral 
body 2 months later 
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Computerized Tomography Using the High Definition Matrix (160 x 160) 
An Early Evaluation* 

E. KAzNER, H. STEINHOFF, W. LAN KSCH, and F. MARGUTH** 

In December 1974, a computerized tomography equipment with the high 
definition matrix (EMI-Scanner 160 x 160) has been installed at the 
Neurosurgical Clinic of the Ludwig-Maximilians-University of Mlinchen. 
During a 4-months-period 650 patients have been investigated using 
the standard cross sections as proposed by AMBROSE (1) and a special 
reconstruction programme (patient's movements correction). The prin
ciple of the method has been described in detail by HOUNSFIELD (2). 

Material and Results 

Among 133 intracranial tumours 129 (97%) could be diagnosed in the 
plain scan, i.e. without the application of a contrast medium. Two 
of the four primarily not visible tumours were metastases which ap
peared in the CT-scan after enhancement. The other two cases were tu
mours of unknown histology located in the region of the third ven
tricle and the corpus callosum respectively. The one in the third 
ventricle became visible after intravenous injection of contrast me
dium. 

Bpain tumoups appear in the CT-scan partly as areas of deapeased den
sity, especially low-grade gliomas and metastases. Fig. 1 shows a 
diffusely growing astrocytoma grade 1 in the left frontal lobe as a 
dark area. Fig. 2 is an example of a metastasis in the left parietal 
region. Tumours with generally inapeased density as compared to nor
mal brain tissue are meningiomas (Figs. 3, 8), pituitary adenomas 
(Fig. 4) and craniopharyngiomas (Fig. 5). With glioblastomas the 
tomograms show a vapiegated piatupe, areas of lower, increased and 
equal density to the brain being found (Fig. 6a). The real tumour 
size can be delineated exactly only after contrast enhancement (Fig. 
6b). The case in Fig. 6b shows the so-called ring-sign of a glioblas
toma, caused by central necrosis. Fig. 6c represents the "nodule
sign" of a more solid glioblastoma. 

Besides the direct visualization of a tumour, computerized tomography 
permits recognition of the histologiaal natupe of neoplasms in many 
cases. For this purpose, the printouts showing the EMI-numbers are 
of great advantage. In the case of Fig. 7, the attenuation values of 
this very large space-occupying lesion represented as a sharply de
lineated area of markedly reduced density equaled that of CSF with 
lowest values down to -14 in the basal scan. That means a density be-

*This study was carried out with the EMI-Scanner which was financed 
by the Stiftung Volkswagenwerk. 
**We want to express our appreciation to Dr. WILSKE of the Neuro
pathol~gical Institute of the University of Munich for the autopsy 
material containing the cross-sections of the brain. 
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low that of water. Therefore two types of lesions had to be consid
ered: an epidermoid cyst and a lipoma. Since lipomas usually reach 
even lower EMI-numbers down to -40 to -50 and considering the loca
tion of the lesion, an epidermoid cyst was diagnosed and confirmed at 
surgery. 

The second important criterion for the differential diagnosis of tu
mours is their response to intravenous contrast medium injection. 
According to our experience with 67 tumours, all meningiomas (Fig. 
8), glioblastomas (Fig. 6), acoustic neurinomas (Fig. 12), pituitary 
adenomas, cerebellar astrocytomas and medulloblastomas show an uptake 
of contrast medium. The majority of metastases and solid craniopha
ryngiomas also increases in density. On the other hand, low-grade 
gliomas remain unchanged. The same is true with tumour calcifications. 

A histogram showing the distribution of the EMI-numbers within a tu
mour before and after contrast enhancement can be printed out by the 
computer (see Fig. 9). The different types of tumour appearance have 
been demonstrated already with glioblastomas (see Fig. 6). 

The intensity of contrast medium uptake followed during a certain 
period of time after injection permits further conclusions regarding 
tumour histology. Meningiomas, acoustic neurinomas, metastases and 
pituitary adenomas show an early peak with the highest density values 
shortly after the injection and a relatively rapid decrease during 
the first hour. Glioblastomas have a delayed maximum uptake and a 
prolonged decrease. 

Computerized tomography visualizes brain edema of any origin directly 
for the first time. The hydratation of brain tissue leads to a de
creased density which appears as a dark area in the CT-scan (see Figs. 
3, 6, 10 and 12). We consider a perifocal edema with a diameter up 
to 2 cm edema grade I, an edema which extends throughout one-half of 
a cerebral hemisphere as edema grade II, and an edema involving near
ly a whole hemisphere edema grade III. Edema is particularly marked 
in cases of meningioma. Even tumours of the size of a walnut may 
cause an edema grade III. Similar observations have been made in the 
presence of glioblastomas and metastases. The edema follows the white 
matter and, consequently, shows finger-sized extensions (see Fig. 10). 
In low-grade gliomas differentiation between the tumour itself and 
the surrounding edema is not possible with accuracy. 

Tumours in the posterior cranial fossa can also be easily diagnosed 
using CT. Fig. 11 shows an example of a cerebellar astrocytoma of the 
upper vermis, extending through the aquaeduct into the posterior part 
of the third ventricle. Acoustic neurinomas may cause diagnostic 
problems in the plain scan. However, they appear clearly delineated 
after contrast enhancement (see Fig. 12, a and b). 

In neurosurgical emergencies CT offers unexpected diagnostic possi
bilities. Hemorrhages of any location may be accurately differenti
ated from bran infarction. Coagulated blood appears peak white (see 
Figs. 13, 15), whereas flowing blood is not visible in the plain scan. 
The patient of Fig. 14 presented with signs of an acute left-sided 
hemiplegia. In the CT-scan the whole area supplied by the right mid
dle cerebral artery shows decreased density caused by hypoxemic brain 
swelling. Angiographically, an occlusion of the right middle cerebral 
artery was found. In cases of brain infarction the gray matter is al
so involved in the edematous process. 
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The high definition matrix shows the extension of a hemorrhage from 
a ruptured aneurysm with great detail as demonstrated in Fig. 15, a 
to c. 

Postoperative complications can be recognized by means of CT with 
great accuracy. The child of Fig. 16 deteriorated continuously after 
the removal of a plexus papilloma in the right temporal horn, so that 
a hematoma was suspected. The CT-scan, however, revealed an edema ex
tending through the whole right cerebral hemisphere and caused by a
spasm of the right internal carotid artery and its branches. 

In cases of head injury a reliable differentiation between brain con
tusion and intracerebral hematoma is possible. Multiple contusions 
can be demonstrated (see Fig. 17). All acute posttraumatic intra
cranial hematomas are easily detected. Examples of intracerebral and 
acute subdural hematomas are shown in Figs. 18 and 19. 

Chronic subduraZ hematomas may cause diagnostic problems as the den
sity of the hematoma is similar to that of normal brain tissue in 
certain stages of the illness. However, the most frequent finding in 
chronic subdural hematomas is a low-density, lens-shaped area between 
the skull and the brain (see Figs. 20 and 21). 

In cases of infantiZe hydrocephalus, malformations of the brain and 
subdural effusions, CT offers a complete diagnosis, so that other 
neuroradiological investigations can be avoided. Instructive cases 
are shown in Figs. 22 to 26. 

The high resolution of the 160 x 160 matrix is of special advantage 
in cases of orbital tumours. The patient of Fig. 27 presents a dense 
lesion in the posterior part of the left orbit. A meningioma of the 
optic nerve sheath was removed at surgery. Orbital scans show very 
fine details, such as the optic nerve, the lens and the suspension 
of the eye ball. In cases of orbital lesion computerized tomography 
will probably replace all the other methods of investigation. 

Conclusions 

The experience of only a few months already allows the statement that 
computerized tomography has increased the diagnostic possibilities 
in cases of brain disorders to an unexpected degree. Many only sus
pected diagnoses may now be substantiated by a morphological sub
strate without discomfort to the patient. Without doubt, the genius 
invention of G.N. HOUNSFIELD will influence thinking and acting of 
neurosurgeons in a dramatic way. 

Summary 

The evaluation of 650 patients investigated by means of computerized 
tomography (CT) reveals a very high detection rate in cases of brain 
tumour and other intracranial space-occupying lesions. Among 133 
brain tumours 129 (97%) could be diagnosed in the plain scan. After 
contrast enhancement only one false negative case remained. For emer
gencies and children with brain disease CT is the most informative 
investigation of all. 

The high definition matrix 160 x 160 in connection with the patient's 
movements correction has led to further improvement of resolution and 
visibility of details of intracranial anatomy and pathology on CT
scans. 
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Fig. Fig. 2 

Fig. 1. Diffusely growing astrocytoma grade I in the left frontal 
lobe, extending into the right frontal lobe in a 25-year-old man (CT 
002/75, scan 2A) 

Fig. 2. Metastasis of a bronchiogenic carcinoma in the left parietal 
region (CT 326/75, scan 3B) 
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Fig. 3 Fig. 4 

Fig. 3. Parasagittal meningioma on the right side. Perifocal edema 
(CT 025/75, scan 3B) 

Fig. 4. Pituitary adenoma with two tumour nodules of increased densi
ty (CT 055/75, scan 1B) 
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Fig. 5. Predominantly solid cranio
pharyngioma with markedly increased 
density (CT 464/75, scan 2A) 



a) b) 

c) 

Fig. 6. a) Glioblastoma in the right parietal lobe. Variegated pic
ture of tumour. Exact size of tumour not recognizable (CT 648/75, 3B); 
b) After contrast enhancement with Urografin 60R the tumour is clear
ly delineated. Ring type of glioblastoma with central necrosis. Same 
patient as Fig. 6a; c) Glioblastoma in the left cerebral hemisphere 
after enhancement. Nodular type of lesion. Note marked edema repre
sented as dark area (CT 473/75, scan 2A) 

369 



.... :.: .. -. ..... ........ - .... - .. - ... .. ... . ... ~ ':"::;::::~:: :';,:::::";':=:;.~:;::::.:::-'.:::::.::;;:-::::.::::::::;;;;~::. :!=::;;;:::::::::::::=:~::::::::::::;:'::"::: ::::::::::':''' _ ... -':''':'''':''':' ':' ':' ':''' ';'''r':''r':' .-............ -

.. :~ ... . ... -.-~ .. - ...... -- ..... #' ........ :::::::.~ : :=~~::::::;:;:;::~:::;~ f::::~:~~~.:::;::.~=:. .:. .. ~:::!.::::!:::::~~~:;::~:!;::; ;:::::;:::~:H::!"':· ; ...... .. - .. ... 77 ... -:':" ... ·:: ·········· 

.... ............. .. ... _~ _ .. _ ... .. .. .. . ... P .... _ .. ,;.. ... .:..:..:.,;..;,.:. .:..:..:._.:;;:::::;;::'::'":::;".:.::::.:::~.; ........ . ..................... .... 40 ..... .. • _ ...... ;::::::::;::~:.::. :.. ... ~;. ... :.;. .. ,;..,;..,;...;.. .. _ .. _ ... ....... . _ ... ~ .................. . 
-- "'~"":"":"~';"':" .. !!:::::::=~;:z:;:;:':.:", ... -......................... · ....... _ ..... ..-.......................... __ .. ::::::.z:=·':''':"'':''': ':''':'':'''':'''':''~':'' ---
~: ..... ... --...... --.. .. -·-.. ::: :--;;;;;~·:;~:::;i::iE~7~:=s:::!::!::~:::::::::::::::::~::~:::::::·";;:~!::.::!::::::::: :::::.;:;::::::SF;;::-;;;;;;r:· ..... --7i';"7 ... -7";'':"-':"-: ~······· .. .. 
,.,.- · .. -· · · .. -..... -· .. ·~~~:::· .. :'!7:~:~::: .. ;?~:~:;:::: .. ~~~:~~::;~:;;:;:::;;::::::;:;:: ... :::~:::!!~~!:.:: ::: :;:::::::::::::::::-:::~:~~H:;~ 7~;~;;;~7- ...... 77';'-.. - ... - .. ':'':' ............ . 

: .. . -.. ...... ";" .... ...... .... ..... ~;:;:;::::=::::;::::::!;::=::::;:::::::~~:~~~:::;::::::::;;;::;;::::;;:;::.;;.:.:::::=:::;:!.::;~.:.:..::::::::::::.:::.;;;~:.~===::: ... : ':; .. :::::::: ..... ':" ....... ':' . ':"i' ..... ';'~ ....... .. 

,,-"' ........ -.. ·--· .. • .. -::.d;~i:::~:=;:~: .. i::::~;:::::=::::...:.;;.::~:::.:::;::::::.:::::::::.;::;:::::;;::::~::::=~::;:=::::::::::::=::::z:::;:;;;::;:.!.+::H::: ... -.... ;-......... • ..... ': " ~: •••••• " 
_ ... , ............. ... .. . .... - .. . .......... .:..!. .:. ... ;:~;::::;:::.~.:.::: .............. - ................ -.................. - ...... --.. ..... -", ..... .......... -. - ........... - .. ................. =;~:;!:.::: ... .!..:. .. -!~.;..;.~~ .... -~ .-...... ~ .. - ... - ......... . . - - _. _ .. ",'-.:::::::-:::;;::. - -...-.. ---~ .. -......................... ----........ -----............................................... -..,;;--: ::::'!.':'';' "''':''':''':''':''- .. • .. 
- ......... ---7 ... :;:~ ...... - ..... !::::=i:::;;:~::: .. -;:=:::~...::=:.::::::~::::::;:::::.=::.=~::;::~:.::::::.:::::::::;::.;:.::::::.::::::.:::=;::~~;~:;::;~~::7;;;;":" ..... · ':' ':' ':'~':- ~7--:::-····· 

...... ';"':'';''; ...... : ... -- --:::~::::.:~;:::::::~:::::.:::~~==::::::::::.:;!::::;;;:::~~~~~!~':;::.:.:.:.:::::.~:'::;;; :.::::::: :::~::::::~...::'";~~~:~:':~~7::7;;H':': · 7i'7· ';' · -:-:-: .. : •••••• 
-... -.':"-- ~ .. :::~-.::.:~~::::=;;::=.~ .. !:::::::::...::.::::.:;=;::=:::::::~::;:;::::::::::~::;:.::.~~;:;::!.::::~.:;::::AA:::::::::.:::::::':~:::.:::::::::::.::.:::~~::;:;::.::::=::::::~~::!·:::::: ':' .. i'':"':'' .... --:'~;-.~ ••••• 
-.------...... ~:-: .. :-::~:Eg~;:::::.:::..:.::::.~..;.~'::;:;:=.::;;!~:::.::~:::::~:.::::~:..:::::~:, ·.:::::~.:;!:.:;::~~.:::::.::~~::;:::::;:~:::~::~.:: .. ::~~~~;:7;*~!~;;;: .... ... · ;;-· ;':'7;·~~····· 

:::~~::~~~~~~~~~~~~~~~:~~~~~~~~~~~::~;~::~~~~~~~~~~~~~~~;~~~;;~~~~~~~~~~~~~~~~~~~;~~~~~~~~~~~±:~~~~~~;*~~~~**~~::~:::;~~~:::: 
. ..... . ':"':"';'7!::. ... ~ ; ~?-:;E;::!;;;;::;.;.=:;.~~.::=~~~:.:::!:!::::.:.:==::!:::::::.~!::. :::~~:~:::!::~:::::.!::::~:.~!'::'! :~!:::::::::::::::~;~~~~~:~ ~-:"~;:.;; .. ':'-. -. ""0'-:::: ...... 
....... . ':'-.... :~;;;:::::::::::::.=:=.:::.~~:::::~:-:::.~=:::::::~.::.:::::;=:::::::::.::::!::~::.:;~:"~~.;.::'!::.!:=:::.:!:::;::::::::.~:!::::::!-:: : -;::::::.:!::::::::::::::=::::=:::=::::::~ ::.":"':":.::,::,:,- .,:, -;-,;,,,:,;;';''':~ '' •• 
· -.... --!;;.;;:::!::r:·::::;::::;::..;:::..::::=~~~=::.:::::::.=::;;;.:::~::::;:,z:.:~:-:.._::,:~_::::::~~;:::.::::...::;:.::::.::~:::::::::;:;::::::.:~::~~::::;~:!:':-·~:H::·"~:-:'':'·7':''''~~··· 

................. :::: :~~g: ... :::::;::::=::::~::~:::~~::::::=:::!:::;::.:.::::;::::~~:.:;:~:::::!!:!::';:::~::::!:::::::::~~::~~::.:!:.::::::: :-:::.:;:::::::::.::::::::!~~=;.;g::-- :.;;~; . ':'-':'77";'·":::··' 
· ~"':"";":7~~7::;i:E::·::::::::'::::::::;;::~=::~:!::::=::::::::::::::;~:~~::~::::;:::;:;:::::;:~.:::.;,:.:::!!~=:~ ..... ~ . ...... .. ..... :::~::::~~!~~.::=:~:::::=:~:::;;~!:;~':!;;;; •• -,:"':'':''';''''''''. =- ' 
. .... ':''7':' ....... :::: ~;::r~~:::=.::=:~~:::::: ~~:~ ~::::.;!:::::::::::::~:~::::::::~:!:;:::::~!~;:::::;:.;::::=:::::::.::~:"::::";;';;:~ ... .. .... ...... - •• :--::::::::::!~~~~ ;:: :;:::::,:::,::,::::,!"!e;':::::~:~;7"';''''~ !'':'':'.''':''': •• 
.. . ~~':" .. !~=::::!~~:!::=::::;:::~::::::::;::::::'::::::::~::';;~'::.'!:=:::;;;::::::::::::::;:;;;;::::::'.:::::':.'::.'::.'::.~:=::~:"' '' ''.''''''' . ''' •• ~-::~::::::.: ::!:::'::.:::.:;:;;;;;;;::;:;;;;-::::::'; :-::-"' ':':::·:7~'1'';' ·:~''':·· 

,,:,,~,:,·"""·:i;:!~~ .:;::=:=::;:.=::::::::~::~:~:~~~::::=:=:::::::::;::::::~:~~~!~~=::'::==:'::':::=""" ::'''': •• ''''' :-:!'!::::::::::::~:~:''' :'''::::=:=::H:::::: .. 7 ':'·· ... ;'~· 
........... - ... ':'~;~E~:::.:;=::;:::::=:.'!:::': ~'!=::::'!'!'!':::~::::::::::::::'!:::'!~'!:'!'!'!'!:'!::::~:·:::-::';.:=::::::: ..... ·'!:::::.: .... ·:::-:::::::::::::'!'!::::~~..::.=!': ... :~E~;~*;!***':' ..... ':"-""-:"':'-: .... 
~ .. ..... -:!:;;;.:;': .. :.:::;~::::::'!:.::::::'!:~'!=::::::::::::::::::;;;~~=!:='!~:~::::::::':::::.:::::::::: ....... :::~~ ..... ... ... :::::::::::.~::;;;::::::::::z;:::.:::.::::::;::::::::,::=~:::::::="",:, .. ~ .. ,,:~.::' 

-... -· .. .. ·~~§~~l: ... ~::~:::::::~:!'~::-.::::=::::.::::~:!:=;;:: :::':::;::=:::;:;::::!~:~'::.: :~~.:.~~--:::;:~::::::::::.:::~ ............. ! ............. :::':::::::::::-;::.::;:!!!:~:;'!:::::~;g§§~~7~ *;*- .. ~: ... ":'i=:· 
..... -........ ':'.;:~::~::~::::;:::.::;:.::~=:::::~!:::::::_:::.:::::::::::=::!:;:;:::~!~~::~~::~~~=:~::::::;;;::::::::: .......... --......... .. :::::::::::=:::.::~:~==::::.=:::=~:':.::~ :::::::~ ...... -':'i' - .. : . 
' .... -..... _ .;. ; ::=::: .... _ .... -. ............... ........... .. - ......... ~. -......... . .............. .. ..... .. ... -.. ~ .. -~ ... ...... ... -.......... ............................... -. ...... _ ... .. _ .. .. ...... ...... ::::::::;.:::::..:.~.:.;..:. ...................... -
..... _~ .. Z~:~::::::::::::=:-:::::::;;:::::::::::J:::::::::::::::::::;=:;::::::._ .. : ..... ::::::::::::::::=::::::::::~::::!;:.:.z!! ... : .. ~~_ .. _: ':''':';;;::: .. _ ... _ ...... ______ .. _________ ... _ ..... ______ ___ ......... _ ...... _ .. ___ R.~ .. __ ... ~_ ...... ___ _ "_~ ____ "' __ "' __ "' ____ ""''''''''''''''''''''':':=':::::_:'':':''':~~' ~ ", •• _ 

.... ......... =:~:=::: . :::~:::.:::.::::::::::~~:: .. ~:!:::~'!~:::::::-.:::::::::::.:::::::!~~~.::~:~::::::::::::: ... :::.::~=:'!~:=';.::.::::::::::.:!:::!::::=::.::::::::::::::'!:=:::.!":":'~::.: :. ':" ..... "!'''!': 
--.... ':"~;.~!~;.::.:.:::.:::=:.:!:::::::::'!:= .. ='!::==:;!.::::::;:'!:::=::::'!::..::::::':::!~:::~~:':::.!;:~:~~!=::::::'::::::::.:~:!:::::!.::::::!:::::::'!=:~:::~::-::2~·~~~~~;~ .... ';" ~· ':' · ; ... 
. _ .. ': ~;o7:::~::: ... :!::!:~::!::.:-:::::~::::!~: .. ::: ::;.:::~'!::.:::::::::.:::':.~:!~:'.:: ";~ ~=:. ~ ....... '":: !-;:"::.::~:::~::-~..,;:~:::·,;.'!'!:::~-::'::::~~:.::::~~!:::::::::::::=:.:=ffi;:;~~~;;."':' ';'. ':'': ':'.' 
.-----.::.::;.~.:.;.;::~~~~::~~~~':::': :'!:.:::::::::::. :::::::'.;.::...:::~~~:"' ... ~~~~-~~: .......... ":::::: .. : .. ---•• ~~~-:::~.::::::::::::.:::':.::~:::::::.'!::::::;.:::::::::::,:..::::.::::.;.;;:::::;;:::::-:.:: .. ~-":":":':' ..... 
.. "';'-;' .. ~ =~~;. ~:::~=~! :.~-:::';::::'!::::::::::::i ........ :~~~:'!:::::~:~~ :.~:~::':: . ....... ~. - ... ::: • . r~ .. -- ·: .... :::=:::::.::::.;:,:-.::-:::::':.::;,::.::~:=::::::::;::::.:::::.:i~iig~; .. ;**-7:!"":":-.... 
~ :::::::::.~g:::::::::::::::~::;:::;:=::::~~!::: ::~=::~:::::: :~::.~::~:~::::::::~::::::::::::::::::~:;:::::::::::::::;§~~~:r:!!f=:::=: 
'':'';~--! ": ;1~~E ':'~;~~;;;;;;;;;;;;;;;;;;! ..... -.... ~ -.- -..;: :~~;; ;::. " ... ~. : ~ . ~ ! ..... '. -....... :-.... " ..... :::~;;: ;~;·~~;~~;;;;;;;;;;;;;;;;;gi~~;~;gb;;-:~~~; 

~~~~~~mi!llmm~ill~mmm~m~~~~~~~~m~~~~f~i~:~~:~~:~~ ~ :~~~~~~~~~~~~~~~~~~~~~~~;~~~~mi~~~~~~~~~illll~l!i~m~~~~;~ 
.-...... ':' ';'=:.::~:::=::: ::::.;:;::::::~!::::.:~..:!'!:!:! ::::: .. : ... ::.::'!::::.:::.:: ............ ! ...... -- ............. .. ... : ..... ". . .. - ..... " .. - . ........... ~ . .... ... :-:: ! !:~::::::::::'::!::::.::~;:;::::~::;;: : ::::~:: ... ::~-: ':' ':' -; --.. 
...... -~~~::~:;: .... - .. "" ... - •••• --......... - ... - ... ~ ... ~- ........................ ~ .. ... .... .. ......... ~ " .. ". "'.. .. . .... . ....... '" ,- ...... ' ........... ,.. .... __ ....... . . ....... - ... - ......... . , .... .::::::: ::~ :::: ... :. .. .:. ! .!.--. .... .. . _ ..... ~z=~:::;~;:::::::::~:::::::: ::::: ....... .... :;:::::: .... ........ .. 10 .. ..... . ~ . .. ~ ..... ~_ " ... R ... _: ... .. ........ ~ ........ ,. ... _ .: ::::::::::::::::::'::~!~:~:7 _ZZZ~ __ ~ 
. _ .. ~::!!S~;::=:;:::::::::::::: ::..:~::: :::: ........ ::::::.:: .................. .. ... ... _ .~ ... ~ .. ,. .............. .. __ ... ......................... ::: ::;::::::::::::::::;~::.?:!~!!!:.: __ ... ~ 

"~.....;::;;::;:! '" ----... - ... -----.. -------- _._--... --- - - ---------.. --.. - .. - ... ~ ..... - ... :;:::::;=;;:.":' ':':-':' '., 
·-· ... ':' ';''~=::E:::=:~:::!::.::::::.~!'~~~-: ::::::~ ::-;~:::~~~:::.!= ...... .... ............... - .. - .. .,.. • ....... ·:· ....... ·'"' ............. · - .. ".·~ ... ",: ::":: !::.!:::.!~;::!~~:!:.:::.:;:::!::~~z:.:~:! .. !;;· ... : ... ·7; 

....... ':'-=:::::::; ... :::::::~~:.~~:.=::::~~::: "::::::::.:~:;;::~!~~~~~~ :!: ...... - ..... - . ..... :: .................... - ~ ......... ... -- .. ........ ::::::::.~~! :::::.~;:;:~!~:!:!::::.:;:;:::::7:~;.:::!'':':::;: ... .. ·'r'';' · 

.. ...... ':'--::E::;;;; .. ::.:~~:!.:~::~';:~:::::::::::::!~~::::_~::.::::::__ ......... .. - •• -.. .... --.: ...... " ........... - .. , ... -_ .. - ...... . :-" ...... '.::.:~~.:.:.:.!~~! :~:::::::::!:: :::::;::: ":::::.::~~ d:'::::"'77~~":' 

.. _ ._ ..... ~.:.;::;;:'.:: .. ~ ...... . ..... . ........ . .......... n ...... _ ................... ..... ... ... __ ~ .. ~-.._ ............... _ ... .......... .. ............. ~~ ...................... ... _ ................... .. ....................... _ •• ,_ ...n:;::..;. .. ~.:.!_ .......... .. 
~ .. ~~;;gi~~";;;;;;;;;;;;;;;;;;;;;;;;;;;;~;~;;;;;;;· ............. -.. .. ,,~. = ~ . ~ ..... ~ ~- .. ~ ........ ~- ... .... :;; ;:;~;;~~;;;;;; ;;;;;;~~~;;;;~:;~H;; ;~~~:~~~~; .. 
· .... • .... ·~~E:S.: ... =:;:;:::;:::::::::=:::~:'!~::::::.:~:::~~;;;;:::..::!::: ...... : '" ..... .. ........... - . ... ~ .. ~ .... .......................... - ...... ~:!~!:!::~!:;:::::::::::::::::~:::=:::.:E:E7? ... ~~';' ... ':' '1''1'':'-
.-.- ~";; ::::::;:: .. :::.::::::::::~!::::'!~: : ::::::::;:=:'!:.::~!::::!::::.:::::=., ..... "::: .... . -- .... ~ ... .... ..... ::: ....... ! .. ':' .... - ... ,. ... - ....... :::::::.:;;.:;:!::;;~.:::!::~~:::=!::~~:!::::;;::.:::-:::~:::=:. .. ~: .... i' .. i~· 

-,. - 0;-"' :-:::::: .. :;:::::: ~~ ~~ ~ ~~~~";;:::::.::: ::::::::.::::::!: ~ ~ _ ~ ::::. .. -.... ...". .... -- ....... " •• ~ .......... ':'.'. ~ ............... ~ :::~~.:.:; ::~:=! !: !:": ~!::::::::::-:: :.;:;::: :;; ::~~; : ':": ;"7';' 7"'':' ,:," 
................. :::~--•• - .... ... - .............. - ............. ............. - ... ~ ..... .... ~-~ ... ... - - - . .. - ................. ........... ... ~ ...... - ........................ - . ....... ~ .. .. - ............ --...... - ... .,;!:;;! . -.:.~ ...... ..... ..... ... 

''";' ::.:;::;: ' -------""""----~---- .. -------..... ------ _... - ----..... -------............. "'--.... -_ ..... -... :::::":" ':'':'':'' .. -
.. ...... r ....... ;:;:~";':::::.::::";;:::.:::::::::~~~::.~~~~:. ~::. ~!:~ .:::::::! ... . ......... _ .. ... _ ....... _A ....... ..... .. . ..... .. ~.,- ... ........... ~ .. ~ ::::=:~::::::::: ::;:::~~::~::~,!:!.=:::;;~;:;~;;7".-':"i "!'.~ 

-... ':"""::~:::::: ... ;:::!::::!=:.:::::::::::::::::!"::!:: ::~.:~:!::.!:::.::::: ..... . . ....... --........... .. "' .. ..... .. ... "',. .............. -•• - ...... ":" ...... :~::!:'! : ~:::;;::::::::::::::::::::.::::2::7~::;;': · -':':' - ..... : 

:::~:~~!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:::::.:~:::==~~:~::::::::::::::~:::::~~~~~~~~~~~~~;~~~~~~:~~~~i~i~ir:=:~~~:~~ 
::::::~Z~~E~::::::=:=:::::::;;::::;;::::::: :~~: :~ ::::::: ::: :::::::::::::: : ::::::::::::::::::::::::::::::'~:::::::E~~~~n~!~!: :~:::::: 

... ~::: ... +~;?~~~~;;;~:::;;;;;;;;;;;;;;;~;;;;; ;~~~ ~ ;;:- .. ~ ..... ... : .. ............ ~~-~ .. " ....... -.. ~~ .... ........ --...... ;;;;~;;;;;;;;;;;;~~::::~3~~~~~~~;~ · ---7;0·;;· 

~~:~~:~~~±~~~E~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~::: :::::::::.: : :~ :::::::::;:::: ::::::::::~~~~~~~~~~~~~~~;~~~:;~~:~~;~~~~ :~~~:::~.~: 
:::=:::::~~~!~::::=::::::::::::::::::::::::::::.:::::: ::::::::::::::::::::::::::::::::::::::::..::::::::::::::::::::~a!Hf!!z!:~:~::::::::: 

" • ':"':" .. :::::: -------... ------..... ---... -----------•• -- - ---- --........... ---............... --~:;:::;: - ":':' ~":"'7' .. --
..... 7 ... .. ':'-... ":'77~;::2::-.. ~:==::;;;;:::::::::~'::~~~::!::-:!~::: ::!:~:::: ::::: ........ .... _ .... .................... '"..n_~: .. #' .. .. .... ~ .. .................. : :"::;~:.~~:!==!: ::::::.;:;::::!· ~; ;~::::~.~ .. 7;~":" ...... ::: ..... -.. : .. •• 

:::~~:::~~h:]l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~;::::::::::~:::::::::::::::::=::~~~~~~~~~~~~~~~~~~~~mm~~~i~~;::::::~~::: 
~;: . ';'; .. ~;~;~ r~~;~;~~;;;;;;~~;;;;;~;;~;~;;;~;;::;~~~;;~ ~~;: .; ... = .... -~ ... -~ ~ .. -.. -~ .. :-.... -.. --#' .. ., ;;;~;~;;;!::;;;~;~~~~E3~~~;;;;::~~ ...... 7";;:··' 
... . "~"';'7'" :::'1'':'. -=- ~~:::;:~!:::.;:;:::::.=:.::~::::-:::. ::! !::: ::!:::::~::.:: ~ -;:~;;:!! ~!!:::::: :~::: ~ ....... -.. - ....... ....... . '" ....... " .. ... -...... : -: : :::: ~:::::::::::::.~ :: ::; ~:::;~ . :: !:!'7 7 -:: .. : ':' ... ~ ... ':' ... :: ; ••• , 
:'~":' ::'!':''';' :!:~":"':' ~ !:;.:;:-;::::. -;::::::.::~::.~~:: ~~:;~!!:::.:!!: , :..::::.:::~::::~~::~~ !~~~ . .,. .......... ... 4 ............ .. ".., .. ......................... ~::. ~::~.::::.::.::.:::;,::.::!::.:":; :;:::':':; :;:-:; ':":_ ~ ; .... ':" __ :-::: •••• , 
~7~~.:.7':'~::~:::::~=;~E::.;~::.:::~::::.;::!~: _ . "::.:::.:- .. ~~~.~ :::~:.:: .. _!:::': .•. i ... " ... ~ .......... n ...... _ ... .... .......... :::~:-:.::.::.:.:::~~.:::.:~::!;:~; ;.~ :::;::: R':';':' •• ; . ::::: •••• , ..... ~ ... _ .. ;...:..:..:. . ~.:..:. .;._ .. ::::;:; :;;; .. _ .............. _ ......... _._w. -.......... .............. ~ . ___ ........... ......... ... ................. ~ ... ~ .... .............................. ;_::! ... ::: _.;._ .. .:..:.~.:. .. ... .. ... _"'_ ............... . 

~ .. ~~ .. -~~Z~~~~~;;;H;;;~~;;~:;;;;~~:: ;;;;;~~~::: :;~~: ;;;~~; !~~;;::.~ ..... :: ~~ .... "' ..... ; .. ·,. ... ~ .... ·~~;;;;;;;;;;;~~~~£~%~F~;;~;;':' -:;;~~ .. 7 ... ;:······ 

:::'::':' ':' " 7 ':' • .. =~·7':"":"::7!:7~:;::~;~~;:::::. ~ ~ :;;'-..: ~ .. :.!":::::~;'!.: ' .. "! ~~:::.!!.:.:.!'. ~ :. ~'!: ... ,. ...... " .. - ........ - . u_· ................. ::~.!.:::::::;.::! .. :.::-!; ::~r~:;:"'::; ~ ~ ... -... ~ -: ;";'-;-;"': :: .•..•• 
:::~:=::::::::: :::!z:::~~~~::: ~:: :.!.: :.:~::: ~: :::::;~ :::::: : ::~:: ::::::~ .~:: ::~ ::::::::::-:::: :::::;::~!:~: ~~:g :~: ::~:: : :~:: :~::::::::::: 
-:;~-- .. ~;-:: -:-.... .. : ;;;;;f~;~;~~H; ~ ~;!; ~ ~~;~ . ~:~~~~ ~.; ~;;~ ~~-;;:::: ~ .. ~ ..... : ~ ... = .... ;:;;~ ::!;;;; ;;;;:: ~~~ ~ ~~~;:; ;~;~~;; ~ . ; -~ -~~ ... :::;: ...... . 
•• ::- .... 7';'·· - - ... 0;- ......... -.~;; 7.;:~!:~;;::~~f;:~:: ::::!::.::: :...:~!: !.=--.::::::!; ::::::!~::-:~: ..... : ... . :::::: ::::::;:::;..::::.::.:: :.:.:. '!: ~!:::. ;C:· :;· ;;;; 3":· . --. .. --:- ~ .. ::: •••••••• 
• h::~ " ':'77":"":'''';0- ':" ':" - - - -":"":'::::~~'.::~:!: ~:~ ~ -: ~;:! ~ . r :.::::::::: ~:.::::.:.!: ~:.::~_!::::::: ::::: :~.: :::~:::!;!;~::.t;=!:::.::: ~!:~ :::!;!~ -::". 3; ~~! ... . ..... - '; .... .. _ .. - .. -: : ........... . 

Fig. 7.a) 
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Fig. 7. Epidermoid cyst in the left 
cerebral hemisphere 
a) (see p.370) print out of scan 2A 
with low EMI-nUillbers in the region 
of the lesion. 
b) scan 2A showing the lesion as 
dark area (CT 476/75) 

b) 

Fig. 8. Effect of contrast enhancement in meningiomas. Marked in
crease of density following contrast medium injection. Note absence 
of edema in this 72-year-old man (CT 568/75, scan 2B) 
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DISC NA~E,- NEUROCHIR. GROSSHADERN 829B 
FILE NU~8ER,- 35 

MEAN: +21.7194 
STANDARD DEYIATION: +2.5671 

HISTOGRA~ 

15 3 XXX 
16 6 XXXXXX 
17 10 XXXXXXXXXX 
18 21 XXXXXXXXXXXXXXXXXXXXX 
19 44 XXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXX 
29 61 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXKXXXXXXXXXX 
21 72 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX 
22 63 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXX 
23 59 XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
24 39 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
25 28 XXXXXXXXXXXXXXXXXXXXXXXXXXXX 
26 21 XXXXXXXXXXXXXXXXXXXXX 
27 19 XXXXXXXXXX 
28 3 XXX 
29 0 
39 2 XX 

DISC NAHE,- NEUROCHIR GROSSHADERH 829B 
FILE HUNBER. - 37 

MEAN: +24.0411 
STANDARD DEYIATION: +2.5680 

HISTOGRAM 

18 3 XX X 
19 10 XXXXXXXXXX 
20 21 XXXXXXXXXXXXXXXXXXXXX 
21 49 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
22 61 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
23 66 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX 
24 69 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX 
25 74 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
26 53 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
27 42 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
28 13 XXXXXXXXXXXXX 
29 16 XXXXXXXXXXXXXXXX 
3e 5 XXXXX 
31 3 XXX 
32 e 
33 2 XX 

Fig. 9. Histograms of an astrocytoma grade II-III before (above) and 
after enhancement (below). Increase of EMI-nurnbers from +21,7 to 
+24,0 (CT 635/75, scan 2B) 
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Fig. 10. Edema grade II in a partly 
calcified meningioma in the left 
temporo-occipital region. The edema 
shows ~inger-sized extensions 
following the white matter (CT 263/ 
75, scan 2A) 

Fig. 12. Acoustic neurinoma before 
(a) and after enhancement (b). 
Note perifocal edema (CT 650/75, 
scan 1 B) 



Fig. 11. Cerebellar astrocytoma, demonstrated as low density lesions, 
extending through the aquaeduct into the posterior part of the third 
ventricle. Hydrocephalus. (CT 261/75, scans 1B and 2A) 

a) b) 
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Fig. 13 Fig. 14 

Fig. 13. Large intracerebral hematoma in the right cerebral hemi
sphere due to hypertension (CT 287/75, scan 2B) 

Fig. 14. Infarction of the territory supplied by the right middle 
cerebral artery. The infarcted area appears as low density zone. Brain 
swelling involves gray matter (CT 154/75, scan 2A) 

Fig. 15. Computer tomograms and corresponding brain sections in a 
case of ruptured aneurysm of the anterior communicating artery (CT 
093/75, scans 1B, 2A, 2B) 
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a) 

Fig. 16. CT-scan of a patient with 
increasing deterioration following 
removal of a plexus papilloma from 
the right temporal horn. Swelling 
of the whole right cerebral hemi
sphere due to vasospasm (CT 376/75, 
scan 2B) 

b) 

Fig. 17. Multiple contusions in a patient with occipital impact. a) 
contusion in the depth of the left cerebellar hemisphere in scan 1A. 
b) contusion of the right frontal lobe in scan 2B. The ventricular 
system is compressed (CT 460/75) 
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Fig. 18 Fig. 19 

Fig. 18. Posttraumatic intracerebral hematoma in the left occipital 
region (CT 175/75, scan 2A) 

Fig. 19. Acute subdural hematoma in the right fronto-temporal region. 
Note multiple contusions in the right temporal and left fronto
temporal region presented as white-spotted areas (CT 037/75, scan 2A) 

Fig. 20. Chronic subdural hematoma 
on the left side. Marked cortical 
atrophy on the right side with 
broadened sulci (CT 527/75, scan 3B) 
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Fig. 21. Small bilateral chronic subdural hematoma (CT 095/75, scan 
2B) 

Fig. 22. Diagnosis of communicating hydrocephalus. Wide 4th ventri
cle, foramen of Magendi and cisterns (CT 489/75, scans 41A and 41B) 
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Fig. 23 Fig. 24 

Fig. 23. Child with a massive hydrocephalus on the right side and a 
large subdural effusion covering the left collapsed hemisphere (CT 
361/75, scan 2A) 

Fig. 24. Chronic subdural hematoma on the right side following a 
shunt operation. The catheter tip reaches the left dilated porence
phalic ventricle (CT 179/75, scan 3A) 

Fig. 25. Arachnoid cyst in the 
left temporal region 
(CT 023/75, scan 1B) 
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Fig. 26. Aplasia of large parts of the left cerebral hemisphere. 
Aplasia of the right occipital lobe in a child with cerebral palsy 
(CT 379/75, scan 1B) 

Fig. 27. CT-scans of a patient with a meningioma of the optic nerve 
sheath within the left orbit (CT 092/75, scan 71B) 
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Informational Value and the Therapeutical Application of Selective 
Angiography 
J. WAPPENSCHMIDT and E lINS 

In contrast to a global angiography, selective angiography (S.A.) is 
performed by introducing a catheter from a principle arterial into 
certain side branches. By this means it is possible to isolate the 
region of autochtonous supply of these side branches and to show 
them without superimposing images of other branches. The following 
examples demonstrate the informational value and therapeutical 
possibilities which are offered by S.A. on intracranial tumors fed 
by external carotid circulation. 

The first X-ray displays a paramedian meningioma. Using the trans
femoral method developed by SELDINGER, the catheter was placed at 
the origin of the middle meningeal artery. We perceived that two 
strongly meandering branches of the middle meningeal artery were 
main arterial afflux to the tumor (Fig. 1). 

Furthermore, the contrast medium flowed from the middle meningeal 
artery via a pre-formed anastomose into the anterior meningeal ar
tery which partially fed the tumor. 

The following cases also demonstrate both the informational value 
and the therapeutical use of the method. 

The first example is a subtentorial meningioma. In the global brachi
al angiography of the right side there was no observable deviation 
of pre-formed arteries. 

A hint pointing to a pathological process, however, was provided by 
a strongly dilated, external occipital artery from which several 
branches ascended along the occipital region and passed through 
channels in the bone into the skull. 

In the last stage of the arteriogram there was only a discrete homo
geneous stain at the falco-tentorial angle which could easily have 
been overlooked. 

However, the selective angiography of the vertebral artery showed a 
signigicant stain coming from the meningeal branches of the verte
bral artery. 

During the same session we introduced the catheter into the right 
external carotid artery and placed its end before the branch-off of 
the facial artery. The S.A. proved that the supply of blood to the 
tumor was provided exclusively by the external occipital artery. 
Again during the last stage of the angiography a homogenous tumor 
stain could be seen much more distinctly than in the global angio
graphy (Fig. 2). The middle meningeal artery did not participate in 
feeding the tumor; we tried to block off the blood supply by artifi
cial embolisation. We introduced the catheter into the external occi-
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pital artery and injected small pieces of fibrine and tabotamp mea
suring 1x2x5 mm through it into the vessel in several stages. The 
control angiography revealed the first effect: the posterior branch 
of the occipital artery was distally closed; the two anterior 
branches still remeined open. 

In the last phase the tumor stain could be recognized. Therefore we 
went on injecting small pieces of fibrin and tabotamp. The next con
trol angiography showed that the anterior vessels feeding the tumor 
were closed and that there was no further stain. 

The next case is that of an 56 year old patient. In 1966 an angio
endothelioma underneath the left temporal lobe had been removed sur
gically and there were the clinical symptoms of a reincidence. The 
arteriography of the left common carotid artery showed a temporal 
expansive lesion and also a stain, but it could not be clearly made 
out if the vessels supplying the tumor were derived from the external 
carotid artery or from the internal carotid artery circulation. 

For the purpose of differentiation a S.A. of the external carotid ar
tery was made and the catheter was placed into the internal maxilary 
artery. Already in the early stage the selective serial angiography 
revealed strongly dilatated branches of the middle meningeal artery 
to be feeding the tumor; during the last stage we saw a homogenous 
stain of the size of an apple (Fig. 3). 

The tumor circulation having consequently been shown to be completely 
fed by the middle meningeal artery, we tried once again to block this 
blood supply by artificial embolization, using the same methods as in 
the first case. The subsequent control X-rays showed the effect: the 
great supply arteries were closed, only some small branches still re
mained open. 

An additional embolization provided a further reduction of the tumor 
circulation (Fig. 4). It was necessary, however, to remember that the 
tumor could find itself new paths of supply from other vascular units. 
Therefore eight days after the embolization a control angiography was 
made to establish whether or not this had, in fact, been the case. 
There was neither a reincidence of the stain to be seen nor any indi
cation of new tumor supplying vessels. 

During the subsequent surgery the neurosurgeon noticed that the area 
in question had remarkably low blood circulation. The histological 
preparation substantiated the effect of embolization: one could recog
nize numerous necroses in the tumor region and small balls of fibrine 
embedded in the tumor. 

The following two points demonstrate the significance of the S.A. of 
the external carotid artery: 

(1) By obtaining an isolated image of the discrete branches of the 
external carotid artery, especially the internal maxillary artery, the 
occipital artery and the ascending pharyngeal artery, (all arteries 
involved in supplying the dura), it is possible to identify these 
vessels feeding the tumor. This in turn provides the information nec
essary for determining the dimension of the tumor and the diagnosis 
of the tumor type. 

(2) The main advantage of this process is the therapeutical applica
tion. It is possible to close intra tumoral sections of vessels di
rectly by embolisation. An occlusion of the main supplying vessels 
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can always be carried out directly next to the tumor, a process which 
is impossible in the simple ligature of the carotid external artery. 
In the latter case the supply of the distal vessel segments comes 
from the contralateral external carotid artery and ascending branches 
of the subclavian artery via the cal lateral vessels. However, it is 
impossible to estimate the amount of influence that this embolisation 
method has on the metabolism and the growth of the tumor. An addi
tional possibility is to selectively inject antimetabolic or anti
mitotic substances in high concentrations directly into the tumor in 
order to influence its metabolism. This method is of special interest 
in the treatment of malignant tumors. The S.A., with its resulting 
possibility of blocking the tumor circulation without surgery, un
covers new possibilities in the treatment of certain neoplasms of the 
central nervous system which do not only justify but almost require 
its application in appropriate cases. 

Summary 

In the case of extracerebral tumors which are completely or primarly 
supplied by the external carotid artery circulation, S.A. provides 
for the identification of the vessels feeding the tumor. At the same 
time it is possible to block the blood flow towards the tumor by ar
tificial embolization. At the present time, however, one cannot pre
dict the possibility of the total necrosis of the tumor. In the case 
of benign tumors, S.A. works as a preoperative measure to provide an 
area of low blood flow for the surgeon. In the case of malignant tu
mors in the extracerebral part of the head or facial regions, S.A. 
can be used as an additional measure to allow antimetabolic or anti
mitotic substances to be injected directly into the tumor in high 
concentrations. 
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Fig. 1. Feeding meningial artery of paramedian meningioma 

Fig. 2. Meningial branch of occipital artery supplying infratentorial 
meningioma 
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Fig. 3. Temporal angioendothelioma, supplied by middle meningial 
artery 

Fig. 4. Reduction of circulation following embolization of feeding 
arteries 
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The Meningal Branch of the Occipital Artery 
A. PERNECZKY,S.SALAH,and M.TsCHABITSCHER 

Introduction 

The arterial blood supply of the dura mater in the posterior cranial 
fossa is often attributed to the pharyngeal artery, whereby the role 
of the occipital artery is not considered. It is our aim to draw at
tention to the meningeal ramus of the occipital artery, as this 
meningeal artery is important in regard to diagnosis as well as to 
operation. 

Material and Method 

In 20 cadavers fixed with formalin the occipital artery was injected 
with Latex and then the meningeal ramus was prepared under the 
operating microscope. In addition the meningeal ramus of the occipi
tal artery was studied in normal and in pathological angiograms. 

Discussion 

The meningeal ramus of the occipital artery has its origin exac_tly 
at the point where the occipital artery leaves its own sulcus behind 
the mastoid. The meningeal ramus ascends in the direction of the mas
toid foramen (Fig. 1). In the mastoid canal the artery is surrounded 
by the wide emissary. At the inner mouth of the mastoid canal the 
meningeal ramus is divided into two big terminal branches (Fig. 2). 
One terminal branch supplies the dura in the cerebellar fossa of the 
occipital bone. The second terminal branch leads to the posterior 
surface of the pyramid, where it supplies the dura, and reaches the 
inferior surface of the tentorium with its terminal ramification. A 
small terminal branch leads from the inner mouth of the mastoid canal 
along the external wall of the sigmoid sinus in the direction of the 
jugular foramen. 

Thus, the meningeal ramus of the occipital artery supplies the dura 
in the cerebellar fossa, the dura on the posterior surface of the 
pyramid, and partially the tentorium. 

In normal angiograms the relatively slim meningeal ramus of the oc
cipital artery can, for the most part, only be visualized if the ves
sels are particularly well filled (Fig. 3). In processes in the cere
bello-pontine-angle (especially in meningiomas), in dural angiomas 
of the posterior cranial fossa (Fig. 4), and in tumors of the glomus, 
the meningeal ramus of the occipital artery is often one of the main 
supply vessels of the pathological process. This can be verified by 
angiography. 
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When planning a neurosurgical operation in the posterior cranial 
fossa this vessel ought not be excluded from consideration. 

Summary 

This paper deals with the anatomy and importance of the meningeal 
ramus of the occipital artery, which, after passing the mastoid fora
men, leads to the dura of the posterior cranial fossa, where it sup
plies the posterior surface of the pyramid and the cerebellar fossa 
of the occipital bone. We particularly emphasize the clinical impor
tance of the findings. 

Fig. 1. The extracranial part of the meningeal branch of the occip
ital artery (right side). 1. occipital artery; 2. meningeal branch; 
3. muscular branch; 4. mastoid foramen 
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Fig. 2. The mouth of the mastoid emissary into the sigmoid sinus 
(left side). 1. mastoid emissary; 2. sigmoid sinus; 3. transversal si
nus; 4. branch on the cerebellar fossa; 5. branch on the posterior 
surface of the pyramid 

Fig. 3. Normal angiogram of the occipital artery with the meningeal 
branch (arrow) 
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Fig. 4. Angioma of the Dura of the Tentorium with enlarged meningeal 
branch (arrow) of the occipital artery 
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Pediatric Head Injuries 
(Follow-Up Study of 625 Cases) 

J. P. CHODKIEWICZ, A REDONDO, L. MERIENNE, C. ClOLOKA, and F. TERRAZAS 

Summary 

The authors have studied a series of 625 children with head injuries. 
During the past 7 years, these children have been hospitalized in 
neurosurgery, closely observed and eventually operated on by the same 
medical team in the same department. Several observations can be made 
from these results. 

The presence of twice as many boys as girls among the patients has 
been noted. This masculine predominance remains to be explained. 

Traffic accidents are responsible for approximately 50% of the ad
missions. These are always the most serious accidents involving the 
greatest number of severe neurological disorders, associated extra
cranial traumatic lesions and deaths. 

The clinical pictures of benign and severe head traumas are reviewed. 
The authors emphasize the rarity (4% of the cases) and the bad prog
nosis of the epidural hematoma; the sub-dural hydroma appears to be 
an uncommon but very interesting lesion. 

The diagnostic and therapeutic problems due to associated extra
cranial traumatic lesions (12% of the cases) have been thoroughly 
considered. 

To evaluate the prognosis as early as possible, several factors have 
been carefully examined: the fracture which plays no part, the state 
of consciousness which is deCisive, and the presence or absence of 
initial hemiplegia seizures or decerebrate rigidity. The sequelae are 
observed in less than 10% of the cases. In one-third of these cases, 
complex dyskinesia is present; post-traumatic epilepsy does not often 
appear in the series (3 authentic cases only); prolonged anticonvul
sive therapy is of no apparent value. 

The results are discussed and compared with those previously pub-· 
lished in medical research literature. 

Infantile mortality has been stadily diminishing for years in our so
called civilized countries; nevertheless, mortality due to accidents 
is increasing every year. The greatest percentage of all these acci
dental deaths is due to head injuries; therefore, many extensive 
surveys have been devoted to the subject (3, 8, 13, 25, 35, 45). 
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Material and Methods 

In the neurosurgical department of Hopital SAINTE ANNE in PARIS, we 
have reviewed 625 cases of children who were admitted in the emergen
cy ward during the past seven years. All these patients were treated 
and then reexamined many times after hospital dis.charge by the same 
neurosurgical team, so that 65% of the cases have been followed up 
for more than three years. 

I. General Data 

Table 1 summarizes the age and sex characteristics of the patients 
studied; they were approximately twice as many boys as girls, but 
this well known masculine predominance which includes children before 
18 months of age, remains to be explained. (18, 25, 30, 31) 

18% of the patients studied were of foreign origin (Spain, Portugal, 
Northern Africa •.. ). This group, which represents statistical.ly less 
than 10% of the total pediatric population in France, must therefore 
be considered, in terms of accidental mortality and morbidity, as an 
underprivileged high risk population. This is of course related to 
the socio-economic conditions of the people concerned. 

Table 1. 625 pediatric head 

Girls 226 Boys 399 

Age: 0 - 2 ..... 134 cases 
2 - 5 ..... 127 cases 
5 - 10 ..... 188 cases 

10 - 15 ..... 176 cases 

22% total trauma-patients 
65% total children admitted 
Foreign origin 18% 

Table 2. Nature of injury 

Traffic Accident 297 

Passenger: 66 
Car ... ·····Pedestrian: 134 

2 Wheels ... Passeng~r: 77 
Pedestrlan: 20 

Falls 
Miscellaneous 
Unknown 

190 
71 
67 

injuries 

64% 

48% 

30% 
12% 
10% 

Nature of Injury (Table 2; excluding birth injuries): 

- Traffic accidents were the most common cause of head injuries in 
children (48%). 

- These children were passengers of - or struck by - a two or four 
wheel vehicle. 
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- Two wheel accidents represent 11% of the 625 cases and concern 
boys in 88% of the cases. 

- Half of these traffic accidents occur when the child is going to or 
returning from school. 

- The severity of these accidents is extreme: 57 children died, rep
resenting 73% of the total number of fatalities in our series. 

Falls either from a height or at ground level resulted in 30% of the 
head injuries studied. 

There were 24 cases of battered child syndrome with 5 deaths. Finally 
it must be stressed that these 625 pediatric head injuries represent 
65% of the total number of children admitted in our service during 
the same period of time. 

II. Diagnostic Procedures 

Clinical experience is of paramount importance to evaluate the neuro
logical condition of a child who sustained a recent head injury. A 
few diagnostic procedures may contribute to this evaluation. 

Skull x-rays are considered a routine procedure: a skull fracture 
was present in 347 patients (56%). This proportion observed in a neu
rosurgical ward is much more elevated than the percentage of skull 
fractures discovered in children coming to a general surgical ward 
(13, 29). 

Lumbar puncture after head injury is, in our opinion, of no help in 
differentiating surgical and non-surgical cases and may be hazardous. 

Echo encephalography and radio-active-brain scanning have not been 
used routinely in our clinic as an emergency procedure (22, 23). 

EEG has been rarely recorded the day of admission except for patients 
with early seizures and has been, in most of the cases, reserved for 
secondary problems. 

Carotid angiography is from our experience the best diagnostic pro
cedure to identify post-traumatic intracranial lesions such as epi
dural clots, subdural hematomas, cerebral swelling, multiple contu
sions etc.; carotid puncture is performed under local or general 
anesthesia early after admission and biplane films with sometimes 
cross compression allow a satisfactory investigation of the supra
tentorial space (19, 34). 

The results are very encouraging, sometimes surgically decisive, but 
the procedure should not at all be considered, at least in our hands 
(8), as totally benign and well-tolerated by a freshly injured in
fantile brain. In our series carotid angiography was performed in 89 
cases (19%); in 17 cases the neurological condition deteriorated im
mediately and dramatically after angiography; 10 of these severely 
injured patients died. 

III. Benign Head Injuries 

249 children in the series (40%) may be classified as benign cases. 
The patients spent only a few days in our care after injury; all of 
them were sent back home rapidly and recovered completely. The clini
cal picture of these cases is very diversified (Table 3). 
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Table 3. 625 pediatric head injuries 

- Benign Cases ..••......•.............•.•...•• 40% 
Minor 97 
Drowsy (transit) ~ Fract. : 81 
Drowsy ~ Seizure ~ Loc. S. : 45 

- Severe Cases ..•....•..•......••..•...•.•...• 52% 
Contusion (Hemisph. or Brain Stem) :136 
Intracranial Hematoma 40 
Depressed Fr. + Cranio-CB Wounds 97 
CSF Fistula 18 
Moribund at Admission 24 

- Miscellaneous ...•...•....•.••.•..........•..• 8% 

Immediate post-traumatic seizures with transitory disorder of con
sciousness and no neurological deficits proved to be always benign, 
as well as transient post-traumatic drowsiness after impact when 
strictly isolated with no seizures localizing signs or meningeal re
action. 

The presence of a skull fracture alone, without any clinical abnor
mality is, in our experience, of no significance at all. For many 
authors this type of fracture does not even justify systematic hos
pitalization (12, 29, 33). 

These apparently benign cases can pose extremely difficult problems 
to the physician. The danger is to underestimate the true severity of 
the situation and the anatomical lesions, and overlook or misinter
pret progressive but subtle evidence of critical intracranial compli
cation. Four patients in the present group have been initially and 
erroneously classified as benign cases a few hours after trauma; in 
fact these four patients who had epidural hematomas did demonstrate 
discrete but definite early symptoms or signs which were neglected 
or misunderstood (headaches, diplopia, vomiting ••. ). 

This stresses the importance of very careful initial clinical inves
tigation and the necessity of immediate hospitalization of the child 
to check him with great concern for a few days, each time the clini
cal picture although apparently benign is equivocal. 

IV. Severe Head Injuries 

The incidence of severe head injuries is 60% (3) in the present 
series. The classification of these 376 cases is shown in Table 3. 

1. Depressed Fractures 

Depressed fractures alone, with no dural tear (54 cases) are seen 
predominantly in boys (34 cases) and in the frontal region (30 cases). 
Each time a bone fragment was considered depressed the depth of the 
skull thickness, or each time there was a neurological deficit (14 
cases) or persistent and focalized EEG abnormalities, the fracture 
was surgically elevated, as a rule 24 hours or more after injury; 90% 
of the patients recovered completely within 2 weeks or less. 
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2. Craniocerebral Injuries with Dural Laceration 

Include 61 of the cases here studied: 

- 18 CSF Fistulas (10 rhynorreas) with basal skull fracture; three 
cases only had to be surgically treated because of persisting nasal 
CSF leakage. 
- 16 depressed fractures were associated with dural laceration. 
- 27 patients had craniocerebral wounds. 

The diagnostic problems in these cases are minimal because of evident 
CSF leakage or patent brain avulsion through the scalp wound;. surgi
cal exploration was performed and confirmative in all equivocal 
cases. With the exception of three children who were moribund at ad
mission, all cases were surgically treated, most of them (63%) 12 
hours or more after trauma. In spite of these delays and frequent 
gross septic contamination of the wound, it must be stressed that 
post-traumatic brain abcess or meningitis was not seen postoperative
ly. All patients received large doses of antibiotics (5, 17). The 
final results in this group of craniocerebral injuries with dural 
laceration are encouraging: 43 recoveries, 9 sequelae (no epilepsy), 
9 deaths, among them 6 patients deeply comatose at admission. 

3. Post-Traumatic Intracranial Hematomas 

Epidural hematoma happens to be in our experience a very rare and 
murderous lesion, although a considerable amount of literature has 
been devoted to the subject (6, 13, 19, 20, 21, 25, 34). 

- 26 cases only have been identified with 6 deaths and only 20 re
coveries. 

- 20 of them had a history of typical lucid interval after trauma: 
this represents less than one-third of the 65 authentic lucid inter
vals collected among the 625 cases. 

- 25 cases out of 26 had a patent skull fracture and 14 of them had 
unilateral ipsilateral mydriasis. 

- 24 patients were comatose at the time of operation. 

No case of posterior fossa hematoma was identified angiographically 
in the operating room or at autopsy. 

Acute subdural hydroma is apparently a very rare and not well known 
intracranial post-traumatic lesion. Twelve cases of this acute collec
tion of clear fluid sometimes mixed with a very small quantity of 
blood have been seen in our series. The hydroma is often located un
der a depressed fracture, sometimes associated with minor and super
ficial brain contusion. The clinical picture is very similar to the 
epidural hematoma except that severe deterioration of the neurolog
ical condition is a matter of days and not hours. A simple burr hole, 
if not too late, may save the child's life (six recoveries only). 

4. Cerebral Contusion 

This particular type of severe head injury is neither easily defined 
nor accurately described in research literature. In our series it 
represents a very homogenous group of 127 children who sustained very 
violent cranial impacts due to traffic accidents in 78% of the cases. 
They were comatose immediately or soon after the accident (87%) and 
had post-traumatic hemiplegia or hemiparesis (61%) less frequently, 
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general se~zures (21%) and skull fractures in only 27% of the cases. 
EEG was performed ~ 78 cases and demonstrated very often well lim
ited and focalized abnormalities. Angiography when performed (48 
cases) ruled out the presence of patent epidural or subdural collec
tion and demonstrated the class~cal picture of uni- or bilateral 
temporo-frontal contusion. 

The pathological findings are very similar to those observed ~n the 
adult; but in children superfic~al hemorrhagic cort~cal contusions 
seem to be more often located on the side of impact; as shown by 
COURVILLE (7). 

Because of the unpredictable evolution of cerebral post-traumat~c 
edema, especially in children (26, 34), the neurological condition of 
these patients may deteriorate rapidly, sometimes dramatica~ly with 
rapid onset of decerebrate rigidity and other brain stem signs of 
herniation (22, 27, 28). 

Subsequently, the prognosis of these brain contusions, thus defined 
clinically and angiographically, is very severe: only 46 children 
(36%) recovered completely and 14 died. 

It is the authors very firm belief that conservative measures, par
ticularly those designed to control brain edema and to assure a 
satisfactory airway are of paramount importance in the treatment of 
cerebral contusion in children. Surgical excision of the contused 
brain is rarely indicated or justified (25, 26, 34); 7 attempts of 
that type to resect the swollen and hemorrhagic temporal ~ip cannot 
be considered as rewarding from our experience. 

V. Traumatic Extracranial Lesions 

In the present series of 625 children with head injuries, 77 patients 
(12%) sustained traumatic associated extracranial lesions; this pro
portion is very close to those published in other series (4, 13, 24). 

Of the fractures, 50% were of the limbs (38 cases): clavicle and 
femoral shaft were most frequently concerned. 

Visceral lesions - either thoracic or abdominal - were uncommon (18 
cases) • 

It is noteworthy to insist upon the fact that among these 77 patients 
with associated lesions: 

- 18 of them sustained very minor head injuries and could, even 
should have been kept in a general surgical ward and not transferred 
to a neurosurgical department. 

- 59 must be considered as severe or very severe head injuries. 

33 of these 77 patients were found in deep state of shock at admis
sion: ten of them died. Hypovolemic shock is said to be uncommon in 
isolated head injuries (34); in the present series, 3 patients only 
who were admitted in state of shock were classified as pure head in
juries: one suffered a severe blood loss from a scalp laceration not 
promptly sutured; another one was an infant with a huge epidural 
hematoma; the third patient bled to death from an enormous cranio
cerebral wound. As pointed out by HENDRICK and co-workers, it appears 
evident through our experience as well, that in ch~ldren sustaining 
head injuries, if shock is present, the cause is extracranial. 
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As to the orthopaedic. sequelae; 8 patients with their fract~es prop
erly treated before admission in neurosurgery recovered completely; 
conversely 13 severe sequelae are present in 21 patients with limb 
fractures treated lately. 

VI. Prognosis 

It is of course difficult to evaluate the prognosis of a definite 
head injury in the emergency ward when the child is admitted. Never
theless a few guidelines may be drawn from our experience: 

The presence of a skull fracture has no prognostic significance at 
all as pointed out by many authors (13, 29, 33). 

Table 4 shows that the clinical results in terms of deaths, seque1aes 
and recoveries are almost identical in the fracture group and the 
patient-group with no evident skull fracture. 

Table 4. Prognosis of head injuries in children 

Cases Recovery Sequelae Died Unknown 

1. Skull Fracture 

No fracture 60% 10% 8% 22% 
Fracture + 
unknown 60% 11 % 12% 17% 

2. Consciousness 

Normal or 
drowsy 72% 4,5% 1,5% 22% 
Coma 39% 19% 28% 14% 
Coma + 
fracture 36% 22% 31% 

The level of eonseiousness noted at admission is the most solid and 
faithful element of an early prognosis. 

Table 4 demonstrates that the results are far better, even excellent, 
when the child is alert or simply drowsy when coming to the neuro
surgical ward; initial coma means death or severe sequelae in 47% of 
the cases. This is particularly true when initial coma is associated 
with decerebrate rigidity: of the 50 patients in the series who were 
comatose and decerebrated at admission or within 2 hours, only five 
recovered completely; 24 children died and 21 have very severe se
quelae making them neurological catastrophies in half of the cases. 

Early post-traumatic hemiplegia or hemiparesis do not have in our ex
perience any prognostic significance per se; of the 129 children with 
severe or mild deficit after trauma, 108 survived and 65% of them 
recovered completely. 

Immediate post-traumatic epileptie seizures in children do not neces
sarily imply a bad prognosis at all: 35 children out of 39 with early 
seizures may be classified as full recoveries. 
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In Conclusion 

The careful clinical evaluation of the state of cons.ciousness a.t ad
mission, and later, is of paramount importance after head trauma in 
children. 

As stressed by HENDRICK and co-workers (24) the decreasing level of 
consciousness was in their experience, as in ours, the single most 
important sign of diagnostic and prognostic value. 

VII. Neurological Sequelae 

Of the 625 children stUdied: 78 died (12%), 59% recovered completely 
and 62 cases only had sequeZae listed in Table 5. 

Table 5. 111 sequelae for 65 patients 

Psychological problem 51 
Hemiparesis, hemiplegia 23 
Dyskinesia 18 
Visual loss 10 
Post-concussional syndrome 6 
Epilepsy 3 

The rarity of post-aonaussionaZ syndrome in children deserves no 
comments; (1, 18 bis) post-traumatic neurological deficits are also 
uncommon. 

Our attention has been drawn by 18 cases of post-traumatic dyskinesia, 
sometimes of the cerebellar type, which became evident, as a rule, 
several months after severe head injuries with initial coma and brain 
stem symptomatology (2). 

The frequency of post-traumatia epiZepsy has been the subject of many 
controversial publications (14, 18, 19, 23, 25, 35). 

430 patients in the present series have been checked regularly, clin
ically and by repeated EEG; furthermore, 50% of the families an
swered a detailed questionnaire; the results of this careful follow
up study are surprising: 

- 39 patients had immediate post-traumatic seizures but none of them 
developed late post-traumatic epilepsy. 

- 3 cases only of authentic post-traumatic epilepsy could be found in 
the 547 survivors of the series studied. 

- Out of 215 severe head injuries which could be thoroughly followed, 
only 29 children have persisting non-epileptic EEG abnormalities. 

- 134 survivors of head injuries classified as severe cases who were 
admitted in our service between 1967 and 1971 have not received any 
anti-epileptic drug for the past three years and yet have never had 
a single seizure since. 

The present study confirms a well known fact of daily pediatric neu
rosurgical practice: namely, that in children, even after severe head 
injuries, systematical and prolonged anti-epileptic treatment and 
repeated EEG controls are unjustified if not totally useless. 
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As to the exact frequency of late post-traumatic epilepsy, it is of 
course necessary to wait a few more years for the cases here re
viewed. Nevertheless, as many authors consider that at least 80% of 
the traumatic epilepsies do appear in the course of the 2 years fol
lowing trauma, it is fair and logical to assume after others (25, 34) 
that the frequency of post-traumatic epilepsy in children is very 
low, the risk being apparently well below 2% of the cases. 

Conclusion 

It seems reasonable and necessary to insist upon two concluding re-
. marks: 

- In order to obtain a better knowledge and management of head in
juries in children there is still apparently an important need for 
well coordinated studies on a great number of patients including an 
extensive follow-up. 

- These studies must be focused on prevention (30, 31), for acciden
tal mortality and morbidity in children, especially those due to head 
injuries are at the present time a true challenge if not the most im
portant one to preventive medicine. 
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Cerebral Artery Occlusion Due to Trauma 
I. SCHOTER 

Since inauguration of the "Four-Vessel-Angiography" in 1962 we have 
observed 207 patients with an occlusion of one of the cerebra~ ar
teries and among them 13 patients by whom the occlusion was preceded 
by a trauma. 

The age of the patients ranges from 2 to 73 years. 

In 7 cases the arterial occlusion is considered without doubt a con
sequence of a trauma to the head or to the neck: 

5 patients suffered from severe closed head injuries and 2 chi~dren 
tolerated "pencil injuries" (one was injured by a wooden spoon in the 
region of the right tonsil and the other by a sharp stone in the 
carotid region of the neck). 

One patient tolerated a severe trauma to the whole body with rupture 
of lien and kidney which probably led to an embolic obstruction. 

In 5 other cases a minor trauma preceded the occlusion: 3 children 
fell on their heads while playing, one girl - and this case is per
haps dubious - while skipping developed a bad headache and lost 
consciousness, and one patient was hurt by a garage door. 

The interval between trauma and the onset of neurological symptoms 
was less than 24 hours in 7 cases (4 serious and 3 minor injuries), 
2 or 3 days in 3 cases (both pencil injuries and the garage door ac
cident), 7 days by one girl who fell while playing, 16 days by one 
patient who was unconscious for 3 days after a motor car accident, 
and 7 weeks by the patient who was felt to have had an embolic oc
clusion. 

In 7 cases the internal carotid artery was occluded in its extracra
nial region; 3 patients suffered from an occlusion of the middle 
cerebral artery_ The supraclinoidal carotid artery was occluded in 
only one case as were the anterior and posterior cerebral artery. 

The mechanism of injury is of great interest. Direct trauma to the 
vessel wall will probably lead to an intimal tear with following 
thrombosis or to a subintimal dissection. 

Many authors postulate theories concerning other mechanisms. For the 
most part they presume an overstretching of vessels to be the cause 
of an intima lesion for instance by hyperextension of the neck (7, 
9), especially if the common carotid artery is fixed by bruising the 
anterior chest wall (4, 5). Others are of the opinion that sudden 
stretching of the carotid artery over the transverse process of the 
third cervical vertebra may lead to the lesion (2, 11) or the com-
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pression of the internal carotid artery by the transverse process of 
the first cervical vertebra (1). 

FODISCH considers an increase of intra-arterial pressure or extra
vasal low pressure to be the cause of intimal damage. 

Other authors (4, 8, 10, 12) emphasize the importanc.e of post
traumatic spasm which later can conceivably result in thrombosis. 

Genuine vascular anomalies~ as for example hypoplasy or pre-existent 
alterations such as arteriosclerosis may be a contributing factor to 
this type of arterial occlusion as well as to hypercoagulation. 

The intensity of trauma seems to be non-important (3, 10). 

Next to the mechanism of injury the modus of obstruction is of great 
interest. 

Two of our patients died; only one autopsy was performed: it re
vealed a supraclinoidal thrombosis of the carotid artery. In one case 
the operative revision of the occluded extracranial carotid artery 
showed an extrvasal and an intramural hematoma. 

Once the obstruction had to be considered embolic, as the interval 
between trauma and onset of neurological symptoms lasted for 7 weeks. 

In one patient the occlusion must have been caused by spasm, since 
the first angiogram showed an extreme stenosis of the supraclinoidal 
carotid artery and of the proximal anterior and middle cerebral ar
teries with a blockade o£ contrast in the Sylvian group. The control 
angiogram after two weeks was normal. 

In all other cases the occlusion persisted angiographically for 
months and even years. 

The prognosis of this disease depends on the collateral blood supply, 
i.e. on the oxygenation of brain tissue. 

Even today we have no possibility to decide whether the lack of blood 
supply is cellulucidal or whether it simply causes an arrest of cell
function. Visualization of collateral blood flow by contrast is not 
sufficient, for the angiography seems to be too crude a method to 
demonstrate the fine terminal vessels (6). 

In one of our cases we have angiographically observed a complete col
lateral circulation very soon after the traumatic occlusion and yet 
a paresis persists. 

In another patient who recovered completely we see no collateral 
supply. 

Thus we have to judge our therapy by its clinical success. Conserva
tive therapy (digitalization, application of pharmaca to improve 
cerebral oxygenation and glucose metabolism, to combat brain edema 
and reduce hypercoagulation) has proved to be insufficient in many 
cases. 

For many years the hyperbaric oxygenation therapy has improved the 
non-surgical treatment. 
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Four of 11 surviving patients recovered completely. In 7 cases a pa
resis persisted; one patients had fits. 

Desobliteration of obstructed vessels and the performing of extra
intracranial arterial by-passes are the present microsurgical opera
tions to preserve tissue function. 

Summary 

In 13 cases cerebral artery occlusion was preceded by a trauma: 5 
severe closed head injuries, 2 pencil injuries, one trauma to the 
whole body and 5 minor injuries. 

In 7 cases the extracranial carotid artery was obstructed, 6 times 
other cerebral vessels. 

Four patients recovered completely, 2 died, in 7 cases pareses per
sisted. 

Mechanism and intensity of injury and modus of obstruction are dis
cussed. The prognosis depends on the oxygenation of brain tissue 
trough collateral supply. 

Table. Intensity of trauma, localization of occlusion, age and sex 
of the patients 

DEXTRA SINISTRA 

EXTRACRAN. 9 2 J I r/ 4 J I r/35 J I ? 50 J r/7 J r/39J I r/62 J 
o 0 6) t 6) 0 6) 0 

CAROTIS INT. 
I173J 

SUPRACLIN 6) t 

M EDI A ? 7 J r/16 J J II 30J 
O® 6)® 0 

ANTERIOR 9 11 J 
o® 

POSTERIOR 0" 11 J 
o® 

o MINOR INJURY o BODY TRAUMA 
o PENCIL INJURY ® R ESTITUTI ON 
6) SEVERE TRAUMA t EXITUS 
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Fig. 1 a. Arterial occlusion 
due to spasm 

b. The same patient two weeks later 
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(b) 

Fig. 2 a. Occlusion of the extracranial carotid artery 

Fig. 2 b. Complete collateral circulation in the main arteries 
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Fig. 3. Occlusion of the 
left posterior cerebral 
artery, no visible 
collateral circulation 

Right: Left brachial 
arteriography 

Lower: Left carotid 
arteriography 

• 
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Concentrations of Glycogen, Glucose, Lactate, and Amino Acids 
in Brain Tumors* 
F. WEINHARDT, S. HOYER, H. BERLET, and J. HAMER** 

In general, the metabolism of brain tumors has been receiving lesser 
attention by investigators than that of tumors of non-nervous tissue. 
Brain tumors were found to display a decreased oxygen consumption and 
an increased lactate production as BRIERLEY and McILWAIN showed in 
in-vitro experiments (3). DITTMAN and co-workers found an aerobic 
glycolysis in both benign and malignant brain tumors and a decrease 
of the ratio of respiration to aerobic glycolysis in tumors with pro
gressive malignancy (4, 5). Similar findings were reported by KIRSCH 
and MAHALEY (8, 9). To the contrary, DOHR et al. found that the con
centrations of lactate in brain tumors and in normal brain tissue 
were not significantly different from each other (6). 

These findings might support the hypothesis that glycolysis is not 
necessarily different in cancerous and normal tissue. The prospective 
aim of this study is to investigate the energy metabolism related 
to anaerobic glycolysis of benign and malignant tumors and concen
trations of free and total amino acids which reflect important meta
bolic and synthetic activities of tissue. In the following, prelimi
nary results of this study will be presented including values of 
glycogen, glucose, pyruvate and lactate and of total amino acids in 
tissue obtained from the central portion of brain tumors and from 
adjacent perifocal tissue. 

Material and Methods 

Tissue specimens of 6 meningiomas and 5 malignant tumors including 
3 astrocytomas stage II-III and one isomorphic ependymoma and one 
oligodendroglioma each (2) and, if possible, specimens of adjacent 
tissue were obtained during brain surgery for the removal of the 
tumors and frozen at once in liquid N2 within 2 to 7 s (mean 4 s). 

Analytical Methods 

Specimens of deep frozen tissue were freed from adhering blood under 
liquid N2 and homogenized and extracted with ethanol/perchloric acid 
(1). The supernatants were analyzed by standard enzyme assays as de
scribed (2). The extracted pellets were dissolved in 5N KOH (10) and 
glycogen was assayed enzymatically following the enzymatic cleavage 
of the' homoglucan polymer (7). 

*The studies were supported by grants of the German Research Founda
tion (DFG). 
**We are indebted to Prof. Dr. G. ULE, Institute of Neuropathology of 
the University, for the neuro-histopathological evaluation. 
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For the analysis of total amino acids by gas chromatography according 
to standard methods amall pieces of tissue were allowed to thaw, 
gently washed free of blood in physiological saline and immediately 
freeze-dried. Thus, average amounts of 12 mg of dry tissue were ob
tained and hydrolysed in 2 ml 6N HCl in sealed glass vials heated to 
1500 C for 12 hours. One ml of the hydrolysate was taken to dryness, 
dissolved in 5 ml of N-butanol-HCI and sonicated for 1 min. The sam
ple was then heated to 1500 C for 1 h in an oil bath. N-butanol-HCl 
was evaporated at 600 C and 0,5 ml of CH2Cl2 and 2 drops of TFAA were 
added. The mixture was briefly sonicated and heated to 1500 C for 30 
min in sealed glass vials, yielding the amino acid derivatives. Then 
the samples were ready for the gas chromatographic analysis (Hewlett
Packard gas chromatograph Nr. 7620A). 

Results and Comments 

The concentrations of some compounds associated with glycolysis are 
individually represented in Fig. 1. Glucose levels of meningiomas 
were similar to those of adjacent brain tissue except for one value, 
which was as high as 16 ~oles/g wet weight. In contrast, malignant 
tumors, especially three cases of astrocytoma, stage II-III, exhi
bited lower glucose values. Accordingly, the values of glycogen also 
tended to be higher in meningiomas (maximum level found 30,6 ~oles/g 
wet weight) than the malignant tumors. Still, the levels of lactate 
did not differ in the two groups. 

By analyzing perifocal tissue separately an attempt was made to dis
tinguish tumor tissue from tissue which might be considered to be 
normal or close to normal. In fact, the majority of lactate values 
of adjacent tissue appears to be definitely lower than in tissue of 
the tumors proper. There is one exception, however, which was ap
parently due to marked edema of the specimen. As to glucose and gly
cogen the differences between focal and perifocal tissue were, if 
any, less clear-cut. 

Values of pyruvate do not reflect a particular pattern due to the 
small number of analyses available at present for the evaluation. 

The concentrations of free and protein-derived amino acids did not 
vary uniformly in meningiomas, in which low and high concentrations 
of amino acids were found (Fig. 2). However, in malignant astrocy
tomas the content of amino acids was markedly lower than in benign 
gliomas, in which the amino acid concentration was markedly high. 

The data including measurements of the concentrations of glycogen, 
glucose, lactate and pyruvate suggest that in benign brain tumors 
the energy reserves including glycogen and glucose accumulate, in con
trast to gliomas in which the concentrations are diminished. 

We found increased concentrations of lactate in both types of brain 
tumors, that perhaps points to an increased glycolytic flux. Our pre
liminary data on total AA are considered to indicate a disturbance 
in nucleic acid metabolism in malignant astrocytomas. 
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Fig. 1. Concentrations of glycogen, glucose, lactate and pyruvate in 
brain tumors and adjacent tissue. ODG = oligodendroglioma, E = epen
dymoma 

410 



AA JJ mol/gdw 
2000 
1900 
1 BOO 
1700 
1600 • 
1500 
1400 
1300 
1200 0 

1100 N/E 
0 

1000 
900 
BOO 0 

OOG 
700 
600 
500 

• EDEMA 400 a 

Concentrations of total amino acids(AA) 
300 

in meningiomas(MEN), gliomas (GLlO) 200 
and adjacent brain tissue (ABT ) 100 

ABT 

• 

• 

• 

• 

• 

• 

MEN 

oE 

o 
OOG 

o 
o 

o 

CLIO 

Fig. 2. Concentrations of total amino acids in brain tumors and ad
jacent tissue. ODG = oligodendroglioma, E = ependymoma, N = normal 
tissue without edema 
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CBF-Studies from Three Sides in Patients With Intracranial Tumors 
A HARTMANN, E. ALBERTI, D. LANGE, and N. T. MATHEW 

The purpose of this study was to evaluate the usefulness of regional 
cerebral blood flow studies in patients with intracerebral tumours. 
Brain tumours often form a new blood circulatory system and hence 
influence the cerebral circulation. 

Since the half thickness of the tracer Xenon 133 (Xe 133) is rather 
small, we suggested that the influence of the tumour tissue on the 
regional Xe 133 washout curve varies with the localization of the 
neoplasmatic tissue. Therefore we measured cerebral blood flow from 
three sides. 

Method 

21 patients with intracranial tumours form the case material of this 
study. Diagnosis was achieved by clinical evaluation, angiography, 
pneumoencephalography. and intravenous 99m-Technetium (99m Tc) scin
tigraphy. Tables 1 and 2 indicate patients whose diagnosis was prov
en by biopsy or autopsy. 

In 16 patients diagnosis was glioblastoma multiforme, in 4 meningioma 
and in 1 metastatic adenocarcinoma. 

Regional cerebral blood flow (rCBF) was calculated by stochastic 
method from 12.5 minute washout curve. 4-6 mCi Xe 133 in 1 ml normal 
saline was injected as a bolus into the internal carotid artery of 
the involved hemisphere. For that purpose the internal carotid ar
tery was directly punctured after local anesthesia with a 19-9auge 
Cournaund needle. 

Regional cerebral blood transit time (rCBTT) was calculated after in
jection of 2-4 mCi 99m Tc in a 1 ml bolus into the same artery by 
taking the full-width-half-maximum of the dilution curve. 

16-52 square regions of interest (ROI) were selected from the oscil
loscopic display of the hemisphere on the screen of the gamma camera. 
This camera with a high-sensitivity collimator was connected to a 
Hewlett-Packard computer for calculation of acquired data. 

Size and shape of the tumour was exactly determined by comparing the 
Xe 133- or 99m Tc-display with the usual intravenous scintigram. 

The collimator of the gamma camera was located over the lateral as
pect of the skull parallel to the sagittal sinus for rCBFlateral(l) 
and rCBTT1. For recording the slopes of rCBFvertical(v) and rCBTTv 
it was positioned over the vertex parallel to the base of the skull. 
For estimation of rCBFanterior-posterior(ap) and rCBTTap it was 
positioned in ap-direction. 
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Table 1. Hemispheric CBE from three sides. Except in 5 cases rCBEl is 
higher than rCBFv . In 4 out of 15 cases rCBFap is higher than rCBF1. 
rCBFl in patients who were pretreated with Dexamethasone or hyperos
molar solutions hemispheric rCBFl was often higher than in non-treated 
patients 

rCBF from three sides in patients with intracranial tumours 

Patient Diagnosis Mean rCBF (ml/100g'min) 

Lateral Vertical A.-P. 

U.B. 

J.W. 

F.R. 

E.D. 

A.M. 

E.8. 

K.F. 

K.P. 

A.W. 

R.H. 

G.G. 

K.8. 

T.J. 

M.E. 

M.C. 

H.8. 

A.8. 

metastatic 
adeno-CA. 

G.M. a 

G.M. a 

G.M. a 

G.M. 

G.M. a 

G.M. a 

G.M. a 

G.M. a 

G.M. 

G.M. 

G.M. a 

G.M. a 

G.M. a 

G.M. 

G.M. a 

G.M. 

mean value 

8.D. 

38.2 8 

46.2 D 

42.3 8 

46.7 8 

33.6 8 

36.6 D 

51.0 D 

64.7 8 

37.8 8 

48.2 D 

66.8 8 

56.0 8 

56.1 D 

40.9 8 

70.8 D 

56.0 8 

40.9 D 

49.0 

11 .3 

G.M.: glioblastoma multiforme. 
aDiagnosis by biopsy/autopsy. 
brCBFv higher than rCBF1. 

30.7 D 

37.9 8 

50.2 8 

52.8 S 

22.0 D 

37.0 D 

42.3 8 

46.6 D 

21.2 D 

44.5 8 

49.2 D 

50.0 D 

58.0 8 

43.4 8 

79.8 8 

40.0 D 

36.4 D 

43.6 

13.7 

37.8 8 

44.2 D 

44.1 D 

46.5 D 

28.9 D 

37.4 8 

42.3 8 

/ 
32.6 8 

41 .9 8 

57.3 8 

40.0 8 

/ 
42.2 8 

79.6 8 

50.0 D 

44.1 D 

44.6 

11 .8 

b 

b 

c 

c 

c 

c 

b,c 

b 

b,c 

c 

CPatient pretreated with antiedematous substances. 
8/D: tumour is superficially or deeply located. 

At least 15 minutes elapsed from the end of one study to the begin
ning of the next procedure. 8erial blood gas check-ups were made from 
arterial blood with an A8TRUP blood gas analyzer. 
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Table 2. Mean cerebral blood transit time in 11 patients. Escept in 
3 cases mean rCBTTl was shorter than rCBTTv ' The mean value for the 
whole group is identical for mean rCBTTl and mean rCBTTap but not for 
rCBTTv 

rCBTT from three sides in patients with intracranial tumours 

Patient Diagnosis Mean rCBTT (seconds) 

Lateral Vertical A.-P. 

U.B. metastatic 
adeno-CA. 10.9 12.7 9.8 

J.W. G.M. a 7.5 7.1 6.2 b 

E.D. G.M. a 8.4 11. 3 8.8 

A.M. G.M. 6.7 10.8 7.2 

E.S. G.M. a 10.1 5.6 12.4 b 

K.F. G.M. a 7.8 11 .3 8.6 

K.P. G.M. a 7.0 8.2 7.4 

A.W. G.M. a 9.8 11.2 7.2 

G.G. G.M. 4.0 3.6 4.2 b 

M.E. G.M. a 4.8 6.8 5.2 

M.C. G.M. 4.2 5.4 4.4 

mean value 7.4 8.7 7.4 

S.D. 2.4 3.0 2.4 

G.M. : glioblastoma multiforme. 
aDiagnosis by biopsy/autopsy. 
brCBTTl longer than rCBTTv . 

Results 

In the patients with meningiomas there was no abnormal regional pat
tern of rCBF or rCBTT. However, in 3 out of these cases the hemi
spheric CBF was decreased. This group is not listed in the tables of 
this communication. 

The results of the rest of the studied patients were as follows: In 
all but 5 patients mean rCBFl was higher than mean rCBFv (Table 1). 
In 4 out of 17 patients mean rCBFap was higher than mean rCBFl. In 
14 out of 15 cases rCBFl was closer to rCBFap than to rCBFv . The mean 
value of the total group was almost identical for rCBFl and rCBF ap 
but not for rCBFv . 

Similar results were achieved on testing rCBTTl,v,ap in 11 patients. 
The mean value for the total group was identical between rCBTTl and 
rCBTTap. The mean value for mean rCBTTv was longer (Table 2). Com
paring the localization of the tumour between intravenous scinti
graphy and angiography on one hand and the 3-dimensional rCBF-data on 
the other hand, we got the following impressions: The closer the 
tumour is to the collimator (i.e. the more superficially it is in the 
tissue cylinder of the ROI) the better is the correlation between 
2 different rCBF-procedures (Pictures 1 and 2). Table 1 contains re-
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marks whether the tumour is localized close to the surface (8 = su
perficial) or away from the surface (0 = deep). The flow data of a 
parasagittal tumour can be reliably measured from vertical, that of 
a tumour in the frontal lobe with rCBF ap and that of a temporal lobe 
tumour most reliably with the collimator in lateral position. 

Furthermore we found that the distance of the tumour to the surface 
has less influence on rCBTT-measurement using 99m Tc than on rCBF
measurement with Xe 133. 

Patients with decreased hemispheric CBF presented in most of the 
cases clinical evidence of elevated intracranial pressure (ICP). Even 
patients without symptoms of increased ICP showed in ROIs close to 
the tumour depressed rCBF, which was interpreted as a sign of peri
focal edema. rCBTT was in these areas prolonged. Some patients with 
elevated ICP presented in ROIs far away from the neoplasm normal 
rCBF and rCBTT. 

7 patients were treated prior to the circulation study with Dexa
methasone or hyperosmolar solutions. These patients are indicated in 
Table 1. All of them showed normal or supernormal (due to elevated 
regional tumour-rCBF) hemispheric CBF. 

The regional pattern of the glioblastoma multiforme itself showed in 
12 out of 16 patients increased rCBF-values and a shortened rCBTT. 
After injection of 99m Tc, we detected in 8 patients regional peaks 
in tumour-ROIs, probably due to arterio-venous shunts. 5 cases pre
sented with double peaks (Picture 3). rCBTT in ROIs with peaks or 
double peaks is moderately short. 4 patients with glioblastoma mul
tiforme have been treated after the first CBF-procedure for 3 to 7 
days with intravenous infusion of 10%-glycerol. After that CBF was 
repeated. In the second CBF-test hemispheric CBF went up, more in 
non-tumourous than in tumourous areas. 

Discussion 

Xe 133 and 99m Tc have a rather small half thickness, but that of 
99m Tc is better than that of Xe 133. From this fact it has to be 
concluded that the reliability of achieved data is low if the point 
of interest is deep under the skull. The deeper a cylinder is over 
which the washout curve is recorded, the more uncertain are the cal
culated data. Particularly in areas of decreased flow, the reliabi
lity of the values depends heavily on the distance of the lesion 
from the tissue surface. So far it has not been established numeri
cally how exactly rCBF-data really are if the lesion (infarct, tu
mour etc.) is located more superficially or more deeply. Patients 
with ischemic infarction are not ideal subjects for a study about 
this problem, since the anatomical pOint of damage to the cerebral 
tissue can be hardly determined. If cases with cerebral tumours are 
taken, the shape and size of the neoplasm can be sufficiently estab
lished by angiography and intravenous sCintigraphy. The use of a 
gamma camera for measurement of rCBF and rCBTT has the advantage that 
the filling of the hemisphere with the tracer can be visualized on 
the display screen. The picture can be compared with that of the 
scintigram, which is recorded with the same equipment. The correla
tion between the tumour localization and the significance of calcu
lated data is, by this procedure, much better than data received with 
a multi-crystal equipment. 
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So far a number of papers regarding the problem of rCBF in intracra
nial tumours have been published (1-6, 9-11); however, none of them 
pay attention to the depth of the tumour in the ROI-cylinder. In our 
study we detected that the flow data of the whole tumour (taken as 
one ROI) of at least 2 different aspects correlate better if the tu
mour is superficially localized. The character of the circulation 
within the neoplasm is best studied from that aspect in which the 
lesion is closest to the surface of the tissue. This point should be 
true for any lesion which is to be detected by rCBF-measurements 
using Xe 133. There are 2 reasons which account for the fact that 
there is a better independence of the achieved rCBTT-data from the 
depth of the tumour: a) the half thickness of 99m Tc is greater than 
that of Xenon 133; b) the influence of scattered gamma rays from sur
rounding tissue is less in 99m Tc than in Xe 133. 

However, even if a parasagittal tumour might be best characterized 
by vertical rCBF, this aspect has certain disadvantages. With this 
aspect the respiratory system is positioned within the field of view 
of the collimator. The vascular in- and outflow system (the internal 
carotid artery and the jugular vein) is secondarily within the re
corded field. The flow direction is perpendicular to the counting 
axis and hence does influence the washout slope. The advantage of 
this and the ap-view is that both hemispheres can be separated. To a 
certain extent Xe 133, which is injected into one internal carotid 
artery, crosses via the Circle of Willis into the vascular system of 
the non-injected hemisphere (7). Lateral rCBF-procedures cannot 
separate which radioactivity is coming from the injected and which 
from the non-injected hemisphere. The ap-view should be applied only 
if the tumour is localized in the frontal area of the brain. With 
this view it must be remembered that the cylindric segment under the 
ROI has a rather long axis, so that the posteriorly located tissue 
does not have a big influence on the washout curve. 

Most of the reports regarding the blood flow in cerebral tumours re
vealed a depressed CBF for the total hemisphere. We separated in our 
study patients who were treated prior to the test with Dexamethasone 
or hyperosmolar solutions, from patients who were not treated. The 
treated group showed a normal to supernormal hemispheric flow but the 
non-treated group a decreased hemispheric CBF. The supernormal data 
are based on high regional values, collected from tumour-ROls. How
ever, even treated patients presented with perifocal depressed rCBF, 
which we interpret as a sign of perifocal edema. We agree with 
others who concluded from their experience that an elevated ICP is 
able to depress rCBF (4). Our opinion is sustained by the fact that 
longtime treatment of patients with tumours with intravenous infusion 
of 10%-glycerol does increase cerebral blood flow. This was described 
before (9). Glycerol is able to decrease ICP (8). We are aware of the 
fact that for a final interpretation of the effect of glycerol more 
thoroughly undertaken studies have to be done. Our series presented 
here is very small. 

The character of the circulation system within the neoplasm is better 
judged if both flow and transit time are studied. Peaks and double 
peaks due to arteriovenous shunts can be detected with 99m Tc. Appar
ently, a rather big percentage of glioblastoma do have av-shunts. 

rCBF/rCBTT-procedures using Xe 133 and 99m Tc are not helpful in es
tablishing a diagnosis whether a tumour is present or not. But they 
may contribute to the knowledge about the vascularization of the 
neoplasm and the presence of brain edema. rCBF-studies in patients 
with meningiomas are less helpful, since the blood supply is influ
enced by the external carotid artery. 

416 



REFERENCES 

1. BROCK, M., HADJIDIMOS, A., DERtiAZ, J.P., SCHtiR~NN, K.: Regional 
cerebral blood flow and vascular reactivity in cases of brain 
tumour. In: Brain and blood flow, pp. 281-284. London: Pitman 
Med. and Scientific 1971. 

2. BROCK, M., HADJIDIMOS, A., SCHUR~ANN, K., ELLGER, M., FISCHER, F.: 
Regional cerebral blood flow and vascular reactivity in cases of 
brain tumour. In: Brain and blood flow, pp. 281-284. London: 
Pitman Med. and Scientific 1971. Berlin-Heidelberg-New York: 
Springer 1969. 

3. CRONQVIST, S., AGEE, F.: Regional cerebral blood flow in intra
cranial tumours. Acta Radiol. Diag. 2, 393-404 (1968). 

4. CRONQVIST, A., LUNDBERG, N.: Regional cerebral blood flow in 
intracranial tumours with special regard to cases with intra
cranial hypertension. In: Scand. J. Lab & Clin. Invest., Suppl. 
102. XV:A (1968). 

5. ESPAGNO, J., LAZORTHES, Y.: Cerebral blood flow in tumours. In: 
Scand. J. Lab & Clin. Invest., Suppl. 102. XV:C (1968). 

6. HADJIDIMOS, A., BROCK, M., HAAS, J.P., DIETZ, H., WOLF, R., 
ELLGER, M., FISCHER, F., SCHURMANN, K.: Correlation between rCBF, 
angiography, EEG and scanning in brain tumours. In: Cerebral 
blood flow, p. 190-194. Berlin-Heidelberg-New York: Springer 1969. 

7. HARTMANN, A., MATHEW, N.T., MEYER, J.S.: Quantitation of collat
eral crossfilling in internal carotid artery occlusion. In: 7th 
Salzburg Conference on Cerebral Vascular Disease, held 1974. 
Stuttgart: Georg Thieme (in press) . 

8. MATHEW, N.T., MEYER, J.S., RIVERA, V.M., CHARNEY, J.Z., HARTMANN, 
A.: Double blind evaluation of glycerol therapy in acute cerebral 
infarction. Lancet, 1327-1329 (1972). 

9. MEYER, J.S., FUKUUCHI, Y., SHIMAZU, K., MATHEW, N.T. OHUCHI, T.: 
Effect on regional cerebral blood flow of compression by a mass 
lesion. Eur. Neurol. .§.' 83-91 (1972). 

10. PALVOLGYI, R.: Regional Cerebral blood flow in tumour patients. 
In: Scand.J.Lab & Clin. Invest., Suppl. 102, XV:B (1968). 

11. PALVOLGYI, R.: Paradoxial rCBF reactions in intracranial tumours. 
In: Cerebral blood flow, pp. 176-177. Berlin-Heidelberg-New York: 
Springer 1969. 

12. ROSENTHALL, L., MARTIN, R.H.: Cerebral transit of pertechnetate 
given intravenously. Radiology 2i, 521-527 (1970). 

417 



CORRELATION BETWEEN CBF AND ;;Tcm SCINTIGRAPHY 
IN GLIOBLASTOMA MULTIFORME 

RIGHT LATERAL VIEW 
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CBF~-TU: 52. 

*:ml/l00g ·min 

AP-VIEW 
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CBF TLUJR = 57 .. 
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LP: 17 mm Hg 
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Fig. 1. rCBF in a case with a laterally superficially located neo
plasm . Tumour-rCBF is highest when measured from lateral, but simi
lar for rCBFap and rCBFv . Measur.ing rCBFv and rCBF ap ' there is more 
tissue between tumour and brain surface, whereas in lateral aspect 
there is nearly no brain tissue between tumour and the collimator 

REGIONAL CEREBRAL BLOOD FLOW IN 

INTRACRANIAL NEOPLASMS 

RCBF 
RCeF 
RCBF 

RIGHT LATERAL VIEW 

HEM =36.6 • 
lU =40.6 • 

NON-TU. = 35.9 • 

PI: ES., ?, 56 

po cq = 4Q.1 mm Hg 
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99Tc m WASH -OUT - CURVES OVER TUMOR - AREAS 
IN 17 PT5. WITH GLIOBLASTOMA MULTI FORME 

UB. J.W I. R. E.D. A.M E. S. 

A-
~ i~ 

J\- )~ J~ J~ J\~ 
K.F.' K.P. A.W R.H. G.G. S.K. 

! J\- J\- 1\ J\ ~~ 
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A,- !~ 

.. ~ ~ jl J!~ J 
T.J. ME. Me H.S. A.S. 

~=2 PEAKS IN 1 CURVE 

NORMAL 
PATIENT 

:'\ 
'. ........... 

Fig. 2. rCBF from three sides in a patient with a deep tumour. The 
high flow is best detected from ap-aspect, worse from lateral aspect. 
Measuring rCBFv the tumour cannot be detected 

<J 
Fig. 3. Technetium 99m washout curves over tumour areas in 17 pa
tients with intracerebral tumours. 8 patients showed peaks (steep 
in- and decrease of the washout curve) and 5 double peaks. We be
lieve that peaks are due to arteriovenous shunts and double peaks due 
to several arteriovenous shunts, in which the tracer reaches the 
neoplasmatic tissue at different times. Time interval between two 
points is 0.2 seconds 
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Tumourdiagnosis by Cytology of Cerebrospinal Fluid 
P. ENGELHARDT 

Before the development of sui table methods_, the. finding of tumour 
cells in cerebrospinal fluid was a rare observation. Even after the 
establishment of cell and time saving techniques for cell separation, 
the adjacency of a tumour to the subarachnoid space as well as cell 
exofoliation remained limiting factors for cell differentiation in 
specimens of cerebrospinal fluid (1, 8, 10). 

Within the last 4 years cell smears of 4,400 cerebrospinal fluids 
were examined. Smears were obtained by using millipore filters (M.F.) 
(3) or a sedimentation chamber (S.K. 7). Cells were diff.erentiated 
after staining them with phenolic methylenbLue-diamantfuchsin solu
tion. Criteria for the differentiation of normal from tumour cells 
were chosen according to the data published by BISCHOFF (1), SPRIGGS 
(9) or JAEGER (2) respectively. Smears were examined using a Zeiss
Ultraphot III microscope and representative pictures were taken 
using Kodachrome II or Agfa-Ortho 25 film material. 

The 52 tumours of the central nervous system examined comprised 13 
primary and 39 secondary tumours (Table 1). While autochthonous 
brain tumours showed a less invasive growth according to observations 
made during open surgery or by different other methods (brain scan, 
arteriography), 24 out of 39 metastasis revealed a diffuse spreading, 
sometimes misleading to the diagnosis of a psychopathologic syndrome 
or a polyneuroradiculitis. 

The establishment of the diagnosis of a secondary brain tumour out 
of the CSF was possible in 39 of 52 cases in contrast to 13 of 52 pa
tients having a primary brain tumour. This was an unexpected finding, 
since over the past 12 years we have observed only 191 brain metas
tases (16,5%) out of a total of 1155 brain tumours (6). Our experi
ence, e.g. the rare finding of an exact diagnosis of primary brain 
tumours by CSF cytology in contrast to brain metastases (4, 5, 10) 
may be explained by the following facts: 

(1) Although primary brain tumours are frequently associated with a 
symptomatic meningitis, they rarely exfoliate tumour cells into the 
CSF. 

(2) According to shape and size tumours cells in patients with pri
mary brain tumours are hardly to differentiate from atypical cells 
seen in symptomatic meningitis, which are functionally equivalent to 
reticulum cells. Therefore the diagnosis of a primary brain tumour 
according to CSF cell-differentiation has to be established very 
carefully and critically and thus includes the danger of false nega
tive diagnosis (Fig. 1). 

(3) According to our experience a good differentiation is possible re
garding medulloblastomas and more seldom ependymomas. The finding of 
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Table 1. Synopsis of primary and secondary brain tumours in 52 pa
tients with tumour cell findings in CSF 

Type of Tumour 

Medulloblastoma 
Glioblastoma 
Tumour of 3rd ventricle 
Ependymoma 
Spinal meningioma 
Spinal neurinoma 

Bronchial carcinoma 
Carcinoma of breast 
Melanoma 
Malignant lymphoma 
Ovarial carcinoma 
Hypernephroid carcinoma 
Carcinoma of rectum 
Carcinoma of pancreas 
Carcinoma of stomach 
Primary tumour unknown 

Diffuse Growth 

4 
5 
3 
5 
2 

1 
1 
1 
2 

24 

Circumscribed Growth 

3 
4 
1 
1 
3 
1 

4 
4 
4 

28 

13 

52 

a psammoma corpuscle may be taken as a hint for the presence of a 
meningeoma (Fig. 2). 

In contrast secondary brain tumours are usually followed by quite 
distinct cytologic abnormalities in cerebrospinal fluid. 

(1) Large polymorphe cells are easily differentiated from normal 
cells in most cases. 

(2) The finding of pathologic cells is favoured by a high frequency 
of exfoliation which is typical for secondary brain tumours. 

(3) In most cases similar to primary brain tumours the rounded atypi
cal cells found in brain metastasis do not suffice to identify the 
tumour. Exceptions, however, are pigmented melanomas, sometimes 
adeno-carcinomas with a still preserved secretory and storage activi
ty (Fig. 3). Furthermore immature lymphocyte like cells with a high 
degree of mitosis may give at least a hint of the existence of a 
lympho- or reticular cell sarcoma (Fig. 4). 

Regarding the diagnostic value of CSF-cytology in primary brain tu
mours and circumscribed brain metastases, it does not comply with 
information given by various other diagnostic procedures such as 
brain scan or angiography. CSF-cytology, however, may be of great 
help in brain hemorrhage or midline tumours. In poly topic metastasis 
or diffuse carcinomatosis cytology often gives the only assurance of 
the neoplastic origin, while negative or positive contrast methods 
do not provide any definite result. Because of the simple method used 
for cytologic differentiation of CSF it should always be performed 
on patients suspected of having a brain tumour. Only those patients 
suffering from high intracranial pressure should be excluded. 
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Summary 

Cell differentiation in the cerebrospinal fluid was performed on 52 
Patients, 13 having a primary and 39 a secondary brain tumour. The 
important criteria as well as the difficulties regarding the differen
tiation of CSF cells are discussed. Especially in meningeal carcinoma
tosis is CSF-cytology superior to other methods; however, the diagno
sis of autochthonous brain tumours or isolated well circumscribed 
metastasis only rarely occurs. 
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Fig. 1. Symptomatic meningitis accompanying glioblastoma of the fron
tal lobe, false negative finding (M.F. 250 xl 

Fig. 2. Cytology of cerebrospinal fluid in medulloblastoma (M.F. 250 
xl 
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Fig. 3. Meningeosis carcinomatosa in a case with an unknown primary 
tumour, presumably adeno-carcinoma (M.F. 250 xl 

Fig. 4. Lymphosarkomatosis of Leptomeninges (S.K. 250 xl 
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Vascular Neoplasms of the Brainstem: A Place for Profound 
Hypothermia and Circulatory Arrest 

R. H. PATIERSON, Jr. and R. A. R. FRASER 

The reported surgical experience with hemangioblastoma adherent to 
the brainstem has not been satisfactory. Although some of these tu
mors may have a superficial attachment and can be removed safely, 
others are deeply imbedded in the brainstem, which makes extirpation 
risky because the surgical manipulations required to control hemor
rhage may damage neural structures. Recently the use of deep hypo
thermia and circulatory arrest allowed us to remove safely a large 
hemangioblastoma imbedded in the brainstem even though this had not 
been possible at two previous operations using conventional tech
niques. This case and our experience with six other such tumors form 
the basis for this report. 

Clinical Material 

One patient, a 46 year old man, was not operated. He was in the hos
pital being treated for duodenal ulcer when he developed headache, 
dysphagia, and drowsiness. Air studies were done but not considered 
diagnostic. Death followed soon thereafter, and autopsy revealed a 
hemangioblastoma entirely within the middle of the brainstem. 

The tumor in two of our patients could be removed without difficulty. 
Both were males aged 15 and 24 years respectively. In the former the 
tumor was attached to the brainstem at the obex. Postoperatively he 
hemorrhaged from a duodenal ulcer and was SUbjected to vagotomy and 
pyloroplasty. He also was dysphagic and aspirated oral feedings, but 
this proved self-correcting within two months. The 24 year old man 
had a tumor imbedded in the cerebellar peduncle in the left cerebello 
pontine angle, his fourth hemangioblastoma. This was removed without 
difficulty. 

Three patients underwent partial removal of the hemangioblastoma. One 
was a 59 year old man who had had the tumor, which was in the right 
cerebellopontine angle, partially removed and radiated 24 years be
fore. At reoperation, only about one half of the tumor could be re
moved. He had a stormy postoperative course, including gastrointesti
nal hemorrhage, and died one year later of recurrent tumor. A second 
patient was a 42 year old man with a hemangioblastoma attached to the 
obex. This was treated by partial removal and postoperative radiation. 
He remains well at three years. The last patient in this group was a 
40 year old man also with an attachment of the tumor to the obex and 
also treated by partial removal and radiation therapy. He remains 
well at five years. 

The seventh patient was a 42 year old woman who had two previous 
attempts at age 35 and 41 to excise a tumor located in the upper part 
of the fourth ventricle imbedded in the brainstem and superior cere-
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bellar peduncle near the lower end of the iter. Radiation therapy had 
been administered after the first operation, and persistant ventric
ular obstruction after the second prompted the placement of a ven
triculoatrial shunt. Within a year symptoms recurred. Ataxia was 
sufficient to make her bed ridden, and intellectual function was 
dulled. A marked intention tremor involved particularly the left ex
tremities. Besides a palsy of left cranial nerves III, V and VI, bi
lateral deafness was present as was a left Babinski reflex. An angio
gram demonstrated the large, vascular neoplasm (Fig. 1). 

At operation she was positioned on the left side with the head turned 
even more toward a prone position. The old posterior fossa incision 
was reopened while the heart and one femoral artery were exposed. 
Although we favor deep hypothermia induced by the cannulation of pe
ripheral vessels, this is difficult or impossible to accomplish for 
posterior fossa surgery. After the top of the tumor was exposed by 
dividing the transverse sinus and tentorium, the dura was sewed 
firmly against the skull to prevent troublesome epidural bleeding. 
The patient was heparinized, cannulas placed in the right atrium and 
right femoral artery, and cardiopulmonary bypass begun. After 25 min
utes cardiac action ceased, and the esophageal temperature had fallen 
to 10oc. and the rectal temperature to 20oC. The head was tipped up, 
and the blood allowed to drain into the extracorporeal circuit. The 
tumor, now shrunken and avascular, was removed in 19 minutes using 
bipolar electrocoagulation to coagulate any filmy connection that 
might harbour an empty vessel. After the tumor was out, the table 
was leveled and rewarming accomplished in 34 minutes. The heart re
quired two electric shocks to convert ventricular fibrillation to a 
normal sinus rhythm. Bleeding from the tumor bed and craniotomy 
wound was minor and constituted no problem. 

Her postoperative course was characterized by slow neurological im
provement interrupted by a gastric resection for a bleeding duodenal 
ulcer. Hearing quickly returned to normal, but after 7 months she 
still has sUbstantial dysarthria and requires some help to walk. In
tellectual function appears normal. 

Comment 

Hemangioblastomas that involve the brainstem are not cornmon. In 
OLIVECRONA's series of 958 posterior fossa tumors; 70 (7%) were he
mangioblastomas, and of these 5 (0.5%) involved the brainstem. De
spite their rarity, these tumors assume importance because of the 
morbidity that may follow attempts at removal. A review of the liter
ature since 1950 has revealed 21 operated cases among which 11 post
operative deaths occurred, and of the patients that survived partial 
removel, two died suddently some years later (1-7). This kind of 
experience prompted WALKER, JOHNSON, and BROWNE to comment that "the 
therapy of vascular tumors of the fourth ventricle would seem to be 
other than surgical". 

Profound hypothermia has been used in the past for the repair of 
difficult saccular aneurysms, but we are unaware of its being em
ployed before in the surgery of a posterior fossa tumor. The princi
pal technical difference arises from the need to place the patient 
in a lateral or facedown pOSition, which makes connections to the 
pump-oxygenator by cannulation of the femoral vessels impractical 
(8,9). Instead a thoracotomy appears necessary. Table 1 compares the 
parameters of the perfusion in the present care with the last 19 
aneurysms that we have operated under deep hypothermia in which all 
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patients were hooked up to the pump oxygenator through the femoral 
vessels without a thoracotomy. The time required to cool and rewarm 
the patients are comparable. The principal difference lies in the 
total amount of blood required, which is less if a thoracotomy is not 
performed. 

Table 1. A comparison of the perfusion paramters in deep hypothermia 
for excision of brain tumor and saccular aneurysm. 

Hemangioblastoma Aneurysm 

N 19 

Cooling Time 25 min 21 min 

Arrest Time 19 min 18 min 

Brain Temperature 14 C 

Rewarming Time 34 min 28 min 

Blood Used 2500 ml 1160 ml 

Our experience in the past shows that these tumors can be operated 
with a low mortality provided the surgeon is willing to settle for 
partial removal if the attachment to the brainstem is extensive. With 
radiation therapy a remission measured in years may follow. However, 
when the tumor recurs, the prognosis is bleak, and excision under the 
avascular conditions of deep hypothermia and cardiac arrest merits 
consideration. 

This remedy should be considered before the patient is devastated by 
irreversible neurological defects. 
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Upper: Lateral angio
gram of the tumor in the 
upper portion of the 
fourth ventricle. 
Lower: A-P projection of 
the tumor 



Coagulation Changes Following Intracranial Operations 

A WEIDNER, H. WIEGAND, and H. DIETZ 

The disseminated intravascular coagulation (DIC) has received in
creasing attention during the past few years. Different publications 
have appeared (2, 3) reporting that destruction of brain tissue may 
lead to DIC. For this reason we have chosen to do research on the 
influence of intracranial operations on hemostasis. 

Tests were performed on 102 patients (35 female, 67 male); their ages 
were 42 ± 17 years. The operations lasted 220 ± 80 minutes and were 
performed under neuroleptic analgesia. The operative diagnoses were 
as follows: 33 supratentorial tumors, 11 infratentorial tumors, 17 
angiomas and aneurysmas and 3 abscesses. 38 patients were operated 
on because of an acute head injury. The administration of colloids 
(dextrane 6%, molecular weight 60000) was 600 ± 30 ml, the administra
tion of blood 750 ± 850 ml during operation. 

The following coagulation parameters were investigated: number of 
thrombocytes, QUICK prothrombin time, partial thromboplastin time 
(PTT), thrombin time, fibrinogen (method of CLAUSS), factors II and 

V (1). 

The tests were performed before and immediately after operation and 
on the first postoperative day - about 20 hours after surgery. The 
signigicance relies on the t-test for paired samples with two-sided 
probability. 

Results 

Figs. 1 and 2 illustrate our results: a significant reduction in the 
number of thrombocytes was observed immediately after surgery and 
could still be noted on the first postoperative day. The QUICK pro
thrombin time is also significantly reduced immediately following 
surgery and the PTT is reduced at the end of surgery but is elevated 
again on the first postoperative day. The thrombin time continues to 
be reduced postoperatively. Fig. 2 shows the different coagulation 
patterns of the plasmatic factors. Reduction and re-elevation of 
fibrinogen are significant whereas the activities of factors II and 
V are almost unchanged. 

We found a postoperative reduction in the number of thrombocytes and 
of the fibrinogen level in 55 patients. 5 patients had to be given 
medication because of manifest coagulopathia. 

Discussion 

The reduction in number of thrombocytes and of fibrinogen points to 
an abnormally increased intravasal coagulation; the increased tendency 
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for coagulation reveals itself in the reduced PTT and thrombin time 
(1). This disturbance occurs immediately following surgery and may 
be due to the intraoperative release of tissue-thromboplastin which 
brain tissue is very rich in (3). The increased tendency for coagula
tion persists on the first postoperative day; however, the re-eleva
tion of PTT points toward spontaneous re-establishment of hemostatic 
regulation. The global hemostasis tests PTT and above all thrombin 
time do not indicate a marked reactive hyperfibrinolysis. 

Fig. 3 shows a comparison of coagulation changes of our own intra
cranial operations with 71 extracranial operations of comparable 
severeness, reviewed by VINAZZER (4). The comparison is based on data 
from preoperative tests which are set at 100%. Intracranial operations 
have shown a more marked consumption of thrombocytes and fibrinogen. 

Reduction in the number of thrombocytes and of the level of fibrino
gen, with factors II and V unchanged, are signs of a latent defibrina
tion. Hemorrhagic diathesis, occurring as the potential of hemostasis, 
is consumed by the elevated intravasal coagulation. Before this the 
perfusion of the capillary system deteriorates through the intravasal 
deposit of fibrinogen. Symptoms like oliguria and tachypnoea are 
clinical signs of defibrination. The counterregulation of the organism 
- the fibrinolysis - re-establishes capillary perfusion. Medication 
of antifibrinolytica is therefore contraindicated. 

Therapy consists of the interruption of the coagulation by heparin 
induced by tissue-thromboplastin together with the sUbstitution of 
factors consumed by the increased coagulation. 

Summary 

(1) After intracranial operations there is an increased tendency of 
intravascular coagulation. 

(2) 55 out of 102 patients showed a latent defibrination which was 
commonly normalized by the organism itself. 

(3) Controls of coagulation tests are necessary in order to see 
whether the disturbance is compensated for by the organism or whether 
therapy is needed. 
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Fig. 1. Average levels and 
standard deviation of coagulation 
para~eters before and after intra
cranial operation 

Fig. 2. Average levels and 
standard deviation of coagulation 
parameters before and after intra
cranial operation 
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Report on One Hundred Pituitary Adenomas 
M. SAM II, K SCHORMANN, and P. SCHMITZ 

This paper reports on one hundred cases of pituitary adenomas, the 
follow-up period extending over 18 years. The suprasellar extension 
and the tendency of recurrence were particularly analyzed. According 
to the histological and clinical findings the pituitary adenomas 
were divided into four groups: 

(1) chromophobe adenomas, 
(2) acidophilic adenomas, 
(3) mixed adenomas without clinical signs of acromegalia, 
(4) mixed adenomas with clinical signs of acromegalia. 

BAILEY and CUSHING (1928) already distinguished six different types 
of adenomas. They found that there is correlation between the clin
ical and the histological findings of mixed adenoma. Our simple 
division into four groups of adenomas doesn't require any quantita
tive histological studies in the case of mixed adenomas. 

By means of air studies 5 different groups were distinguished with 
respect to suparasellar extension of the tumor. Fig. 1 shows an 
example of the first group with absolute intrasellar location of 
pituitary adenoma. 

Fig. 2 is an example of the second group. The suprasellar portion of 
the tumor reaches the optic chiasm. An example of the third group 
(Fig. 3) shows the suprasellar extension to reache the floor of the 
third ventricle. 

In the fourth group (Fig. 4) the floor of the third ventricle is 
elevated. 

The last group (Fig. 5) includs tumors reaching the Foramen of Monro. 

In 47 cases we were able to examine the adonemas by means of air 
studies. 

Table 1 shows the different types of histological and clinical find
ings horizontally and the different groups of suparasellar extension 
vertically. Of 47 adenomas, 22 were chromophobic; 10 were mixed 
adenomas without acromegalia; 7 were mixed adenomas with acromegalia 
and 8 adenomas were acidophilic. Slightly more than one quarter of 
all chromophobic adenomas (6 out of 22) were located intrasellarly. 
More than half of the chromophobic adenomas reached the floor of the 
third ventricle. 

There is equal distribution of the 10 mixed adenomas without acro
megalia among the various tumors showing suprasellar extension. While 
only 2 out of 22 chromophobic adenomas (9%) elevated higher than to 
the floor of the third ventricle, exactly half of the mixed adenomas 
without acromegalia reached stages 4 and 5. 
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Mixed adenomas with acromegaly tend to have approximately the same 
distribution as mixed adenomas without acromegalia. -

The majority of acidophilic adenomas (5 out of 8) is located intra
sellarly. Only 2 acidophilic tumors belong to the group reaching the 
floor of the third ventricle. Larger acidophilic tumors were not seen. 

The correlation of visual disturbance with the individual suprasellar 
groups of pituitary adenomas was studied, and each eye was evaluated 
separately. 

Table 1. Suprasellar extention of 47 air-studied cases of pituitary 
adenomas 

Degree of suprasellar Chromo- Mixed Mixed Acido- Total 
extension phobe adenomas adenomas philic 

adenomas without with adenomas 
acro- acro-
megalia megalia 

intrasellar or 
I with slight dia- 6 2 5 14 

phragm elevation 

suprasellar until 

II optic chiasm or 2 2 slight chiasm 5 

elevation 

suprasellar until 
III the floor of 12 2 3 2 19 

third ventricle 

suprasellar with 

IV elevation of the 2 2 floor of third 5 

ventricle 

V suprasellar until 3 Monroi foramina 4 

Total 22 10 7 8 47 

Table 2 shows the correlation between vision and the various supra
sellar groups. All cases belonging to the first and second group still 
have normal vision. In the third group approximately half of the eyes 
involved show high degree of visual impairment. In the last two 
groups the number of visual disturbance has increased. We have not. 
fortunately, encountered Blindness,fortunately, was not encountered 
any of our 47 cases of pituitary adenomas who had undergone air 
studies. It is noteworthy that, despite compression of the chiasm, 
half of all eyes in the third and fourth groups, maintained normal 
eyesight. 

Table 3 shows the correlation between visual-field defects and the 
individual suprasellar groups of pituitary adenomas. A jump from one 
group of the table to the next higher one is accompanied by an in
crease of the visual-field defect. The unusual defect of lower nasal 
quadrantanopia has only been seen in one eye of group five. 
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While in the first and second groups visual-field defects occurred in 
varying degrees, no visual disturbances below 5/7, however, were ob
served. Special clarification is necessary on three eyes in the first 
group - two of which belonged to one patient. In both cases we an 
intrasellar tumor was seen in air studies and later confirmed at 
surgery. An explanation for visual loss in these cases may be seen in 
an unusually basal location of the optic chiasm as a anatomical vari
ation, or in an interrupted blood supply. 

Table 2. Vision dependent on suprasellar extension total number of 
eyes examined: 72 

Vision 

normal (till 5/7) 

until 5/15 

until 5/50 

under 5/50 

Finger count and hand movement 

Lightshine 

Blindness 

Arnblyopy 

Total 

I 

22 

22 

Different groups: 
II III IV 

8 

8 

15 

7 

4 

1 

28 

4 

2 

8 

Table 3. Visual field findings in individual groups of suprasellar 
extension 

Visual field 

normal 

upper temporal defect 

partial temporal defect 

total temporal defect 

lower nasal defect 

Total 

I 

19 

3 

22 

II 

2 

2 

2 

4 

10 

Groups 
III 

4 

5 

2 

20 

31 

IV 

2 

4 

7 

V 

2 

2 

6 

V 

4 

5 

Table 4 shows the results of follow-up of our patients according to 
recurrence and survival rate in individual types of adenoma. The 
number of cases decreased with the duration of our follow-up. For 
example, 46 chromophobic adenomas and 13 mixed adenomas without 
acromegalia were followed up for 3 years, while only 15 chromophobic 
and 3 mixed adenomas without acromegalia could be follow-up over more 
than 10 years. There is no remarkable difference between individual 
types of adenomas according to their rates of survival. After 8 years 
of follow-up observation, two-thirds of our patients were still alive. 
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Table 4. Survival rates and number of recurrences within 10 years of 
follow-up 

Duration Total Number Survi- Number 
of Type of tumor number of vals of 
follow-up of sur- in recur-
in years cases vivals % rences 

chro.a. 56 44 79 0 
mix.a.with acr. 10 8 80 0 
mix.a.without acr. 16 12 75 0 
acid.a. 10 8 80 0 

chro.a. 49 35 71 

2 mix.a.with acr. 10 8 80 0 
mix.a.without acr. 16 12 75 2 
acid.a. 8 5 63 0 

chro.a. 46 31 67 2 

3 mix.a.with acr. 7 6 86 0 
mix.a.without acr. 13 10 77 2 
acid.a. 7 5 71 0 

chro.a. 33 24 73 2 

5 mix.a.with acr. 6 5 83 0 
mix.a.without acr. 10 5 50 3 
acid.a. 5 3 60 0 

chro.a. 21 13 62 3 

8 mix.a.with acr. 3 2 67 0 
mix.a.without acr. 6 4 67 5 
acid.a. 3 2 67 0 

chro.a. 15 8 53 2 

10 mix.a.with acr. 
mix.a.without acr. 3 3 100 3 
acid.a. 1 1 100 0 

chro.a. = chromophobe adenoma; mix.a.with acr. = mixed adenoma with 
acromegalia; mix.a.without acr. = mixed adenoma without acromegalia; 
acid.a. = acidophilic adenoma 

Table 5 compares the rates of survival as reported in literature with 
our own observations. The results are similar. 

Table 6 shows the rate of recurrence of our pituitary adenoma in 
individual types. Those patients who died of a cause other than 
recurrence of pituitary adenoma, are not included. No recurrence was 
seen one year following operation. 2 years after operation the rate 
of recurrence is, 3% in the case of chromophobic adenomas, and 17% 
in the case of mixed adenoma without acromegalia. After 5 years, 8% 
of the patients with chromophobic adenoma had a recurrence, and 20% 
after 10 years. In the case of mixed adenomas without acromegalia 
the rate of 5 years 3 out of 7 show recurrence. After a 10 year 
follow-up recurrence had occurred in the only three cases left in 
this group. Acidophilic adenomas do not appear to show grow again. 
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Table 5. Survival rates of pituitary adenomas by different authors 
compared to our results 

Author Follow-up in years 
2 3 4 5 6 8 10 

YOUNGHUSBAND, HORRAX 
81 72 and Co-workers (1952 ) 

JACKSON (1958) 81 43 

HEIMBACH (1959 ) 86 89 84 68 

BAKAY ( 1 950) 
chromophobe 81 75 79 76 
acidophilic 76 64 57 54 
together 80 73 75 73 

Our results 
chromophobe 79 71 67 73 62 53 
acidophilic 80 63 71 60 ( 67) ( 100) 
all types together 78 72 71 69 64 62 

Table 6. Recurrence rates within 10 years of follow-up 

Duration of Total Number of Recurrence follow-up Type of tumor number recurrences Quota in % in years 

chro.a. 44 0 0 
mix.a.with acr. 8 0 0 
mix.a.without acr. 12 0 0 
acid.a. 8 0 0 

chro.a. 35 1 3 

2 mix.a.with acr. 8 0 0 
mix.a.without acr. 12 2 17 
acid.a. 5 0 0 

chro.a. 32 2 6 

3 mix.a.with acr. 6 0 0 
mix.a.without acr. 10 2 20 
acid.a. 5 0 0 

chro.a. 25 2 8 

5 mix.a.with acr. 5 0 0 
mix.a.without acr. 7 3 43 
acid.a. 3 0 0 

chro.a. 15 3 20 

8 mix.a.with acr. 2 0 0 
mix.a.without acr. 6 5 83 
acid.a. 2 0 0 

chro.a. 10 2 20 

10 mix.a.with acr. 
mix.a.without acr. 3 3 100 
acid.a. 1 0 0 

chro. a. = chromophobe adenoma; mix.a.with acr. = mixed adenoma with 
acromegalia; mix.a.without acr. = mixed adenoma without acromegalia; 
acid.a. = acidophilic adenoma 
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Table 7 again shows the recurrence tendency of chromophobic and 
mixed adenomas without acromegalia (in percentages) over 10 years of 
follow-up. The dotted column demonstrates the percentage of mixed 
adenoma recurring, and the striped column stands for chromophobic 
adenomas without acromegalia. There is a significant difference of 
recurrence between these two groups of pituitary tumors. 

Table 7. Recurrence rate in percentages of chromophobe adenomas 
(striped columns) and mixed adenomas without acromegalia (dotted 
columns) within 10 years of follow-up 
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Air-studies have shown that most pituitary adenomas had outgrown the 
sella turcica and reached the floor of third ventricle, while only 
six out of 22 chromophobic adenomas were located intrasellarly. A 
large number of acidophilic adenomas didn't leave the intrasellar 
region (5 out of 8). The largest tumors confronted were, histologi
cally, of the mixed-adenoma variety. Our comparative study showed, 
that mixed-adenomas without acromegalia had a greater recurrence 
tendency than the chromophobic adenomas. Acidophilic adenomas do not 
recur. 

438 



The pituitary adonomas did not show a wide margin of difference in 
their survival rates. 5 years after operation 69% of the patients 
were alive, while after 10 years 63% were still living. 
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Fig. 1. Example of the 
first group with absolute 
intrasellar location (by 
air study) of pituitary 
adenomas 
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• 

Fig. 2. Intrasellar adenoma with a slight suprasellar extension by 
air study. The suprasellar portion of the tumor reaches the optic 
chiasm (Group 2) 

Fig. 3. Intra- and suprasellar pituitary adenoma by air study. The 
suprasellar extension reaches the floor of the third ventricle 
(Group 3) 
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Fig. 4. Intra- and suprasellar pituitary adenoma by air study. The 
floor of the third ventricle is elevated (Group 4) 

Fig. 5. Pituitary adenomas by air study with more suprasellar exten
sion which nearly reach the Foramen Monroi (Group 5) 
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Gelastic Epilepsy in Tumors of the Hypothalamic Region 

G. PENDL 

Introduction 

Laughter is a rare ictal phenomenon. One must differentiate uncon
trollable laughter as a result of several other pathological causes 
from those rare types of epileptic seizures, which were named 
gelastic epilepsy by DALY and MULDER (3). The criteria used by GASCON 
and LOMBROSO (7) and by REY-PIAS (19) for a true case of laughter as 
an epileptic symptom may also be applied to two cases which were 
encountered in the last two years at our Neurosurgery Service: They 
include sterotype recurrence; absence of external precipitants; con
comitance with other manifestations generally accepted as epileptic, 
such as tonic or clonic movements, loss of consciousness, automa
tisms; presence of interictal and, where it can be recorded, ictal 
epileptiform discharges on EEG tracings; and absence of neurological 
signs characteristic of conditions in which pathological laughter 
may occur, i.e., bilateral cortico-bulbar lesions, multiple sclerosis, 
amyotrophic lateral sclerosis, lacunar states, bilateral frontal lobe 
disease, and various emotional states (2, 11). 

Case Materia1 1 

Case 1, E.B. 

E.B. is a 16-year-old boy. At the age of 10 weeks he had already had 
fits of uncontrollable laughter of 30 to 60 seconds' duration. The 
family history was non-contributory. His mother had hyperemesis in 
the first trimester of pregnancy. Pre-eclampsia developed 2 weeks 
prior to delivery, and X-ray studies were performed at that time. The 
boy was delivered as the first of homozygote twins with a birth 
weight of 2160 g and a lenght of 48 cm. In contrast to his brother, 
he was reported to have been pale and extremely calm postpartum. 
Statico-motor development was in full keeping with his age, but 3 
weeks retarded in comparison to his twin brother. In the first years 
of life, mental development was normal for his age, but mental abili
ties were found to deteriorate later. At age 10 weeks episodes of 
uncontrollable laughter were first noted. They were associated with 
a distorsion of the facial muscles of 30 to 60 seconds' duration. 
Mental cloudiness was, however, not proven and post-ictal abnormal
ities were absent. The episodes recurred 20 to 25 times a day, some
times rousing the infant from his sleep. Since 1957, at age 3 years, 

1 Acknowledgement. I should like to acknowledge the assistance of Prof. 
Dr. med. H. Doose, Neuropediatric Department, Pediatric Service, 
University of Kiel Medical School, in supplying clinical details of 
the two cases presented and critically reviewing the manuscript. 
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repeated therapeutic attempts had been made at other hospitals with 
anticonvulsants. There was, however, no lasting improvement. In 1967, 
at age 11 years, secondary sexual characteristics made their ap
pearance. In comparison to his twin brother, the onset of puberty was 
clearly precocious. At this time the boy was a head taller than his 
homozygote brother. In 1972, at the age of 16, he was first admitted 
to the Pediatric Service, University of Kiel Medical School, for 
systematic anticonvulsant therapy. On admission, attacks were pre
ceded by a short aura, which the boy was unable to describe accu
rately. This was followed by the occurrence of a set facial expres
sion with occasional slight twitching of the mouth of a few seconds' 
duration. Neurological findings were normal during the seizures, 
electoencephalography showed pronounced diffusely abnormal tracings 
with slowed rhythms. Steep paroxysmal patterns alternated with dys
rhythmic groups and groups of 4/sec. waves notched by minor spikes 
and peak-like potentials were also present. Left side accentuation 
was noted in some sections of the EEG pattern. There was, however, 
no clear-cut focality. In spring 1974 the patient was admitted to the 
Neurosurgery Service, University of Kiel Medical School, for neuro
radiological evaluation of a possible space-occupying process on the 
floor of the third ventricle. This was suspected on the basis of his 
laughing episodes and the precocious puberty, which the boy had 
shown. On pneumoencephalography the midline tomogram revealed a tu
mour the size of a cherry, which was localized in the posterior por
tion of the hypothalamus and buldged into the basal cisterns. The 
tumour apparently occupied a site in the area of the mamillary bodies. 
While the aqueduct was normal, the third ventricle appeared to be 
compressed from behind and the lateral ventricles showed some hydro
cephalic distension (Fig. 1). Carotid angiogram and brain scan were 
normal. Since the frequency of the attacks had increased in the last 
few years inspite of 3 tablets MYLEPSIN and 4 1/2 tablets TEGRETAL 
daily (the boy's mental and emotional make-up had progessively 
changed and agressiveness had become more prominent) the hypothalamic 
region was explored. Through a right subtemporal craniotomy the tem
poral lobe was lifted and the hypothalamic region exposed immediately 
above the incisura tentorii. This revealed a whitish tumour with a 
diameter of 3 cm. Under the surgical microscope hardly any vessels 
were seen to course through the tumour tissue after careful incision. 
To preserve the surrounding hypothalamic structures and the cranial 
nerves embedded in the superficial tumour tissue the tumour capsule 
was emptied but left in place. This produced a cavity of approxi
mately 3 cm diameter (Fig. 2). The histological examination revealed 
an almost acellular hamartoma with scant ganglionic cells. The post
operative course was satisfactory. The patient was soon mobilized 
and only had two episodes of uncontrollable laughter of some seconds' 
duration in the first two postoperative months. Electroencephalogra
phy 1 month after surgery showed an extremely flat pattern with gene
ralized abnormalities and slow polymorphous basal activity. The boy 
received TEGRETAL, 3 tablets daily. Two months postoperatively, while 
free from laughing episodes, he again became increasingly aggressive 
towards his environment, which was also noted in the last two years 
prior to surgery. In addition, his short-term memory was apparently 
deranged. During the postoperative follow-up period of 1 year, only 
occasional attacks of uncontrollable laughter were noted. While the 
patient's aggresive behaviour had prevented his social and vocational 
integration prior to surgery, behavioral therapy (now) ensured his 
social rehabilitation. 
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Case 2, F.W. 

F.W. is a 9-year-old boy, who had psychomotor seizures from age 3 
years. The family history was non-contributory. Delivery was sponta
neous and uncomplicated after a normal pregnancy. The post-partum 
period was uneventful and development in early infancy normal. At age 
3 years the parents noted attacks of uncontrollable laughter, which 
occurred with increasing frequency. They were associated with right 
upward rotation of the eyes, blinking and twiching of the right side 
of the face. During seizures the boy would occasionally utter pecu
liar sounds. He was unresponsive during the 20 seconds' duration of 
the attacks. Six months later the parents noted that the child ap
peared to anticipate the seizures. He would, for instance, say: "I 
feel I'll be laughing soon." At that time seizures assumed a differ
ent quality. They were initiated by a jerky movement of the head 
towards the right side and right upward rotation of the eyes. The 
boy would make fumbling and searching movements with his hands and 
become tense. Unresponsiveness would only last for some seconds, 
following which the boy would become drowsy. He would, however, not 
fall down and clonic spasms were absent. During this type of seizure, 
twichtching of the right side of the face was rare, and the boy would 
only occasionally break into peculiar laughter, utter strange sounds 
and swallow hard. This seizure pattern occurred once or twice a day 
in addition to his minor daily attacks. At irregular intervals the 
boy also had nocturnal seizures. These were again associated with 
jerky movements of the head towards the right, right upward rotation 
of the eyes, fumbling and searching movements of the hands, occasion
ally laughs, swallowing and blushing. Immediately after nocturnal 
seizures the child would continue to sleep. At this time the boy 
received anticonvulsants at another hospital (OSPOLOT MITE and 
ZENTROPIL). This medication reduced the frequency of seizures, but 
did not completely suppress them either during the day of night. For 
this reason he was again admitted to the hospital 3 months later. 
Antiepileptic medication had to be altered, since aggressiveness had 
been noted, and the boy had 1 or 2 episodes of slight drowsiness a 
day. These were of short duration and were not followed by sleep. On 
electroencephalography a right temporal focus was found to be present 
at that time. In the following 5 years, i.e., from 1968 to 1973, EEG's 
were recorded at regular intervals. The patient received an anticon
vulsant therapy consisting of 3 tablets OSPOLOT MITE and 2 tablets 
of TEGRETAL. At intervals of about 2 days he would have short episodes 
of drowsiness; nocturnal seizures did not occur. At the end of 1973, 
at age 7 years, the patients condition deteriorated. Seizures occurred 
with increasing frequency, particularly at night. Repeated replacement 
of anticonvulsants did not produce any substantial improvement, and 
aggressive tendencies recurred particularly with MYLEPSIN medication. 
At that time the boy started doing poorly in school and to show signs 
of withdrawal from his environment. Seizures now occurred at least 
twice a day. In summer 1974, attacks progressively increased in 
frequency to about 25 episodes of drowsiness in 1 hour. Towards the 
end of 1974 he had about 10 seizures a day. These followed a definite 
pattern: He would have wide eyes, head and eyes would make jerky 
movements towards the right. There would also be strange laughter, 
sometimes blushing, and frequently a rubbing of the nose with his 
right index finger. Unresponsiveness would only last for a few sec
onds. In January 1975 the patient was admitted to the Pediatric Ser
vice, University of Kiel Medical School, for evaluation. Neurologic 
findings upon admission were negative. The electroencephalogram re
vealed abnormal theta and delta rhythms with increased amplitudes in 
the right frontal tracings and a monomorphous delta wave pattern. In 
addition, the right frontal tracing showed focally slowed activity 
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with an increasing number of superimposed and interrupting spikes and 
polymorphous wave patterns with a rate of 2 to 3/sec. The latter were 
found to be generalized over short segments of the right hemispheral 
tracings. The right frontal pattern was suggestive of isolated peak 
potentials. Although the abnormal rhythms were indicative of a consti
tutional component to be involved in the psychomotor seizures, the 
patient was referred to the Neurosurgery Service to rule out any 
intracerebral processes. By lumbar pneumoencephalography the midline 
tomogram revealed a normal configuration of the ventricular system 
and an approximately rectangular tumour mass the size of a cherry, 
which was localized in the hypothalamic region and protruded into 
the basal cisterns (Fig. 3). Since the rate of the seizures dropped 
to 1 per day with TEGRETAL, 6 tablets daily, and MALIASIN, 4 tablets 
daily, surgical extirpation of the lesion has, for the time being, 
been refrained from. 

Discussion 

Laughter is the result of a complex interaction of facial and respi
ratory movements. It is controlled by the cortex, mediated by the 
posterior hypothalamus and executed at the level of the brain stem 
(13). The complexity of the phenomenon of laughter raises the ques
tion of the possible existence of a 'laughing center', which might 
be located in the hypothalamus, as proposed by MARTIN (16). Lesions 
in various regions other than this area of predilection may be re
sponsible for triggering attacks of uncontrollable laughter, which 
need not necessarily be of epileptic origin (23). 

The localization of lesions responsible for both triggered and epi
leptic involuntary laughter is probably widespread, but laughter as 
an epileptic symptom may be expected to be associated with lesions 
in the hypothalamic region, in the walls of the third ventricle, the 
temporal lobe and basal ganglia (6, 8, 24). This does not imply that 
the laughing phenomenon is triggered as a consequence of destruction 
of a certain area. 

Our 2 cases of gelastic epilepsy with verified brain lesions in the 
hypothalamic region therefore document, as do similar cases reported 
in research literature (10), that a common circuit of an anatomical 
structure referred to as the 'limbic system' was activated by dis
charges originating in the hypothalamus, which itself forms part of 
this system. 

Since the limbic system for control of emotion and behaviour is close
ly related with all the regions and structures mentioned above (14, 
15, 21), the phenomenon of epileptic involuntary laughter should be 
regarded as the result of irritation within or near the limbic sys
tem (25). 

Precocious puberty in patients with hypothalamic tumours who show 
ictal laughter, as our first case and some of those reported by other 
authors (1, 4, 5, 12, 18), must be regarded as a additional symptom 
aside from the epileptic disorder, as a result of an irridation of 
hypothalamic centers involved in controlling sexual function. 

Since we have to regard these laughing seizures in tumours of the 
hypothalamus as symptomatic seizures (the lesion triggering the 
hypothalamic circuits of the limbic system), surgical removal of the 
lesion, which proved to be a hamartoma, was attempted in one of our 
cases in order to influence the seizure frequency (9). The result 



seems favourable, but in the second case the low seizure frequency 
thus far presents a good argument for not approaching this deep seated 
lesion surgically. 

Tumours of the hypothalamus are rare and only very few cases of surgi
cal approach are available for comparison, however, not in connection 
with gelastic epilepsy. ROBERSON and TILL (20) call lesions of this 
location clinically malignant and not accessible for surgical 
approach. In one of LIST's cases (12) with precocious puberty only a 
biopsy was taken from the anterior and posterior portion of the mass, 
which was thought to be a hamartoma. In another case he has discussed 
in research literature, death ensued after attempted removal of the 
lesion. MATSON (17) reports successful removal of hypothalamic tu
mours of various histological types either by subfrontal or subtem
poral approach. 

Radiotherapy on a lesion of the hypothalamus compatible with a hamar
toma is not commendable, since they will not respond to it. ROBERSON 
and TILL (20) even doubt that hypothalamic gliomas are responsive to 
radiotherapy, but still it had a definite beneficial effect in 10 of 
their 20 reported cases of these gliomas verified by biopsy. STEIN 
et al. (22) in a report on 25 cases of tumours of the third ventricle 
recommend surgical exposure and histological confirmation of all tu
mours within the third ventricle, although they stress that the infe
riorly situated third ventricular tumours are not amenable to surgical 
removal and respond poorly to radiotherapy. 

Summary 

Two cases of gelastic epilepsy in young male patients with tumours in 
the hypothalamic region are presented. The lesions were verified on 
pneumoencephalographic tomograms. In the first case of a 17 year old 
boy subtemporal surgery was performed and the tumour removed with 
subsequent improvement of seizures. In the second case of a 10 year 
old boy surgery was not attempted, since the seizure frequency has 
been ultimately rather low. A possible correlation of these special 
types of seizures with lesions within the structures of the limbic 
system is discussed. 
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Fig. 1. Pneumoencephalography, midline tomogram, case 1: Clearly 
visualized tumour mass in the hypothalamic region and deformity of the 
posterior portion of the third ventricle 

Fig. 2. Plain skull X-ray, postoperative, case 1: Tumour cavity in 
the hypothalamic region visualized with tantalum powder on a.-p. and 
lateral films 
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Fig. 3. Pneumoencephalography, midline tomogram, case 2: Somewhat 
tuberous, smoothly demarcated tumour mass in the hypothalamic region 
protruding into the prepontine basal cisterns 
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- in spinal cord 200 
- of spinal neurons 201 
-, supraspinal 201 
Injection, alcohol 277, 289, 

302, 320, 321, 326 
Injury, head 366, 390 
-, -, pediatric 390 
Innervation, competitive 202 
Insufficiency, vascular 336 
Insult, vascular 332 
Intermittent thalamic stimulation 

243 
Internal carotid artery 298, 401 
Interossei muscles 338 
Intracerebral hematoma 366 
Intracranial capacitance 109 
- dura mater 353 
- pressure 52, 85, 415 
--, increased 47 
-- volume relationship 109 
--- response 112 
- root section 309 
- tumors 381 
Intractable pain 243, 246, 249 -

263 
Intramedullar tractotomy 301, 

306 
Intrathecal phenol 256 
Intravascular coagulation (DIC) 

429 

- stasis 334 
Involuntary laughter, epileptic 

445 
Ischemia, brain 85 
-, complete 55 
-, incomplete 56 
Ischemic anoxia 59, 63 
- attacks, transient cerebral 

115 
- hypoxia 42, 85, 86 

Jugular foramen 276, 314 
- vein compression 334 

Keratitis 289, 293, 308, 315, 
323 

-, corneal 287 
-, neuroparalytic 324 
K~tamine 120 - 131 
-, intravenous infusion 131 

Labialis, herpes 317 
Lacti c acidosis 56, 82 
Laminectomy 336, 338, 349, 353 
-, decompressive 269 
Laughing episodes 443 
Laughter 442 
-, epileptic involuntary 445 
-, pathological 442 
Lesions, radiofrequency 282 
Leukopenia 287 
Lidocain 281 
- block 280, 283 
Limb, phantom 244 
Lipoma 365 
Locked mandibular opening 308 
Longitudinal system 346 
Lumbar puncture 336, 338 

Malignant tumors, cordotomy 
175, 186 - 189 

Mandibular opening, locked 308 
Masseter twitching 297 
- weakness 293 
Masticator weakness 279 
Masticatory paralysis 321 - 323 
- paresis 318 
- weakness 298, 307 
Measurement of impedance 179, 

297 
Mechano-receptors 145 
Medullary compression 348 
- tractotomy 320, 326 
Medial lemniscus 246 
Median center 249 
Medulloblastomas 365, 420 
Meningeal carcinomatosis 422 
Meningiomas 364 - 365, 381, 408 
Meningitis 258, 270, 308, 326 

, basal 291 
-, symptomatic 420 
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Mesencephalotomy 230 
-, mortality 230 
Metabolic behaviour, cerebral 

100 
- brain edema 74 
- waste product 54 
Metabolism of brain tumors 408 
-, energy 44 
-, neuronal 202 
Metastases 264, 268, 271, 364 
-, bone 270 
-, lymphatic node 270 
Methohexital anesthesia 281 
Methohexitone 120 - 131 
a-methyl tyrosine 335 
Microangiopathy 334 
Microcirculation 339 
Microvascular anastomosis 115 
Microvessels, cortical 11 
Midbrain 144 
Middle meningeal artery 381 
Motor roots, section 331 
Mucosal ulceration 315 
Multiple sclerosis 275, 279, 282 
Myelin 335 
Myelinated fibres 145 - 149 
--, rapidly-conducting 146 
Myelogram 357 
Myelography 335 
-, cervical 179 
-, suboccipital 350 
Myelotomy, commissural 160 

Narrowing of foramen orale 291 
Nerve palsy, cranial 293 
-, peripheral 220 - 221 
-, sciatic 345 
- stimulation, peripheral effect 

200 
--, transcutaneous 218 
Neuralgia, atypical trigeminal 

275, 290, 31 6 
"essential" trigeminal 297 
idiopathic trigeminal 294, 
320 - 321 
post-herpetic 229, 275, 291 -
292 
post-traumatic 275 
symptomatic 292 
- trigeminal 277, 288 
trigeminal 239, 244, 274, 
282, 287 - 294, 314 - 315, 
316 
vago-glossopharyngeal 276 

, zoster 246 
Neurectomy 301, 306 
Neurinoma, acoustic 365 
Neurolept anesthesia 275, 303 
Neuroma experimental 200 
Neuronal metabolism 202 
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Neurons, inhibition of spinal 
201 

-, 'polymodal 200 
-, spinal 200 
Neuroparalytic keratitis 324 
Neurophysiological correlates of 

pain 203 
- models of pain 203 
Neurostimulation techniques 159, 

166, 200 
Neurotic components 290 
Neurotomy 264 
-, parapontine 292 
Nociceptors 199 
No-reflow phenomenon 2, 3 
Nucleotides adenine 56 
Nucleotomy stereotactic 229 
Nucleus, caudal ventral (V.c.p.c) 

148 
median thalamic 249 
primary sensomotor 240 

, secondary sensomotor 240 
- ventralis posterolateralis 

(VPL) 243 
Numbness 282, 290 

Occipital artery 386 
--, external 381 
Occlusion, arterial 401 
Oculomotor paralysis 323 - 324 
Operation, stereotactic 249 
Optic chiasm 433 
Orbital tumors 366 
Orchidectomy 271 
Osseous pain 269 
Osteochondrosis 357 
Osteophytes, dorsal 357 
Ovariectomy 271 
Oxidative phosphorylation 55, 87 
Oxygen availability 54 
- cerebral consumption 43 - 44, 

55 
- dissociation curve 20 
- hyperbaric 335 
- pressure field 25 
- utilisation 43 - 44 

Pachymeningitis cervicalis 
hypertrophicans 353 

Paget's disease 276 
Pain 141 - 231 

atypical facial 288, 294 
bilateral trigeminal 291 
central interactions 143 
conducting system 237 

- control, electrical stimulation 
216 - 224 

- etiology 225 
first fast 144 
intractable 229, 239, 243, 
246, 249 



- operation, stereotactic 148, 
229 - 236 

-, osseous 269 
- pathways, dichotomy 231 
- perception 149 
-, phantom 144, 170 - 173, 249 
-- processing system 144 - 149 
- profile scoring matrix 218 
- radicular 245, 259 
-, rapidly-conducted 143 - 149 
- relief 268, 321 
- second slow 144 
- sensation 149 
-, slowly-conducted 143 - 149 
- stimulus 145 
- surgery 157 - 169, 229 - 236 
- systems, central 144 - 149 
- therapy 199 
Painful stimulation 143 
Palsy, cranial nerve 293 
Papilledema 354 
Papilloma, plexus 366 
Paralysis, bladder 332 

facial 321 
masseter 321 
masticatory 321, 323 
oculomotor 323 - 324 

, vasomotor 334 
Parameters, coagulation 429 
Paraplegia 258, 348 
-, sensorimotor 350 
-, transitory 335 
Parapontine neurotomy 292 
Paravertebral hydatidosis 349 
Paresis, facial nerve 316, 317 
-, masticatory 318 
Paresthesia 307, 327 
Pasteur-effect 68 
Pathological laughter 442 
Pathways, sensory 243 
Patient selection (DeS) 211, 217 
- criteria 217 
- evaluation forms 217 
Pediatric head injuries 390 
Pelvic cancer 256 - 259 
Pentose phosphate shunt 60 
Percutaneous cordotomy 178-

185, 186 - 198, 247 
bilateral 194 
complications 195 
failures 181 
indication 180, 190 
limits 195 - 198 
method 190 
mortality 195 
potentials 195 - 198 
results 190, 195 
risks 191 - 193 

, unilateral 194 
- electrocoagulation 308 - 309 
- puncture 288 

- rhizotomy 274 
- thermocoagulation 287, 292 
Perfusion ventriculo-cisternal 

51, 52, 75 
Peripheral effects of nerve 

stimulation 200 
Phantom limb pain 144, 170 -

173, 238 - 240, 244, 249, 256 
Phenol, intrathecal 256 - 263 
Phenomenon of consciousness 144 
-, no - reflow 2, 3 
Pituitary destruction 268 
- adenomas 365, 433 
Platybasia 331 
Plexus papilloma 366 
Pneumonia 326 
Post-herpetic neuralgia 229, 

275, 291 - 292 
Pos~traumatic brain abscess 

394 
- dyskinesia 397 
- epilepsy 390 
- neuralgia 275 
Posterior fusion 336 
- cranial fossa 387 
- rhizotomy 157 
--, indication 158 
--, results 158 
Posthypoxic hyperemia 25 
Postischemic recirculation 3 
Potential, action 299 
-, cortical 345 
-, energy charge 27, 60 
Pressure increased intracranial 

47 
- intracranial 52,85,109,415 
- wave, spontaneous 88 
- volume response, intercranial 

112 
waste 
269 
131 

Product metabolic 
Prolactine (LTH) 
Propanidid 120-
Proptosis 276 
Protein-rich extravasate 
Psychosurgery 232 - 233 
Puncture, freehand 304 

54 

48 

- of ganglion, direct 303 
-, lumbar 336, 338 
- percutaneous 288 

Queckenstedt 334, 339 

Radicotomy 264 
Radicular pain 245, 259 
Radio-isotope implants 264 
Radioactive hypophysectomy 268 
Radiofrequency current 274 
- lesion 282 
- thermocoagulation 297 
Rash 287 
-, cutaneous 297 
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Reaction, vasomotor 298 
Receptor 145 
Recirculation, postischemic 3 
Recovery latency 25 
- time 25 
Recurrences 191,. 196 
-, late 191 
Redox change 54 
Reflex, corneal 291, 305 
Rehabilitation 339, 349 
Relapses 196 
Relief, pain 268, 321 
Relocation of electrodes 223 
Reoperation 191 
Representation, somatotopic 243 
Resistance cerebro-vascular 92, 

93 
Respirator treatment 134 
--, long term 138 
--, prospective study 134 
--, risks 138 
Respiratory acidosis 26, 82 
- alkalosis 44, 96 
- function 339 
Restiform body 302 
Retrogasserian rhizotomy 280 
- root section 301, 302, 306 
Retrospective analysis 135 
Retinochorioiditis, tuberculous 

353 
Retrotympanic hemorrhage 293 
Rhinorrhea 270 
Rhizotomy 289, 331, 333 

chemical 256, 259 - 260 
differential 274 
operative 256 
percutaneous 274 
posterior 157 
retrogasserian 280 
suboccipital 320, 324 
temporal 324 
thermal 274, 283 

,trigeminal 274 
Root entrance, lateral 145 - 149 
--, medial 145 - 149 
- section, intracranial 309 
--, motor roots 331 
--, retrogasserian 301, 302, 

305, 306 
Rupture, acute disc 357 
-, cervical disc 357 

Salivation 308 
Scarring, corneal 289 
Sciatic nerve 345 
Scoring matrix, pain profile 218 
Section of motor roots 331 
Seizures, epileptic 316 
Selection of patients (DeS) 211 
Selective angiography 381 
Self-catheterization 338 
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Sensorimotor paraplegia 350 
Sensory motor cortex 345 
- pathways 243 
- stimulation 247 
Side-effects of drugs 287 
Sinus, cavernous 277 
Soft herniation 357 
Somatotopic representation 243 
Space, epidural 349 
Spasm 366 
Spasmodic torticollis 331 
Spasticity 257 
Spinal cord 331 
-- compression 345, 353 
- echinococcus 348 
- function 345 - 346 
- hydatidosis 349 
- surgery, open 157 - 169 
Spinothalamic tract 147, 152, 

176, 302 
Spondylosis 332 
Spontaneous hyperesthesia 275 
- pressure wave 88 
Stasis, intravascular 334 
Stereotactic interruption of 

fronto-thalamic fibres 233 
- interventions 229 - 236 
-- indications 229 
--, long-term results 233, 

237 - 240 
--, nucleotomy 229 
--, pain relief post-op. 231 
--, trigeminal nerve 229 
- operations 246, 249 
Stimulation, brain 222 

electrical methods 210 - 215, 
216 - 224 
nerve and periph. effect 200 
noxious 143 
painful 143 
peripheral nerve 220 - 221 

, sensory 247 
- of spinal cord, electrical 

210 
-, thalamic 232 
--, intermittent 243 
-, transcutaneous nerve 218-

219 
Stimulatory, implanted 243 
Stump, amputation 244 
Subclavian artery 331 
Subdural effusions 366 
- hematomas 366, 392 
- hydroma 390 
Suboccipital myelography 350 
- rhizotomy 320, 324 
Substantia gelatinosa 145 
Substrate, energy-rich 26, 27 
Subthalamic region 249 
Supersensitivity, denervation 

202 



Surgery, open spinal 157 - 169 
-, stereotactic 229 - 236· 
Surgical hypophysectomy 268 
Survival time 25 
Swelling of astrocytes 1, 13 
Symptomatic meningitis 420 
- neuralgia 292 
- trigeminal neuralgia 277 
Synapses 202 
-, neuromuscular 202 
Synaptic connectivity 202 
Syndrome, apallic 3 
- Brown-Sequard 258 
-, Cushing 269 
Syphilis 353 
Systemic hypoxemia 85-

Temporal rhizotomy 324 
Tentorium 354, 386 
Tetraplegia, areflexic 334, 336 

337 
Test, autoregulation 52 
Thalamic, chronic stimulation 

232 
- lesions 244 
- nucleus, median 249 
- pain 239 
- stimulation, intermittent 243 
- syndrome 246 - 247, 249 
Thalamotomy 230 - 232, 317 

mortality 231 
post-operative relief 231 
side-effects 231 

,y-thalamotomy 231 
Thalamus 147, 153 - 154 
Thermal rhizotomy 274, 283 
Thermocoagulation 287 - 296 
-, controlled 287 - 288 
- of the Gasserian ganglion 287 
-, percutaneous 287, 292 
-, radiofrequency 297 
Thermorhizotomy 297 
-, controlled 299 
-, trigeminal neuralgia 297 
Thiopentone 120 - 131 
Third ventricle 364, 433 
Threshold hypoxic 43, 63 
Thrombocytes 429 
Thrombocytopenia 287 
Tic doloureux 244, 289, 316, 318 
Time, recovery 25 
-, survival 25, 59 
Tissue acidosis 34, 35 
- ATP 27 
- Cr-P 27 
- glutamate 27 
Tolerance, hypoxic 63 
Tomography, computerized 364, 

366 
Torticollis, spasmodic 331 

Tract, spinothalamic 147, 152, 
176, 302 

Tractotomy, intramedullary 301 
~6 

-, medullary 320, 326 
Transcutaneous nerve stimulation 

218 - 219 
Transitory paraplegia 335 
Transsphenoidal hypophysectomy 

270 
Trigeminal, atypical neuralgia 

275 
- neuralgia 274, 282 - 283, 

287 - 294, 314 - 315, 320 
atypical 275, 290 
"essential" 297 
idiopathic 244, 294, 320 -
321 
symptomatic 277 

,thermorhizotomy 297 
- pain, bilateral 291 
- rhizotomy 274 
- rootlets 283, 317 
Trigger zones 274, 278, 305, 309 
Tuberculoma 354 
Tuberculosis 353 
Tuberculous retinochorioiditis 

353 
Tumors brain, metabolism 408 

hormone-dependent 264 
hypothalamic 445 
intracranial 381 
malignant and cordotomy 175, 
1B6 - 189 

, -- stereotaxy 229 - 236 
- orbital 366 

Ulcers, corneal 302 
-, mucosal 315 
Uncrossed fibres 191 
Unilateral percutaneous cordotomy 

194 
Unmyelinated free nerve endings 

145 

Vagal fibres 302 
Vago-glossopharyngeal neuralgia 

276 
Variations in neuroanatomy 191 
Vascular resistance cerebro 92, 

93 
- insufficiency 336 
- insult 332 
Vasoconstriction hypocapnic 44 
Vasogenic brain edema 74, 95 
Vasomotor paralysis 334 
- reaction 298 
Vasoparalysis 2, 95 
Vein compression, jugular 334 
Ventilation, artificial 134 
Ventricle, third 364, 433 

459 



Ventriculo-cisternal perfusion 
51, 52, 75 

Ventrolateral column 146 
Vertebral artery 381 
Visual disturbances 435 
- -field defect 434 
Vulnerability of cord 331 

Waldeyer cells 200 
Weakness, masticator 279, 298, 

307 
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masseter 293 

133xenon, clearance 120 

yttrium 90 264 

Zoster, herpes 317 
- neuralgia 246 



Other books of interest: 

Advances in Neurosurgery 

Vol. 1: Brain Edema. Pathophysiology and Therapy. 
Cerebello Pontine Angle Tumors. Diagnosis and Surgery 
Editors: K. Schiirmann, M. Brock, H.-J. Reulen, D. Voth 

Vol. 2: Meningiomas. Diagnostik and Therapeutic Problems. Multiple Sclerosis. 
Misdiagnosis. Forensic Problems in Neurosurgery. Proceedings of the 25th 
Annual Meeting of the "Deutsche Gesellschaft fUr Neurochirurgie" Bochum, 
September 22-25, 1974. Editors: W. Klug, M. Brock, M. Klinger, C. Spoerri 

K.J. ZULCH: Atlas of Gross Neurosurgical Pathology 

T. NOMURA: Atlas of Cerebral Angiography 

Radiological Exploration of the Ventricles and Subarachnoid Space 
By G. Ruggiero et aI. 

Cerebral Blood Flow 
Clinical and Experimental Results. International Symposium on the Clinical 
Applications of Isotope Clearance Measurement of Cerebral Blood Flow, 
Mainz, April 1969. Editors: M. Brock et al. 

Cerebral Circulation and Metabolisms 
Sixth International CBF Symposium, June 6-9, 1973 
Editors: T.W. Langfitt et al. 

Springer-Verlag Berlin Heidelberg New York 



Cerebral Angiomas 
Advances in Diagnosis and Therapy. Editors: H.W. Pia et al. 

Gliomas 
Current Concepts in Biology, Diagnosis and Therapy. Symposium on 
"Cerebral Gliomas" held at the University of Chicago, May 18-19, 1974 
(Recent Results in Cancer Research, Vol. 51) 

A. RAEDLER, J. SIEVERS: Influences of Experimental Brain Edema on the 
Development of the Visual System 
(Advances in Anatomy, Embryology and Cell Biology, Vol. 51, Part 2) 

Malignant Lymphomas of the Nervous System 
International Symposium. Organized by the 6sterreichische Arbeitsgemein
schaft fUr Neuropathologie and the Research Group of Neuropathology of the 
World Federation of Neurology, Vienna, August 29-31,1974 
Editors: K. J ellinger, F. Seitelberger 
(Acta Neuropatho10gica, Supplementum 6) 

F. LABODA, A. ROSS, W. ISSEL: EMG Primer 
A Guide to Practical Electromyography and Electroneurography 
With a Preface by A. Schrader. English Version by J. Payan 

Fundamentals of Neurophysiology 
By R.F. Schmidt, J. Dude1, W. Janig, M. Zimmermann 
Editor: R.F. Schmidt (Springer Study Edition) 

R. HEENE: Experimental Myopathies and Muscular Dystrophy 
Studies in the Formal Pathogenesis of the Myopathy of 2,4-Dichlorophenoxy
acetate. 
(Schriftenreihe Neurologie / Neurology Series, Vol. 16) 

Springer-Verlag Berlin Heidelberg New York 
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