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Preface

More than 800 papers were presented by neurosurgeons from 66 countries during the
7th International Congress of Neurological Surgery, held in Munich on 12—18 July 1981.
With the present scope and problems of neurosurgery as its theme, the congress achieved
its aims in making possible the exchange and dissemination of new knowledge and ideas
and in facilitating personal contact between neurosurgeons from all parts of the world.
Of such importance are the regional differences within our branch of science that we
should spare no effort in acquainting ourselves with those neurosurgical problems which
lie beyond the boundaries of our local horizons.

From the vast number of papers the editor has selected those whose high scientific
standard merits greater exposure than that given by the conference itself. I should like
to thank the editor for his work and Springer-Verlag for their involvement in our disci-
pline. It is to be hoped that this book will find a worldwide audience, in accordance
with the intentions of the World Federation of Neurosurgical Societies.

Prof. Dr. K.-A. Bushe
President of the Congress



Editor’s Preface

This is the first volume of a new series which aims to provide an overview of the state
of the art of neurosurgery every four years. It will contain papers covering various fields
of our specialty, selected from among those presented at each International Congress of
Neurological Surgery.

Modern Neurosurgery is meant to be more than just a book of proceedings: We hope
that it will become a reference volume. Rather than being a mere chronicle, it should
enable future generations to evaluate the progress of neurosurgery.

With full approval of the Executive and the Administrative Councils of the World
Federation of Neurosurgical Societies (WFNS), another important function of Modern
Neurosurgery has become possible: to introduce our specialty as practiced nowadays
to medical students in selected countries. For this purpose the WFNS is donating
copies of this volume to 200 libraries of medical schools in selected countries in all
continents. We hope that this new practice will become a tradition in the future.

I wish to express my appreciation to all authors for their cooperation and especially
to Charles Langmaid, who has been responsible for the hard task of language editing.
The technological support provided by Springer-Verlag has contributed significantly to
the quality and speed of publication.

The WFNS hopes that Modern Neurosurgery fulfils its ambitious goals and expecta-
tions.

Prof. Dr. Mario Brock
Editor of Congress Publications
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TECHNICAL DEVELOPMENTS

68Ga-EDTA Positron Emission Tomography in Cases with Brain Tumour

H. Nukui, L.Y. Yamamoto, Ch. Thompson, and W. Feindel

Introduction

Since the first report by Moore in 1948, external counting with radioactive materials
for localization of various intracranial lesions has proved a useful screening test. The
technique is simple to perform, noninvasive, repeatable at short intervals and has high
diagnostic accuracy. Gamma-ray emitting radionuclides have usually been used to lo-
cate intracranial lesions, but since 1951 positron emitting radionuclides have also been
employed. With recent refinements of both hardware and analytical method, the system
for transaxial reconstruction tomography using the positron annihilation coincidence
detecting principle has been further developed to take advantage of depth-independent
and depth-equal responses by back-to-back emission of 511 KeV gamma rays.

At the Montreal Neurological Institute, positron emission tomography using T7Kr
and 68Ga-EDTA has been performed since 1975. In particular, this technique has proved
most useful for prognostic evaluation and understanding of basic pathology of intracra-
nial lesions (9, 10). In addition, it is a useful screening test for detection of intracranial
tumours.

In this report, results of positron emission tomography using 68Ga-EDTA (68Ga PET)
in intracranial tumours are compared with those of radionuclide cerebral image study
with 99mTc-pertechnetate (99MTc study) and X-ray transmission tomography (X-ray
CT) with or without intravenous infusion of contrast medium. Also discussed in this
report are special methods such as coronal section static study and tumour uptake kinet-
ic study of 68Ga PET, recently refined in our institute to diagnose intracranial lesions
with greater exactitude.

Methods

68Ga PET was performed with Positome II and 111 in the Montreal Neurological Institute.
Positome II had 64 bismuth germanate scintillation detector in a ring of 43 cm in dia-
meter. Positome III, by which three slices of tomographic images can be obtained simul-
taneously, has 2 ring of the same detector system. The characteristics of Positome 111

are shown in Table 1. ©8Ga-EDTA was eluted from the commercially available 68Ge-
68Ga generator. After rapid injection of 1 to 3 mci of 68Ga-EDTA into the anticubital
vein, transit time study and immediate horizontal static study at the same level were
performed.

Modern Neurosurgery 1. Edited by M. Brock 1
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Table 1. Characteristics of positome III

No. of detectors: 64 x 2 Efficiency:

Detector type: Trapezoidal bismuth germanate Outer slice: 110,000 (¢/sec) (Mci/ml)

No. of slices: 3 Center slice: 200,000 (c/sec) / (Uci/ml)

Slice width: Energy discrimination: 350 — 650 KeV
Outer slice: 2111 mm Coincidence resolving time: 13nsec
Center slice: 24Y5 mm Spatial resolution (20 cm field)

Normal (FWHM): 15 mm
With 5 point precession: 8 mm

Transit time was calculated by analysis of the down slope rate of radioactivity per 0.5
x 0.5 cm? cross-section of the head. Serial 7 tomographic horizontal image study at
every 0.5 to 1.5 cm interval was performed by moving the bed, more than 15 minutes
after the injection. Recently, the coronal section study was carried out simultaneously
with the horizontal study: in selected cases a tumour uptake kinetic study was also per-
formed. In the latter test, static studies at the same level of the brain were performed
at 5 minutes intervals for 60 minutes after the injection of 68Ga-EDTA. Sequential
changes of isotope accumulation in the lesion, corrected by the time decay of the iso-
toge, were presented in the graphic mode.

Smp study was performed in the anterior view using a scintillation camera with the
computer, following the intravenous bolus injection of 99mTc-pertechnetate in doses
ranging from 15 to 18 mCi. The sequential cerebral image study was carried out imme-
diately following the injection, and again 1 to 3 hours later.

X-ray CT was performed using EMI 1005 with or without intravenous infusion of a
contrast medium.

Cases

Studies were carried out in 16 brain tumour cases. Of these studies 13 were performed
as the pre-operative screening test on patients with seizures (6 cases), progressively in-
creased neurological deficits (6 cases), and blackout episodes (1 case). In 3 patients the
tests were done as part of the postoperative followup study.

The pathological diagnosis in all 16 cases was confirmed by histological examinations
obtained during surgery. Of the tumours 7 were meningioma, 5 gliomas (3 glioblastomas,
1 astrocytoma, (Grade 2) and 1 oligodendroglioma), 3 metastatic tumours, and 1 was a
lipoma.

Results

Results of the studies involving detection and localization of brain tumours are summa-
rized in Table 2.

68Ga static study revealed significant focal uptake in all cases except the 1 lipoma.
All cases showed focal uptake: abnormal accumulation of the isotope was clearly seen
in the later study than in the immediate one.

99mTe static study also showed abnormal focal uptake in 14 out of 16 cases. X-ray
CT with and without infusion revealed abnormal findings in all 16 cases.



In seven cases with meningioma, 68Ga study revealed very clearly a significant focal
uptake which was homogeneous and round or oval-shaped (Fig. 1). 99mT¢ study showed
round-shaped focal uptake in six cases, and no focal uptake in one case with parasellar
meningioma. X-ray CT without intravenous infusion of contrast medium showed: an
area of slightly higher than normal density, with or without asymmetry of the CSF
spaces in four cases, a large calcified mass with mild shift of the midline structure in one
case, hyperostosis with asymmetry of the cistern in one case, and the enlargement of
the lateral and third ventricles only in one case. In three out of seven cases, changes in
brain density associated with the tumour itself or concomitant displacement and de-
formity of the CSF spaces was very slight; accordingly, detection of the lesions was re-
latively difficult by X-ray CT. X-ray CT with infusion of 100 ml of 60% Hypaque clear-
ly showed a well-circumscribed high density area in all seven cases.

In five cases with glioma, 68Ga static PET revealed significant focal uptake. In two
cases with glioblastoma, local uptake was “doughnut” shaped, in the. other three cases
it was irregular in outline. The abnormal uptake was better defined in cases with glio-
blastomas than in cases with benign gliomas, and in the later study than in immediate
one (Fig. 2).

Table 2. Results of static studies in 16 cases with brain tumour

Meningioma Glioma Metastasis Lipoma Total

68Ga PET 7/72 5/5 3/3 0/1 15/16
99mre study 6/7 5/5 3/3 0/1 14/16
X-ray CT 77 5/5 2/2 11 15/15

4 pPositive/total cases

99mT¢ static study showed “doughnut” shaped focal uptake in one case with glio-
blastoma and irregular-shaped focal uptake in the four other cases.

X-ray CT without infusion, performed in four cases, revealed an irregular-shaped high
density area in one case with glioblastoma, a hypodense area with a slight shift of the
lateral ventricle in one case with glioblastoma, a large calcified mass in a case with oligo-
dendroglioma, and a low density area only in one case with a benign astrocytoma. X-ray
CT with infusion, carried out in all five cases, showed a high density area in four cases
with gliobalstoma and oligodendroglioma, and a patchy, ill-defined high density area
surrounded by a low density zone in one case with benign astrocytoma.

In three cases with metastatic tumours, in which the primary lesions were oat-cell
carcinoma, hypernephroma, and of unknown origin, ©8Ga static PET showed significant
focal uptake that was homogeneous and of irregular shape in all three cases. 99mr,
static study revealed abnormal focal uptake in all three cases. X-ray CT without infusion
revealed in one case a high density area, markedly enhanced by infusion of contrast
medium, combined with a large low density zone, and in one case a large low density
area only, in which a patchy, ill-defined zone of increased density was disclosed after
injection of contrast medium.

In one case with intracranial lipoma, 68Ga PET and 99MTc study showed no signi-
ficant abnormal findings, but X-ray CT without infusion revealed multiple well-circum-
scribed low density areas.



Positome III was recently used in some cases for a coronal section study of 68Ga PET
and tumour uptake kinetic sutdy. Those tests gave precise information regarding charac-
teristics of uptake patterns in the lesions and the possibility of predicting tumour patho-
logy.

The results of haemodynamic studies are summarized in Table 3. In 13 cases 68Ga
dynamic PET revealed reduction of cerebral perfusion at the tumour site and/or at
areas remote from the tumour, in one case with metastatic tumour the test showed an
increase of perfusion at the tumour site and reduction of perfusion at areas remote from
the tumour. In two cases the study revealed normal cerebral perfusion with meningioma
and lipoma. Haemodynamic changes shown by 68Ga PET correlated with X-ray CT
results and neurological findings. Haemodynamic changes were more extensive in cases
with brain oedema and cerebral atrophy as revealed by X-ray CT, and in cases with
neurological deficits than in cases without these findings (Table 4).

Table 3. Results in dynamic study in 16 cases with brain tumour

Normal Abnormal Total

68Ga PET 2 14 16
99mr¢ study 4 12 16

Table 4. Results of 8Ga dynamic study and X-ray CT in 14 cases with brain tumour

X-ray CT
Enlargement Perifocal Enlargement of CSF Total
of CSF cavity LDA cavity + LDA
68Ga Dynamic Study
Normal 1 0 0 1
Abnormal 2 4 7 13
Localized 2 1 0 3
Diffuse 0 3 7 10
Total 3 4 7 14

LDA = low density area

99mT dynamic study revealed abnormal findings in 12 out of 16 cases. In six out of
the seven with meningioma cases, 68Ga study showed marked reduction of cerebral
perfusion at the tumour site and normal perfusion in one case with a small parasagittal
meningioma in which the dynamic study was carried out below the tumour level. Reduc-
tion of perfusion was disclosed at the tumour site only in two cases, and at areas remote
from as well as at the tumour site in four cases. In one case with marked mental retar-
dation and gait disturbance, diffuse reduction of the perfusion in both cerebral hemi-
spheres was particularly noticeable (Fig. 3).

99mT dynamic study revealed early progressive increased radioactivity in the same
area as focal uptake shown in the static study as well as reduction of perfusion in the



affected cerebral hemisphere in three cases, reduction of the perfusion in only one case,
and no significant abnormal findings in three cases.

In five cases with gliomas, 68Ga dynamic PET showed marked reduction of cerebral
perfusion at the tumour site and areas remote from the tumour in four cases with glio-
blastoma and recurrent oligodendroglioma, and only at the tumour site in one case with
a benign astrocytoma. 99mr dynamic study also revealed in all five cases reduction of
the perfusion in the large portion of the affected cerebral hemisphere and progressive
increased radioactivity at the tumour site in one case with glioblastoma.

In three cases with metastatic brain tumour, 68Ga dynamic study showed marked
reduction of perfusion at the tumour site as well as in areas remote from the tumour
site and reduced perfusion at areas remote from the tumour in one case.

99mT¢ dynamic study showed reduction of cerebral perfusion in the affected cerebral
hemisphere in all three cases.

In one case with lipoma, two studies showed no significant abnormal findings.

Discussion

Recently reported PET studies concerning regional cerebral haemodynamics and meta-
bolism have increased our understanding of the physiochemical function of the normal
brain and pathophysiology of various disease (1, 3, 6-8). However, there have been few
reports about positron emission tomography capacity for detecting and localizing brain
tumours (2, 4, 5).

PET with Positome II and III, using 68Ga-EDTA, was performed in 16 cases with
brain tumour. The results of ©8Ga PET were compared with findings of 99mT, study
and X-ray CT.

The three techniques were of roughly equal accuracy in detecting tumours, at least
in cases of meningioma, glioma and metastatic tumours. But ©8Ga PET often showed
clearer and more precise localization and haemodynamic information than 99MTc¢
study as previously reported, particularly when a combination of horizontal and coro-
nal section studies of ©8Ga PET was used.

Furthermore, 68Ga PET frequently showed the lesions more clearly than X-ray CT
without intravenous infusion of contrast medium, in cases with meningioma, benign
glioma and metastatic tumours. The former revealed the lesion itself as a focal uptake
of 68Ga-EDTA: the latter often showed only indirect evidence of the tumour, such as
displacement of intracranial structures such as CSF cavities, or associated brain oedema.
In comparing 68Ga PET to X-ray CT with intravenous infusion of contrast medium,
there was no noticeable difference in diagnostic accuracy for detecting meningioma,
glioma and metastatsis. However, X-ray CT with the infusion was superior in localizing
the lesion as compared with 68Ga PET, because it gave more accurate information
regarding the anatomical relationship between the tumour and the neighbouring intra-
cranial structures than did ©8Ga-EDTA PET. Furthermore, it is easier to predict tumour
pathology with X-ray CT. By interpreting the degree of accompanying brain oedema
and changes in the density of the lesion before and after intravenous infusion of con-
trast medium it is possible to make a differential diagnosis of brain tumour. Neverthe-
less, haemodynamic and kinetic studies with brain tumour by PET provide quantitative
information about local permeability in the lesion as well as haemodynamic changes
in the tumour and surrounding brain tissue which are vital for effective treatment.



One major disadvantage of X-ray CT with intravenous infusion of contrast medium
is the contrast medium itself. There is a small but definite risk of reaction, sometimes
with severe results. This reaction to contrast medium was seen in one case of oligoden-
droglioma in this series. In contrast, there is believed to be no risk of reaction to 68Ga-
EDTA.

One other disadvantage of X-ray CT with contrast enhancement is the radiation dose
to intracranial structure, which is large in comparison to 68Ga PET. The radiation dose
after intravenous injection of 68Ga-EDTA has been calculated as 0.02—0.03 rads/mCi
for the whole body and 0.2 rads/mCi for the kidney (9). If 3 mCi of 68Ga-EDTA were
used in ©8Ga PET, the radiation dose would be under 0.06 rads for the whole body and
0.6 rads for the kidney. On the other hand, radiation dosage to the patient’s head by
widely used X-ray CT, ranges from 4 to 20 rads/study. This means that the radiation
dose doubles in tests with and without intravenous infusion of contrast medium.

Another advantage in 68Ga PET is its freedom from artifacts caused by the presence
of metallic surgical plates, clips and shunt valves etc, which often render interpretation
difficult in X-ray CT.

To understanding the pathophysiological aspects of brain tumours additional infor-
mation about haemodynamic changes can be obtained by combining 68Ga dynamic PET
with static studies. This information does not indicate quantitative regional cerebral
blood flow values as do values obtained by 77Kt PET (9, 10). Because 68Ga-EDTA is a
non-diffusible indicator, semiquantitative values of transit time are obtained by analysis
of the rate of the down slope curve in every 0.5 x 0.5 cm? of the cross section of the
head. This value is not quantitative, however, because the volume of the vascular bed
of the brain, less than 5% of total brain tissue, changes easily under different conditions.
Furthermore, abnormal and undetected conditions of cerebral perfusion caused by
abnormal vascular pattern in the brain tumour may exist and the information about
this condition cannot be known exactly.

According to these results, 68Ga static PET, a non-invasive technique, is a very useful
test for detecting and locating brain tumours. The dynamic study adds further informa-
tion to understanding of the pathophysiological aspects of brain tumours. X-ray CT,
however, remains superior for depicting anatomical detail and demonstrat 3 cystic
tumours which may be difficult to detect in 68Ga PET. Therefore, a combination of
these two studies would increase both the diagnostic accuracy and our understanding
of the pathophysiology of brain tumours. Accordingly, both haemodynamic and me-
tabolic studies will be planned for extensive cases of brain tumour using Positome III.
Such studies will clarify the exact pathophysiological aspects of brain tumours, and may
contribute valuable and objective information for evaluating various methods of treat-
ment.



Conclusion

68Ga PET was performed in cases with brain tumour. In almost all cases this study
showed a significant focal uptake in static study, and haemodynamic changes in dynam-
ic study. Compared to 99mT study and X-ray CT, the 68Ga diagnostic rate for detect-
ing brain tumour was almost equal at least in cases with meningioma, glioma and me-
tastatic tumour. However, detection and localization of brain tumour was both easier
and clearer in ¥8Ga PET than in 99MT¢ study and X-ray CT without contrast enhance-
ment.

Concerning 68Ga dynamic PET, semiquantitative values obtained by this method
correlated well with findings of X-ray CT, and were thought to be more precise and
detailed than findings by 99mT, dynamic study.

In conclusion, 98Ga PET is a useful diagnostic method in cases with brain tumour
without any attendant complications. Furthermore, the combination of PET and X-ray
CT appears to be outstandingly effective not only for detecting the lesion, but also for
understanding its pathophysiological aspects.
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F 1 a,b. 49-year-old female, convexity meningioma. Horizontal (a) and coronal (b) section
68Ga static PET, showing a significant, homogeneous and oval-shaped focal uptake in the left

frontal region

Fig. 2 a-d. 59-year-old male, glioblastoma. X-ray CT with infusion (a), showing an irregular-shaped,
non—homogeneous enhanced area in the midline, panetal region of both cerebral hemispheres.
68Ga static PET immediately after the mJectlon of 68Ga-EDTA (b), showing a significant focal
uptake in the midline, parietal region. 8Ga static PET two hours after the injection (c¢), showing
an irregular-shaped focal uptake with doughnut-shaped focal uptake in the same place as shown by
X-ray CT. 68Ga dynamic PET (d), showing markedly slower perfusion rate at the tumour site as

well as areas remote from the tumour
Fig. 3 a-e. 58-year-old female, right sphenoid ridge meningioma. X-ray CT without infusion (a,above)

showing the enlargement of lateral and third ventricles, but no areas of abnormal density. X-ray
CT with infusion (b, below) showing a large enhanced area in the middle fossa, extending along the

right lateral ventricle






Fig. 3 a-e. 99m, dynamic study (c, above), showing no abnormal findings. 68Ga static PET
(d), showing a significant, homogeneous and round-shaped focal uptake in the same place as

shown by X-ray CT. 68Ga dynamic PET (e), showing markedly slower perfusion rate at the
tumour site as well as in areas remote from the tumour
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Angiotomosynthesis

M. Nadjmi

The principle of classical tomography is based on motion which causes the conditions

of blurring. Existing tomographic procedures differ in minor ways mainly because move-
ment of the x-ray tube and the film may be linear, circular, elliptical, spiral and hypo-
cycloidal (1).

Tomosynthesis is a new tomographic method, the results of which can be compared
with those of the tomographic procedure which we all are familiar with. However, the
main difference from classical tomography is that:

1. all the information necessary for the tomography of an object is obtained with only
one exposure;
2. neither the x-ray tubes, nor the film, nor the patient are moved during this process.

By means of this procedure the time of the actual investigation which is relatively long
in classical tomography, is reduced to seconds (2, 3).

Principle of Tomosynthesis

Tomosynthesis is a codes-aperture imaging system in two stages, recording and recon-
structing. In the first step, the three-dimensional object is imaged by an array of x-ray
tubes, resulting in a coded image. This coded image is then processed in the second step
to reconstruct arbitrary layers of the object. Initially, the decoding was performed
using holography. Later a decoding unit using only lenses was constructed, because this
technique is better suited for a hospital environment. The coding-decoding procedure
is shown in Fig. 1. Imagine an object which, for the sake of simplicity, consists of only
two layers, a disk and a square. We image this object with three immovable x-ray tubes
(P) simultaneously and produce an image on which three squares and three disks can
be seen. Because of the distance between the disk and the square in the object, the dis-
tances from the shadows of the squares and the shadows of the disks to the middle of
the film are different. With this procedure the actual tomography of this object is theo-
retically completed. We call this the recording step, and in a second procedure we try
to decode this x-ray image. This second procedure, whereby the presence of the patient
is not longer required, is known as the decoding or reconstruction step. If we stay with
our simple example of the disk and the square, the decoding step proceeds as follows:
The coded image is projected onto a lens matrix with the same number of lenses as
x-ray tubes and in the same position.

Modern Neurosurgery 1. Edited by M. Brock 11
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The shadows which result with the lenses now contain nine disks and nine squares,
whereby each time three disks or three squares are superimposed in the centre of the
picture, thus forming a more intense image. This is the precisely adjusted tomography
of the disk or the square. All other disks and squares are unclear and therefore artifacts.

In this example the layer chosen is three times more intense than the artifacts. When
more tubes are used, the resolution is better.

Figure 2 demonstrates the coding and reconstruction procedure on another example
with four x-ray tubes. We see the tubes, the object, the coded picture, the lens matrix
and finally the tomograms of the object.

The prototype of the equipment in the Department of Neuroradiology in Wiirzburg
— made by Philips, Hamburg — contains 24 x-ray tubes that can be exposed simulta-
neously. Our main goal with the tomosynthesis was to exploit the advantages of this
method in cerebral angiography to a maximum. A special cassette was developed with
which we could carry out the serial angiotomography. We call this angiotomosynthesis.

Since the investigation is a selective angiographic examination, the indication should
be performed after the regular angiography. This is why we combined the equipment
of angiotomosynthesis with that of cerebral angiography.

Figure 3 shows the results of angiotomosyhtesis in connexion with the diagnosis of
cerebral aneurysms in different locations.

Conclusions

With previously known conventional tomographic methods either a multisection cassette

or a tomographic procedure is necessary for showing each object layer. With tomosyn-

thesis all the information necessary for the tomography of an object is obtained in one

procedure without moving the x-ray tube, the film or the object. In practice there are

two essential advantages as compared with conventional tomography:

1. The investigation process is reduced to a few seconds and the x-ray load to an indi-
vidual tube which plays an important part in conventional tomography is reduced.

2. Tomosynthesis can be used in practice wherever tomography particularly is necessary.
An interesting application is for tomography of cerebral and spinal angiography which
can be carried out in combination with the usual serial angiography.
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Fig. 1 a,b. Tomosynthesis. a Stage of recording, b Stage of reconstruction
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Fig. 3 a-c. Angiotomosynthesis of cerebral aneurysms. a Small aneurysm of the trifurcation of the
middle cerebral artery (see p. 14), b Aneurysm of the anterior communicating artery (above),

¢ Huge aneurysm of the middle cerebral artery and the bifurcation of the internal carotid
artery (below)
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Age and Other Complicating Factors in Neurosurgical Operations
in the Sitting Position

R.A. Frowein, W. Koning, and G.C. Loeschcke

Clinical Material

Our report is based on 203 patients who were operated in the sitting position during
the last 4 1/2 years for tumours, vascular malformations, hemorrhages etc. The lesions
were situated in the occipital, tentorial, pineal, cerebello-pontine, cerebellar and cervical
regions.

In Fig. 1 each of the 203 patients is shown in relation to the most important features
of his course. In 111 of these patients the course was uneventful or only slight alterations
in the blood pressure occurred when the patient was brought into a sitting position or
during the extirpation of the tumour.

In less than half of the cases factors which might have been expected to exercise a
negative influence on the course were present. These factors were: elevated intracranial
pressure before the operation in only nine cases (in most patients with hydrocephalus
a pre-operative external or internal CSF drainage was carried out); air embolism in nine
cases; operations and anaesthesia of especially long duration (more than 5 1/2 hours)
in 26 cases; haemorrhage or brain swelling after the operation in 21 cases; and a long
period of postoperative disturbance of consciousness in 27 cases. In the discussion which
follows we have, for the sake of convenience, labelled these factors “complicating fac-
tors”.

There were 29 deaths among the 203 patients, that is 14%; 26 of them occurred after
courses in which one or more complicating factors played a role.

Influence of Multiple Complicating Factors

The only single complicating factor which proved decisive for the outcome was arterial
haemorrhage. Apart from this, we invariably found that several factors were responsible
for a poor postoperative state or a lethal course. For instance, a 53-year-old woman had
a meningeoma in the internal falco-tentorial angle in the pineal region, with hydroce-
phalus (40/80). At the start of the operation during the skin incision, the Doppler ultra-
sound monitoring indicated air in the heart and 100 ml of air were withdrawn from the
right atrium (Fig. 2). The blood pressure then remained steady. The operation on the
deep-seated tumour in the pineal region lasted 6 1/2 hours. After the operation the pa-
tient remained in a state of clouded consciousness and died of a secondary lung compli-
cation four weeks later.
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Thus at least five complicating factors were operative in this case and it is not possible
to point to any one of them as the immediate cause of death. Nevertheless further
analysis of the various factors is necessary, especially because of the growing number
of tumours which are diagnosed in these locations, particularly in older patients. By
examining the data relating to our 203 patients we hope to identify the circumstances
under which complications are likely to arise.

Air Embolism

A doppler monitoring system (7) has been used in all 80 operations performed during
the past two years (Fig. 3). Air aspiration into the vascular system was detected in eight
cases and suspected in one case, i.e., in about 11% of the operations {Hunter (1) 8% in
37 cases; Marshall (2) 15% in 34 cases; Michenfelder et al. (3) 4.1% in 751 cases; Albin
et al. (4) 25% in 180 cases]. These cases occurred in operations in all locations and in
all age groups.

During the anaesthesia the usual monitoring, end-expired CO and intra-arterial blood
pressure measurements were carried out (3, 5).

Attention was paid to:

a) sufficient infusion of colloidal solutions so that before the patient was brought into
the sitting position the central venous pressure had reached high normal values of
10-12 mm H5O0;

b) precise placement of the tip of the central venous catheter in the right atrium by
means of the ECG, so that in case of air embolism, air could be promptly aspirated;

c) application of the Doppler ultrasonic device on the anterior surface of the chest at
the level of the right atrium; a test for correct positioning was carried out by intra-
venous injection of carbon dioxide and by producing turbulence by injecting sodium
chloride solution into the central venous catheter;

d) controlled respiration with PEEP.

When air embolism occurred, the following measures were undertaken: aspiration of
intracardiac air; ventilation with pure oxygen; increase of PEEP; compression of the
jugular veins to increase the venous pressure; placing of the patient in a more horizon-
tal position; occlusion of a possible leak (6).

Because of the speed with which the anaesthetist was able to deal with circulatory
disturbances, we do not believe that air embolisms were decisive in these cases. The two
lethal cases were the patient with the meningioma in the pineal region mentioned above
and a child with a recurrence of a cerebellar astrocytoma involving the brain system.

Lengthy Operations
Because of servere neurological and psychological defects in four cases, after operations
of unusually long duration, we asked ourselves whether lengthy operations in the sitting

position, especially in older patients, resulted in a poorer prognosis than shorter opera-
tions in the same position.
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In one of the four cases, that of a 53-year-old man (13/79), the operation on a supra-
tentorial and infratentorial meningioma took six hours. The operation on a large cere-
bello-pontine meningioma in a 55-year-old patient (24/79) lasted 9 1/2 hours, the
anaesthetic 11 hours.

Anaesthesia and operations in the sitting position of more than 5 1/2 hours were
carried out in 26 cases. Figure 4 shows the outcome in relation to the length of the
operation and to the age of the patient.

There were four cases of severe postoperative defects: the two already mentioned, a
man with an acoustic neurinoma, and a child operated on for a ponto-cerebellar tumour.
The two lethal results occurred after operations of less than six hours. Five of these six
cases were more than 50 years of age. In the majority of the younger patients a lengthy
operation had no negative effects on the course. Thus, age seems to be an important
factor.

Analysis of the Progress in Relation to Tumour Location and Age of the Patient

Finally we analysed the relation between age and the immediate postoperative course
for each of the principal tumour sites.

Thirty-two tumours, angiomas and haemorrhages were operated in the occipital, ten-
torial and pineal regions (Fig. 5). The progress of 18 was normal. Of the remaining 14
with pre-operative elevated intracranial pressure, air embolism, lengthy anaesthesia and
operation, intraoperative bleeding and/or long postoperative periods of disturbances of
consciousness, 11 achieved full recovery, one was postoperatively defective and two
died. These last three patients belonged to the group of eight who were over 50 years
of age.

Sixty-one patients had meningiomas or acoustic neuromas, as well as some rare tu-
mours in the cerebello-pontine angle (Fig. 6). Most of them were, as was to be expected,
between the ages of 40 and 60. Deaths and poor postoperative states occurred in pa-
tients with intra-operative circulatory problems, difficult and lengthy operations on
very large tumours and intraoperative haemorrhages; but the largest number of such
cases occurred in patients over 53 years of age. Nevertheless five patients over 50
achieved a complete recovery in spite of long-lasting disturbances of consciousness.

In the group of cerebellar gliomas the mean age of the patients was 29 years (Fig. 7).
Small children operated in the sitting position had an uneventful course. The percent-
age of postoperative disturbances increases with age, especially in cases of cerebellar
space-occupying lesions other than gliomas and in patients over 50 years of age (Fig. 8).

There were no deaths among the 14 patients with cervical lesions operated on in the
sitting position.

Our experience of patients over 60 years is too limited to allow us to judge whether
the frequency of deaths or serious defects increases still further in this age group.

However, the individual case does not necessarily correspond to the statistical expec-
tation. Thus a 59-year-old patient with a very large meningioma in the cerebello-pontine
angle made a full recovery (45/80).

To summarize our results, in all locations age is the one complicating factor which
appears to influence the statistical outcome of operations in the sitting position.
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Fig. 1. Most important features in the progress of 203 patients operated on in the sitting position
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Fig. 2. Anaesthetic record of the operation on a meningioma in the pineal region (K., M. 53 years ,
female). Anaesthesia was carried out with flunitrazepam, fentanyl, nitrous oxide and halothane;
intravenous infusions consisted of crystalline and colloidal solutions and banked blood. HR, heart
rate; S, sitting position; A, start of operation; AE, air embolism
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CO3-Micro-Laser-Neurosurgery — Clinical and Laboratory Experiences

T. Kuroiwa, T. Fujimoto, and Y. Inaba

The CO, laser has been expected to be quite useful in future of neurosurgery, because
of its potential ability of bloodless and precise operation without direct touch. Stellar
(11, 12) was the first who used a CO5 laser in a neurosurgical field and Heppner (6, 7),
Ascher (1), Takizawa (13, 14), Kamikawa et al. (10) are advancing CO, laser surgery.
However, many problems still remain unsolved for its indication and safety as well as
the development of the laser unit. We have had experience of the combined use of oper-
ating microscope and CO- laser since 1978 in both the fundamental experimental study
(4, 5) and in operating on clinical cases (8, 9). Still we feel micro-laser-neurosurgery is
just at the beginning and the accumulation of basic knowledge is urgently needed. We
have used the CO5 surgical laser unit Model 400 and Model 450 (since 1980) (Coherent
Company, USA). This has a flexible arm using mirrors, micromanipulator and a control
system for power (0-30W) and time (interrupted and continuous). The size of the focus
is 2.0 mm (through microscope) and 0.4 mm (hand piece) in diameter.

Clinical Cases

We have operated on 40 cases of brain tumour including one case of AVM. The summary
of these cases is shown in Table 1. The power used was from 5 to 20W and the exposure
time was interrupted or continuous depending on the situation. For removal of a tumour,
we coagulated with defocused laser then excavated the inside of the tumour in order to
reduce its volume using focused laser and conventional techniques. At the present time
we are quite anxious to use laser at the borderline between the tumour and surrounding
tissue especially if important vital organs are involved, according to our data (4, 5). In
such an area, we have used conventional microsurgical technique. Tumours were removed
successfully and we did not have any accident or trouble using the CO- laser. It was

quite useful to reduce haemorrhage and lessen retraction.

Experimental Studies
To see the effect of the CO, laser on living brain tissue under various conditions, the

following studies were performed using Japanese white rabbits (2.8-4.2 kg, both sexes)
under general anaesthesia with 50 mg/kg of pentobarbital. The CO laser was exposed
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Table 1. Microneurosurgery combined with CO, laser

Glioblastoma 8
Other gliomas 7
Meningioma 12
Neurinoma 6
Acoustic 4
Trigeminal 2
Cavernous angioma 2
Craniopharyngioma 1
Osteochondroma 1
Reticulum cell sarcoma 1
AVM 2
Total 40

Age range: 4-75 years/o— January 1978—August 1980

through the surgical microscope in all cases. For histological examination, the removed
brain was fixed with 10% neutral paraformaldehyde. After fixation the tissues were
embedded in paraffin and tissue sections were stained with haematoxylin and eosin.

Experiment 1

Skull openings were made in the parietal region of 20 animals. After opening the dura
mater, the brain surface was irradiated with laser beam under various combinations of
power and exposure time. Immediately after the irradiation, the brains were prepared
for histological examination. The thickness of the damaged brain tissue composed of

three layers, charred, necrotic and oedematous layers, was measured.

Experiment 2 (1)

To assess the damage to brain tissue at a late phase after laser irradiation, 15 animals

were used in this experiment. The brain surface was irradiated through the skull opening
with the laser beam at 15W for 3 s. Animals were killed at intervals, immediately and

then 5 h, 24 h, 1W and 2Ws after the irradiation. Except for the immediate case, 1.0 ml/kg
of 2% Evans-blue was injected intravenously one hour before being killed. After observ-
ing the extravasation of Evans-blue, the brains were prepared for histological examina-
tion.
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Experiment 2 (2)

This experiment was performed to investigate the pathomechanism of ‘“‘late effect”,
namely spreading brain tissue damage after CO- laser irradiation. Twenty animals were
used and laser beam of 15W was irradiated on the exposed brain surface for three sec-
onds as in Experiment 2 (1). In ten animals, immediately after the irradiation, 1.0 ml/kg
of carbon black solution was injected into the heart percutaneously then the animals
were decapitated. The remaining ten animals were kept alive for 24 h after the laser
beam irradiation. After injection of carbon black, the animals were decapitated. The
removed brains were inspected and then prepared for histological examination.

Experiment 3

The effect of hypertension on the brain tissue damage after the irradiation was examined
using 12 animals. Under general anaesthesia, the right femoral artery was exposed and

a polyethylene catheter was inserted for continuous blood pressure monitoring and re-
peated injection of norepinephrine. Hypertension higher than 200 mm Hg was induced
just before the laser beam irradiation and this level was maintained for 5 h. After the
various time intervals, namely, immediately after the exposure, 5 h, 24 h, 1W and 2Ws
after the exposure, the animals were killed. 1.0 ml/kg of Evans-blue was injected one
hour before they were killed except in the immediate case. The removed brains were
examined and prepared for histological examination.

Results
Experiment 1

The area of thermal damage consisted of three layers, as mentioned before, in the area
surrounding the central vapourized tissue defect. The thickness of the thermal damaged
area is shown in Table 2. The longer the exposure time, the thicker the tissue damage.
On the other hand, the thickness was slightly increased but did not correspond with

the strength of the laser beam. The size of the tissue defect “crater” increased depending
on both the exposure time and the strength of the laser beam.

Experiment 2 (1)

Immediately after the exposure, brain damage was limited, but 5 h or 24 h after the
irradiation, the damaged area was much more extensive and prominent extravasation
of Evans-blue was seen (Fig. 1). In the case of 1W and 2Ws after the exposure, the
thickness was similar to that after 24 h, although extravasation of Evans-blue was now
no longer apparent.

25



Table 2. The average extent and the standard deviation of the thermal damage (U) for the
different situations

Power Exposure times (s)
output
(w) 0.1 0.2 0.5 1,0 3.0 5.0
5 108%12 277125
10 213t18 356142
15 s6t8 203%15 296%31 308126 386119 463%36
27 302123 400t 37
Experiment 2 (2)

Immediately after the irradiation (Fig. 2), a bright halo was recognized surrounding the
central tissue defect. Microscopically, capillaries were obscured and carbon black was
not recognized in the necrotic layer. Oedematous changes were also not clear. In the
oedematous layer, no carbon black was recognized although capillaries were dilated. On
the other hand, 24 h after the irradiation, tissue damage was significant (Fig. 3). In the
necrotic layer, no significant changes were seen compared to the immediate case, but
in the oedematous layer, significant changes were observed. The thickness of this layer
progressed and haemorrhages were seen prominently in this layer in all cases. Oedema-
tous changes and neuronal changes were quite remarkable. Carbon black was scattered
here and there.

Experiment 3

Under hypertensive condition, the thickness of brain damage and extravasation was
greater than under normotensive condition (Fig. 4). Extravasation was not seen in the
one week or two weeks cases after the irradiation.

Discussion

The CO, laser combined with the surgical-microscope has been expected to be quite a
powerful tool in the neurosurgical field. In the near future we should be able to do
more precise operations with less bleeding and retraction through a more restricted
access. But that “the thermal damage following CO- laser irradiation is quite limited”
seems to be stressed too much. Even if the damaged area seems to be quite limited
immediately after the irradiation, it might extend considerably at a later stage. We al-
ready reported this phenomenon as *“late effect”, and we found that the microcircu-
latory disturbance which occurs in the early phase and late changes depends mainly on
haemorrhage and extension of brain oedema. Hypertension will also accentuate the
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thermal damage. These mean the effect of the laser beam on the living brain may well

be affected by multiple factors and it might not correspond directly with the result got
from isolated brain or other organs. These things must be very important when we want
to do a precise operation using the laser in an area especially close to an important struc-
ture. At the present time, we should use CO- laser only for excavation of the tumour
and the dissection between the tumour and surrounding tissue should be done not by
CO, laser but by conventional microneurosurgical technique. Many problems still re-
main unsolved for its indications and safety as well as the development of the machine.
We need a more precise and exact power controlling system as well as the smaller focus.
Moreover we need complete changeability of the laser beam direction together with that
of the operating microscope during operation. If these requirement for CO- laser unit
could be satisfied and various basic experimental studies could be accumulated in future,
CO> laser would be used regularly and routinely not only for the purpose of tumour
tissue removal but also for dissection close to the brain tissue, nerve fibres and blood
vessels. For the progression of “micro-laser-neurosurgery”, the combination of COy
laser and Nd: YAG laser, which seems more suitable for coagulation (2, 3) should be
investigated.

Conclusion

We have used the CO, laser combined with the surgical microscope in 40 cases of brain
tumour since 1978. Simultaneously we examined brain tissue damage caused by laser
using rabbits. We found extension of tissue damage at a late phase (“late effect’) and
significant increase of tissue damage under hypertension. The CO surgical laser is
quite useful but we should know about the possible damage to brain tissue under cer-
tain condition because it could be afffected by multiple factors.
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Fig. 1. Coronal section of the brain immediately after (4), 24 h (B) and 1W (C) after the C02 irra-
diation (15W, 3 s) (above). The average extent and standard deviation (mm) of the tissue damage
at various time interval after laser-irradiation (n=6) (below). Output power is 15W and exposure
timeis 3 s
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Fig. 2 a-d. Coronal section of a brain removed immediately after laser-irradiation and carbon-black
injection (15W, 3 s) (a). Light micrograph of the irradiated brain cortex ( x 66). Three layers of
tissue damage surrounding vaporized tissue defect are seen (b). Tissue changes in charred and nec-
rotic layer (c) and oedematous layer ( x 66) (d)

Fig. 3 a-d. Coronal section of a brain removed 24 h after laser-irradiation (15W, 3 s). Carbon black
was injected just before the animal was killed (a). Light micrograph of the irradiated brain cortex
(x 66) (b). The charred and necrotic layer (c) and oedematous layer ( x 66) (d)
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Fig. 4. The average extent and the standard deviation (mm) of the brain tissue damage under normo-
tensive (o) or hypertensive (0) condition at various time intervals after the COz-laser irradiation
(n=6). Output power is 15W and exposure time is 3s
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Decompression in Lumbar Stenosis — New Techniques for Decompression
in Lumbar Spinal Stenosis ‘“Guided’’ by High Resolution CT Scans

Ch. D. Ray and K.B. Heithoff

Abstract

Central and lateral stenosis of the lumbar neural canal are a relatively less common cause
of chronic pain in the lumbar region and lower limbs. Accurate anatomical diagnosis has
been difficult until the advent of high resolution computerized tomographic scanning.
Appropriate decompression surgery can then be focussed or “guided” by the scans as
well as by the clinical syndrome. Good to exellent clinical results have been seen in as
many as 75% of the cases, depending upon the technique chosen. Good results are seen
even in cases with very long standing pain and disorder.

Introduction

Syndromes of compression of the cauda equina and lumbar nerve roots by bony changes
in the lumbar spine have been known for many years (1, 6). Because of the great diffi-
culty in establishing a diagnosis, however, no more than *“rare” cases were thought to
exist. More recently attention has been called to both developmental and acquired (trau-
matic) stenosis and their associated clinical syndromes which often resemble vascular
claudication (17, 18).

Since its inception, our department has been devoted to the use of specialized, prin-
cipally implantable neurostimulation equipment for the control of chronic pain syn-
dromes. In 1976 we began specifically to study failed back surgery cases who had im-
planted devices for chronic low back and radiating leg pain, where the pain proved
greater than that which could be treated by the stimulation. We began to use interme-
diate—resolution and then when it became available high-resolution CT scanning to
establish an anatomical diagnosis, to study the pathology involved, and also to guide
the development of new surgical techniques (2, 4, 5, 7, 8, 16).

Entrapment

The entrapment of neural structures typically produces pain and reduction in function
of the structures innervated. An entrapped nerve will undergo gradual, usually reversible
changes. With the loss of space around a nerve root where it leaves the spinal canal,
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there will be a decrease in the fat and loose connective tissue. With further compression
axons will slowly alter their conduction, principally due to a change in axonal trans-
port, both centripetal and centrifugal (12). Further, there will be vascular compression
and accumulation of tissue fluid, producing oedema of the root and perhaps of the
ganglion. A cyclic entrapment ensues, often precipitated by small events.

Anatomy of Stenosis

Central stenosis is well known and generally produces bilateral pain, weakness and dis-
turbances of bladder control, etc. Of greater interest, however, is the lateral stenosis
syndrome. There may be a considerable overlap with other lumbar problems, notably
the ruptured disc or the mechanical low back syndrome. However, the lateral stenosis
syndrome more commonly consists of chronic sensitivity of the sciatic nerve in the
pelvic notch, and neurogenic claudication (3, 9, 10, 13, 14, 19). Stenosis in the fibro-
osseous foramen may arise from hypertrophy of the pedicle, enlargement of the supe-
rior articular facet, osseous changes in the posterior structures around the disc space,
or hypertrophy of lateral ligaments embracing the foramen. Spurs and displacement
(as with spondylolisthesis) may be a factor.

Medial hypertrophy with a narrowed “lateral recess” may produce subarticular steno-
sis (3). Here the nerve root is caught in a tight “pulley” around which it must pass before
passing into the lateral foramen. Further, a very slight bulging of a rather superiorly
placed disc may easily compress this tethered root. At the Sl level, the subarticular por-
tion is particularly prone to stenotic entrapment.

Methods of Decompression

The important elements in an appropriate approach to decompression are based on care-
ful analysis of the high resolution CT scan. (High resolution means the ability to visual-
ize nerve, connective tissue, ligament, fat and blood vessels as well as bone and joint.)
There are other important considerations as well, e.g., the decompression must be ade-
quate not only for the present but for the future; in case further collapse occurs, for
example, there must be space for the root. Potential regrowth of bone should be anti-
cipated by generous decompression and, wherever possible, the leaving of cortical bone
or protective membrane adjacent to nerve tissue. Consideration must also be given to
the possibility of instability. If on the CT scan one can see that there is a considerable
amount of ligamentous hypertrophy and ossification all around the disc space, even on
the anterior aspect, it is far less likely that stability will be affected by a radical removal
of posterior structures. As a general rule, however, if posterior structures (including
facets) are removed, the simultaneous removal of the disc renders the spine quite likely
to slip unless some form of fusion (preferably interbody fusion) is performed.

One must also try to avoid the creation of new problems such as excessive fibrosis
or direct injury to roots. The utilization of free fat grafts taken from the white fat de-
posits of the superior buttock and the gathering of globules of white intramuscular fat
during the surgical approach can be used to isolate the nerve and dura, thus helping to
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reduce postoperative scarring and fibrosis (2, 9, 11). The location of and quantity of

the fat stores available during the decompression can be estimated from the scan itself.
Further, the patient who continues to show irreversible and disagreeable leg pain in

the future may respond to the use of an implanted neurostimulation device placed higher
in the spinal extradural space.

Surgical Techniques

Three “types” of approach have been utilized. The transverse “wedge” technique is a
transection of the pars interarticularis bilaterally (preceded by a denuding of the facet
capsules and total detachment of the ligaments between laminae and spinous processes).
One first visualizes the posterior dura and nerves, then makes medial-to-lateral bites uti-
lizing a bone punch to remove as much of the pars interarticularis as possible. Straight
osteotomes are used to cut out a triangular wedge just inferior to where the pars is
attached to the pedicle. This is done on both sides. Then with a simple levering action
from an elevator placed inside the facet space, the neural arch is removed en bloc (see
Fig. 1). After having removed the arch, cuts in the overhanging superior facets and pe-
dicles are easily made to permit total decompression of the roots (Fig. 2). This approach
is remarkably atraumatic providing the posterior structures had been cleansed of as
much ligamentous attachment as possible. The location of the pedicle and foramen
should be determined by a nerve probe passed through the foramen prior to cutting the
wedge. One should not cut too high into the pedicle. A second wedge may be cut out

of the remaining pedicle so that its medial and inferior cortical surfaces may be displaced
upwards and laterally thus relieving the root from subarticular stenosis or relative tether-
ing. One often sees a swollen ganglion and vessels (which almost instantly dilate) as the
offending structures are removed (see Fig. 2).

The lateral “wedge” is a decompressive canal cut out of the pars interarticularis leaving
the ligaments intact. This is somewhat more difficult to do and the results are not as
good, probably because of residual stenosis. Lateral “wedging” at S-1 is the method of
choice, however, in decompressing subarticular stenosis at this site.

Bilateral cuts in the laminae which are made parallel to the long axis of the spine may
be used for removing the more central parts of the neural arch to relieve central stenosis
and the medial subarticular entrapment. In Fig. 1 this is shown on one side only but the
other side must also be cut to remove the medial lamina and spinous process. Wedge
techniques should be reserved for adults beyond the age when their spine is hy permobile.
Otherwise, there may be a slippage (although to date we have only seen one); such in-
stability may require subsequent or intraoperative fusion.

Results

Up to the present 63 “wedge” procedures have been performed. In Table 1, the surgical
results of the three approaches are given. Although the lateral “wedge” was used first,
results with this method are not as good as with the others. In general, I would recom-
mend, as does Rosomoff, that the more radical removal is more likely to yield good

33



Table 1. Surgical results, new lumbar decompressions for stenosis: A. Transverse ‘“‘wedge” procedure.
B. Lateral “‘wedge” — laminoforaminotomy. C. Parallel “wedge” procedure

No. AVG Average Surgical levels Average Results &
of PTS age Duration decompressed follow-up
M/F (years) ofpain 1 2 3 4 (months) nil min mod ex
(years)
A. 44 27/17 35.9 14.5 22147 1 7.7 4 6 20 10
B.15 11/4 46.0 6.5 7 61 1 10.2 1 6 3 4
C. 4 3/1 405 10.9 3100 5,1 0 1 1 2

A. Transverse ‘“‘wedge” procedure results:  75% moderate to excellent
B. Lateral “wedge” laminoforaminotomy: 50% moderate to excellent
C. Parallel ““wedge” procedure results: 75% moderate to excellent

4 Results do not include non-pain (weakness) or immediate post-operative cases

results (15). Two cases included in the transverse approach did not have pain in the pres-
ence of lateral stenosis but had weakness. The decompression was performed in hope of
restoring motor function but so far, little improvement has been seen.
On the other hand, alterations in neurogenic claudication, chronic pain and disability
has often been quite dramatic, even in cases where pain has been present for many years.
In conclusion, the diagnosis of spinal stenosis should be made principally on the basis
of the clinical syndrome (extent of pain and disability) together with a high resolution
CT scan..There should be a generous exposure utilizing the large MacElroy retractor, a
clean posterior dissection before cutting the wedge, good haemostasis, good exploration
of the entire nerve root (out to the transverse process), and the placement of generous
fat grafts. Bleeding is controlled by bipolar coagulation and no other haemostatic agents
(such as oxidized cellulose or gelatin foam) should be used, as they contribute to fibro-
sis. If necessary, the posterior aspect of the vertebral body and its disc margins or prom-
inent osteophytes should be removed either with small osteotomes or by the air drill.

Although follow-up in months has been short, to date there have been no cases show-
ing a relapse in their improvement. In some, it may take a year or more for the improve-
ment to reach a point of relative comfort. More often, however, patients are remarkably
comfortable after the massive procedure probably due in part to a partial denervation of
the posterior sensory branches serving facets, ligaments and wound areas.
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Fig. 1. Composite drawing of “‘wedge’” procedures for lumbar spinal stenosis. Transverse wedge
begins with removal of medial portions of the pars interarticularis. A triangular wedge is then cut

in the pars using sharp osteotomes. A nerve probe passed through the foramen determines the
location of the pedicle relative to the pars. The facet capsule and all interlaminar and interspinous
ligaments are removed. The entire neural arch is then broken upward while pulling on a towel clip
attached to the base of the spinous process. The parallel wedge utilizes two cuts on both sides of
the lamina (only the right-sided cut shown). The lateral wedge is a deep canal cut in the lamina with
sharp osteotomes; again, a probe is used to determine the location of the root and pedicle before
and while cutting. © Ch.D. Ray, 1982

Fig. 2. Exposure after the neural arch of L-4 has been removed. Additional pedicle and superior
facet cuts are now easily done to achieve good decompression. Swollen ganglia with dilated surface
vessels are shown immediately after removal of the compressive bone. © Ch.D. Ray, 1982
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Intraoperative Use of Sector Scanning Ultrasonography in Neurosurgery

H. Masuzawa, H. Kamitani, J. Sato, and F. Sakai

Introduction

Intraoperative A-mode ultrasound imaging of the brain has been described (1-3, 5, 8,
11-13, 15, 16, 18, 19). B-mode dural echoencephalography using a contact compound
method has also been reported (7, 17, 19), but this could not be applied directly to

the brain surface because it might cause cortical bruising (19). Recent advances in com-
puterized tomography apparently lessened the enthusiasm for the use of ultrasonography
in neurosurgery. Interest in intraoperative ultrasonography has now been renewed be-
cause of technologically advanced ultrasound equipment (4, 6, 9, 10, 14). We have found
that intraoperative use of ultrasonography proves to be easy, safe and valuable, especially
in obtaining precise topographic localization of subcortical lesions, as well as in punctur-
ing ventricles and cysts.

Material and Approach

Since November 1979, ultrasound examination was carried out during neurosurgical
operations in 50 cases using an electronic sector scanning ultrasonographl with a 2.4
MHz sector scanning probe. Details of the lesions found are listed in Table 1. A 3.0 MHz
sector scanning probe was also tried. The probe and the connecting cord were sterilized
pre-operatively by formalin gas for not less than twelve hours. The probe, moistened
with normal saline, was gently pressed against the dura mater or saline-wetted brain sur-
face (Fig. 1). In two cases it was also placed over a burr-hole. The space between the
dura mater and the probe tip was filled with water or moistened cottonoid. In three
cases it was placed directly into an intracerebral operative cavity. In nine cases needle
puncture of the ventricles or needling of the tumour was carried out. For such cases we
used a needle guide which had been specially designed. The contribution of the ultra-
sound examination to the operative procedure in each case was assessed (Table 1).

1 Sonolayergraph SSH-10A, manufactured by Toshiba Corporation, Uchisaiwai-cho, Chiyoda-ku,
Tokyo 100, Japan
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Table 1. Summary of 50 intracranial lesions studied by intra-operative sector scanning ultrasono-
graphy

Diagnosis No. of cases US? positive US contributary
Metastasis 11 (9P 10 (9) 9(9)

Glioma 7(3) 7@3) 4(2)
Meningioma 3 3 3

Pituitary adenoma 2 1 0

Other tumours 4 3 0

Subarachnoid haemorrhage 13 0 2

Intracerebral haematoma 6 (5) 6 (5) 4 (4)
Miscellaneous 4 1 0

Total 50 (17) 3117) 22 (15)

4 US= ultrasonography

b Numerals in parenthesis indicate the number of cases with subcortical lesions

Result

The ultrasonograph offers fan-shaped (78°), real-time, grey-scale cathode ray tube (CRT)
images at a rate of 30 frames per second, which can be photographed by polaroid films
(Figs. 2-4) or by 16mm movie films. The wide visible field is accounted for not only by
the fan-shaped scanning field but also by the easy manipulation or angulation of the re-
latively small scanning probe.

Ventricles, falx or tentorium and the inner surface of the skull were consistently visu-
alized and these served as identifiable landmarks. In three cases, ventricular tapping was
successfully performed under ultrasonic guidance, in two manually and in the other by
using the needle guide device. The trial use of a 3.0 MHz probe in nine cases gave images
of generally better resolution than the ordinary 2.4 MHz probe (Fig. 4).

Among 46 cases of supratentorial craniotomy there were ten cases of metastatic tu-
mours or fourteen metastatic nodules. Eleven nodules were subcortical. One of the latter,
5 mm in diameter, was not clearly shown. The rest, all 8mm or larger in diameter, were
clearly shown (Figs. 2, 3). The images were valuable in selecting the corticotomy site
and in dissecting out the nodule. Two nodules were transcortically needled under ultra-
sonic monitoring (Fig. 3) and dissection was successfully performed along the needle.

In another two cases, the cystic component of the tumour was located and was easily
punctured under ultrasonic monitoring (Fig. 1). Images of the needles were more easily
identified on the CRT or in the 16mm movie than in polaroid films (Fig. 3) because in
the two former instances, manual motion of the needle could be observed and served
for identification.

Six supratentorially approached gliomas were all echogenic, although they were either
high dense or low dense in the pre-operative enhanced computerized tomography. In
one of them, needle biopsy was successfully performed under ultrasonic monitoring.
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Six intracerebral haematomas were all detected and evacuated. Three of them were

fresh haematomas and all were echogenic. Another three were relatively old haematomas,
9, 17, and 35 days old, respectively. They were shown as cysts transparent to ultrasound,
although two were still high dense and the oldest was iso-dense in computerized tomo-
graphy.

Meningiomas were clearly shown with sharp margins. Intracavitary introduction of
the ultrasound probe during subcapsular removal of the tumour served to outline the
remaining tumour mass.

Two small skull base tumours, a 3 mm suprasellar pituitary adenoma and a 5 mm
adenoid cystic carcinoma of the foramen ovale, escaped ultrasound detection, probably
because of their size and location. A large pituitary adenoma, a suprasellar germinoma,
and a glioma in the pineal region were visualized but their images contributed little to
the operation. They were all easily found, without resort to the ultrasound, by a routine
approach through the subarachnoidal space. A chronic subdural haematoma was seen
ultrasonically, but this did not influence the surgical approach. It was found, however,
that placing the ultrasound probe over a comparatively smaller burr-hole could yield
ultrasound images of fair quality.

There were four infratentorial tumours approached suboccipitally. They were clearly
visualized but, again, this made little difference to the surgical approach.

Therefore, intra-operative ultrasound contributed to the operation in 44% of all the
neurosurgical cases examined as shown in Table 1, or in 88% of 17 supratentorial sub-
cortical lesions. We have not so far observed any cerebral cortical injruy due to manipu-
lation of the probe. There has been no case of meningitis or other infectious lesion after
these examinations.

Discussion

Since the advent of computerized tomography, neurosurgical operations on small sub-
cortical lesions have generally increased. These lesions require precise topographic loca-
lization so that they can be biopsied or removed with a minimum of operative insult to
cortical and surrounding brain tissues.

Linear scanning ultrasonography was tried once by the authors during operation (6,
10). However, it proved unsatisfactory because of poor contact between the probe and
the brain and also because of the relatively narrow scanning field.

Recently, the usefulness of intra-operative sector scanning ultrasound examinations
was reported (4, 6, 9, 10, 14). Rubin et al. (14), applied a mechanical sector scanning
probe to the dura mater (dural echoencephalography). We (6, 9, 10) used electronic
sector scanning ultrasonography and applied the probe to both the dura mater and the
brain cortex (to the arachnoid membrane, correctly speaking). This gives a precise topo-
graphic orientation of the lesion relative to the operative field and, especially, to the
various cortical landmarks. Tomographic planes can be chosen with manual control of
the probe by the operator himself. Corticotomy, biopsy or removal of the lesion can be
correctly performed. Under ultrasonic guidance puncture of the ventricles or of cysts
can also be performed with confidence.
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The manipulatory motion of the puncture needles can be actually observed as long as

the needle is in alignment with the ultrasonic beams. Our needle guiding device was
useful in maintaining such alignment. Future progress in technology would make it
possible to perform stereotactic biopsy under ultrasonic monitoring (1). Ultrasonography
through a burr-hole might be a promising technique both in ventricular punctures and

in stereotactic needle biopsies.

There were occasional discrepancies between the computerized tomographic density
and the echogenicity of a lesion. This is understandable because the echogenicity is
based on reflection of ultrasound waves or differences in tissue density rather than the
density itself. A glioma of low density in computerized tomography was as echogenic
as gliomas of high density. Contrary to a previous concept (7), relatively old intracere-
bral haematomas were ultrasonically transparent even though they were still coagulated
and of high density in pre-operative computerized tomography.

Ultrasonography in our posterior fossa tumours made no particular contribution, but
this does not exclude its possible value in posterior fossa operations.

It should be mentioned that all the cases reported here were pre-operatively examined
by computerized tomography. Intra-operative ultrasonography cannot replace preopera-
tive computerized tomography but rather supplements it in the operating theatre where
the latter cannot readily be performed.

Conclusion

Electronic sector scanning ultrasonography was performed, during operation, through
the dura mater and through the brain cortex in 50 cases of craniotomy. Topographic
identication of the subcortical lesions, ventricles or cysts was easily obtained relative to
the operative field. Needle biopsies and needle punctures were confidently performed
under ultrasonic monitoring or guidance. A needle guiding device was designed. Intra-
cavitary introduction of the ultrasound probe served to outline the residual tumour.

A 3.0 MHz probe gave images of better resolution than the ordinary 2.4 MHz probe.
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Fig. 1. Intra-operative application of an electronic sector scanning probe during right occipital cra-
niotomy in a 57-year-old woman with a breast cancer metastasis. The probe is pressed against the
brain surface moistened with saline solution. A needle is inserted manually to evacuate an intra-
tumoural cyst under ultrasonic monitoring
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Fig. 2. Transaxial sector scan using a 2.4 MHz probe through a left parietal craniotomy during opera-
tion. The dotted line along the right margin indicates 1 cm intervals. A well-circumscribed metastatic
nodule 1.5 cm in diameter (7) is clearly displayed slightly cephalad and 1.5 cm from the brain surface.
Included are the falx (F), ventricles (V), quadrigeminal cistern (Q) and the inner surface of the skull

S

Fig. 3. Transaxial sector scan through a left occipital craniotomy in a 50-year-old woman with pul-
monary cancer. A highly echogenic metastatic tumour 2 cm in diameter (7)) is seen adjacent to the
falx (F). Exploratory needling (V) through the cortex is being performed
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Fig. 4. Transcoronal:sector scan using a 3.0MHz probe through a left parietal craniotomy, exposing
a high convexity meningioma in a 56-year-old woman. This section shows the tumour with a sharp
margin (T) adjacent to, but separate from the falx (F). The distorted bodies of the lateral ventricles
(V) are depicted and also the skull base (S)
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HEAD INJURY — INTENSIVE CARE

Monitoring of Head Injuries

F.A. Salem and D.J. Price

Recognition leading to early surgical evacuation of post-traumatic intracranial haema-
tomas in patients transferred to the care of the neurosurgeons has improved consider-
ably over the last decade. This significant advance in management has been almost en-
tirely attributed to the use of the CT scanner and some reduction both in mortality
and morbidity has been reported (2).

Unfortunately, this technological advance has only exerted a small influence on the
total strategy. In many countries, it is rightly considered that neurosurgical facilities
should be centralized to provide an economic well-structured service for a population
of between one and three million. Apart from the combination of a very high density
city population with very rapid transit facilities directly to a neurosurgical centre, most
patients with head injuries are first seen in the local district hospital.

If emergency services are developed to a sophisticated degree, a direct admission po-
licy even for urban and rural areas can be considered (1). Such emergency services can,
however, only be provided by ambulance staff highly trained in emergency intubation,
intravenous fluid replacement and all other resuscitative procedures necessary for treat-
ing patients with multiple injuries during transit. It is unlikely that this concept would
be financially viable or widely accepted, and most countries will continue with a second-
ary referral policy.

The selection of patients for secondary referral usually proves to be the most difficult
decision in the whole strategy of management and only those who are working in emer-
gency departments fully recognize these difficulties. The first decision involves the
greatest number of patients and is concerned with the option as to whether to telephone
the neurosurgeon or not. The second decision is a little simpler, involving a shared res-
ponsibility over the telephone with the neurosurgeon. A subjective correlation of the
individual patient’s risk of developing a complication with the cost and time of transfer,
level of expertise at the referring hospital and the availability of beds at the neurosurgi-
cal centre is used.

When CT scanning became available, it was thought that the problems of deciding
about possible surgical intervention would be solved. We therefore decided to review the
options for selection for an initial CT scan and these are listed as follows:

1. Carrying out serial CT scans on all patients admitted using the scanner installed in
the district hospital.

2. Reserve CT scanning at the district hospital for patients with a skull fracture and/or
impairment of consciousness on admission or those with localising neurological signs.
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3. Transfer to a neurosurgical centre all head injuries requiring admission, for neurolo-
gical monitoring and CT scanning if necessary.

4. Transfer to a neurosurgical centre only those patients with skull fracture and/or
impairment of consciousness or neurological signs.

5. Only transfer patients to a neurosurgical centre if they are in coma or if there has
been any evidence of neurological deterioration.

The selection of an optimum option needs a clear understanding of both head injury
statistics and financial resources. A detailed retrospective survey of all patients with
head injuries who were seen in emergency departments in Scottish hospitals during two
periods in summer and winter provided very useful information (7). Based on these da-
ta, an estimated 19,000 head injuries per million population would be seen in emergen-
cy departments in Britain each year (Fig. 1). Of these many are unnecessarily admitted
for observation (3) but 785 will have been admitted for good clinical reasons, such as
altered consciousness on arrival, localising neurological signs or a fractured skull.

With these statistics in mind and considering an average district hospital serving a
200,000 suburban and rural population with its neurosurgical unit a few miles away
serving a population of 2 million, none of the five options are viable.

For the first two options, the selection of the seven patients a year with a haematoma
out of 876 patients admitted or 157 with a skull fracture or altered consciousness would
not justify the installation and running costs of the CT scanner with a reliable 24-h radio-
graphic and radiological service at a district hospital. The third and fourth options would
involve transfer to the neurosurgical centre of 8,760 and 1,570 patients respectively.
These numbers are well in excess of the 400 non-head injured neurosurgical admissions
per million population in Britain and centres would need considerable expansion.

The fifth option is probably that most commonly applied. In this entire group approx-
imately 60% have haematomas.

Patients First Seen in Coma

There seems no question that every patient in coma after a head injury should be inten-
sively monitored and treated by a specialist team. A recent report concerning head in-
juries admitted in coma (defined by the absence of recognisable speech, obedience to
commands or eye-opening to pain) confirmed the high incidence of intracranial haema-
toma, intracranial hypertension and hypoxia (5).

Quite apart from the haematoma risk, the high incidence of the other complications
makes transfer to a neurosurgical unit for CT scanning, ICP monitoring and possible
operation mandatory.

Patients with Neurological Deterioration
If criteria for transfer are based on this traditional advice, delays are inevitable. Mende-
low (4) has clearly shown the alarming correlation between delay from the onset of de-

terioration in conscious level to surgical evacuation of a haematoma and quality of out-
come. Undoubtedly, some of this delay can be overcome by the use of coma scales
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designed for detection of deterioration. If, however, scales such as the Glasgow Coma
Scale are used for this particular purpose, their lack of sensitivity causes unnecessary
delays due to failure of the nursing staff to be alerted to an impending significant fall
in conscious level. Of those patients with significant 4 or 5 point falls in conscious level
on a sensitive scale in a neurosurgical ward, 60% are not detected as showing deteriora-
tion on the Glasgow Coma Scale (6).

Disadvantages of CT Scanning

The ideal patient for CT scanning is alert and fully cooperative. The patients who are
the subject of most concern are unforunately restless and confused. As most haemato-
mas develop at any time during the first 24 hours of injury, a single initial CT scan is

of limited value in excluding the possibility of a haematoma developing. Serial CT scan-
ning of patients with some impairment of consciousness requires anaesthesia or sedation
and hence this diagnostic test becomes very impractical.

Selection of One Predictive Indicator

As we were disillusioned with the practical use of CT scanning for the large group of
patients who are neither fully conscious nor in coma, we examined the case records

of 500 patients admitted to the neurosurgical department. Table 1 lists the clinical,
radiological and ultrasound data collected. Before embarking on a full Bayesian Analysis
using all the data to define the risk of a haematoma developing, we selected one single
factor which proved to be the most powerful predictive indicator in the largest propor-
tion of patients.

Table 1

1. Conscious level initial & trend

2. Pupil signs initial & trend

3. Motor signs initial & trend

4. Headache whether present

S. Seizures whether present

6. Fracture vault whether present

7. Fracture base whether present

8. Midline shift mm shift

9. Outcome disability grading
10. Haematoma type, size and means of diagnosis
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The Need to Improve Selection for the Transfer

None of the five options for transfer already considered proved satisfactory and we
found that no single clinical feature could indicate a haematoma risk level between 10%
and 40% on the risk scale (Fig. 2). Patients with a fractured skull have an approximately
10% risk of developing a haematoma and those in coma have approximately a 40% risk.
Transfer of all patients with a 40% or more risk involves only 90 patients per million per
year, but lowering that threshold risk level to 10% or more, increases that number to
360. Twenty per cent might well be considered a reasonable compromise provided a
predictive indicator can be found to influence the risk level to either well below or well
above that arbitrary management threshold.

Measurement of Midline Shift by Computerised Ultrasound

The reliability of a single reading of midline shift by conventional A-mode ultrasound
is entirely dependent on the expertise of the operator. It was for this reason that most
neurosurgeons abandoned this diagnostic aid.

The introduction of computerized equipment with digital display and filtration of the
extraneous echos has much improved the accuracy. With minimal training, a radiographer
or nurse can learn the technique and obtain consistently reliable results. A series of at
least 30 readings is taken within a few minutes and statistical analysis can be carried out
by manual histogram to obtain a median or by a programmable calculator to produce a
mean and a standard deviation. The equipment is portable and it can be used with irri-
table and restless patients. It is relatively inexpensive, takes less time than a CT-scan
and the ease of serial estimations every few hours provides a very useful adjunct to
clinical monitoring.

Evaluation of Ultrasound as a Predictive Indicator for Posttraumatic Intracranial
Haematoma

Ultrasound data from 400 consecutive patients admitted to the neurosurgical unit with
head injuries were analysed by the computer for the median, mean and standard devia-
tion and merged with the operative, CT-scan and autopsy data. The data from five of
the patients were inadequate for technical reasons. Of the remaining 395 patients 168
(42.5%) had a significant haematoma. Figure 3 shows how the mean midline shift in-
fluences the percentage chance of having a haematoma. If the mean value was less than
1.0 and the median was also zero, there was a 10% chance of haematoma development.
This risk is no more than that associated with a skull fracture. We found that the pa-
tients within this group had either frontal haematomas which had developed slowly or
they were in coma with bilateral haematomas. Those in coma qualified for a CT-scan
for clinical reasons alone.

It could be suggested that as the risk of a haematoma developing in this selected group
of patients exceeded 20%, they could all have a CT-scan. Over one third of this group
would have required anaesthesia to prevent unacceptable movement artefacts caused by
restlessness, and such inconvenience is not readily accepted by anaesthetists.
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When these statistics are applied to patients admitted to a district hospital with impaired
consciousness or a fractured skull, the advantages of ultrasound become dramatically ap-
parent. To take an example, a patient with a vault fracture has a risk of 10% of develop-
ing a haematoma (Fig. 4). If there is no midline shift on the ultrasound, this is reduced
to 1.5%, whilst if there is a 4 mm shift, the risk is increased to 85%. This single investi-
gation influences the calculated risk by a factor of over 50 in this example.

The data base has now been transfered to a pocket computer and the percentage risk
can be obtained by typing in only three numbers.

Conclusion

Neurosurgeons have a responsibility for guiding their colleagues in primary care hospitals
in the selection of patients for transfer to the central neurosurgical unit. If beds in the
neurosurgical department are limited, transfers may have to be limited to those with a
risk of developing a haematoma of 20% or over. If an arbitrary level is chosen well below
that, too many patients are transferred unnecessarily and if this threshold is much higher,
waiting for patients to deteriorate may cause an unacceptable morbidity and mortality.

Computerised ultrasound measurement of midline shift has proved to be the most use-
ful single factor in helping to bridge the gap between the 10% and the 40% risk levels.

We are now planning to incorporate the information obtained from ultrasound with
the clinical data and apply Bayesian Analyses. Within the next few months, pocket com-
puters capable of such complex analyses will be available for use as a guide to manage-
ment in the emergency department or at the patient’s bedside.
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Fig. 1. Of 19,000 patients seen in hospital after head injury per million population per year,
4,380 are admitted. If beds in a neurosurgical unit (NSU) are limited, only 100 may be transferred
and selection is of the utmost importance
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Long-Term Analysis of Cerebrospinal Fluid Dynamics in
Pseudotumour Cerebri

R.D. Lobato, M.J. Muiioz, J.J. Rivas, J.M. Portillo, F. Cordobes,
and E. Lamas

Introduction

Pseudotumour cerebri (PC) may have variable causes and run different courses (1—3).
Most often it occurs as a self-limiting benign disease without apparent oetiology but in
many cases it follows a chronic course threatening the patient’s visual function. Since
the occurrence of both remissions and relapses in cases of PC is usually established on
clinical grounds without determining the changes in CSF pressure, the outcome of this
entity is not well known at the present time (3).

The aim of this work was to analyse the changes in CSF dynamics occurring in a series
of patients with idiopathic PC. Apart from determining the spontaneous variations in
the CSF pressure throughout the course of the illness we tried to clarify the effects on
the CSF dynamics of available medical and surgical treatment.

Material and Methods

The 32 patients included in this series presented symptoms and signs of intracranial
hypertension and had definitively raised CSF pressure with normal neuroradiological
studies and CSF analysis. Fluorescein angiography was performed in 18 cases, cerebral
angiography in 27, EEG in 22 and isotope cisternography in 6. All patients had plain
and enhanced CT scans. On the first admission and before any treatment was initiated
we made continuous CSF pressure measurements over periods ranging from 12 hours
to 7 days; pressure recordings were made by the lumbar route in 14 patients and intra-
cranially in 18 more patients (either intraventricular or epidural). Apart from being dis-
played on a chart recorder, the pressure signal was stored by using a semi-automatic
analyser, into 20 predetermined proportional pressure classes ( 5 mm Hg each) at time
intervals of 1 sec. Once the pressure profile and the pressure histograms had been deter-
mined under basal conditions the effect of the different measures upon the pressure
regime was analysed. Firstly we drained CSF until the pressure was reduced to normal
level; then the AYALA index (ZAQ[) was determined and by measuring the time taken
for the pressure to return to pregrainage levels the rate of CSF formation was roughly
estimated. We then assessed the effect of the administration of dexamethasone (8—

32 mg/day) or acetazolamide (Diamox) (500 to 3000 mg/day) on the pressure profile
and on the pressure histograms. Once the best type of treatment had been determined
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patients were discharged and were followed for periods ranging from one (minimum)
to five (maximum) years after the initial diagnosis (Table 1).

During this time we performed 382 continuous recordings of CSF pressure in order
to relate the patient’s clinical progress to both the spontaneous and the drug-induced
changes in pressure. Control recordings were performed at lumbar level in cases present-
ing a short benign course, but in patients with threatened vision or a chronic course
they were achieved by means of an OMMAY A reservoir implanted in the right frontal
horn. In this way we could not only evaluate the effectiveness of the medical treatment
but also determine the influence on CSF dynamics of permanent CSF shunting, decom-
pressive craniectomy, menstruation, pregnancy and tapering off dexamethasone and
Diamox.

Results

The age and the sex of the patients are shown in Table 1. Cases have been separated into
four groups on the basis of their different clinical course. In the 13 patients who form
group I the illness was short-lasting and had a benign course; these patients were not
prone to present recurrences. Patients in group II had a chronic course and needed medi-
cal treatment over a long period. Group III includes three patients in whom the clinical
response to medical treatment was fairly good despite the fact that CSF pressure did
not change significantly. Finally, group IV consists of two patients presenting severe
intracranial hypertension in whom permanent CSF shunting was the only way to con-
trol the raised pressure.

Group I. There were 11 young women and two boys (mean age= 27.1 £ 2.8 years). None
had a known disease or was taking drugs. One patient had been diagnosed as PC in another
hospital five years before and was given a short-term course of steroids. Present histories
were short (two months on average). All patients complained of headaches and blurring
or transient obscurations of vision. Two had diplopia. All women except one were obese
and also one of the boys. Mild papilloedema was present in 11 cases the remainder two
presenting haemorrhages and exudates. Fluorescein angiography was abnormal in the
eight cases in which it was performed. Visual acuity was 10/10 in seven cases, 8/10 in
three cases, and 5/10 in three more cases. Visual field examination showed enlarged blind
spots and slight concentric reduction in most patients. One patient had homonymous
hemianopia. EEG, CT scans and cerebral angiography were normal. The clearance of the
isotope from over the brain convexity was abnormally delayed in the four patients in
whom cisternography was performed. CSF pressure recordings were abnormal in all cases
(Fig. 1A and Table 1). Infrequent typical or atypical A waves and B-wave activity were
observed in three and nine cases respectively. Three patients had a sustained high pres-
sure. All patients experienced a significant reduction in pressure within the first hours

of receiving steroids or Diamox (Table 1). Although these two agents induced a similar
quantitative decrease in pressure, the first provoked a more marked stabilisation that the
second, (Fig. 1, 2). In fact, despite reducing basal pressure by 58 to 92% Diamox did not
suppress A and B waves in most cases. Medical treatment could be tapered off in less
than 1-2 months in most cases (Fig. 3A and Table 1). From the clinical point of view
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a more or less complete remission of the symptoms occurred in all cases within the
first days of treatment. Clinical improvement coincided with pressure decrease except
in three cases in which a return to normal pressure took a further three weeks. Only
two patients in this group had a late and short-lasting recurrence of the syndrome.
Three patients who became pregnant several months after discharge presented a moder-
ate increase in CSF pressure which was unaccompanied by clinical manifestations and
faded off with delivery.

Group II. Males and females were equally represented in this group (Table 1). They
were older than patients in group I (mean age = 43.2 % 2.3 years) but had a similar clini-
cal presentation. All had headaches and blurring of vision or transient amblyopia. Four
complained of decreased vision and two had diplopia. Bilateral papilloedema was pre-
sent in all instances and fluorescein angiography was abnormal in the eight cases in which
it was performed. As a rule visual acuity was more affected than in group I being 8/10
in eight cases, 5/10 in two cases, 10/10 in one case and 1/10 or less in two more cases
(cases 24 and 26). These last two patients had been treated with sporadic short-term
courses of steroids over the past two years in another department and came to us al-
most blind, showing intense optic atrophy and chronic papilloedema. As in group I,
enlarged blind spot and concentric reduction of the visual fields were commonly found.
One patient had homonymous hemianopia and another a quadrantic defect. EEG, cere-
bral angiography and CT scans were normal. Isotope cisternography was performed in
two patients and was abnormal. Mean CSF pressure was abnormally raised in all patients
(Table 1). True A waves, which occurred in five patients, were not associated with head-
aches or increases in systemic blood pressure in spite of the fact that in one case mean
pressure at the peak of the A wave was 82 mm Hg. Most patients showed B waves of
high amplitude superimposed on the base line of the pressure recording. Apart from one
patient who did not respond at all, both Diamox and steroids were effective in lowering
CSF pressure in all cases. However, the response was quantitatively less marked than in
group L. In fact, total reductions oscillated from 7 to 66%, pressure remaining above nor-
mal limits in seven patients despite high drug dosage. Apart from being more refractory,
the patients required treatment over considerably long periods of time before the first
remission occurred (Fig. 3B, Table 1). In two cases the first spontaneous remission, i.e.
the maintence of normal pressure without treatment, did not occur until 12 or more
months after initial diagnosis had elapsed and in three more patients it has still not oc-
curred 15, 16 and 28 months after the initial diagnosis. Once clinical improvement was
achieved we always tried to reduce drug dosage to a minimum. Using this policy we
realized that routine sequential pressure measurement was the only way to detect acute
outbursts of high pressure which were unaccompanied by headaches. Another feature
shared by patients in this group was the tendency to develop recurrences. Remarkably
enough, pressure rises with recurrences tend to present always at the same level in a
given patient, and in three patients Diamox and steroids were considerably less efficient
in lowering pressure with a recurrence than at the first treatment. As shown in Table 1
there was one patient (case 26) in whom a CSF shunt had to be used because visual acu-
ity was dramatically impaired and there was no response to steroids. In spite of the rela-
tively modest reductions in CSF pressure, all patients in this Group experienced a mar-
ked or even complete clinical improvement with medical treatment. However, in many
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cases regression of the symptoms was incomplete. For instance the optic fundi did not
return completely to normal in many patients, discrete blurring persisting despite the
fact that improvement of the visual function was total and that CSF pressure was kept
within normal limits for long periods of time. Conversely in another two patients show-
ing complete clinical remission and good venous pulsation in the optic discs, CSF pres-
sure remained above normal.

Group III. These three obese young women showed similar clinicoradiological findings

to patients in groups I and II (Table 1). The distinctive feature in these patients is that
both Diamox and steroids although inducing a marked clinical improvement were in-
effective in lowering CSF pressure (Fig. 4A). For remission of symptoms to be main-
tained patients had to take Diamox over long periods of time. As with patients in group
II we assessed the need for treatment at a given moment by tapering off the drug and
checking the changes occurring in the clinical status and the CSF pressure; provided that
a spontaneous remission had not occurred the recurrence of the symptoms was very clear
whereas the related changes in CSF dynamics were hardly discernable. Nevertheless when
comparing pressure recordings obtained with and without treatment we observed that
although steroids did not significantly decrease mean CSF pressure they blunted the
pressure peaks (B and atypical A waves). Two patients in this group are clinically cured
at the present time and show spontaneous venous pulsation in the optic disc despite the
fact that mean CSF pressure without treatment is 18 and 23 mm Hg respectively.

Group 1V. There were two patients in this series in whom medical treatment failed to
modify either the clinical status or the CSF pressure level. They presented short histo-
ries (10 and 25 days) consisting of violent headaches and frequent transient amblyopic
attacks followed by severe impairment of visual acuity. Both had intense papilloedema
with haemorrhages and exudates. Although the CT scan was normal, cerebral angiography
disclosed slowing of the circulation and defective filling of the dural sinuses. Mean CSF
pressure was extremely, high and could be decreased only be establishing an external CSF
drainage (Figs. 1B and 4B). Interestingly enough, both Diamox and steroids were effec-
tive in decreasing CSF formation because the amount of drained fluid was reduced by
more than 50%. However, pressure was unchanged so that we had to implant a perma-
nent CSF shunt in these cases. In one of these patients we performed a decompressive
craniectomy before implanting the shunt and although some stabilization of pressure
occurred, mean pressure was not significantly modified (Fig. 1B). In these two patients
clinical improvement was dramatic after shunting, but a residual optic atrophy and mo-
derate impairment of visual acuity occurred. Shunts became definitively obstructed at
the time that patients presented a spontaneous regression of the syndrome. Both pa-
tients have had a short-lasting recurrence but the intensity of the symptoms and the
pressure rise were much less marked than initially so that they could be successfully
managed with Diamox (Fig. 4B).

In the study of CSF dynamics there were certain findings that were common to pa-
tients in all four groups. The Ayala index was increased in all cases in which it was
estimated (mean value = 1.02 + 0.21; n= 22). We also found a distended subarachnoid
spaces over the brain convexity when we implanted the Ommaya reservoirs and the
ventricular catheters or performed the decompressive craniectomy. Moreover, 19 pa-
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tients had CSF protein levels of 0.10 mg% or less. All these findings suggest the existence
of increased CSF volume in our patients. The constant infusion test, performed with a
0.76 ml/min infusion rate, was abnormal in nine instarices and normal in two more. When
CSF pressure returned to normal by means of draining variable amounts of fluid, it re-
turned to the predrainage levels within one hour in most patients. This time was shorter
when the initial pressure was higher, being very short in cases 31 and 32. The rate of

CSF formation was estimated by dividing the amount of extracted fluid in ml by the
time required for pressure to return to predrainage levels in minutes. It varied between
0.18 and 0.38 ml/min (mean= 0.25 ¥ 0.01 ml/min; n= 22).

Discussion

The course of the illness and the effectiveness of treatment in patients with PC have
been evaluated by resorting to serial visual field examinations and assessing the blurring
of the optic discs. Since many patients so managed continue to develop serious visual
loss or even blindness, the need for more reliable criteria of evaluating the outcome be-
comes apparent (2, 3).

After carrying out a close survey of the visual function and the CSF pressure chan-
ges occurring in our series of patients we feel that long-term pressure monitoring is man-
datory for the correct management of chronic cases. Apart from its practical value, se-
rial pressure measurements help to clarify the poorly understood physiopathology of
PC and to outline its natural history. As has been shown here the outcome may be
quite different in cases presenting identical symptoms and signs. For reasons as yet
unknown the illness follows a chronic course in many patients who seem prone to de-)
velop recurrences, whereas in other cases remission occurs promptly and recurrences
are exceptional. The response to medical treatment is also different and whereas there
are some patients who show a rapid improvement with steroids or acetazolamide, others
are more or less refractory. Moreover we observed discrepancies between the degree of
clinical improvement and the spontaneous or the drug-induced changes in pressure in
our patients. In fact, many patients showed marked clinical improvement with only a
moderate or minimum decrease in pressure. Forty per cent reductions in pressure may
be sufficient while waiting for a spontaneous remission, with the certainty that vision
will not deteriorate in the meantime. Since many patients improve without showing
significant changes in CSF pressure and clinical improvement is the ultimate goal of
treatment, it may be argued that CSF pressure monitoring is superfluous. However, se-
rial pressure measurements represent the only reliable mean for detecting the occurrence
of clinically silent outbursts of high pressure which may be followed by visual deteriorat-
ion. The unfortunate outcome in patients No. 24 and 26 who received sporadic steroid
treatment for two years in another department, clearly illustrate the need for frequent
pressure controls in cases with a chronic course.

Although we treated all patients in group I, we wonder whether most of them would
have achieved a favourable outcome without any treatment. It is uncertain whether
witholding treatment in these benign cases represents a risk for evolving into chronicity.
However, since the final outcome cannot be predicted on the basis of the clinical pre-
sentation or the initial changes in CSF dynamics we feel that treatment is indicated in
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all patients. According to our experience acetazolamide rather that steroids must be
tried first. These two drugs may act by reducing CSF formation rate and steroids also
by decreasing the outflow resistance to CSF drainage (3, 4). The number of cases in
which clinical improvement cannot be achieved with medical treatment is small. Only
in three patients were the above mentioned drugs ineffective in lowering CSF pressure
so that they had to be submitted to CSF shunting. Since both steroids and Diamox
were seen to decrease CSF formation a physio-pathological mechanism other than, or
concurrent with CSF malabsorption had to be involved in these cases; two of these pa-
tients showed definite defects in cerebral venous drainage and the occurrence of venous
engorgement could explain the failure of the medical treatment in them. It was the ne-
gative response to treatment and not the level of pressure which set up the indication
for CSF shunting in patients with severe impairment of vision. The high pressure level
in case 24 could be successfully controlled with Diamox and shunting was not needed
in spite of the advanced optic atrophy.

In our experience repeated lumbar puncture (1—2 per day) as well as decompressive
craniectomy are worthless in the management of patients with PC and should be aban-
doned. Finally our observations support the findings of other authors (3—5), suggesting
that CSF formation rate is normal or slightly decreased in patients with PC whereas
CSF absorption is diminished.
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Fig. 1. A Intraventricular pressure recordings in case 9. Recording No. 1 is a basal one and No. 2 and
3 were obtained three and five days respectively after treatment with acetazolamide (2000 mg/day).
Recording No. 4 was made when dexamethasone (16 mg/day) had been administered for five days;
stabilization of pressure is greater than with acetazolamide although pressure is still above normal.
Recording No. 5 was obtained six days after both acetazolamide (1500 mg/day) and dexamethasone
(16 mg/day) had been given; mean pressure was normal at this time but smatl plateau waves were
recorded. B Intracranial epidural pressure recording (Ladd fibre optic sensor) in case 32. No. 1 is a
basal recording and No. 2 was obtained immediately after decompressive craniectomy had been per-
formed; No. 3 was made after free external CSF drainage had been established. Recording No. 4
correspond to a post-shunting control
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Fig. 3. A Long-term intracranial pressure (ICP) plotted daily and monthly from the first admission
to May, 1981, in case 9. Acetazolamide (4) and dexamethasone (D) could be tapered off in a few
months. Pregnancy (P) caused a slight increase in pressure which was well tolerated and subsided
with delivery (De). Because of the severe intracranial hypertension seen at admission an Ommaya
reservoir (O) was implanted. Each point represents the mean CSF pressure ¥ standard error of the
mean Figures under drug abbreviations (4, D) indicate the total dose per day. B Plotting of the ICP
changes in case 25. Despite treatment pressure remains above normal and rebounds were frequent.
Treatment could not be tapered off until two years after first admission
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Fig. 4. A Plotting of the ICP changes in case 28. Treatment reduced pressure by less than 20%. Never-
theless clinical improvement was almost complete and treatment cbuld be tapered off seven months
after first admission. This patient shows spontaneous venous pulsation in the optic discs with a CSF
pressure of 18—20 mm Hg. Symbols are the same as in Fig. 3. B Plotting of the ICP pressure changes
in case 31. Both acetazolamide and dexamethasone were ineffective in lowering CSF pressure, so a
CSF shunt (S) was placed. Shunt obstruction 3 months later caused a pressure rebound which sub-
sided after shunt revision (Sr). Pressure set around 17 mm Hg at the time that the shunt was defini-

tively obstructed (So). In the last years there were two recurrences and raised pressure was controlled
with acetazolamide
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Analysis of Intracranial Pressure in Neonates and Infants

S. Kuramoto, T. Shirouzu, T. Hayashi, E. Honda, T. Shojima, S. Anegawa,
Y. Ohshima, O. Nakashima, and T. Hashimoto

Introduction

Extensive studies have been undertaken to develop methods for the noninvasive, con-
tinuous measurement of intracranial pressure (ICP) via the anterior fontanelle. Wealthall
and Smallwood (4) reported on an instrument which is based on the applanation prin-
ciple, the Hewlet-Packard APT-16 transducer. However, the size and weight severely
limits continuous, accurate ICP monitoring. We have developed a miniature transducer
to overcome this problem, and we present data demonstrating its successful application.

Method and Materials

With our applanation transducer, we measured ICP via the anterior fontanelle. In order
to fix the transducer to the fontanelle, the guide ring is first fixed to the scalp at three
points with an adhesive agent (methyl cyanoacrylate) and then, the transducer is con-
nected to the guide ring by the flanged springs. The footplate and the pressure-sensoring
plunger is located in the central portion of the transducer (Fig. 1). The plunger transmits
the pressure directly to the paper strain gauge.

The ICP was measured in normal neonates with no intracranial lesions within a week
of their birth. Daily changes in ICP were recorded in 17 cases. We also followed the time
pattern of ICP changes by measuring ICP in 32 normal infants. In neonates and infants
with intracranial lesions, measurements were carried out six times in six cases of asphyxia
or dyspnoea, 15 times in 12 cases of intracranial haemorrhage and 22 times in 14 cases
of hydrocephalus. All measurements were performed on infants in the supine position
during natural sleep and recording time was 3—12 hours.

Results

ICP in normal neonates ranged from 40—140 mm H5O with an average value 84.7 (SD:
34) mm H7O. The amplitude of the ICP pulse wave was approximately 10 mm H,O.
Characteristically, the ICP of normal neonates showed fluctuations of 15—30 minutes
duration. ICP recordings during non-REM and REM sleep were similar. Premature and
full-term neonates with hyperbilirubinaemia produced almost the same ICP recording
as that of normal full term neonates.
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Table 1. ICP value

No. of No. of Non-REM REM
case measurement  Baseline Amplitude Baseline Amplitude
pressure pressure
Control group mm HyO mm H,0 mm H20 mm H,0
Neonates 17 64 84.7(SD:34.0) 10.5(SD:4.3)
Infants 32 32 89.3(SD:12.9) y=0.236, 135.7(SD:24.5)
x=12.12

Abnormal group
Asphyxia or 6 6 158.3(SD:67.7) 69.2(SD:98.8)
dyspnoea
Intracranial 12 17 165.8(SD:105.9) 28.8(SD:32.3)
haemorrhage
Hydrocephalus 14 22 208.3(SD:42.3) 25.0(SD:24.6)

216.0(SD:49.5) 96(SD:118.3)

2 y= amplitude, X= month old of infants

In normal infants, baseline pressures during non-REM sleep ranged from 80 — 120
mm H5O. With age, baseline pressures remained the same, but the amplitude of the
pulse wave tendend to increase (y= 0.235x+12.3; y: amplitude, mm HO; x: month
old). However, ICP during REM sleep behaved differently. During the first two and
half months of life ICP during non-REM and REM sleep is the same. After that period,
baseline pressures in addition to amplitude of pulse wave (pressure wave) were noted
to increase during REM sleep. Pressure waves of more than 250 mm H5O noted during
the same period (Fig. 2).

ICP in patients with intracranial haemorrhage (6 subarachnoid haemorrhages, 3 intra-
ventricular haemorrhages and 3 subdural haematomas) did not show any characteristic
findings according to the site of haemorrhage.

It varied greatly according to the amount of haemorrhage, and in moderate haemorrh-
age, there were slight increases in baseline pressure during non-REM sleep and marked
increases during REM sleep. In massive haemorrhages, REM sleep was not observed, pre-
sumably owing to disturbances of consciousness and marked increases in the baseline
pressure were noted (Fig. 3). In cases in which intracranial haematomas were removed,
the ICP improved after operation.

In three neonates with asphyxia, the ICP was 80—120 mm HO, that is, within nor-
mal range; slight apnoeic attacks did not effect ICP. These cases survived. However, a
fourth, more severe case with an ICP of 200 mm H»0, died. In two one month old
patients with dyspnea, ICP rose to 200—250 mm H5O and increased further during
episodes of apnoea; ICP was reduced to normal range with hyperventilation or control-
led respiration.

In hydrocephalic infants, the baseline pressure in the non-REM sleep was elevated to
208.3 (SD:42.5) mm H50. Although the ICP was within the normal range in two of
these cases, marked elevations of pressure were observed during REM sleep in all patients.
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Shunting operations were performed in ten of these cases. After the operation the ven-
tricular size was not reduced in two cases. These cases, whose preoperative baseline pres-
sures were 180—260 mm H,O and whose amplitudes of 5—25 mm H,O were low, show-
ed poor results. However, in cases of ICP with a high amplitude, even though the pre-
operative baseline pressure was almost the same as above, the ventricular size was reduced
and clinical results were good after the operation (Fig. 4).

Discussion

Methods for the non-invasive, continuous ICP monitoring include the fibre optic (3) and
Wealthall’s applanation transducers. With the former, although it is capable of estimating
the mean pressure, it is impossible to analyse the ICP wave which is indispensable for
analysis of the ICP. In the latter, the weight and size of the Hewlett-Packard APT-16
transducer make it unsuitable for prolonged monitoring. In contrast, our transducer is
well-suited for prolonged, continuous monitoring. However, the size of the fontanelle
remains a limitation, as it is impossible to measure ICP when the open fontanelle is less
than 2 cm in diameter.

This is the first description of ICP measurements in neonates during non-REM and
REM sleep. Cooper (1) stated that the ICP rose during sleep, especially during REM
sleep and that the amplitude also increased in intracranial lesions. We observed the ICP
in normal infants and neonates during non-REM and REM sleep and found similar re-
sults during REM sleep. During the period of two and half months after birth, fluctuat-
ions in ICP during REM sleep were not observed. This seems to depends upon the physi-
cal characteristics of the skull in this period. Therefore REM sleep, increases in cerebral
blood flow or a slight haemorrhage lead to increases in the intracranial volume but do
not seem to exert any influence on ICP. However, marked increases in the intracranial
volume seem to cause changes in ICP during REM sleep first, which then leads to eleva-
tions in the baseline pressure. As the skull of the infant becomes hard with age, the in-
tracranial compliance lowers. Consequently, at two and half months of age elevation in
ICP as well as increase in amplitude are observed during REM sleep. The pressure volume
relationship was generally observed in the skull (2). When the ICP rises, the amplitude
is increased; however, in the case of advanced hydrocephalus, the amplitude was low in
spite of a high baseline pressure. In such a case, the paper-like brain mantle and reduced
cerebral blood flow is suggested. From the unfavorable prognosis of the cerebral function
after shunting operation, it may be assumed that irreversible changes occur in the brain
mantle and cerebral blood vessels.

Summary

1. With our newly-developed applanation transducer, the ICP was measured non-invasive-
ly and continuously via the fontanelle in neonates and infants.

2. In normal neonates, ICP ranged from 40—140 mm H5O with average of 84.7 mm
H7O with slow fluctuations. The amplitude was small and measured approximately
10 mm Hzo.
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3. In normal infants, ICP varied little with increasing age, except that amplitude in-
creased. Pressure waves of more than 250 mm H»O during REM sleep were noted
after 2 1/2 months of age.

4. The skull of neonates has a high compliance and ICP does not necessarily reflect
changes in intracranial volume.

5. Most of the hydrocephalic patients showed high ICP, but, in some cases ICP was nor-
mal and abnormality was detected only during REM sleep.

References

1. Cooper, R., Hulme, A.: Intracranial pressure and related phenomena during sleep. J. Neurol.
Neurosurg. Psychiat. 29, 564—570 (1966)

2. Miller, J.D., Garibi, J.: Intracranial volume-pressure relationship during continuous monitoring
of ventricular fluid pressure. In: Intracranial Pressure. Brock, M., Dietz, H. (eds), pp. 270—274,
Berlin, Heidelberg, New York: Springer 1972

3. Vidyasagar, D., Raju, T.N.K.: A simple noninvasive technique of intracranial pressure in the new-
born. Pediatrics 59, 957-961 (1971)

4. Wealthall, S.R., Smallwood, R.: Method of measuring intracranial pressure via the fontanelle with-
out puncture. J. Neurol. Neurosurg. Psychiat. 37, 88—96 (1974)

Fig. 1. A Transducer with three flanged spring, B guide ring, C transducer and guide ring was fixed
on fontanelle in neonates
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Fig. 4. Preoperative ICP and CT scans in hydrocephalic patients. Preoperative ICP shows comparable
pressures for both cases, though the amplitudes were different. In the case of lower amplitude a
shunting operation did not produce any reduction in ventricular size
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Automated Prophylaxis of Postoperative and Posttraumatic Intracranial
Hypertension

D.J. Price and J. Mason

Any serious insult to the brain, whether the result of spontaneous haemorrhage, trauma
or surgical manipulation may initiate a potentially preventable progressive process of
secondary brain damage. The severity of such a secondary event is determined by its
pathogenesis and the length of time it remains unrecognised and untreated. The aetio-
logy of this continuing insult is the result of any combination of the three component
factors of cerebral hypoxia, hypoperfusion and mechanical distortion. All three cause
areduction of delivery of oxygen to the vulnerable brain cells and distortion also pro-
duces localised compression of the neurones in addition to its influence on vessels.
These basic pathophysiological principles have been widely understood for many years
and yet in practice, they are often ignored (3, 4). A high morbidity and mortality in
this relatively small but important group of neurosurgical patients then becomes inevi-
table. If we wish to improve our results in the management of these patients, we need
to concentrate our energy and enthusiasm on those patients who become comatose
after head injury, subarachnoid haemorrhage or spontaneous intracerebral haemorrhage.

Monitoring

Both the recognition of these three components of secondary brain damage and the
monitoring of their treatment demand the ability to measure arterial oxygen levels,
intracranial perfusion pressure and lateral shift of midline structures. In practice, con-
tinuous rather than intermittent measurement of arterial paO- intracranial pressure
(ICP) and arterial pressure are more convenient and are less demanding on nursing and
medical staff.

Serial measurements of midline shift are easier to obtain using portable computerized
ultrasound equipment in the ward than by transferring the patient to a CT scanner every
few hours and disrupting the continuity of management and supervision. The reliability
of this technique has been assessed recently in a group of 400 patients with head injuries
9).

Reproduceability within 1.0 mm and high levels of reliability for those patients with
unilateral haematomas were reported.
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On-Line Signal Processing

Continuous monitoring of paO,, ICP and arterial pressure are familiar techniques in

the intensive care environment. Analogue displays either as a wave-form on a screen or
as a trend on a pen recorder are usually generated. Both forms of presentation are un-
fortunately difficult to interpret and in particular, the ICP often proves too unstable

to allow accurate visual evaluation of a mean value over a defined period. A comparison
of visually assessed mean ICPs from a chart recorder with concurrent computer analysis
of the same signal shows alarming discrepancies (1). This inevitably brings into question
the advisability of basing clinical decisions on even the most careful observations of con-
ventional chart records when there are large spontaneous fluctuations in the measured
signal.

The advent of inexpensive computer technology has revolutionized this situation (5)
and in addition, nursing staff need no longer spend so much of their time watching the
bedside equipment and they can concentrate on more direct nursing care.

Continuous on-line analysis is particularly applicable to the ICP waveform as it con-
tains useful information concerning cerebral elastance. By sampling at an adequate fre-
quency, the amplitude of the ICP pulse wave can be determined and related to the dia-
stolic ICP to produce a Pulse Wave Index (5). Changes in this index coincide with those
in the elastance constant and when using drugs which influence the intracranial inter-
stitial fluid volume, the selection of an optimum dose requires an estimate of the defining
ing constants of the current pressure-volume relationship.

Treatment of Intracranial Hypertension

In those patients in coma after head injury or spontaneous intracranial haemorrhage,
brain tissue pressure is far from uniform and we have found considerable pressure gra-
dients between interstitial pressure within contusions and the ventricular pressure,
during the first two days after head injury. Pressure gradients also develop along the
vascular tree due to a narrowing of the larger vessels following subarachnoid haemorr-
hage, and are seen in both the macrocirculation and microcirculation after head injury.
The combination of low mean capillary pressures and high surrounding interstitial pres-
sures in the vicinity of contusions produces severe reduction in local perfusion pressure
and jeopardizes the viability of the major portion of tissue which has usually escaped
the primary impact injury (7, 8).

The prevention of severe secondary brain damage due to low-perfusion ischaemia is
an essential feature of early intensive management. It is normal custom to reduce the
ICP as measured in the subdural space or ventricle to less than 25 mmHg and to main-
tain a perfusion pressure in excess of 70 mmHg. The apparent “overtreatment” is ne-
cessary to offset the early interstitial pressure gradients, to provide space for their more
rapid dissipation and halt further expansion of the pericontusional ischaemic areas.

For those patients with ventricular catheters, CSF drainage remains the treatment of
choice for initial management but unfortunately, conventional gravity drainage is diffi-
cult to control. When elastance is high and ventricles are small, aspiration of 1 ml may
produce a dramatic fall in pressure. If the outflow is too rapid the ventricles collapse
down on to the catheter causing the choroid plexus to block the tip.

72



As the majority of patients are adequately controlled by CSF drainage and Mannitol
infusion, we chose to apply closed-loop methods to these methods initially, reserving
the other two drugs (Table 1) for manual administration if necessary.

Principles of Medical Application of Closed-Loop Techniques

Computerised closed-loop therapeutic techniques have only enjoyed limited success
in very few intensive care situations. One reason for this failure to be accepted by the
medical profession despite the availability of suitable and relatively inexpensive equip-
ment has been due to the lack of adherence to the following basic principles:

1. Safety alarms at the bedside are essential.

2. Repeated assessment of the current effectiveness of the drug used is necessary for
the inclusion of an adaptive element which compensates for variability in the indi-
vidual patient and between different patients.

3. The controller must have access to the patient data base containing all the other in-
formation which might influence the signal.

4. The pharmacokinetics of the drug of choice should be fully understood.

. If possible, the impulse response of the controlled variable should be determined.

6. Clinicians must be able to select control parameters and maximum infusion rates
for each individual patient.

We have already attempted to use these principles for automated control of status
epilepticus (6), of arterial pO+ in patients with head injuries and for ICP control by
CSF aspiration. All the principles had to be applied for the control of ICP by intermit-
tent Mannitol bolus infusion.

W

Closed-Loop Administration of Mannitol

As the ICP pressure volume curve is non-linear, normal mathematical models familiar
to control engineers are neither applicable nor safe. We have therefore approached the
problem by developing control laws based on clinical, physiological and pharmacological

Table 1
Mode of action
Method | CSF volume { Interstitial | CBF { Intracranial blood
fluid volume volume
CSF drainage %
Lv. Mannitol * *
Lv. Frusemide % * *
Lv. Althesin * *
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principles and incorporating necessary safety limitations. This concept resembles a
fuzzy controller which has already been successfully used for the control of left atrial
pressure with automatic infusions of blood (10).

In order to monitor the unpredictable and potentially dangerous patient response to
Mannitol, intermittent bolus rather than continuous infusions are used.

Characteristics of the System
1. Safety Alarms

Mannitol is infused using an Imed 929 computer pump, controlled by the ward computer
through a serial line interface. If the outflow pressure rises to suggest venous occlusion, if
a bubble of air is detected in the line or if hardware faults develop in the pump or at the
host computer, a pump alarm sounds and relevant messages are displayed on a screen at
the nurses’ station. Any such fault causes the pump to revert automatically to manual
mode.

2. Monitoring Mannitol Effectiveness

Optimum drug administration whether conventional or automated depends on a contin-
uing learning process related to knowledge of changes in the patient’s response to that
drug. If the last dose proved relatively ineffective the next dose must be proportionally
higher. After each infusion of Mannitol, its effectiveness is determined and expressed as
a perventage fall in ICP per m! of Mannitol per kilogram of body weight.

If the effectiveness falls below preset limits the computer informs the medical staff
and suggests a check for midline shift. If that is satisfactory, enhancement of Mannitol
with Frusemide or a change to a CBF suppressant such as Althesin is considered.

Most patients respond to 20% Mannitol which has a maximum effectiveness between
20 and 30 minutes after a bolus dose (2). Although it is reasonable to base an initial
dosage on the patient’s estimated weight, it is naive to suggest that subsequent doses
should be the same. Not even the seniority of the neurosurgeon seems to have any be-
neficial influence on the choice of an optimum dose (Fig. 1) and the rather complex
task of calculating the volume of each dose is best delegated to a computer.

3. Inclusion Within a Patient Data Base

The control of a single physiological parameter divorced from other clinical information
is potentially dangerous. Automated drug therapy should therefore only be considered
if the logical algorithm involves access to all relevant data concerning the patient’s pro-
gress. For Mannitol administration, such essential information includes that concerning
procedures which might influence the ICP and the effect of Mannitol istself on fluid
and electrolyte balance.
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For many years, nurses’ charts with partly digital and partly graphic display have been
satisfactory. Current shortages in numbers of nurses stimulated us to attempt to replace
the charts with a small inexpensive data terminal for input and retrieval and for trans-
mission to the minicomputer data base. It is not acceptable to require nurses to enter
data on a chart and then duplicate entries to a computer data base.

This terminal was designed by our nurses in conjunction with ergonomists and accep-
tibility was only achieved when we were able to prove that this was superior to the char-
ting system in all respects. The latest prototype is proving satisfactory but further adap-
tions are required. Preliminary studies suggest a reduction in data input times of 50%
in comparison with charts.

4. Plasma Clearance

The repeated administration of any drug has to be judged according to its rate of clear-
ance from the plasma. As mannitol is cleared entirely by glomerular filtration, its half-
life is related to the glomerular filtration rate. In the absence of renal failure, a constant
half-life can be presumed and the proportion of the last dose in circulation at any sub-
sequent time can be calculated. For example, if one hour after a 300 ml infusion had
been given and a further plasma concentration to that original level is required, the

“top up dose” needed would be 300 minus that volume remaining in circulation (Fig. 2).

5. Clinician Control

During the first 24 hours after injury or operation very aggressive control of ICP below
20 mm Hg. is advisable to dissipate the initial high interstitial cerebral pressure gradients.
When these gradients gradually resolve over the next few days, control values may then
be relaxed.

We consider that the neurosurgeon should be able to manipulate these control values
in order to tailor the treatment regime to the needs of each individual patient. This in-
volves simple access to the program constants through the keyboard at the nurses’ sta-
tion and any of the four following values may be changed:

1. bolus infusion rate,

2. threshold ICP level,

3. target ICP level,

4. maximum plasma concentration.

1. Bolus Infusion Rate. This solves a purely mechanical problem related to the size of
the vein used for the infusion. In practice, we have found the need for only two alter-
natives — one for children and one for adults.

2. Threshold ICP Level. This is the pressure above which treatment should be instituted
and is usually within the range of 15—25 mm Hg. As Mannitol only becomes effective

some ten minutes after the start of infusion, a calculation is necessary to estimate what
the ICP will be at that time. If this forward projection of the current trend exceeds the
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selected threshold level, treatment proceeds (Fig. 3). In practice, a decision concerning
treatment is made at the end of each fifteen minute period.

The “success” of treatment is expressed as the period in each 24 hours during which
the pressure is below a defined level 5 mm Hg. above the selected threshold.

3. Target ICP Level. Each Mannitol infusion aims to reduce the ICP to a pressure below
the threshold level. This is the target pressure and we chose it within a range of between
3 and 10 mm Hg. below the threshold. The dosage is calculated to achieve that target
by the end of 30 minutes and the actual proportional fall achieved during that time is
used to update the effectiveness constant.

4. Maximum Plasma Concentration. To avoid electrolyte and fluid inbalance, plasma
Mannitol concentration calculated from the clearance equation is not allowed to exceed
this level. The relationship between this concentration and serum osmolality is presumed
to be linear but this subject is under study at present. When the chosen maximum level
is reached a message is displayed at the nurses’ station to suggest the possible need for a
change to Althesin therapy.

Work in Progress

It is now apparent that the combination of CSF aspiration with carefully controlled
Mannitol treatment is sufficient for the majority of patients with intracranial hyperten-
sion. Similar principles of closed-loop control are being applied to a CSF aspiration sys-
tem with automated catheter clearance.

Results

The closed-loop Mannitol administration has now been used on 30 patients. When we
compare tracings of patients treated by manual and computer it becomes clear that
manually, we have often used too high a dose too late, resulting in poor control (Fig. 4).
Despite the considerable improvement in control achieved by the computer system,
the total dosage of Mannitol given each 24 hours is no more than when under manual
control.

Apart from the availability on display at the nurses’ station of trends over a selected
time period, graphs are printed summarizing 24 hours of ICP data correlated with do-
sage of Mannitol given (Fig. 5).
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Fig. 1. A method of random selection of an optimum dose of Mannitol. The older the neurosurgeon,
the less dispute there is about his “‘judgment”
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Fig. 4. Three consecutive periods of an ICP recored demonstrating the difference between manual
and computer control. This illustrates that despite an attempted rigid regime under manual control,
too high a dosage is often given too late (arrows)
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to 22 mm Hg

80



Penetration of Antimicrobial Drugs into the Cerebrospinal Fluid —
Its Relevance in Postoperative CSF Infections

H. Friedrich, G. Hinsel-Friedrich, H. Dietz, and J. Potel

Introduction

The serum and tissue levels of most antibiotics which are used for the therapy of infec-
tions in the central nervous system (CNS) are known. Despite the enormous literature
on CNS infections and their treatment, little information is available regarding penetra-
tion of the newer antibiotics into the cerebrospinal fluid (CSF).

The relative exclusion of antibiotics from the CSF is generally attributed to the blood-
brain and the blood-CSF barrier. Histologically the brain capillary walls and the adjacent
layer of glial cells are impermeable to many small molecules but permeable to certain
others. All organic compounds have to pass this lipid membrane. Numerous factors re-
gulate entry, distribution and concentration of antibiotics within the CSF. The penetra-
tion rate from blood into CSF is not only dependent on lipid solubility, ionisation, pro-
tein binding and molecular size but also on cerebral blood flow, and the formation and
absorption of CSF. Moreover, active removal of antibiotics from the CSF by mechanisms
which transport drugs from the CSF into the blood have been postulated. From the clini-
cal point of view the penetration into the CSF plays an important role in the distribution
of an antibiotic within the CSF and brain abscesses. Postoperative CNS infections are
life-threatening complications, because their tendency to spontaneous healing is very
low. This is due to the lack of defense mechanisms, since the CSF contains only 0.1%
of the white blood cells and very few immune globulins.

During recent years we have systematically investigated serum and CSF concentra-
tions of various antimicrobial drugs in patients with and without meningitis. The aim
of this study was to establish an optimal regimen of antimicrobial treatment in CSF in-
fections, particularly those which may occur after neurosurgical operations.

Patients and Method

In most neurosurgical operations prophylactic chemotherapy is not indicated (5, 9). In
this clinic per-operative short-term chemoprophylaxis is only used in those operations
in which a foreign body is implanted into the CSF, i.e. CSF shunts, ventricular drainage
systems and stimulators (5, 28). The penetration of several antibiotics into the CSF
was investigated by determining serum and CSF levels simultaneously in 68 patients
with and without meningitis. The CSF samples were taken from external CSF drainage
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systems (lumbar or ventricular). In 46 patients without meningitis it was possible to
study the penetration of antibiotics into the CSF without violating ethical rules, because
in all these cases the CSF drainage system had been inserted for intracranial pressure
monitoring or for diagnostic purposes.

Twelve out of 22 patients with meningitis suffered from post-operative shunt sepsis.
In these cases the shunt was completely removed and replaced by an external ventricu-
lar drainage system. In all patients with meningitis or ventriculitis the diagnosis was
confirmed by raised cell count and CSF protein, and by identification of the pathogens.
During the investigation the drainage systems were opened only for taking the samples
from a three-way tap. All blood samples were taken from a central venous catheter.
Blood and CSF samples were collected simultaneously at particular time intervals. The
concentrations of most antibiotics were determined biologically by the agar diffusion
method of Grave and Randall (11).

The concentrations of Co-trimoxazole were determined by the spectrofluorometric
method described by Schwartz et al. (27) (Trimethoprim) and by the absorption-spectro-
metric téchnique modified by Rieder (sulfamethoxazole) (22). The analytical technique
used for chloramphenicol concentrations was high pressure liquid chromatography as
modified by Rosin (23).

Results

The antimicrobial drugs investigated are shown in Table 1. The sulphonamides are
known to have an excellent CSF penetration but their antibacterial spectrum is poor.
The combination of trimethoprim (TMP) and sulfamethaxazole (SMZ) interferes with
two consecutive steps of the normal bacterial metabolism of folinic acid (1). The syner-
gistic bactericidal effect of the combination has been demonstrated in a wide variety
of gram-positive and gram-negative organisms. Co-trimoxazole reaches high CSF con-
centrations irrespective of the degree of meningeal inflammation.

Figure 1 shows continuous TMP and SMZ levels during a 12 hour period in the CSF,
while the serum concentrations decrease within 3—4 hours.

Trimethoprim (TMP) (3)

The maximal and minimal CSF concentrations of TMP are shown in the right-hand
column of Fig. 1.

The maximum CSF level of 0.7 ug/ml was found two hours after the maximum serum
level of 1.75 ug/ml immediately after repeated parenteral administration of 160 mg
TMP. The minimum CSF level of 0.32 ug/ml was found 12 hours after administration.

The maximum TMP concentration in the CSF reaches 39.7% of the plasma concen-
tration. The CSF-serum ratio was up to 68.9% after two hours and 109.4% after 12
hours in several patients. These data show that the determination of the CSF-serum
ratio is not an adequate method for evaluating the degree of penetration into the CSF,
for it is influenced by the sampling time and is dependent on the different rates of
decrease in CSF and serum concentrations.
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Table 1. Antimicrobial drugs investigated (serum and CSF concentrations determined
simultaneously)

Antibiotic No. of patients Plasma-CSF-concentrations

I. Combination

Trimethoprim
Sulfamethoxazole 7 70
II. Chloramphenicol S 39

III. 3-Lactam antibiotics
a) Acylureido-penicillin

Mezlocillin 17 168
b) Cephalosporins
Cephalothin 2 10
Cefazolin 4 25
Cephacetril 6 133
Cefuroxime 5 72
Cefotaxime 2 4 38
Moxalactam 3 36
IV. Aminoglycosides
Gentamicin 9 82
Sisomicin 6 75

3 With kind permission of PD Dr. med Stolke, Med. Hochschule Hannover
Sulfamethoxazole (3)

The maximum CSF concentration of non protein bound SMZ was 9.5 ug/ml determined
1—-3 hours after the maximum serum level of 77 ug/ml.

A ratio of TMP:SMZ of about 1:10 is maintained. In our cases (six patients with nor-
mal and one patient with inflammed meninges) the penetration of co-trimoxazole into
the CSF was independent of a normal or pathological CSF state. All CSF concentrations
found were above the minimal inhibitory concentration (MIC) of co-trimoxazole suscep-
tible pathogens and thus therapeutically effective.

Figure 1 demonstrates the good penetration of TMP and SMZ into the CSF even when
the blood-CSF barrier is intact. Consequently TMP alone or the combination co-trimo-
xazol should be a valuable drug for per-operative chemoprophylaxis in neurosurgery and
particularly for the therapy of the postacute state of meningitis (12), since the blood-CSF
barrier then becomes tighter again and the CSF concentration of most antibiotics admin-
istered during the acute state drops rapidly to ineffective levels.

Chloramphenicol (8)

Chloramphenicol is said to have a good capacity for penetrating the intact blood CSF
barrier (14, 15, 24, 29). This antibiotic can cause the rare but irreversible bone marrow
aplasia that so justifiably limits its use to a small number of specific infections. Its antibac-
terial activity is also limited, because chloramphenicol is essentially a bacteriostatic agent.
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In 1949 Glatzko et al. described a colorimetric procedure for the determination of
chloramphenicol in biological materials (10). With this method CSF concentrations
were found between 40% and 100% of the serum concentrations. Windorfer et al. (1981)
reported high chloramphenicol levels in the CSF of newborns and babies but noticed
“marked variations” of serum and CSF concentrations (30). Using the same method
Roy et al. found errors of measurement of up to 40% (24). Kramer et al. (15) deter-
mined brain concentrations of chloramphenicol by the agar diffusion method and sta-
ted: “The amount of chloramphenicol assayed from the brain was nine times greater
than the comparable blood level in a paired sample”.

In our study serum and CSF levels of chloramphenicol in five neurosurgical patients
with normal meninges were determined with the high pressure liquid chromatography
(HPLC) modified by Rosin (23).

Figure 2 shows maximal serum concentrations between 7.45 and 26.14 ug/ml. The
maximum CSF levels were about 2.16 ug/ml one hour after injection of 1g of chlor-
amphenicol succinate and decreased to 1.55 ug/ml after two hours.

Compared to the results from the literature we found a much lower concentration of
chloramphenicol than expected in the CSF of patients with non-inflamed meninges.
Because of its possible side-effects chloramphenicol should not be used for per-operative
chemoprophylaxis in neurosurgical operations.

However, it still can be recommended in the postacute stage of meningitis, when most
less toxic antibiotics do not reach comparably high CSF levels in slightly inflamed me-
ninges (30). In the acute stage of meningitis therapeutically adequate CSF levels can be
achieved even with most betalactam antibiotics.

Mezlocillin (6)

Seventeen neurosurgical patients received 5—15 g Mezlocillin intravenously at eight-hour
intervals. Serum and CSF concentrations were determined simultaneously 168 times.
In ten patients with intact CSF barrier the maximum CSF level was 0.9 ug/ml three
hours after infusion. Of the seven patients with meningitis the maximum CSF concen-
trations ranged between 10.4 and 32 ug/ml during a period of 2—3 hours (Fig. 3).

The penetration of mezlocillin into the CSF seems to be dependent on the degree of
inflammation. Therefore, in the postacute stage of meningitis therapeutically adequate
CSF levels cannot be obtained. By additional intraventricular administration of 3x50—
100 mg per day, mezlocillin levels can be raised to 50 ug/ml.

According to the MIC of most pathogens these CSF concentrations are in the range
of therapeutic efficacy. With these recommended doses no neurotoxic side effects were
observed.

In patients with an intact CSF barrier most cephalosporins diffuse poorly into the CSF.
Even in meningitis the measured concentrations vary over such a wide range, that these
drugs have to be rejected in the treatment of meningitis. Mangi et al (19) and Lorber
(17) reported a few cases of meningitis occurring during treatment with cephalothin and
cefazolin. From the cephalosporins included in our study only the findings with cefur-
oxime and moxalactam are presented.
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Cefuroxime (7)

Five neurosurgical patients, two with normal meninges and three suffering from acute
meningitis, received 2g of cefuroxime intravenously every eight hours. In patients with-
out meningitis the CSF concentrations amounted to 0.01—0.09 ug/ml. With inflamed
meninges the hightest CSF concentrations were 3—7.5 ug/ml and occurred during the
first and second hour after infusion. A progressive decline followed for the next six
hours after injection as shown in Fig. 4.

The value of intravenous therapy with cefuroxime is questionable despite these con-
centrations, because the MIC of cefuroxime against several organisms causing postopera-
tive meningitis often exceeds these levels. In the postacute stage of meningitis the pene-
tration of cefuroxime into the CSF decreases rapidly. However, in patients with cefur-
oxime susceptible organisms this cephalosporin derivative can be administered in daily
doses of at least 100 mg/kg given at six hours intervals.

Moxalactam

This is a new cephalosporin, an oxa-beta-lactam, with a broad spectrum of activity
(18). Three patients with meningitis received continuous therapy (2—4 g intravenously
every 8 hours) (Fig. 5). Plasma and CSF levels were determined periodically for several
days. In all patients peak plasma concentrations of 50—90 ug/ml were observed half an
hour after intravenous infusion. Peak CSF levels of moxabetalactam ranged from 3.1—
9.4 pg/ml after the first dose. After repeated administration they rose to 17—30 ug/ml.
Peak levels were obtained 1—2 hours after intravenous administration. In our patients
the moxalactam penetration into the CSF seemed to bé dependent on the degree of in-
flammation and the dosage of the antibiotic (13, 16). The mechanism that promotes
the diffusion of moxalactam into CSF is unknown. Although moxalactam is hydro-
philic and insoluble in organic solvents like the other cephalosporins, its penetration rate
into the CSF seems to be higher.

Moxalactam is found to be highly active against certain gram-positive and gram-negative
clinical isolates. However, other cephalosporines are superior against staphylococci and
pseudomonas (18).

Sisomicin (2)

Sisomicin is an aminoglycoside which closely resembles gentamicin in antimicrobial activ-
ity, pharmacology and clinical efficacy. After systemic administration CSF levels of si-
somicin and gentamicin are very low in patients with normal meninges (Fig. 6). We mea-
sured sisomicin concentrations in the CSF of six patients without meningitis 30 minutes
to eight hours after repeated intravenous injections of 80 mg of sisomicin. Concentra-
tions ranging from O (in five patients) to 0.4 ug/ml were found.

85



Gentamicin

Gentamicin concentrations were determined in patients with meningitis, and although
these levels were higher than those in the patients treated with sisomicin, they were be-
low the detectable limit of 0.1 ug/ml after four hours. These concentrations are thera-
peutically inadequate. Therefore all our patients with gentamicin susceptible staphylo-
coccus epidermidis or gram-negative meningitis were treated with gentamicin adminis-
tered both parenterally and intraventricularly. The intraventricular instillation of 5 mg
gentamicin every 24 hours resulted in CSF concentrations of 48 ug/ml 30 minutes after
administration, 20 ug/ml 2 hours and 2—8 ug/ml 24 hours after administration. Thera-
peutic CSF levels were maintained for 24 hours after repeated intraventricular instilla-
tion. Intrathecal application by repeated lumbar puncture, however, is ineffective (5,
20, 25, 29).

In summary Table 2 demonstrates the penetration rate into the CSF of the antibiotics
discussed, related to their maximum serum concentrations, while Table 3 shows the
doses of antibiotics recommended for intraventricular administration.

In patients with an intact blood-CSF barrier we found no measurable or very low CSF
levels of all beta-lactam-antibiotics and of the tested aminoglycosides. Even with chlor-
amphenicol we achieved considerably lower CSF concentrations than expected according
to the literature. Only the CSF levels of trimethoprim and sulfamethoxazole showed a
satisfactory relation to the plasma concentrations.

All CSF samples were taken from external ventricular or lumbar drainage systems. The
site of sampling for concentration assay had little influence on the results. Only in four
cases with different protein content of the ventricular and lumbar CSF ipcreased anti-
biotic levels were determined in the lumbar CSF, despite the CSF pathways being free.
This suggests that the CSF concentrations are dependent on the CSF protein content
and a somewhat impaired CSF circulation as found in patients with meningitis. On the
other hand, in two patients with non-inflamed meninges suffering from acoustic tumours
this phenomenon was not observed although there was a marked difference in the pro-
tein content of ventricular and lumbar CSF.

Furthermore hydrocephalus or severe head injury — if there was no contamination of
CSF with blood — did not influence the CSF concentrations. With inflamed meninges
the CSF levels of most antibiotics increase remarkably, the concentrations being highly
dependent upon the degree of meningeal inflammation

Clinical Aspects

In postoperative neurosurgical infections the microorganisms most frequently isolated
are Staphylococcus epidermidis and Staphylococcus aureus (Table 4). Since the patho-
gens involved are often multiresistant it is mandatory to determine the minimal inhibit-
ory concentration, to consider the CSF-patency of the antibiotic in question and the
variability of its CSF concentration even in meningitis.
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Table 2. Penetration of antibiotics into the CSF of patients with and without meningitis in relation
to maximal serum concentrations (poor= below 2%, fair= more than 10%, good= more than 20%)

Antibiotic CSF — penetration
Normal meninges Meningitis

I. Combination

Trimethoprim Good Good
Sulfamethoxazole Good Good
I1. Chloramphenicol Fair Fair-good

111. BLactam antibiotics
a) Acylureido-penicillin

Mezlocillin Poor Fair-good
b) Cephalosporins
Cephalothin Poor Poor-fair
Cefazolin Poor Poor-fair
Cephacetril Poor Poor-fair
Cefuroxime Poor Poor-fair
Moxalactam Poor Fair-good
IV. Aminoglycosides
Gentamicin None Poor-fair
Sisomicin None Poor-fair

Table 3. Doses of antibiotics recommended for intraventricular administration

II. Chloramphenicol 25-50 mg
111. B-Lactam antibiotics
a) Mezlocillin 50—-100 mg
b) Cephalosporins
Cephalothin 25-100 mg
Cefazolin 25-50 mg
Cephacetril 25-100 mg
Cefuroxime 25-50 mg
IV. Aminoglycosides
Gentamicin 2-8 mg
Sisomicin 2—4 mg

Table 5 shows the antimicrobial drugs investigated and their susceptibility to staphy-
lococcus epidermidis. The susceptibility patterns of Staphylococcus aureus are similar.
Although gentamicin has been used extensively in recent years for the treatment of
postoperative CSF infections, the incidence of bacterial resistence to this antibiotic
has remained low. However, systemic treatment with aminoglycosides alone, is insuffi-
cient. Also it must be given by the intraventricular route. Where this is not possible co-
trimoxazole may be an good alternative because its efficacy against staphylococci cor-
responds to that of the aminoglycosides and beside, therapeutically adequate CSF levels
of this drug can be achieved even with normal meninges.
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Table 4. Micro-organisms involved in 97 postoperative CSF infections

1. 1979 — 6. 1981 (4300 operations)

Organism No. of patients No. of positive culturs
Staph. epidermidis alone 64 104
Staph. epidermidis mixed 3 8
Staph. aureus 14 33
Staph. aureus (-haemolytic 1 2
Strep. viridans 4 6
Pseudomonas 3 9
Esch. coli 3 6
Klebsiella pneumonia 2 10
Pneumococci 1 2
Micrococci 1 4
Enterobacter aerogenes 1 16

Table 5. Susceptibility of Staphylococcus epidermidis to the antimicrobial drugs investigated

CSF-infections (1. 79 — 6. 1981) and Staphylococcus epidermidis (64 patients)

Susceptibility (%) Good Fair Non Not tested
I. Co-Trimoxazol
(TMP — SMZ) 68 2 28 2
I1. Chloramphenicol 48 - 25 272
I11. BLactam antibiotics
a) Mezlocillin 14 3 9 74 2
b) Cephalosporins 53 3 16 282
c) Pen resistent to penicillinase 60 4 18 182

IV. Aminoglucoside
Gentamicin 73 3 22 2

4 Because of high resistence

Antibiotic prophylaxis in neurosurgical operations is still under discussion. According
to the literature (5, 26) the routine use of antimicrobial prophylaxis does not reduce
the infection rate and may even provoke superinfections with resistant pathogens.

Long-term antibiotic prophylaxis in patients with rhinorrhoea does not show any
significant effect concerning the development of meningitis.

Two years ago we finished a prospective study on neurosurgical patients undergoing
operations of more than six hours duration. There were two groups, one which received
per-operative short-term antibiotic prophylaxis with co-trimoxazole and one which did
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not. Our results from 364 patients demonstrated that the incidence of postoperative
infections including meningitis could not be reduced, with the exception of catheter-as-
sociated urinary tract infections (9). Antibiotic short-term prophylaxis might be indi-
cated whenever a foreign body is implanted into the CSF space.

In CSF shunts, for instance, the shunt valve with its somewhat stagnant cavity is an
ideal culture medium for infectious organisms. Thus, meningitis and ventriculitis are the
most frequent causes of mortality and morbidity in shunted patients (25, 28, 29). In
a previous study (5) we demonstrated that the well-considered use of a per-operative
short-term prophylaxis limits the progression from a transient intra-operative bacteri-
aemia to an established postoperative shunt infection. Since no complications result
from such short-term antibiotic prophylaxis and superinfections as well as changes of
the bacterial spectrum are unknown, this method has no disadvantages. Our results
correspond to those of other investigations (26, 28). In cases of shunt infection our
first treatment consists of intravenous and intra-shunt antibiotic therapy without re-
moval of the shunt system. Only if this procedure fails the infected shunt system is
removed, an external ventricular drainage performed and both systemic and intraventri-
cular antibiotics administered according to the resistance test.

Conclusion

Successful control of neurosurgical infections demands appropriate antibiotic concen-
trations at the site of infection, against the micro-organism involved. Since many anti-
biotics administered by the systemic route do not reach therapeutically effective CSF
levels either with normal meninges or with meningitis, additional intraventricular ad-
ministration seems to be the only way to avoid disappointing results. This is particular-
ly true for postoperative CSF infections in neurosurgery.
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The Influence of High Dose Barbiturates on Canine Cerebral Blood Flow
and Metabolism

N.F. Kassell and P.W. Hitchon

Introduction

In the last few years there has been increased use of barbiturates in very high doses to
treat a variety of neurosurgical disorders associated with cerebral ischaemia (12, 17),
brain swelling, and intracranial hypertension (21—23, 25, 28). There are two questions
that have developed regarding the practical application of this form of treatment. The
first relates to techniques for regulating the dose of barbiturates, and the second relates
to the role of hyperventilation in patients receiving treatment with high doses of barbi-
turates.

The purposes of this study were 1. to determine whether the electroencephalogram
(EEG) could be used to control the administration of sodium thiopental and 2. to de-
termine whether hypocapnia results in additional cerebral vasoconstriction during the
course of high dose barbiturate treatment.

Materials and Methods

Mongrel dogs weighing approximately 15 kg each were used for this study. Anaesthesia
was induced with intravenous chloralose (50 mg/kg) and urethane (500 mg/kg), and
maintained with a nitrous oxide-oxygen mixture (70%:30%) supplemented with intra-
venous morphine sulphate. Muscular paralysis was achieved with pancuronium, and
ventilation was controlled with a pump respirator. A total of between 2.5 and 5 mg/kg
of morphine and 0.1 to 0.3 mg/kg of pancuronium was administered to each dog in
divided doses. The animals were hyperventilated and CO added to the inspired gas
mixture to maintain the PaCO at the desired levels. Oesophageal temperature was
measured and maintained at 37.5°C with a warming blanket.

Cerebral blood flow was determined by the radioactive microsphere technique (5,
11, 19, 20). In each experiment, CBF was measured six times using 15-um spheres
labeled with iodine-125, cerium-145 strontium-85, tin-113, niobium-95, and scandium-
46. The microspheres were injected into the left ventricle through a pigtail catheter in-
serted through the femoral artery and descending aorta. Blood samples were drawn from
one femoral and one brachial artery. At the completion of the experiment, the brain
was removed and divided into cerebral hemispheres, corpus callosum, brain stem, and
cerebellum for determination of blood flow.
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End-tidal CO5, O», and nitrous oxide were monitored continuously with a respiratory
mass spectrometer. Systemic arterial pressure was measured from a catheter placed in
the brachial artery. Central venous pressure was measured from a Swan-Ganz catheter
inserted into the pulmonary artery through the femoral vein and descending vena cava.
This catheter also served to measure cardiac output utilizing the thermodilution tech-
nique. Sagittal sinus pressure was measured from a catheter inserted in the anterior
portion of the sagittal sinus and threaded caudally. Heart rate was derived from the
electrocardiogram. These physiological data were continuously recorded on an eight-
channel strip-chart recorder. Electroencephalograph (EEG) monitoring was performed
from leads screwed into the frontal and parietal bones bilaterally and recorded on an
eight-channel EEG.

Immediately before each CBF determination, blood was drawn for measurement of
arterial blood gases and haematocrit. Oxygen content of the sagittal sinus and systemic
arterial blood was also measured.

The cerebral metabolic rate for oxygen (CMRO,) was calculated by multiplying the
mean cerebral hemispheric flow by the difference between the systemic arterial and
sagittal sinus oxygen content. Cerebral vascular resistance (CVR) was calculated by
dividing the systemic arterial pressure minus the sagittal sinus pressure by the total
mean hemispheric blood flow. Peripheral vascular resistance was calculated by dividing
the systemic arterial pressure by the cardiac index. Cardiac index was estimated by di-
viding the cardiac output by the animal’s body weight.

The data were examined using Analyses of Variance and Student’s t-test. Where dif-
ferences are reported as significant P {_0.05 had been established.

Procedure

Two series of experiments were performed and will hereafter be referred to as “EEG”
and “CO»” studies respectively.

1. EEG Study. In nine dogs a control determination of cerebral blood flow was perform-
ed following which a slow infusion of sodium thiopentone was started. Cerebral blood
flow determinations were repeated when the periods of burst suppression (BS) in the
EEG over several minutes averaged 30, 60, 120, and 240 seconds. Arterial PCO- was
maintained at 40 mm Hg during the course of these experiments.

2. CO> Study. In thirteen dogs cerebral blood flow was determined at arterial PCO,
levels of 20, 30, 40, 50, and 60 torr after administration of sufficient sodium thiopent-
one to produce EEG burst suppression averaging 30 to 60 seconds. The cerebral meta-
bolic rate of oxygen was determined in seven of these animals.
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Results
1. EEG Study

During the course of the experiments no significant variations were noted in arterial
PCO,, PO, pH, core temperature, sagittal sinus pressure, or central venous pressure.

The blood sodium thiopental level increased from a control value of 0 to 22 t 3 g/
ml at 30 seconds BS, to 36 T 3 at 120 seconds BS, decreasing to 32 * 4 at 240 seconds
BS (Table 1). Mean arterial pressure remained at control levels until 30 seconds BS, and
then gradually declined approximately 30% by 240 seconds BS. Administration of sodi-
um thiopentone produced a tachycardia. Heart rate increased approximately 26% at 30
seconds BS, and 56% by 240 seconds BS. Cardiac index decreased by 15% at 30 seconds
BS, and by 26% at 240 seconds BS.

Total cerebral blood flow was markedly decreased by the sodium thiopentone. At 30
seconds BS, CBF decreased approximately 45% and by 240 seconds BS the reduction
was approximately 57%. The changes in cerebral vascular resistance were of a similar
but opposite nature to the changes in cerebral blood flow. Cerebral metabolic rate of
oxygen decreased approximately 42% by 30 seconds BS and showed no further signi-
ficant reduction with increasing levels of burst suppression.

2. CO; Study
Following adminstration of sufficient sodium thiopentone to produce 30 to 60 seconds

burst suppression in the EEG, there was no significant change in mean arterial pressure,
heart rate, cardiac index, or cerebral metabolic rate of oxygen over the range of PaCO

Table 1. Effect of increasing interval of burst suppression

Interval of burst suppression (s)

0 30 60 120 240
CBF 67t8  37t¢ 31ts 274 2813
(ml/100g/min)

CVR 1.6t0.2 3.6%05 3.5%0.7 3.7%0.4 2.8%0.2
(mmHg/ml/100g/min)

CMRO, 43t0.4 25%02  20%03  23%0.2 2.7%0.3
(mlO,/ 100g/min)

MAP mmHg 11284 111%5 98t 7 93%t7 78ts
HR (beats/min) 106211 134%10 145%6 152110 165115
CI X 102¢ /min/kg) 13.0t1.6 11.1%0.9  10.7%1.2  9.8%0.5 9.6+1.2

CBF = total mean cerebral blood flow; CVR = cerebral vascular resistance;
CMR02 = cerebral metabolic rate of oxygen; MAP = mean arterial pressure;
HR = heart rate; CI = cardiac index
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between 20 and 60 torr. Decreasing arterial PCO5 from 40 to 20 torr resulted in a re-
duction in total brain blood flow of 19% and an increase in cerebral vascular resistance
of 27% (Table 2). However, there were no significant differences in cerebral blood flow
or cerebral vascular resistance between arterial PCO; of 30 and 20.

Discussion

High dose barbiturate therapy is being used with increasing frequency in neurosurgical
patients. Although the value of this form of treatment has not been fully proven, there
is strong suggestive evidence that barbiturates are helpful in the management of patients
with Reye’s syndrome (21, 23), head injuries (22, 25, 28), and in situations where the
arterial supply to the brain has been acutely compromised (12, 17). The mechanism(s)
whereby high dose barbiturates exert their beneficial actions have not been fully eluci-
dated, but those postulated include: Free radical scavenging (7, 9); decreasing the me-
tabolic demands of the brain to allow it to survive in an environment of decreased sub-
strates (15, 24, 29); and consequently decreased intracranial pressure by decreasing ce-
rebral blood flow and volume. However, in addition to these potentially beneficial ac-
tions, barbiturates in high doses are cardiovascular depressants (3, 6, 8, 18) and any
decrease in cardiac output or blood pressure resulting from their administration could
completely outweigh the useful effects. It appears that there may be a fairly narrow
margin between the doses of sodium thiopentone useful for cerebral protection and the
cardiovascular depressant doses. Accordingly, it is essential to employ a technique for
accurately and reliably regulating the administration of barbiturates in high doses.

There are several methods currently in use. Administration of barbiturates in doses
based upon body weight is unreliable because of the variable metabolism of the drug.
Measurements of blood levels are helpful, but these are expensive and time-consuming
and the relationship between blood level, brain level, and cerebral and cardiovascular
depression from barbiturates is unpredictable (2, 4, 27). In contrast, the EEG provides
a continuous, readily accessible index of brain activity that can be easily used by medi-
cal and paramedical personnel (14). However the use of the EEG for this purpose re-
quires knowledge of the relationship of the EEG to brain metabolism and cerebral and
systemic circulatory dynamics.

Table 2. Effect of alterations in PaCO, during high dose barbiturates

PaCO2 (Torr)

20 30 40 50 60
CBF 22%1 2241 2743 40t 15 67111
(ml/100 gm/min)
CVR 4.0t0.4 3.8%0.6 2.9%0.3 2.3%0.8 1.3t0.1

CBF = total brain mean cerebral blood flow;
CBR = cerebral vascular resistance (mean arterial pressure minus sagittal sinus pressure divided by
CBF)
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In this study, the administration of sufficient sodium thiopentone to produce burst
suppression in the EEG of between 30 and 60 seconds was accompanied by marked
reduction in cerebral blood flow. No additional decrement in cerebral blood flow was
noted as additional barbiturates were administered to produce burst suppression in ex-
cess of 60 seconds. Mean arterial pressure was adequately maintained until burst sup-
pression in excess of 30 to 60 seconds was achieved. There was no correlation between
the level of sodium thipentone in the blood, cerebral blood flow, cerebral metabolism,
cerebral metabolic rate of oxygen, or mean arterial pressure. This observation confirms
the difficulties anticipated in using blood levels as a reliable indicator of the effects of
barbiturates on cerebral blood flow and metabolism or cardiovascular function.

Of all the hypothetical beneficial actions of high dose barbiturate therapy, its ability
to decrease cerebral blood volume and brain bulk and lower increased intracranial pres-
sure are the most well documented and understood. Hyperventialtion is more common-
ly used for the same purpose (10, 16, 26). However, in contrast to barbiturates, hypo-
capnia does not result in decreased cerebral metabolism (1, 13) and accordingly, pro-
duces a relatively adverse change in the ratio of cerebral metabolism to blood flow.
Hyperventilation is an effective mechanism for controlling intracranial hypertension.
However, it is not entirely without risk (30). Since barbiturates result in a significant
degree of cerebral vasoconstriction, it is important to determine whether this vaso-
constriction is enhanced by hypocapnic levels of arterial PCO-. In this study, when
30 to 60 seconds of burst suppression in the EEG had been achieved the degree of cere-
bral vasoconstriction produced by these doses of sodium thiopentone at an arterial PCO
of 40 torr was equivalent to that produced by hypocapnia to an arterial PCO, of 20 torr
in the absence of barbiturates. Minimal additional cerebral vasoconstriction was noted in
the animals who received high dose barbiturates when the arterial PCO, was reduced from
30 to 20 torr. This would suggest that it is reasonable to maintain arterial PCO at approx-
imately 30 torr during high dose barbiturate therapy.

The above interpretations must be qualified by stating that these studies were perform-
ed in dogs with normal central nervous and cardiovascular function and that the results
may be different in humans, particularly after trauma to the central nervous system.
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CHEMOTHERAPY OF BRAIN TUMOURS

Resistance of Brain Tumours to Chemotherapy:
Preliminary Studies of Rat and Human Tumours *

M.L. Rosenblum, D.F. Deen, V.A. Levin, D.V. Dougherty, M.E. Williams,
M. Weizsdacker, M. Gerosa, and Ch.B. Wilson

Introduction

There are several possible reasons why malignant brain tumours do not respond to
chemotherapy. First, because of impaired drug delivery, chemotherapeutic agents might
not reach all tumour cells in cytoxic concentrations. Second, tumour growth kinetics
might affect the response to drugs because tumour cells are in an insensitive phase of
the cell cycle when the drug is administered (10). Finally, tumour cells may survive the-
rapy because of “inherent” cellular resistance.

We have investigated possible mechanisms of clinical drug resistance in malignant brain
tumours using 1,3—bis (2—chloroethyl)— 1—nitrosourea (BCNU), a cell cycle nonspecific
agent that is the most effective single agent available for the treatment of malignant
brain tumours. Drug sensitivity was determined by means of an in vitro clonogenic cell
assay (8). Investigations on “‘inherent” cellular resistance were performed in the 9L rat
brain tumour model (6).

Materials and Methods
Human Biopsies

A detailed report on the human brain tumour assay has been published (7, 8). Cells were
obtained by dissociation of fresh biopsy specimens and, for the studies reported here,
were tested after initial dissociation. Cells analysed are probably malignant glial cells
because they contain GFAP, a substance that is presumed to be specific for glial cells
(1), are recognized by hybridoma-produced monoclonal antibodies that react only

with glioma cells (9), and, when cells were injected into nude mice, solid tumours grew

(7).

Animal Experiments

The transplantable 9L rat brain tumour was used for these studies (6). The tumour was
transplanted into the brains of adult male Fisher 344 rats weighing 150—200 gm (6).

* Supported in part by NCI Grant CA—13525, the Morris Stulsaft Foundation, and a grant from
the Deutsche Forschungsgemeinschaft
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After tumours had grown to an average weight of 50—70 mg, 27 mg/kg (twice the LD ()
of BCNU was administered intraperitoneally. One day after treatment, the rats were
killed, tumours were removed, and a single cell suspension was obtained and plated for
colony forming efficiency (CFE) (8) and/or grown in culture. Cells that survived in vivo
treatment were subsequently exposed to a range of BCNU doses in vitro. Cells harvested
from tumours of untreated rats were used as the control. In other experiments, surviving
tumour cells from both treated and untreated rats were treated in vitro with equimolar
doses of 1—(2—chloroethyl)—3—cyclohexyl—1—nitrosourea (CCNU), 1—(2—chloroethyl)
—3—(4—methylcyclohexyl)— l—nitrosourea (MeCCNU), 1—(2—chloroethyl)—3—(2,6—
dioxo—3—piperidyl)—1—nitrosourea (PCNU), and spirohydantoin mustard (SHM). A
similar in vitro experiment was performed with X rays at doses of 500 to 1500 rads.

The transport of nitrosoureas across cell membranes was investigated by measuring
the intracellular concentrations of 14C-PCNU added to single cell suspensions of resis-
tant and sensitive cells obtained from exponentially growing cultures.

Results
Human Biopsy Specimens

To date, cells from biopsy specimens of 12 malignant gliomas (glioblastomas) have been
analyzed for in vitro cell sensitivity to BCNU, and the results have been compared to

in situ tumour response to nitrosoureas (Table 1). There were two distinct patterns of
response to BCNU, First, there was essentially no cell kill in vitro for cells from seven
specimens and all seven patients were resistant to nitrosoureas clinically (Group I). Sec-
ond, moderate cell kill was achieved in vitro at clinically achievable doses of BCNU for
cells from five specimens, with a marked increase in cytotoxicity at higher doses (Group
II); three of the five patients with BCNU-sensitive cells were sensitive to nitrosoureas
clinically.

Animal Experiments

Cells from tumours treated with BCNU (9L/BCNU) were markedly more resistant to
treatment in vitro with BCNU than cells from untreated tumours (9L/0) (Fig. 1). The
dose-response curve for 9L/0 cells showed an exponential cell kill that exceeding 2 logs,
but the dose-response curve of resistant cells (9L/BCNU) showed a maximum of 1 log
kill even at very high doses of BCNU. Cells were equally resistant to equimolar doses
of CCNU, MeCCNU, and PCNU (Table 2). Cells were partially cross-resistant to the al-
kylating agent SHM, but were not cross resistant to X rays.

Preliminary studies of nitrosourea transport, in which 14C-PCNU was administered
to a single cell suspension of 9L/0 and 9L/BCNU cells, showed a rate of drug influx
that was both very rapid and similar for both groups of cells. Thus, for 9L cells, the
mechanism of resistance to nitrosoureas is probably not related to altered transport
across the cell membrane but to altered biodistribution and/or biotransformation.
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Table 1. Correlation between in vitro and in vivo treatment with BCNU

In vitro treatment (% cell kill)

Specimen No. Achievable 4x achievable Clinical
dose 2 dose response

Group I. Resistant

cells €

125 0 33 Rd
127 0 0 R
128 0 10 R
131 14 0 R
134 0 21 R
150 40 14 R
168 0 89 R
Group II. Sensitive

cells ©

126 © 61 99.3 sd
167 ¢ 85 97 R
159 46 96 R
160 51 — S
163 45 90 S

2 Maximum clinically achievable dose at the tumour cell site (8.5 UM) after a single 200 mg/m dose
of BCNU (V.A. Levin, personal communication)

b Determined from serial computerized tomographic and radionuclide brain scans and neurological
evaluations, without knowledge of cell survival results

C Sensitive cells = ) 40% cell kill; resistant cells =\< 40% cell kill; both at maximum clinically achiev-
able doses
dg (sensitive) = complete or partial tumour response; R (resistant) = progressive or stable disease

€ Same patient, before chemotherapy (4 126) and at tumour recurrence after clinical chemotherapy
(BCNU) failure (#-167)

Discussion

The predictive capability of our clonogenic assay, which is 100% for clinical resistance
and 60% for clinical sensitivity, is similar to that of soft agar ““stem” cell assays for a
variety of tumours (11) and to the oestrogen receptor assay for breast carcinoma (5),
the latter of which is considered clinically useful for planning the treatment of patients
with malignant mammary neoplasms. The correlation between in vitro and in situ re-
sults implies that the cells disaggregated from a tumour biopsy are representative of

the clonogenic cells within the solid tumour, at least with regard to sensitivity to chemo-
therapeutic agents. Nevertheless, more data are needed to validate our assay.
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Table 2. Cell kill for sensitive (9L/0) and resistant (9L/BCNU) cells at equimolar doses of drugs,
and for x-irradiation

% Cell kill Log cell cill Resistance

Treatment Sensitive Resistant Sensitive Resistant ratio 2
BCNU

12 uM 62 45 0.74 0.26 2.85

20 uM 98.9 66 1.96 0.46 4.26
CCNU

12 uM 90 36 0.98 0.19 5.16

20 uM 99.6 40 2.37 0.22 10.77
MeCCNU

12 M 80 34 0.70 0.18 3.89

20 UM 99.5 67 2.32 0.48 4.83
PCNU

6 UM 47 25 0.27 0.12 2.25

12 uM NA 42 NA 0.23 ---

20 uM NA 62 NA 0.42 ...
SHM

12 uM 97 87 1.48 0.89 1.66

20 uM 99.9 98.7 2.85 1.88 1.52
X-rays

1,000 89 83 0.94 0.77 1.22

1,500 99.2 98.4 2.09 1.79 1.17

2 Ratio = log kill 9/0% = log kill 9L/BCNU; ) 2 = marked cross resistance;
1.3—2 = mild — moderate cross resistance; { 1.3 essentially no cross resistance

Continuous unretarded growth of malignant tumour is the result of the multiplication
of clonogenic cells that have the potential for “unlimited” proliferation. In humans
tumour resistance to chemotherapy is probably the result of the combined effects of
insufficient drug delivery, cell kinetic-imposed insensitivity, and biochemically-mediat-
ed resistance. In addition, sensitivity of the tumour may also depend on the participa-
tion of host defense mechanisms; clinical resistance may be related to inhibition of the
immuno processes by the agent.

Most tumours are presumed to contain various proportions of drug-sensitive and drug-
resistant cells. Tumours cells show “intrinsic” and acquired resistance, the latter of which
is the result of treatment with various agents. In the former instance, cells appear refrac-
tory to treatment from the outset. In the latter instance, resistance might arise by bio-
chemical modification of cells that were initially sensitive to a particular drug. Some of
the biochemical and pharmacological mechanisms that accompany the development of
resistance include impaired cellular transport, reduced affinity of drug for a target enzy-
me, metabolic bypass, impaired activation of a pro-drug, increased catabolism, and in-
creased levels of a competing biological substrate (3). The role of each of these ‘““deter-
minants” in the development of resistance to nitrosoureas still needs to be clarified for
brain tumours. If drug resistant cells predominate, the tumour will be resistant to thera-
py, and sampling any region of the tumour will yield predominantly resistant clonogenic
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cells. When drug sensitive cells predominate, tumour response will occur until the ma-
jority of sensitive cells are killed, after which resistant cells will repopulate the tumour.

Our preliminary investigations suggest that in some patients, the clinical failure of
chemotherapy may be caused by “inherent” tumour cell resistance in some patients
(Group I) and by inadequate drug delivery in others (Group II). Patients whose tumours
progressed despite documented in vitro cell sensitivity might benefit from being treated
with potentially toxic doses of drug, followed by bone marrow rescue (4). The case of
Patient No. 126 is illustrative. After subtotal resection of a left frontal glioblastoma
multiforme, this 50-year-old woman was treated with BCNU. Cells obtained from a
biopsy specimen were sensitive in culture, and she responded clinically. However, her
tumour recurred 12 months later and progressed despite further treatment with BCNU.
Histological examination of the biopsy specimen from the recurrent tumour showed
many areas of necrosis, and cells obtained from the recurrent tumour showed a persis-
tent sensitivity to BCNU.

Because BCNU is the single most effective agent for brain tumour chemotherapy, and
because it is a cell cycle nonspecific agent, the mode of action of which is not affected
by cell kinetics, results from our animal and cell transport studies suggest that resistance
to nitrosoureas in 9L cells is probably the result of biochemical and/or metabolic “de-
terminants”.

Conclusion

The presence of cross resistance indicates that various classes of compounds share a
common pathway. The complete cross resistance in 9L cells found for five nitrosoureas
confirms the clinical impression of cross resistance in patients treated with BCNU and
CCNU (2). These results, although preliminary, also suggest that optimum cyclical or-
sequential delivery of a nitrosourea with another alkylating agent agent such as SHM
might produce additive cell kill and improve patient prognosis, if toxicity to normal
tissue is not additive.
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Fig. 1. 9L tumour cells that survived a 2 x LDIO dose of BCNU in vivo (9L/BCNU), were harvested
and exposed to the drug a second time in vitro. Cells disaggregated from untreated tumours (9L/0)
served as controls. The survival of untreated and previously treated cells was determined by colony
formation analysis following graded doses of BCNU in vitro. 9L/BCNU cells were markedly more

resistant to BCNU than 9L/0 cells
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L-a-Alanine Inhibition of Pyruvate Kinase from Tumours of the Human
Central Nervous System
A New Aid in the Treatment of Gliomas

C.W.M. van Veelen, H. Verbiest, K.J. Ziilch, B. van Ketel, M.J.M. van der
Vlist, A.M.C. Vlug, G. Rijksen, and G.E.J. Staal

Introduction

There is ever-increasing literature pointing out that gene expression in tumour cells is
different from that in normal cells from which or in which the tumour originates. In
general, neoplasia is characterized by misprogramming of protein synthesis (16).

It is now well known that a massive alteration in isozyme composition occurs in can-
cer tissue as compared to the pattern in normal tissue. These alterations may offer an
elegant approach in the study of the genetic basis of neoplasia.

It was first established by Shapira (9) that isozymes present in experimental hepatomas
are the predominant or sole form in fetal liver and are absent in adult liver of the host.

Ibsen (5) has collected no fewer than 21 enzymes whose isozyme composition changes
in neoplasia of liver from an adult to a fetal form. This developmental gene expression
in cancer is not only observed in isozyme shifts in human tumours but also in tumour
immunology. Extensive literature exhibits close parallels between immunological and
enzymological data (17). A number of fetal tumour-associated proteins have been iden-
tified like a-foetoprotein, the angiogenesis factor and plasminogen activators. Also the
finding of ectopic hormone production in tumours of respectively endodermal, meso-
dermal and ectodermal origin suggests an embryonal relationship (17).

Several concepts have been proposed for the understanding of enzyme and isozyme
changes in neoplasia (14—16).

The dedifferentiation theory, as proposed by Ibsen (5), deserves particular attention
for the explanation of the reappearance of fetal isozymes in neoplasia. The genome res-
ponsible for the production of an isozyme during fetal life may be repressed during the
development and derepressed in neoplasia (originating from normal adult tissue), due to
presence or absence of a repressor molecule. The derepressed genome may code for the
neosynthesis of fetal isozymes.

In human developing embryonic brain and gliomas, changes in isozyme composition
have been found by Bennet (1) that support this view.

Especially enzymes of glycolysis were studied, particularly hexokinase, phosphofruc-
tokinase, pyruvate kinase (1) and lactate dehydrogenase (8). In the present study the
isozyme composition of pyruvate kinase was examined, with the aim of investigating
the isozyme shift in human intracranial tumours. Pyruvate kinase (ATP: pyruvate
phosphotransferase, EC 2.7.1.40) catalyzes the conversion of phospho-enol-pyruvate
(PEP) to pyruvate with regeneration of ATP:
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+
phospho-enol-pyruvate + ADP ML; pyruvate + ATP.
K+

There are at least three mammalian isozymes of pyruvate kinase (PK) each of which
is composed of four identical or nearly identical subunits. These isozymes are designa-
ted as the liver or L-type, the muscle or M-type and the kidney or K-type (4). The sub-
unit constitution of the isozymes can be designated by a subscript e.g. KoM, to desig-
nate a hybrid with 2 subunits of the K-type and 2 subunits of the M-type protomer.

L-type is known to be also present in erythrocytes. K-type is present in spleen, and
in many cells of mesodermal origin (4). The three main types of pyruvate kinase not
only differ in their kinetic and electrophoretic properties, but also in their sensitivity
to the aminoacid alanine. The M-type is not, whereas in contrast the K-type is strongly
inhibited by alanine.

-An alanine inhibition test was developed to discriminate between M and K type pyru-
vate kinase. A strong correlationship with the results of scannings of electrophoresis of
these isozymes was observed (r= 0.99) (13). The alanine inhibition test can be performed
in very short time and thus may be used during a neurosurgical procedure.

Materials and Methods
Patients

One hundred and twelve intracranial space-occupying lesions of various nature were
evaluated. The patients age ranged from 1 — 73 years of age. The tumours of children
were categorized separately. Histologically normal brain of 5 adults, one newborn and
2 fetuses were examined within 24 hours respectively after death from cardiovascular
accidents, fatal cerebellar herniation accompanying Arnold-Chiari malformation and
therapeutic abortion. Moreover histologically normal brain specimens could be obtained
from cerebellar tissue surrounding large sized neurilemmomas (n= 2) and cortical grey
and white matter resected at operations on aneurysms (anterior communicating artery
aneurysms, n= 3). Enzymological examination was performed either during operation
or at a later stage after storage at —70°C. Storage appeared to have no influence on the
stability of the enzyme.

Enzyme Assays

Investigated were:

a) The electrophoretic pattern of pyruvate kinase.

b) The activity of pyruvate kinase in the absence and presence of 4 mM alanine. The
activity of pyruvate kinase in the presence of alanine was expressed as residual acti-
vity of the activity in the absence of alanine.

ad a) The extracted enzymes were diluted in the electrophoresis buffer so that the final activity was
about 0.5 units/ml. The buffer contained 20 mmol/1 Tris-citrate (pH 7.7), 1 mml/1 fructose-1,6-
diphosphate, 1 mmol/l disodium EDTA and 0.1 mmol/l dithiothreitol. Pyruvate kinase from
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leucocytes and striated muscle was used as a marker for the electrophoretic mobility of the
K4 and M isozymes, respectively. A sample of 2 ul was applied to cellulose acetate and sub-
jected to electrophoresis at 12V/cm for 3 h at 20°C. The staining mixture contained 0.5 mmol/l
disodium EDTA, 10 mmol/l glucose, 1.5 mmol/l ADP, 3 mmol/l phospho-enol-pyruvate, 0.2
mmol/l NADP, 10 mmol/l AMP, 100 mmol/1 Tris-HC1 (pH 8.0), 10 mmol/1 MgCl,, 100 mmol/l
KCl, 3.5 units hexokinase, and 2 units glucose-6-phosphate dehydrogenase, thiazolyl blue tetra-
zolium (1 g/1) and phenazine methosulphate (0.2 g/1). The solution was spread on the cellulose
acetate strip and incubated for 10 min at 37°C. The reaction was stopped by the addition of
acetic acid solution (5%). The interference of adenylate kinase in this procedure was excluded
by running suitable blanks without phospo-enol-pyruvate in the staining mixture. No bands of
adenylate kinase could be detected.

ad b) For the alanine inhibition test the assay medium contained in a final volume of 3 ml: 0.1 mol/l
Tris-HCI, pH 8.0, 65 mmol/l1 KCl, 20 mmol/l MgSQy, 0.09 mmol/l NADH, lactate dehydrogenase
(27 units), 1 mmol/l phospho-enol-pyruvate, 4 mmol/l alanine and enzyme. The control con-
tained no alanine. The mixture was incubated for 5 min at 37°C. The reaction was started by
the addition of ADP at a final concentration of 0.2 mmol/l. The 100% value is the activity in
the absence of alanine.

Biopsies

Always two adjacent specimens were taken during the operation. The total volume of

a twin specimen ranged from 0.5 to 2 cm3. One piece of the twin specimen was used
for the enzymological, the other one for the histological examination. In most cases
several twin biopsies were taken from what was estimated to be in or near the centre

of the tumour. In some cases also twin biopsies were taken from locations more towards
the periphery of the tumour. The “twin” specimen in which the lowest residual activity
was found and in which the histological diagnosis concerned the least differentiated part
of the tumour was selected for comparative evaluation in respect to classification and
grading. Moreover in all individual twin specimens a comparative evaluation of the histo-
logical diagnosis tumour or no tumour and the enzymological findings was performed.
The histological classification and grading was done according to the World Health Orga-
nization Histological Classification of Tumour (18). In gliomas of adults localized in the
cerebral hemispheres the results of the afore-mentioned tests were also compared with
survival after “total” or “subtotal” resection without adjuvant radiotherapy and/or
chemotherapy.

Resection was considered “total” if at macroscopic examination or examination with
the magnifying loupe no tumour was left after resection. Resection was considered “sub-
total” if after resection of the bulk of the tumour small rests of the tumour were sus-
pected to be left in place. For further details see references (11—13).

Results

Figure 1 shows the electropherogram of mixed white and grey matter of two fetuses
and a newborn as well as the pattern in white and grey matter of normal adult brain.
In fetal brain K4 isozyme My and the hybrids K3M and KoM, are present, and at the
age of 16 weeks also KM3. In the newborn only M4, K3M and K4 are present. My is
predominant. In adult brain the same pattern is found. However, M4 is now largely
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predominant. The isozyme pattern of pyruvate kinase in the various sites in adult brain
strongly resembles the pattern in white and grey matter with the exception of the pineal
gland in which all five bands were found. In the alanine inhibition test of normal adult
white and grey matter residual activities were found between 85 and 93%.

Pyruvate Kinase Isozymes in Neuro-Epithelial Tumours of Adults

Figure 2 shows the electropherogram of a well and a poorly differentiated glioma. With
the exception of a medulloblastoma these isozyme patterns appeared to be representa-
tive for all neuro-epithelial tumours of adults. A shift in synthesis of M-type towards
K-type pyruvate kinase is observed according to loss of differentiation at the histological
examination. The electrophoretic findings are confirmed in the alanine inhibition test:
when more K-type is present, alanine inhibition is stronger.

Figure 3 shows the correlation between the alanine inhibition of pyruvate kinase ex-
pressed as residual activity and the histological classification and grading of 57 neuro-
epithelial tumours of adults (12 years and older). Well differentiated tumours are nearly
all characterized by relatively high residual activity. In contrast poorly differentiated
tumours have low residual activity, with the exception of a medulloblastoma.

There is also a correlation between alanine inhibition of pyruvate kinase and post-
operative survival. Figure 4 shows the correlation between the histological grading,
the alanine inhibition and the postoperative survival in a series of 45 patients, who had
survived the operation and the sequelae possibly related to it. In all these patients the
tumours were situated in the cerebral hemispheres. Macroscopically the tumours could
be resected either totally or subtotally. In the treatment of three patients operation
was followed by non-surgical treatment, i.e. radio- or chemo-therapy. The effect of this
treatment has not significantly influenced the correlation between survival after opera-
tion and histological grading and alanine inhibition. In 29 tumours a residual activity
of 15% or less was found. Only one patient in this group has survived the first 18 months
after operation. The group included anaplastic gliomas grade III and IV but also two
oligodendrogliomas grade II and one astzocytoma grade II. In 13 tumours a residual
activity of 20% or more was found. The patients of this group are all alive to date. Ten
patients have now survived 36 months or more. The group included grade I and II astro-
cytomas and oligodendrogliomas and one glioblastoma. In an intermediate group of four
patients a residual activity higher than 15 and less than 20% was found. Two patients in
this group died of an anaplastic oligodendroglioma and a glioblastoma after 13 and 20
months respectively. One patient operated on for a glioblastoma is still alive 16 months
after operation. One patient operated on for an oligodendroglioma belongs to the lon-
gest survivors in the study.

Presence and Absence of Tumour

In earlier reports it was already concluded that in biopsies taken in the periphery of
gliomas a positive correlationship exists between presence or absence of tumour in the
microscopic examination and alanine inhibition when a residual activity was found less
than 70%. In Fig. S an illustration of this contention is shown.
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Pyruvate Kinase in Gliomas of Children

In this group of patients, age one to eleven years (n = 9) tumours of various degrees of

differentiation and classification were examined, including pilocytic astrocytomas, ana-
plastic glioma, ependymoma and medulloblastoma. All tumours were characterized by

low residual activity, from 3 to 18%. No correlation between degree of malignancy and
pyruvate kinase activity in the presence of alanine is found.

Non Neuro-Epithelial Tumours

These included haemangioblastoma (n = 1), meningioma (n = 22), chromophobe adeno-
ma (n = 3), craniopharyngioma (n = 1), neurilemmoma (n = 6), fibrosarcoma (n = 1)
metastatic tumours (n = 5). Relatively high residual activity of pyruvate kinase was
found in the haemangioblastoma, the craniopharyngioma and in the two chromophobe
adenomas. Pyruvate kinase from the other tumours within this group shows much less
residual activity. Table 1 shows the residual activity of these lesions. No correlations
could be detected between degree of malignancy and residual pyruvate kinase activity.

Pyruvate Kinase in Intracranial Lesions of Non-Neoplastic Origin

This group included two cases of long-standing post-traumatic gliosis and scarring, one
case of haemorrhagic infarct, leading to death within 24 hours after the onset and two
cases of intracerebral haemorrhage with signs of extensive reorganization. One cavernoma
and two arteriovenous malformations without haemorrhage were also included in this
series. High residual activities equal to those found in normal brain tissue were found in
the cases of gliosis and scarring, in the arteriovenous malformation, and in the acute fatal
haemorrhage.

Low residual activities equal to those found in gliomas were found in the cavernoma
and in the cases of haemorrhage accompanied by regeneration.

Table 1. Residual activity of non-neuro-epithelial tumours and metastatic tumours

Mean residual activity in %

Meningioma 9(n=22)
Chromophobe adenoma 47(n=1)
Haemangioblastoma 44 (n=1)
Craniopharyngioma 37(n=1)
Neurilemmoma 8(n=6)
Fibrosarcoma 8(n=1)
Metastatic tumours 11 (n=5)
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Discussion

As shown in the electropherograms in Fig. 1 human fetal brain of 12 and 16 weeks of
age is characterized by the presence of both M and K-type pyruvate kinase and their
hybrids. In the brain of a newborn a shift in the synthesis of isozymes is observed. The
isozyme synthesis resembles strongly the adult pattern, only its composition is different.
In the adult brain the My type is strongly predominant over the K-type. It seems likely
that during the development of the human brain the synthesis of K subunits is repressed
whereas the reverse is found for the M subunit. It is not certain at what age the adult iso-
zyme composition is obtained. It is however surprising that all childrens gliomas were
characterized by low residual activities i.e. predominance of K-subunits of pyruvate
kinase, unrespective the degree of differentiation. These findings need further evaluation.

The investigated non-neuroepithelial tumours were all characterized by the predomi-
nant occurrence of K3M and Ky4. The same pattern was found in a cavernoma and in
cases of long-standing partially organized haemorrhage. In view of the results of exami-
nation of isozymes of PK in human tissues of different origin it does appear that the
tissue from which or in which non-neuroepithelial tumours originate is already charac-
terized by presence of K-type pyruvate kinase in much greater amounts than in normal
adult human brain. Consequently it cannot be surprising that K-type predominates also
in lesions of mesodermal origin like cavernoma and re-organization in haemorrhage. There
is strong indication that the small amounts of K3M and K4 present in normal adult brain
are synthesized by non-neuroepithelial elements (10).

The shift of the synthesis of M-type to K-type is shown to correlate well with histologi-
cal differentiation and growth rate of gliomas of adults. In these tumours a strong corre-
lationship appears to exist between the electrophoretic pattern and alanine inhibition on
the one hand and histological grading, presence or absence of tumour in the histological
examination of paraffin sections and prognosis on the other hand.

The use of enzyme assays for the prognosis of growth rate of tumours is not new. As
early as in 1970 Knox et al. (6) were able to show the value of an enzyme assay in the
prognosis of growth rate of experimental tumours. Their enzyme assay appeared to have
better prognostic significance than pathologic examination. Recently Deshpande et al.
(2) showed the value of enzyme assays in the prognosis of human breast cancer.

However, these methods depend on the measurement of total enzyme activities which
may vary according to the setting in which the method is applied. Electrophoresis of
isozyme patterns of one enzyme as performed by Bennet et al. (1) and Rabow et al. (8)
in human gliomas may prove to be more reliable. Such assays however are time-consum-
ing and cannot be used intra-operatively.

For this reason an alanine inhibition test was developed in which the M- and K-type
isozymes of pyruvate kinase could be rapidly and reliably discriminated. Because this
test can be performed within ten minutes the test can be used for the intra-operative
estimation of the degree of growth rate of gliomas and the demarcation of the resection.

Despite the availability of histological examination of frozen sections no certainty
exists so far during operation about classification and grading of gliomas. It must await
examination of paraffin sections of representative parts of the tumour by the pathologist.
From the experience obtained it does appear that besides histological examination of
frozen sections, the alanine inhibition test may prove to be a valuable tool in the surgery
of gliomas.
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The reason for the reappearance of K-type pyruvate kinase in gliomas still needs to

be elucidated. Gliomas share the predominance of K-type pyruvate kinase with all hu-
man and experimental tumours examined to date and with proliferating and fetal cells
of various origin (16, 17). Characteristic for most tumour cells is their high rate of gly-
colysis, i.e. they convert most of the glucose into lactic acid, even in aerobic circum-
stances, an observation already made by Warburg in 1924. In aerobic glycolysis carbo-
hydrates can be channelled toward nucleic acid synthesis precursors. This can be partly
achieved by a blockade on the level of pyruvate kinase. It was shown by Eigenbrodt (3)
that the K-type pyruvate kinase may indeed be inactivated by a protein kinase. Such
protein kinase might than be linked to the production of proteins, made under the di-
rection of viral genetic material RNA. The recent discovery of protein kinases (7) linked
to the presence of cancerous viruses may help in the understanding of the Warburg Ef-
fect, in which the isozyme shift of pyruvate kinase does play an important role as it is
one of the key enzymes of glycolysis.

Conclusion

More definite conclusions about the applicability of an alanine inhibition test in the

treatment of patients suffering from intracranial tumours should be based on results

obtained on a larger number of patients than the series presented here.
Nevertheless some preliminary conclusions can be made:

1. In gliomas of adults a shift in the synthesis of isozymes of pyruvate kinase occurs
from the M- towards the K-type, according to histological grading and growth rate.

2. The isozyme shift can be rapidly demonstrated with an alanine inhibition test.

3. The alanine inhibition test can be an aid in the intra-operative grading of gliomas
of adults and also in the demarcation of the resection of these tumours.

4. Enzymological research not only deserves a place in oncology in general, but there
is also strong indication that chemotherapy may be made more effective if it is based
on the altered enzyme properties in cancer.
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Fig. 1. Electropherogram of pyruvate kinase of (from left to right): striated muscle (M), whole fetal
brain, 12 weeks old (FI 2) and 16 weeks old (F]6), whole brain of a newborn (), cortical grey
matter of an adult brain (GA),white matter of an adult brain (W) and leucocytes (L)
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Fig. 2. Electrophoretic pattern of pyruvate kinase of examples of tumors representative for the res-
pective histological classification and grading (AI = astrocytoma grade I; GL = glioblastoma; M =
muscle; GP = glandula pinealis, which served as a reference)
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Fig. 4. Residual pyruvate kinase in the presence of alanine and survival after operation in months,
of well and poorly differentiated gliomas (n = 45). (& = astrocytoma grade [; O = oligodendroglioma
grade Il and astrocytoma grade II; O= poorly differentiated gliomas, glioblastoma, anaplastic oligo-
dendroglioma and anaplastic astrocytoma; open figures = alive; closed figures = dead
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Fig. 5. Residual pyruvate kinase in the presence of alanine of different parts (1—12) of an anaplastic
oligodendroglioma, developing into a glioblastoma. The electrophoretic pattern of pyruvate kinase
is shown in the photograph (below). Glandula pinealis (GP) and normal brain tissue (V) were used
as references. (This figure is presented with kind permission of Cancer Research)
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Boron-Neutron Capture Therapy vs. Photon Beam for Malignant
Brain Tumours — 12 Years’ Experience

H. Hatanaka, K. Amano, S. Kamano, F. Tovary§, N. Machiyama, T. Matsui,
H. Fankhauser, T. Hanamura, T. Nukada, T. Kurihara, N. Ito, and K. Sano

Introduction

Slow neutron capture therapy is intended to irradiate tumor tissue selectively with heavy
particles produced by the neutron-capturing reaction of Boron-10, Lithium-6 and cer-
tain other nuclides (6, 9, 16, 19, 34). In early trials between 1953 and 1961 p-carboxy-
phenyl boronic acid or sodium perhydrodecaborate (29, 30), and more recently, since
1968, mercaptoundecahy drododecaborate have been used for brain tumour treatment
(8,28). Brain tumours are most suited to this type of therapy, because of the so-called
Blood-Brain Barrier phenomenon which allows a discriminative transport of the neutron-
capturing isotope into the tumour tissue but not into the surrounding brain matter, yield-
ing a large Tumour/Brain ratio in isotope concentration (1, 4, 20). After the first trial of
Boron-Neutron Capture Therapy in Japan in 1968, 44 malignant brain tumours were
treated with neutron capture. Thirty-two of the 44 were treated with neutron capture
alone, but 12 others were treated only after the failure of preceding conventional radio-
therapy with photon. The clinical results were compared with that of 90 patients treated
with photon. Most of the photon-treated patients with malignant gliomas underwent
adjuvant therapy with chemo- or immuno-therapeutic agents. Tumours with better prog-
nosis with conventional radiotherapy are excluded.

Materials and Methods

Table 1 is the list of the brain tumours included in the present study of radiotherapy.
Out of the 308 cases which constitute the series treated by one of the authors (H.H.)
up until August 1980, 212 cases were treated with radiation. The material best suited
to evaluation of therapeutic effect is high-grade glioma, represented by glioblastoma,
as its prognosis is usually extremely poor.

Malignancy Grading. A crucially important pre-requisite to this study is the malignancy
grading of each tumour. The histology specimens were examined by two or more patho-
logists, including Prof. Kurt Jellinger of Vienna, who reclassified them by applying the
new grading criteria recommended by WHO (37). The percentage of Grade III-IV glioma
in the author’s series, as diagnosed by Prof. Jellinger, was 62% — slightly lower than the
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Table 1. Radiation-treated brain tumours (Hatanaka, 1963—1964, 1967—1980)

Gliomas 131/133 cases
Supratentorial, grade I-II 30/30
Supratentorial, grade III-IV 68/68
Infratentorial, grade I-1I 3/5
Pons-Medulla, grade II-III 21/21
Optic 5/5
Medulloblastoma 4/4

Meningioma 10/31

Metastases 24/24

Pituitary adenoma 23/23

Craniopharyngioma 0/14

Neurinoma 1/12

Pinealoma (germinoma) 7/7

Other pineal tumours 3/3

Intracranial sarcomas 5/5

Teratoma 2/4

Neurofibromatosis 0/4

Other neoplasms 2/10

Angioma (AVM) 4/31

Abscess, granuloma 0/7

Total 212/308 cases (68%)

66% and 68% of Ziilch (36) and Zimmerman’s (35) series. This fact suggests that Jellin-
ger’s diagnosis of high grade malignancy may be even stricter than that of other promi-
nent brain tumour pathologists.

Patient Selection. All the glioma patients except Grade I cases were radiated either by
BNCT or photon. After 1968 when Boron-Neutron Capture Therapy (BNCT) was first
applied to a terminally ill recurrent glioblastoma patient, the author H.H. has made it
arule to treat any stage of high-grade glioma by BNCT, however deteriorated the patient’s
condition might be, except when 1) Boron-10 isotope was not available, 2) the reactor
was not in operation, or 3) the operator himself (H.H.) was not available. A patient with
a medulla astrocytoma was conveyed to the reactor with his respiration artificially
maintained because of respiratory paresis and established tetraplegia (but after BNCT

he recovered spontanecus respiration), and a patient in coma was taken to the reactor
for a pons-medulla astrocytoma which had recurred after photon therapy (she has by
now survived almost 5 years). This steadfast policy of treating any terminal-stage case
by BNCT may well render the whole series practically as valid as a randomized study

for clinical evaluation, although the present report is not prospective.
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Procedures of Treatments

1. Photon (and Chemo-Immunotherapy). After craniotomy and surgical removal of tu-
mours a total of 4000—6000 rad tumour dose was delivered over a period of 4—6 weeks.
As a rule, a resection of the brain was avoided. The most common regimen was to give
200 rad per day 20—30 times with either Cobalt-60 or linear accelerator (Lineac). This
is approximately equivalent to 1250—1750 ret (Nominal Standard Dose, Ellis). Most of
the patients radiated with photon were also treated by adjuvant therapy of chemothera-
peutic and/or immunotherapeutic agents (5-fluorouracil, vincristine, cyclophosphamide,
bromodeoxyuridine, showdomycin (14), carmustine, bleomycin, autochthonous tumour
cells pre-treated with mercaptoundecahydrododecaborate, BCG, and thymosin (18).
Only the patients treated with showdomycin underwent a smaller dose photon therapy
(1000—1250 ret) because the radiosensitivity effect of showdomycin, which doubles
the effect of radiation, had been established. A combined showdomycin-small-dose-ra-
diation effect upon patient survival has been proved not to differ significantly from con-
ventional dose radiotherapy (14), and hence the showdomycin cases are included in the
Photon group.

2. Boron-Neutron Capture Therapy. At one or two weeks after a craniotomy for tumour
excision or a biopsy, the patient undergoes an intra-arterial infusion of isotonic boron-10
solution on the evening before the scheduled neutron irradiation, and is then conveyed
to the reactor where the tumour is apposed to the thermal neutron collimator. Reflection
of the scalp is necessary to prevent a boron-10 neutron-capture reaction in the skin that
contains a fairly large amount of boron-10. The scalp is shielded against neutron beam to
avoid skin necrosis, while the brain matter which holds no boron-10 is exposed. After
the neutron irradiation, if the neutron fluence delivered to the tumour bed was satisfac-
torily large, the tumour undergoes a gradual degeneration, depending on the amount of
neutron capture reaction which is in direct proportion to neutron flux and boron-10
concentration. If everything goes well, a patient can go home within 20 days after the
first surgical intervention. The infused boron-10 dose is 30—50 mg 10B/kg of body
weight. The 10B concentration in tumour attained at the time of neutron irradiation

is 13—60 ug/g of tumour, while its concentration in normal brain matter (N) is not
measurable. The concentration in blood (B) is usually equal to or less than the concen-
tration in tumour (T). T/B ratio is usually 1—4, greater in children and smaller in the
elderly, probably because of the excretion capacity of the individual body. The neutron
flux from Musashi Institute of Technology reactor at its medical port is 1.5 x 109 n/
cm?/sec. The actual flux can vary depending on the shape of the craniotomy, the pa-
tient’s head, and on the depth of the tumour bed. The neutron flux delivered to the
tumour bed can be improved, in spite of the rapid attenuation of thermal neutron,
through the use of certain surgical techniques and multi-directional irradiation (10).

Interim Results
No patient was excluded from statistical evaluation because of inappropriate treatment
or discontinuation of the treatment. The whole series corresponds to the so-called valid

study group (Table 2).
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1. Supratentorial Grade III-1V Glioma

(i) By BNCT without preceding photon treatment, an average of 19.2 £ 5.9 months sur-
vival was reached at the end of May, 1981, and five patients out of 18 are alive. The long-
est survival by neutron is a man of 59 with a glioblastoma who has lived nine years after
BNCT. (ii) By Photon combined with chemo-immuno-therapy, the mean survival was
12.9 £ 1.6 months. None of the patients lived beyond 4 years. (iii) By BNCT after pre-
vious photon therapy, none of the nine patients is now alive, although the survival was
17.7 % 4.1 months (Table 3). It should be noted that among the 18 patients treated by
BNCT without photon, ten patients, who had been operated on from the beginning by
one of the authors (H.H.), have done far better than the other eight patients, who had
been operated on by other neurosurgeons and then referred for subsequent BNCT. The
mean survival for the first ten patients exceeded 26.4 + 10.1 months as of May 31, 1981,
and four of ten are alive, whereas the mean survival for the second eight patients has
reached only 10.3 & 2.4 months and only one of them is alive. This difference may have
been caused by various factors such as surgical skill or care to prevent metastases of tu-
mour cells. But a still more important factor may be the difference in the time interval
between the first surgical tumour excision and the subsequent neutron bombardment,
as the first ten patients were treated, on the average, only two weeks after the surgical
excision, while the second eight patients were treated almost six weeks afterwards. This
interpretation is probably endorsed by the fact that the patients with tumours smaller
than 6 cm in diameter (geometrical average diameter) have lived more than 30.2 months
while those with tumours larger than 6 cm have lived only more than 10.5 months. If
we limit our analysis to the patients with glioblastomas averaging 5 cm in diameter,
their mean survival exceeds four years. This indicates the crucial importance of “Early
Detection, and Early Treatment” of a glioblastoma, even in BNCT (Table 4). It is as-
sumed that there is a correlation between the size of the tumour and the survival after
BNCT, but the calculated correlation coefficient was —0.41 and a correlation could

not be proved at least for dthe moment, probably due to the limited number of cases.
The depth of the tumour bed may be important for a good therapeutic result, in view
of the unsatisfactory penetration of thermal neutron which attenuates to one half after
travelling only 1.7—2.0 cm in the tissue. The correlation coefficient between the depth
of the tumour bed and the survival was —0.66, and appears to be more significantly
correlated to the survival than is the average diameter of the tumour. If the diameter

of the tumour is smaller than 5 cm, although the number of cases is very small (3), the
average survival is almost four years for glioblastoma. Two of them are believed to have
been cured, judging from radiological and clinical evidence. The third patient died 15
months later because of remote dissemination of the tumour from the anterior genu of
the corpus callosum to the IVth ventricle; at autopsy the original tumour site (corpus
callosum) did not have viable tumour cells. The reason for the inefficiency in treating

a large tumour is accounted for by the fact that the authors have not yet delivered the
neutron beam over a large area of the brain. After other neurosurgeons had done a bona
fide craniotomy (usually 6—10 cm in diameter), it was quite difficult to enlarge the skin
flap and the bone window lest the blood supply to the skin should be disturbed. In two
cases we tried a crisscross scalp incision to expose the entire vault and to put the entire
vault of the head into the collimator. This procedure necessitates a considerable loss of
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Table 3. Supratentorial grade III-IV glioma survival and initial operator (as of May 31, 1980)

Initial operator Hatanaka Others

Mean interval
(initial excision — neutron capture) 13.8% 2.2 days 46.3 % 17.1 days

Mean survival
(initial excision — death) Y26.4 % 10.1 months ) 10.3 ¥ 2.4 months

Currently alive 4/10 1/8

blood from the scalp and an extra hour to suture when the procedure is over. The bleed-
ing can be minimized when a specially designed head rest is developed to fasten the re-
flected skin flaps, even if the neurosurgeon may not feel the suturing of such a large

skin wound is a nuisance.

A Case Example. A man of 50, M.T. (Fig. 1), presented with mental deterioration, diffi-
culty of speech, and right-sided motor weakness in early 1972, was operated on for a
vascular tumour (approximately 6.5 x 5.5 x 4.5 cm on angiograms) in the left posterior
frontal lobe. The angiograms were suggestive of a glioblastoma, and the histology also
attested to this preoperative diagnosis. On July 22, 1972, the patient was operated on
by one of the authors (H.H.) and tumour tissue weighing 20 grams was obtained with-
out removing any brain matter. The tumour residue was seen to be continuous with the
corpus callosum. After this partial resection, the patient underwent BNCT on June 29,
1972, and was discharged three weeks later. The only post-operative complication was
transient diabetes insipidus caused by BNCT radiation of the pituitary gland that had
taken up Boron-10. He was able to resume his occupational activity of farming immedi-
ately, and ever since has been active, for nine years (Fig. 3).

2. Supratentorial Grade II Glioma

The mean survival for the photon group is 38.2 £ 9.8 months and for BNCT 39.2 ¥ 3.6
months as of the end of May, 1981. Although superficially the survival does not differ
very much for the moment, only 20% (5 out of 25) are alive for the photon group, while
60% (3 of 5) are still alive for the BNCT group. It should be noted that only one half of
the Grade II patients treated by photon are in a condition to work, while all the patients
treated by BNCT recovered well enough to work. The performance status, as measured
by the Karnofsky scale, for the photon group was 67%, and for the BNCT group, was
92%.
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3. Pons-Medulla Grade II-1V Glioma

16 photon-treated cases died with a mean survival of 8.2+ 2.2 months. Average Karnofsky
score was 39%. BNCT group without photon survived an average of 8.7 t 1.5 months.
Karnofsky score was 45%. This sounds as if BNCT did not prove to be significantly more
effective than photon, but it is the result of insufficient neutron flux at the tumour bed
due to the deep location of the brain stem where there is an inevitable attenuation of neu-
tron flux to 1/16—1/32 of the flux at entry to the brain. This result strongly indicates the
need for an epithermal neutron radiation facility which yields a larger neutron flux at the
depth of the brain (7). However, one patient who belongs to the BNCT-after-Photon group
has been doing well. A 3-year-old child was treated with photon for a Grade III-II astro-
cytoma and did well for a few months, but then deteriorated and finally fell in coma when
BNCT was performed. After a slow recovery, she has been doing well for more than four
years and she will have survived five years in August 1981. On CT scan she has no evidence
of a mass but the so-called isolated fourth ventricle is apparent. The success of BNCT on this
patient is not a combination effect of preceding photon and BNCT, but is probably owing
to the shorter distance between the neutron collimator and the tumour bed in the fourth
ventricle (rhomboid fossa) in a young child. This patient (R.T.) was the youngest in the
BNCT-treated brain stem series. The depth of her tumour was not so great; hence, the
neutron flux was larger than in the others.

4. Sarcoma and Other Tumours

A primary intracranial rhabdomyosarcoma, a primary intracranial chondrosarcoma, and
three meningiomas were treated by BNCT, and two meningiomas were treated by BNCT
after the failure of photon. In addition, five meningiomas were radiated with photon
alone. The rhabdomyosarcoma case lived almost seven years, The chondrosarcoma case
is alive after four years and is perfectly fit to work.

Discussion

The outlook for brain tumour in general used to be in a pessimistic state. The statistics
obtained in the United States indicate that in 1975, 10,700 new brain tumour patients
appeared, and almost 80% of them were doomed to die, as 5,000 glioma patients and
3,500 non-glioma patients died in that same year (23). Except for Grade I (WHO) glio-
mas which take place in the cerebellar hemispheres of infants, only very few glioma pa-
tients are cured. In spite of many reports of improved multimodality treatments, the
clinical results are far from satisfactory. BCNU or CCNU, which is believed to cross the
Blood-Brain Barrier, has been shown ineffective in prolonging the life span (22, 24, 32).
If it is combined with radiotherapy, it is believed to prolong survival, but the survival

is not much better than that by radiotherapy alone. The results of our Grade III-IV
gliomas are compared with the reports from others in Table 4 (13, 32, 33). After histo-
logical reclassification, our series will tolerate criticism. It clearly indicates that BNCT
is superior to ordinary Photon therapy and probably to the combined modality treat-
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ment. Beyond doubt BNCT will yield a much better survival if a randomized clinical trial
is attempted, because the presently reported series of Grade III-IV gliomas is mostly an
accumulation of cases referred to the author after previous treatment and with clinically
proven malignant tumours.

There is no basis on which to compare the present results of BNCT with those obtained
by radical surgery (25) on malignant brain tumours, because the author (H.H.) who con-
ducted this series has constantly tried to spare the brain matter and to compare the thera-
peutic effect with adjuvant therapies other than surgery. It should be remembered that
brain stem (pons medulla) tumours are usually not radically removable and that the even-
tual objective of a radiotherapy is to treat such a surgically untouchable tumour. This
objective has not yet been very successfully attained by the presently available BNCT
except in one case of ponto-medullary astrocytoma out of five, who has been alive for
more than four years (R.T.). But BNCT will be promising in the event that a more effec-
tively penetrating epithermal neutron source reactor becomes available. Although there
are fragmentary reports of long survival of brain stem glioma patients, they are uniformly
considered to be benign astrocytoma cases (12). The aforementioned case is certainly
different from such benign astrocytoma cases because its malignancy had been clini-
cally established through its recurrence after a previous surgical excision and Photon
treatment. This case certainly demonstrates the superiority of BNCT to conventional
photon therapy.

Fast Neutron (17) and Pi-meson (31) have been tried to treat glioblastoma, but their
eventual clinical outcome may not be superior to that of radical surgery, because the
extent of such an invasive tumour cannot be precisely determined before radiation even
by new means like CT. The results of treatment by such heavy particle radiation have
been reported, but they are not superior to photon therapies. Besides short survival,
the brain damage that is caused by such heavy particles will be serious unless the radia-
tion is precisely targeted. On the contrary, Boron-10 neutron capture radiation has
been proved to be least injurious to the brain matter. Normal dog brains which under-
went BNCT regimen could tolerate almost 5000 rad of intravascular 10_g (na) g Li
reaction (series of dogs that underwent craniotomy, Zamenhof, Brownell, Schoene,
Klein and Richardson) (26), and 8000 rad (dogs without craniotomy, Takeuchi and
Ushio) (3, 9, 15). Photon-radiation therapy is widely acknowledged to extend the life
span, but its radiation hazard cannot be ignored. By radiotherapy with photon and by
BNCT, a gram of brain tissue is exposed to an average of 1500 ret and 722 ret, respec-
tively, given an RBE (relative biological effectiveness) of 3.5 for alpha-particle produced
by Boron-Neutron capture reaction. The superiority of post-BNCT patients’ performan-
ce status to that of post-photon patients may be easily accounted for by the difference
of radiation exposure of the normal brain.

The clinical trial up to the present is a sort of Phase I-II study, and the patient ma-
terial tended to be far-advanced cases. If a newly-diagnosed glioblastoma patient is
treated without delay by BNCT, one can expect a good result which may well lead to
a clinical cure. The use of a more deeply penetrating epithermal neutron will produce
an even better therapeutic effect. To attain this aim some physicists [Dr. Fairchild (7)
and Prof. An (5)] have been designing an epithermal reactor. Research into some neu-
tron-capturing compounds of Boron-10 or Lithium-6 and the isotope transport across
the so-called Blood-Brain Barrier is being conducted, as there is still room to improve
the clinical result.
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Conclusion

The clinical results on malignant brain tumours by BNCT, BNCT-after-Photon, and Pho-
ton were retrospectively compared.

1. Supratentorial grade III-IV gliomas: BNCT conducted after partial excision yielded
the best result in length and quality of survival. A mean survival of 20 months will be
reached in July, 1981, with 31% patients surviving two years. The longest surviving is
a then 50-year-old man with a partially excised glioblastoma who has been perfectly fit
to work for the past nine years. All the photon-group patients died before four years
with a mean survival of less than 13 months and 12.2% two year survival. BNCT-after-
Photon patients had been so destined by the previous photon and subsequent recurrence
and all of them died although their life was extended. BNCT patients who had been
treated from the onset by the same surgeon (H.H.) without delay have done best with
a mean survival of 26 months and 40% still alive.

2. Brain stem (pons-medulla) astrocytomas (grade II-IV): BNCT result was not signi-
ficantly superior to Photon, due to the insufficient depth dose of thermal neutron. How-
ever, a young infant with a smaller distance has lived five years after the initial operation
and photon followed by recurrence and subsequent BNCT.

3. The interim results indicate a satisfactory improvement of the future clinical results
by introduction of epithermal neutron, by early treatment without delay, and perhaps
by discovery of more efficient neutron-capturing isotopes.
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Fig. 1. A 50-year-old right-handed man (MT), treated by BNCT in June, 1972. No clinical sign of
recurrence has been observed for the past nine years, Left: original angiogram demonstrating a classi-
cal glioblastoma tumour circulation in the left posterior frontal lobe. No CT was obtained in 1972.
Right: CT in January, 1981 demonstrates a large cavity containing normal C.S.F. in the left frontal
lobe, which is separated from the left lateral ventricle by a thin membrane. Although not shown here,
the CT obtained in 1977 which was his first CT scan in his life and the 1981 CT demonstrate exactly
unchanged findings. The latter is his second CT, since his clinical condition does not require a CT
follow-up
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Fig. 2. A 3-year-old female child whose Grade II-1II astrocytoma arising from the rhomboid fossa
was operated on in August, 1976, and subsequently radiated with 4,000 rad of photon. After a
temporary amelioration, the patient gradually deteriorated and fell in coma on March 29. BNCT
was carried out on March 30, 1977. After remaining in a vegetative state for a few months, she slow-
ly recovered and even started elementary schooling in April, 1980. She will have survived five years
by August, 1981. From left to right: 1 CT by a primitive apparatus on February 22, 1977. 2 CT by
the same apparatus on April 14, 1977. 3 CT by EMI-1010 on March 8, 1979, 4 slice above the level
of 3). The last CT taken on March 8, 1979, demonstrates a strikingly dilated 4th ventricle, and the
normal size of the lateral ventricles containing two tubes for a ventriculoperitoneostomy and a
Torkildsen procedure. The latter procedure had been done for the so-called isolated fourth ventricle
which probably resulted from the pre-existing V-P shunt and long standing adhesive and occlusive
change in the aqueduct. But the Torkildsen tube slipped off probably due to the growth of the head.
Because of the reluctance of the parents no revision of either procedure has been attempted

Fig. 3. Post-radiation change of a large glioblastoma arising at the genu of the corpus callosum.
First line: Pre-operative. The deepest part of the tumour is apparent just above the olfactory groove.
Second line: Almost 12 days after the surgical removal of the tumour. Only partial excision was per-
formed but no brain resection. Third line: Approximately 12 days after BNCT. The tumour tissue
has turned to a low- or iso-density.

These three CT indicate a fairly good response of the tumour, even at the base of the brain. (This
patient unfortunately died of constant gastric bleeding which persisted for three months, probably
related to the slowly necrotizing process of the extensive tumour tissue)
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Treatment of Supratentorial Glioma Recurrencies with Re-Operation and
Chemotherapy

D. Afra

For treatment of supratentorial glioma recurrencies there are two main alternatives:
either reoperation or conservative treatment, i.e. irradiation and/or chemotherapy. The
possibility of repeated surgical intervention seems to be rather limited. According to
our earlier experiences a reasonably longer survival-time could be achieved by removal
of rather circumscribed located recurrences mostly sited in the poles, with subsequent
irradiation (1). Apart from this, surgical evacuation (14) or shunting of cystic recurren-
ces might be mandatory in some cases (2).

Chemotherapy has been widely used in the postoperative period as well as for treat-
ment of recurrences during the last decade. Nitrosoureas, first of all BCNU and CCNU
proved to be effective even in the form of monotherapy and they are essential compo-
nents in the majority of polychemotherapeutic schedules (6, 12, 13, 15, 16, 18). Ob-
jective remissions and considerable survival times have been reported in 35—60 % of
various recurrences, treated by different drug combinations (7, 8, 11). However, most
papers deal with CNS tumours of very different histology and location, and the num-
ber of malignant supratentorial gliomas was relatively low.

We are now reporting our experiences obtained in the treatment of recurrent supra-
tentorial gliomas only. In appropriate cases a reoperation had been performed first, and
then followed by irradiation and chemotherapy as well. The other group of recurrences
was treated by polychemotherapy with two different drug combinations.

Clinical Material and Methods

Since July, 1978 thirty patients with recurrent, supratentorial gliomas have been treated
or are still under treatment with one of our protocols. In all cases clinically significant
recurrence made some kind of repeated intervention necessary. The time elapsed from
primary operation varied between 4 and 78 months, depending mostly on the histology
of the tumour. Beside clinical progression, recurrent glioma was verified by angiography,
isotope scintigraphy and recently by computed tomography (CT) as well. In all cases a
histological diagnosis has been available by biopsy (Table 1).

According to the extension and location of recurrent tumours, reoperation had been
performed in ten cases, removing as much of the tumour mass as possible (group 1).
The primary histology was glioblastoma in four, low grade astrocytoma in five cases
and oligodendroglioma in one patient. Glioblastomas remained unchanged at the second
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Table 1. Number of cases according to different treatment schedules and response to therapy

Re-operation + radiotherapy and chemotherapy

No. of cases R NR
Glioblastoma 4 3 1
Malignant glioma 6 6 —
Total 10 9 1

Chemotherapy with CCNU + PCB

No. of cases R N NR
Glioblastoma 3 2 1 —
Malignant glioma 3 2 1 —

Chemotherapy with BCNU + DBD

Glioblastoma 3 1 - 2
Malignant glioma 11 3 3 5
Total 20 8 N 7

R= responders; S = stable disease; NR= non-responders

histology, but all the other cases have shown malignant transformations up to glioblas-
toma. Prior to reoperation, only one of the glioblastoma patients was irradiated, but
with an insufficient dose (3000 rads). After reoperation all patients have been irradiated
with cobalt-60 equipment up to a total amount of 5000—5500 rads. After a six weeks
interval we started with chemotherapy. On Day 1110 mg/m2 CCNU, on Days 15—29,
60 mg/m2 Procarbazine (PCB) daily was administered orally. Such courses have been
repeated after a rest of one month, up to 18 months or to severe deterioration of the
patients. Each patient got 3—10 courses, on the average 6.2.

The second group of patients has been treated by chemotherapy only (group 2). Most
patients had earlier been given a complete course of irradiation. The primary histology
was glioblastoma in six, high grade astrocytoma in seven, low grade astrocytoma in four
and oligodendroglioma in two cases. At the time of recurrence all tumours were classi-
fied as malignant, on the basis of the radiological investigations and clinical course.

Six patients have been treated with the same CCNU—PCB combination, as the reope-
rated recurrences.

In fourteen cases we used a combination of BCNU and Dibromodulcitol (DBD) chemo-
therapy. On Day 1 BCNU was given intravenously at a dosage of 170—200 mg/m2 (aver-
age 191 mg/mz). Subsequently DBD was administered beginning on Day 2, later every
fifth day, altogether 7— times at a dosage of 200 mg/m2. Each course took a month.
After a rest of 4—6 weeks the course was repeated. Treatment has been continued for
18 months or up to the severe deterioration of the patient. Each patient received 2—9
courses, on the average 5.

138



Before treatment all patients had normal blood and platelet count and laboratory tests
for renal and hepatic functions as well as blood sugar. Myelotoxicity and gastrointestinal
(GI) toxicity were carefully monitored during the treatment period and dosage was re-
duced, if necessary. All patients were checked every two months by complete neurolo-
gical examination. At 2—4 months intervals brain scan, CT and in some cases angiography
were performed.

Corticosteroids (Dexamethasone) have not been used routinely during treatment. In
some cases we gave Dexamethasone in daily doses of 10—20 mg at the beginning of
treatment, but the maintenance dose never exceeded 1.5—3.0 mg/day.

Results

Because of the basically different treatment schedules, the two groups of patients had
to be evaluated separately.

In group 1 the neurological symptoms and the degree of improvement were determined
by the result of reoperation, in the first place. All subsequent treatments, such as irradia-
tion and chemotherapy could mainly prevent an eventual regrowth. Accordingly, in these
cases the survival time alone had to be taken for evaluation. In group 2, response to treat-
ment was determined by the results of periodical neurological examinations and brain
scan or CT, as compared to the results of preceding tests. “Response” was defined if
improvement in the clinical status,was supported by evaluable regression or, at least, by
no change in radiological tests. “Stable disease’ meant no basic change at clinical and
radiological control examinations. Only patients who were given a minimum of two
courses of chemotherapy were evaluated. Those who rapidly deteriorated or died in the
interval before the second treatment were classified as non-responders or failures.

Out of four glioblastoma patients one died shortly after the first course of chemothe-
rapy. The others completed 3—9 courses after irradiation; their survival after reopera-
tion reached 9—14—25 months, which proved to be longer than the time before the
second surgical intervention. In the sub-group of malignant gliomas two patients died
within 9 and 15 months of re-operation, but completed 3—5 courses of chemotherapy
as well as irradiation. Four patients are alive now 15—33 months after reoperation
(Fig. 1). The average survival time in reoperated cases was 16 and 24 months — depend-
ing on the primary histology.

Twenty patients were treated by chemotherapy only. With six patients we used a
combination of CCNU and PCB therapy. Two of the three glioblastomas responded
with clinical improvement and simultaneously, an objective regression of the tumour
was demonstrated by radiological control. The disease remained stable in the third
patient. Survival times from the beginning of treatment were 5—8—10 months. Three
malignant gliomas treated by the same schedule showed a better response. Two of them
are still alive after 26 and 29 months, and only one died with unchanged radiological
findings five months after the start of treatment. The number of courses varied between
two and ten (Fig. 2).

A combination of BCNU and DBD has been used in 14 patients. Seven died after the
first course; they all had glioblastomas or high grade astrocytomas, either proven by
hisology at the earlier operation or they had to be considered as such, according to ra-
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diological investigations at the time of recurrence. Out of the remaining cases we ob-
served clinical improvement and objective regression in one glioblastoma and three
malignant glioma patients. Three of them are at present alive after 5—16 months and
one died after 21 months. Survival times of patients with stable disease were 5, 9 and
16 months, respectively.

Toxicity

No severe toxic side-effects have been observed during treatment with any kind of chemo-
therapy. None of the patients died because of drug toxicity and treatment had not be
stopped in either case. The milder toxic complications were different in the two chemo-
therapeutic regimens. CCNU + PCB therapy caused only minor myelotoxicity which
could be balanced by transitory drug reduction in some cases. On the other hand, nearly
all patients complained of nausea and occasional vomiting, due mainly to PCB. In two
cases PCB had to be stopped after 6—8 courses because of skin rashes. BCNU, given in
intravenous infusion was followed in some cases by mild nausea. The orally administered
DBD was always well tolerated. A transitory myelosuppression has been observed in all
cases but WBC and platelet count became normal during the rest between courses. A
dose reduction of 25% was necessary in one case after the third course.

Discussion

A comparison of the results of different treatment regimens is always difficult. This is
usually due to the heterogenous histology of tumours treated and many individual fac-
tors such as the location and extension of tumours, the patients’ condition at the be-
ginning of treatment etc. Although, our thirty patients have been treated by different
methods, they are perhaps more comparable, since all recurrences were with supraten-
torial gliomas with a proven histology.

In ten suitable cases of our present material we performed reoperation first, in order
to remove as much tumour mass, as possible. After irradiation, treatment was continued
with chemotherapy (CCNU + PCB). This combined treatment seemed to be more effec-
tive than our previous efforts. Regarding individual cases survival times were longer than
before reoperation in all but two cases. On the other hand, survival times exceeded one
year in 70%, and two years in 40% of cases. The small number of cases is not enough
for statistical evaluation, but for the sake of comparison, we refer to our previous re-
sults with a larger number of reoperated low grade glioma recurrences where the cor-
responding percentages were 46% and 18.5% only (1). Taking into consideration that
our present material consisted of primary glioblastomas as well, we have to consider
this result as a promising possibility for treatment under similar conditions.

The majority of our cases was unsuitable for repeated operation, so that only chemo-
therapy has been used. Of the various chemotherapeutic combinations reported recent-
ly, the most frequently used drug had been PCB, beside nitroso-urea derivatives (8, 9,
11, 17). All these cytostatics are cyclus non-specific agents and proved to be effective
in monotherapy as well (6, 7, 10, 18). Our fourth compound, DBD has been similarly
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regarded as an alkylating agent (4) and has had some effect against human gliomas in
monotherapy (5).

Furthermore the combination of CCNU and PCB has been used for treatment of re-
operated gliomas in six cases of inoperable recurrences. Recently, we changed to BCNU
and DBD therapy in treating the same kind of regrowths, partly because of intolerance
of some patients to PCB. The total response rate was 65%, with a mean survival time of
13 months, which is among the highest so far reported.

Our results are remarkable from several points of view. This supports the idea that a
combination of cyclus non-specific agents, such as CCNU and PCB or BCNU and DBD
could be more active against glioma recurrences, than the use of cyclus-specific drugs.
Even using relatively strong myelotoxic drugs a careful selection of dosage and continu-
ous monitoring of patients can prevent severe toxic side-effects.

In appropriate cases reoperation — through removal of a larger mass — can create a
more favourable basis for further conservative treatment. With our material the longest
survivals were achieved in the group of reoperated patients, particularly with originally
low grade gliomas.

In both groups of cases — combined forms of treatment or chemotherapy only — we
found a more favourable response with primary low grade gliomas. The poorest results
was obtained with glioblastoma recurrences. This observation is consistent with other
similar experiences (3), and therefore has to be taken into consideration in patients’
selection as well as in the evaluation of the effects of drugs.

Conclusions

In appropriate cases of recurrent supratentorial gliomas reoperation should be performed
first, in order to reduce the tumour mass. Reoperation followed by irradiation and che-
motherapy resulted in longer survivals than reoperation alone or combined with irradia-
tion. Combination of two cyclus non-specific agents seemed to be more effective against
gliomas, than the use of cyclus-specific drugs.

Primary low grade gliomas responded better to either form of therapy, than high grade
tumours. Each form of treatment might also be tried with glioblastomas, but a consider-
able lower response-rate could be generally expected.
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Chemosensitivity Testing of Human Brain Tumours in Vitro *

M. Weizsacker and M.L. Rosenblum

Introduction

A comparison of in vitro methods available to determine drug-induced cell lethality
suggested that only clonogenic cell (colony formation) assays provide a reliable and
dose-dependent index of cell kill (9). The development of monolayer and soft agar
techniques for culturing human tumour cells has encouraged the use of this method

(3, 7), but the small numbers of cells that can be obtained from a tumour biopsy and
the intrinsic low colony forming efficiency (CFE) of these cells impart severe limitations
on drug screening.

For an assay based on cells from biopsy specimens to be maximally useful, a large
number of tumour cells that are representative of cells within the tumour must be
available for chemosensitivity testing. Cells derived from five malignant glioma biopsy
specimens were serially passed in culture to increase their CFE. We compared the res-
ponse to BCNU of original and passaged cells. These results were compared to each
patient’s clinical response to 1,3-bis (2-chloroethyl)1-nitrosourea (BCNU) or 1-(2-chloro-
ethyl)-3-cyclohexyl-1-nitrosourea (CCNU).

Materials and Methods

Tumour Cell Origin. Cells were dissociated from five tumour biopsy specimens (desig-
nated by numbers) histologically diagnosed as glioblastoma multiforme. However, tu-
mour No. 160 demonstrated characteristics that suggest classification as an astroblas-
toma (L. Rubinstein, personal communication). All but one (biopsy No. 126) were
taken from gliomas that had recurred after radiation therapy or chemotherapy.

Culture Procedures. The methods used to grow human brain tumor cells in vitro and

to determine the CFE have been described (7). All CFE’s were determined in Petri
dishes to which 5 x 104 heavily x-irradiated (4000 rad) 9L rat brain tumour feeder cells
were added.

* Supported by NCI Grant CA-13525, the Morris Stulsaft Foundation, and a grant from the Deutsche
Forschungsgemeinschaft
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Colonies grown from passaged cells of tumour No. 126 or 159 were picked from the
bottom of Petri dishes with a sterile razor blade under an inverted microscope. Cells
from these single colonies were grown on a 9L feeder cell layer.

Treatment with Chemotherapeutic Agents in Vitro. Single cell suspensions from tumour
biopsy specimens were treated in spinner flasks at 37°C and pH 7.2—7.4 with graded
concentrations of BCNU. After 2 hr of exposure, cells were washed with complete me-
dium. Monolayer cultures derived from passaged cells of the tumour or from single
colonies of these passaged cells were treated during the exponential phase of growth
with similar doses of BCNU, after which cells were washed with medium and trypsinized.
Passaged cells from tumour biopsy No. 126 were also treated with cis-platinum (Platinol,
cis-platinum for injection, Bristol Laboratories, Syracuse, NY) for 1 hr and/or with dian-
hydrogalactitol (NSC No. 132313) for 2 hrs of exposure.

After treatment, cells were plated in Petri dishes, incubated at 37°C in a 5% CO; and
95% air atmosphere for 2—4 weeks, and stained with crystal violet. Twenty-five or more
cells grouped together were counted as a colony. CFE’s were determined for treated and
untreated cells from 3—12 Petri dishes per test point. The surviving fraction (SF) of clo-
nogenic tumour cells was defined as the ratio of the CFE of treated cells to the CFE of
untreated cells. A response to BCNU in vitro was arbitrarily defined as SF (0.5 () 50%
cell kill) at the maximum clinically achievable tumour cell exposure dose of BCNU (2.5
ug/ml x 2 hrs or 8.5 uM; V.A. Levin, personal communication, 1980).

Clinical Data and Treatment of Tumours with Nitrosoureas. Age, sex, tumour location,
and chemotherapy of given patients are summarized in Table 1. All patients were treated
with a single iv dose of BCNU or a single oral dose of CCNU before evaluation. The in
situ response of tumour therapy was assessed by UCSF criteria (5). In situ and in vitro
tumour response were compared retrospectively.

Results

Effect of Culture Passage on the Colony Forming Efficiency. All CFE’s of cells plated
immediately after disaggregation from tumour biopsy specimens were smaller than 1%
(Table 2). CFE’s increased up to 1000-fold during the first five passages of all cell lines,
reaching values over 10%.

Response to Chemotherapy in Vitro and Correlation to the in Situ Tumour Response.
Tumour Biopsy No. 168. Survival curves for both original and cells passaged in culture
demonstrated SF’s of 1.21 and 0.85, respectively, at the maximum clinically achievable
dose of BCNU; however, higher drug doses produced substantial cell kill (Fig. 1). The
patient from whom the specimen was obtained had failed treatment with BCNU and
CCNU before operation (Tables 1 and 3).

Tumour Biopsy No. 159. For both original and passed cells, cell kill at the maximum

clinically achievable dose of BCNU was less than 50% (Fig. 2), but cell kill for both
increased dramatically at higher drug doses.
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Table 1. Clinical data for patients with glioblastoma multiforme from whom biopsy specimens
were obtained for chemosensitivity studies

Tumour Patient Tumour Nitrosourea therapy
biopsy No. (years) location (mg/mz/dose)

168 41 m R parietal BCNU (50); CCNU (100)
159 54 m R parietal BCNU (200); CCNU (100)
126 50 f L frontal BCNU (200)

167 50f L frontal BCNU (200)

160 30 f medulla BCNU (180)

m= male; f= female

Table 2. In vitro plating efficiency (%) of original compared with passed human glioblastoma cells

Tumour Original Passage No.

biopsy No. cells 1 2 3 4 5

168 0.163 - - 13.97 - -
159 0.101 2.08 - - 2.70 -
126 0.149 - 1.67 16.23 - 17.02
167 0.009 - - - - 7.66
160 0.008 - - 14.20 - -

Table 3. Correlation of the in vitro and in situ response to BCNU of human malignant gliomas

In vitro response

Tumour (SF at 2.5 Ug/mlx 2 h)

biopsy No. Original cells Passed cells In situ response
168 1.21 (R) 0.85 (R) R

159 0.54 (R) 1.07 (R) R

126 0.03 3(S) 0.11 (S) S

167 0.15 (S) 0.41 (S) R

160 0.39 (S) 0.83 (R) S

3 BCNU dose: 4 ug/mix 2 h
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Four “cloned” tumour lines could be derived from colonies of passaged cells from this
tumour. All except clone 2 showed a similar pattern of sensitivity to BCNU when tested
as exponentially growing monolayer cultures (Fig. 2). Cells of clone 2 were relatively re-
sistant to BCNU at the high doses.

The tumour from which the biopsy was derived was “unchanged’ after the first course
of BCNU, but clearly failed with further therapy that included CCNU (Tables 1 and 3).

Tumour Biopsy No. 126: BCNU produced approximately 90% cell kill with both original
and passaged cells; a further marked decrease in cell survival was noted with higher BCNU
doses (Fig. 3). A clone derived from a colony of passage 3 of this tumour that was grown
to monolayer culture showed almost the same pattern of response to BCNU (Fig. 3).

Passaged cells of this tumour were also treated with cis-platinum and dianhydrogalac-
titol. All drugs produced exponential-type survival curves. On a molar basis, dianhydro-
galactitol was less cytotoxic than BCNU and cis-platinum, both of which were equally
effective (Fig. 4).

In situ, the tumour responded to BCNU as predicted by the in vitro results (Tables
1 and 3). Chemotherapy and subsequently administered radiation therapy produced a
9-month progression-free interval after which the tumour recurred. Retreatment with
BCNU could not halt tumour progression. At a second operation, a specimen was ob-
tained from the recurrent tumour (designated No. 167). Surprisingly, original cells and
cells passed in culture demonstrated more than 50% cell kill at the maximum clinically
achievable dose of BCNU, despite the fact that the recurrent tumour was clinically re-
sistant to BCNU (Table 3).

Tumour Biopsy No. 160: A difference between the sensitivity of original and passaged
cells was found for this specimen. More than 50% cell kill could be achieved with the
original cells, but less than 50% cell kill resulted from treatment of passaged cells at the
maximum clinically achievable dose of BCNU (Table 3). However, the tumour from
which the biopsy was derived responded to BCNU in situ (Tables 1 and 3).

Discussion

Only about half of patients harbouring recurrent gliomas respond to treatment with
nitrosoureas (11). Nevertheless, drug toxicity to the bone marrow and the lungs may
complicate alternative therapies. Therefore, preclinical tests of the chemosensitivity
of human gliomas are urgently needed to predict response to chemotherapeutic agents
in situ.

The chemosensitivity studies outlined have many potential problems; the assay em-
ploys enzymatic disaggregation, growth in medium supplemented with high concen-
trations of fetal bovine serum, and in vitro drug exposure. The monolayer cell cultures
obtained may not be representative of the original tumour, and tumour cells may be
contaminated by an overgrowth of non-tumour host cells.

The applicability of the colony formation assay is enhanced if the CFE of the tested
cell population is relatively high: A variety of drugs can be tested, and the reproducea-
bility of the results can be assessed. The CFE can be increased by using cells passaged
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in culture. However, it is important to show that the pattern of response to therapy is
retained by tumour cells after a period of time in culture. The data presented here sug-
gest that populations of malignant glioma cells are consistently responsive to BCNU,

at least during early passages. Cells from other human tumours that were tested with
different assays have shown similar results; the chemo- or radiosensitivities of a human
melanoma or an ovarian carcinoma were the same when tested immediately after biopsy
or after cryopreservation and several passages in agar diffusion chambers (10). Xeno-
grafted human tumours appear to retain the chemosensitivity of their original tumour
type (6).

In these studies, in situ tumour response correlated with the in vitro response in four
of five patients. These and previous studies (8) suggest that in sifu tumour resistance
can be predicted with more reliability than in situ tumour sensitivity. For instance, the
tumour from which biopsy No. 167 was derived did not respond to BCNU i situ, but
cells from the specimen responded to BCNU in vitro. Because at the time of recurrence
this tumour showed large areas of low density on the CT scan, clinical failure may have
been related to impaired drug delivery rather than to inherent cell resistance, which
illustrates a major problem of predicting the in situ tumour response from in vitro data.
The difference between the response of original and passaged cells of tumour biopsy
No. 160 may have been caused by the overgrowth of a BCNU-resistant clone during
passage.

Conclusion

Our criteria of in vitro tumour response () 50% cell kill) was chosen arbitrarily; the pre-
dictive value of this cell kill threshold must be substantiated by further clinical and
experimental data. Because in situ tumour response is affected by changes in tumour
size, assessed by radiographic and neurological examinations that have inherent errors
(4), the correlation of in vitro and in situ results is even more difficult. Other systems
to evaluate chemotherapeutic activity such as semi-solid agar techniques for studying
stem cell survival (2) and in vivo methods to quantify changes in the size of human
tumour implants placed under the renal capsule of rodents (1) should be developed

to extend and validate our observations. However, the clinical usefulness of this stem
cell assay for the individualization of patient treatment will depend on the development
of more effective drugs for the treatment of malignant brain tumours.
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Fig. 1. Survival curves for original and passaged cells derived from tumour biopsy No. 168 after
treatment with BCNU. The error bars represent standard deviations from the mean. The shaded
area covers the clinically achievable dose range
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Fig. 2. Survival curves for original, passed, and cloned cells derived from tumour biopsy No. 159
after treatment with BCNU. The error bars represent standard deviations from the mean. The
shaded area covers the clinically achievable dose range

Fig. 3. Survival curves for original passaged, and cloned cells derived from tumour biopsy No. 126
after treatment with BCNU. The error bars represent standard deviations from the mean. The
shaded area covers the clinically achievable dose range
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SURGERY OF THE PITUITARY REGION

Hyperprolactinaemia: Results of Operation in Patients Selected on the
Basis of Dynamic Endocrine Tests

G. Teasdale, J.A. Thomson, J.A. Ratcliffe, E.A. Cowden, D. McCruden,
P. Macpherson, E. Teasdale, and D. Doyle

Introduction

In 1979 we suggested that dynamic endocrine tests would be useful in the detection of
small prolactinomas, irrespective of radiological findings (1). Among our reasons for this
approach were, first, the uncertainty about the significance of minor changes in the ra-
diological appearances of the pituitary fossa, and second, the hope that optimum results
would be obtained by an operation performed before a tumour had become large enough
to produce a markedly abnormal fossa. Forty women thought to have an intrasellar pro-
lactinoma, on the basis of abnormal prolactin dynamics, have now undergone trans-sphe-
noidal operation. We report the findings at operation and their relationship to the pre-
operative endocrine and radiological studies, and results of this method of management.

Patients Studied

The 40 patients underwent operation between July 1977 and December 1980. Thirty-
seven patients had amenorrhoea and 22 had galactorrhoea; one patient had neither of
these symptoms but was infertile. We have excluded from this review patients with
evident extrasellar extensions who were treated in the same period. In this series, there-
fore, no patient had clinical or radiological signs of a suprasellar extension. After endo-
crinological studies had suggested a prolactinoma, each patient was given a detailed
explanation of the advantages and disadvantages of the various methods of management.
Each of these patients chose to undergo operation but, in the same period, several other
patients opted for medical treatment.

Pre-Operative Endocrine Tests

After hyperprolactinaemia had been documented on several occasions, the effect of an
intravenous injection of TRH (200 ug) and metoclopramide (10 mg) was determined
(1). Anterior pituitary function was assessed by comined stimulation with insulin in-
duced hypoglycaemia, TRH and GnRH.
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Radiological Studies

The radiological techniques have been described by Teasdale et al. (7). All patients, in
addition to plain skull films, had sagittal and coronal linear tomography (thickness of
cut 0.27 cm). Twenty-five patients had unequivocally normal tomograms; two patients
had borderline abnormalities, and only 13 patients had abnormal findings. In the latter
group, the serum prolactin ranged between 620 and 7298 mU/L (mean 3,229 mU/L).
Among patients with a normal pituitary fossa the serum prolactin ranged between 546
and 6204 mU/L (mean 1956 mU/L). Cavernous sinography was performed in each pa-
tient but abnormalities suggestive of pituitary expansion were seen in only seven pa-
tients, six of whom also had abnormal plain films or tomograms. Carotid angiography
was performed in only one patient, in order to confirm the sinographic demonstration.
that one artery lay extremely close to the midline.

Operation

A unilateral, sub-labial, para-septal approach was used. The sella was inspected and its
characteristics noted. The anterior wall of the fossa was removed, the dura diathermied
and incised to display the gland as widely as possible. If the anterior surface of the pi-
tuitary was intact, the lateral surface of the gland was then mobilised, retracted medially
and inspected or, if the exposure was limited by medially placed venous channels, the
lateral surface was explored with a dissector and scoop. If this did not disclose a tumour,
the gland was incised vertically in the midline and in the middle of each lateral lobe and
horizontal extensions were made from each of these incisions. The size of any tumour
cavity was estimated by comparison with 3mm or Smm curettes. Unless there was only
a small remnant of pituitary remaining, a 1mm layer of gland was removed from around
the tumour cavity. Finally, the cavity was packed with patties soaked in absolute alco-
hol. If no tumour was discovered, biopsies were taken from the midline and from each
lateral lobe.

Results
Operative Findings

In 35 patients there was a discrete tumour. Histological studies, including immunoperoxi-
dase staining, confirmed in each case that the lesion was a prolactin producing adenoma,
Per-operative smear biopsies were helpful in many cases in confirming the identification
of tumour and normal tissue. In one of the remaining five patients there was a poorly de-
marcated region of softness and loss of the normal colour; the lesion was not identified
as a tumour but histological studies showed intra-pituitary granulomata. In four patients
there was no localised abnormality and histological studies of the pituitary biopsies show-
ed only normal anterior pituitary features. In the other four patients we could not dis-
cover an abnormality, either at operation or on histological examination of the biopsies.
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Relation of Operative Findings to Pre-Operative Endocrine and Radiological Studies

A tumour was found in each of the 13 patients whose tomograms had been clearly ab-
normal and in 22 of the patients with a normal fossa. The four patients with completely
negative explorations, and the patient with a granulomata, each had a normal pituitary
fossa. As a group the latter five patients had lower levels of prolactin than those with

a tumour (Table 1). On the other hand, there was considerable overlap in the values of
individual patients in all groups.

As previously reported (7), there was a close correlation between the radiologist’s
opinion of the pituitary fossa and the surgeon’s findings. When the radiologist considered
that the pituitary fossa was normal, the surgeon concurred in each case. Each of the 13
patients with a definitely abnormal tomogram had a tumour in an appropriate location.
The average maximum diameter of the tumour in patients with an abnormal fossa (5.7
mm; range 3—10 mm) was slightly greater than in patients with normal tomograms
(5.2 mm; range 2—10 mm) but the overlap was considerable.

Postoperative Endocrine Function

A week after operation the basal prolactin was measured and anterior pituitary reserve
tested. Subsequent studies were performed three months later and at six month or
yearly intervals, unless the patient was pregnant or declined for other reasons. Cur-
rently, the duration of follow-up varies between three months and four years (median
24 months).

Postoperative Basal Prolactin Levels in Patients with an Adenoma

When a tumour was found at operation, the basal serum prolactin concentration was
normal ({ 360mU/L) at three months or later follow-up, in 73% of patients. Surprisingly
the presence or absence of tomographic abnormalities, did not influence the proportion
of patients achieving normal values after operation (Table 2). Although the serum pro-
lactin concentration and the estimated diameter of the tumour were, on average, greater
in patients with post-operative hyperprolactinaemia, values in individual patients showed
a wide range in the two groups (Table 3).

More important as a determinant of outcome of operation than its size, was the tu-
mour’s position in the gland. In 13 patients it was discovered when the gland was retrac-
ted medially, so that the tumour appeared to have eroded the surface of the lateral as-
pect of the gland. After operation only 46% of these patients had a normal basal serum
prolactin concentration (Fig. 1). By contrast, normal prolactin concentrations were
found in 91% of the remaining 22 patients, whose tumour was either on the anterior
surface or enclosed within the gland (Fig. 1, Table 4). The poorer results with laterally
placed tumours were not a reflection of tumour size. Sixty-one per cent of laterally
eroding tumours were ( Smm in diameter, whereas 60% of tumours in other sites were
between Smm and 10mm in diameter.
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Table 1. Relationship between tomographic and operative findings and pre-operative basal serum
prolactin concentrations in 40 women with hyperprolactinaemia and impaired responses to TRH
and metaclopramide

Tomograms Operative findings n Basal prolactin
mu/l

Mean Range

Normal No tumour 5 1639 706—3880
Tumour 22 2027 540-6204
Abnormal Tumour 13 3229 620—7298

Table 2. Relationship between tomographic and operative findings and post-operative serum pro-
lactin (normal { 360mU/L)

Tomograms Tumour Post-operative basal prolactin
at operation
Raised Normal
Normal No 3 2
Normal Yes 6 16 (73%)
Abnormal Yes 3 10 (77%)

Table 3. Pre-operative basal serum prolactin concentrations and tumour size in 35 patients found
to have a tumour at operation; subdivided according to whether post-operative prolactin concen-
trations were normal ({ 360m U/L) or raised

Post-operative prolactin

Normal Raised
(n= 26) n=9)
Basal PRL 2176 £ 345 3330 * 637
Pre-operation
mean & SE (546-6204) (1581-7298)
(range mU/L)
Estimated maximum 5.2 6.1
Diameter of tumour
Mean (range mm) (2-10) (3—10)
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Table 4. Relationship between position and size of tumour and outcome of operation in 35 patients
with a microprolactinoma

Position of No. of Tumour Normal

tumour patients {5 mm post-operative
prolactin

Anterior 22 9 (41%) 20 (91%)

or enclosed

Lateral 13 8 (62%) 6 (46%)

surface

Patients Without a Tumour

The post-operative basal serum prolactin concentration was normal in the patient with
a pituitary granuloma. In three of the four patients with negative explorations, the level
did not change substantially, but in the remaining patient the serum prolactin concen-
tration fell to normal immediately after operation, and it has remained normal over a
follow-up of six months.

Anterior Pituitary Reserve

Clinically important changes in anterior pituitary function were rare. Two patients,
both of whom had biochemical evidence of impaired growth hormone reserve before
operation, now require cortisol replacement. Two other patients with a tumour, and
two with negative explorations, have some biochemical evidence of reduced anterior
pituitary reserve, but do not require replacement therapy. On the other hand, two pa-
tients who had biochemical evidence of reduced reserve (one growth hormone, one
cortisol) before operation, have normal function post-operatively. No patient developed
gonadotrophin deficiency as a consequence of the operation but several have impaired
growth hormone reserve.

Fertility

Twenty-eight of 35 patients who were found to have a tumour have wished to become
pregnant since the operation: 16 (64%) have conceived. These include three patients
with post-operative levels that were still above the normal range, even though only one
of these was taking bromocriptine at the time of conception. In addition, seven women
who have not yet become pregnant, are ovulating, in each case without additional the-
rapy. Thus, fertility was restored by the operation in 22 of the 28 women (75%). Seven
of the women with a tumour have not yet attempted to become pregnant. The serum
prolactin concentration is normal in all of these patients, Two of the women in whom
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no tumour was found, have also become pregnant. In one case this reflected the return
of prolactin to normal after operation; in the other, bromocriptine treatment was used.

Complications

There were no persisting serious complications. One patient developed mild meningism
one week after operation. Lumbar puncture showed an increased white cell count with
a growth of penicillin resistant Staphylococcus aureus; treatment with cloxacillin re-
sulted in rapid recovery. Pituitary function returned to normal and the patient became
pregnant subsequently.

Discussion

The view that abnormal dynamic endocrine tests would be associated with high proba-
bility of finding a microprolactinoma, is supported by the present results. A tumour was
found at trans-sphenoidal operation in 88% of 40 patients with an elevated prolactin
level that showed little or no change in response to TRH or metaclopramide. By itself,
the basal serum prolactin concentration was of limited value. The average level in the
four patients whose pituitary appeared normal was lower than in those with a tumour
but there was considerable overlap. Thus the lowest serum prolactin concentration

(546 mU/L) was seen in a patient shown to have a tumour, and at the same time, 80%
of patients with a tumour had basal serum prolactin concentrations below the value

in one patient with a negative exploration (3880 mU/L).

The value of dynamic endocrine tests in the diagnosis of microprolactinomas has been
questioned (5). It is important to scrutinise the criteria employed to assess responsive-
ness. In some patients with a tumour the serum prolactin concentration does increase
in response to either TRH or metaclopramide. On the other hand, the magnitude of
the increase, when expressed as a proportion of the basal serum prolactin concentration,
is relatively small, and not the several fold rise that is seen in normal subjects or patients
with functional hyperprolactinaemia (8). On the other hand, abnormal responses do not
invariably predict the presence of an identifiable prolactinoma. The 10% of patients
whose exploration was negative may in fact have harboured a minute microadenoma
that we failed to recognise at operation. Without performing a total hypophysectomy,
this possibility cannot be excluded and prolonged follow-up will be necessary to establish
the truth.

Endocrinological tests were a more sensitive index of a prolactinoma than radiological
investigations, but the latter were more specific. A tumour was found at operation in
each patient in whom there was a distinct abnormality on either plain films or tomo-
grams. It has been claimed, on the basis of autopsy material, that minor radiological ab-
normalities are not a reliable sign of the presence of a microadenoma (2). On the other
hand, in the age range encountered in clinical practice, localised bulging with erosion,
accurately predicted the presence of a tumour (7). Patients with abnormal tomograms
tended to have a higher serum prolactin concentration and slightly larger tumours, but
surprisingly, had no worse outcomes than patients with normal tomography and a tumour.

157



The major cause of persisting hyperprolactinaemia seemed to be local anatomical fac-
tors that precluded complete excision of the tumour. Infiltration into the dura is common
in patients with pituitary adenomas (9). Only 37% of patients had a laterally placed tu-
mour in contact with, and possibly infiltrating into, the dura of the cavernous sinus, but
this group accounted for 78% of those whose prolactin remained high after operation.

The operation was followed by a high rate of restoration of fertility, judged by either
the occurrence of pregnancy or the return of ovulatory menstrual cycles. This usually
reflected return of prolactin to normal levels but two patients became pregnant with-
out further therapy even though their prolactin levels remained slightly above the nor-
mal range.

Comparisons between the present results and those in other series can be made only
with reservations about the consistency of criteria for diagnosis and for assessment of
outcome. Schlechte et al. (6), in a recent review, found ‘success’ rates for surgical treat-
ment of prolactin-secreting tumours ranging from 46% to 83%. They reported a return
of menstruation in 66% of 30 patients with a microprolactinoma operated upon in
their clinic. Fahlbusch (3) reviewed 111 patients with a microprolactinoma who under-
went operation in either Milan, Munich or Paris and observed a normal serum prolactin
concentration in 60% after operation. Hardy (4) found a microprolactinoma in 188
of 195 patients with a normal sized but usually asymmetrical fossa; and he reported
that 77% of such patients had a normal prolactin concentration after operation,
irrespective of the size of the tumour.

Exploration for a microprolactinoma, is technically demanding. Often the tumour is
only 2—3 mm in its maximum diameter and difficult to expose because of overlapping
intradural venous sinuses. It may lie in contact with, and infiltrate the walls of the
cavernous sinus; injury to this tructure or its contents are a major hazard of trans-sphe-
noidal surgery. The long term results of the different methods of treatment have not
yet been established. Until then, operative management may not be advisable as a
routine particularly in patients with a normal fossa, but perhaps should be confined
to centres in which special expertise in the endocrinology, radiology, pathology and
surgery of hyperprolactinaemia, can be accumulated.

Summary

1. In 40 patients with amenorrhoea, galactorrhoea or infertility, and hyperprolactinaemia
that was associated with little or no increase in response to TRH or metaclopramide,

a microprolactinoma was found in 35 patients (88%) and in 8 1% of those whose tomo-
grams were normal.

2. After operation, the basal serum prolactin concentration returned to normal in 75%
of patients with a tumour, and in 70% of all patients. Although patients with a normal
pituitary fossa had somewhat smaller tumours, this was not associated with an impro-
vement in outcome.

3. Persisting hyperprolactinaemia was usually the consequence of surgically inaccessible
infiltration of tumour into the dura of the medial wall of the cavernous sinus.
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Immunohistochemical Classification of Pituitary Adenomas

A. Teramoto, T. Fukushima, K. Takakura, K. Sano, and R.Y. Osamura

Introduction

At the beginning of this century, Benda (1) and Erdheim (7) classified the anterior pi-
tuitary cells into eosinophilic, basophilic and chromophobic types according to the
staining affinity of the cytoplasm. This classification was also applied to the pituitary
adenomas, and for a long time it was considered to correlate with the endocrinological
functions of adenomas. On the other hand, it was known that the classification could
not always correspond to the hormonal functions; i.e., acromegaly or Cushing’s disease
were sometimes associated with chromophobe adenomas. Since the latter half of 1960,
when the radioimmunoassay for anterior pituitary hormones was available, various
kinds of functioning adenomas have been diagnosed endocrinologically. Moreover
several cases of multihormonal adenomas were reported in the literature.

At present, pituitary adenomas are clinically classified by their functions, whereas
pathologists still tend to separate them into classical entities. Thus, there exists a con-
siderable gap between the clinical diagnosis and the pathological one. It is necessary to
compose a new pathological classification of pituitary adenomas that reflects endocri-
nological features specifically. For this purpose the immunohistochemical techniques,
such as immunoperoxidase method, are of great use.

We have studied the immunohistochemical characteristics of pituitary adenomas in
195 cases (22, 26—30). In order to establish the pathological classification of pituitary
adenomas based on their functions, these cases were divided immunohistochemically
into several groups.

Materials and Methods

The adenoma tissues were obtained by operation from a total of 195 cases, which were
treated from 1976 to 1980. The tissue was fixed in 10% neutral formalin and embedded
in paraffin. 4 um sections were initially examined after haematoxylin and eosin (H—E)
and PAS-orange G stainings for a general survey of the tissue.

Subsequently they were studied by Nakane’s indirect peroxidase-labelled antibody
method (18). The first step in the immunohistochemical staining was the incubation
of the sections with rabbit antiserum to each of the human anterior pituitary hormones,
such as anti-prolactin (1:500), anti-GH (1:1,000), anti ACTH (1:40) and anti-TSH (1:
500) (Ratio of dilution). All the antisera but anti-ACTH were supplied by NIAMDD.
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The second step was the incubation with peroxidase-labelled goat anti-rabbit IgG (1:
40). After the immunologic incubation of each serum for 15 minutes and washing sec-
tions for 15 minutes in 0.01 M phosphate buffer, pH 7.6, the peroxidase reaction was
done by 3,3’-diaminobenzidine 4 HCI (DAB) according to Graham and Karnovsky (8)
for 4 minutes, the final concentration containing 20 mg DAB and 0.005% H,05 in
100 ml Tris HCI buffer.

Double Staining Method (9). After the first immunostains, the tissue was incubated
with 0.1 M glycine HCl, pH 2.2 for one hour. Then the antisera were removed from the
section by elution, leaving the coloured reaction products. The second antigen was lo-
calized as stated above, using substrates that developed reaction products of different
colours such as 4 Cl-1-Naphtol.

Mirror Section Technique. For the precise demonstration of the same cells in two con-
secutive paraffin sections, the method of mirror sections was used. The mirror sections
were obtained by two consecutive sections mounted on the glass slides with the cut sur-
faces facing each other upward, so that the same surface of the sectioned cells could be
stained by two different antibodies.

Results

The results of the observations on H-E and PAS-orange G stainings are summarized in
Table 1. Prolactin (PRL) producing and non-functioning adenomas consisted of chro-
mophobe ones for the most part. About three quarters of GH producing adenomas
belonged to eosinophil or mixed eosinophil-chromophobe types. Basophil adenomas
were found only in the cases of ACTH producing adenomas. On the other hand, both
chromophobe and eosinophil adenomas were observed in all kinds of adenomas.

Immunohistochemically, 195 cases of pituitary adenoma were mainly classified into
seven categories as shown in Table 2. Each of the PRL, GH and ACTH producing ade-
nomas was subdivided into two types.

PRL Producing Adenomas (65 cases)
With immunostains, PRL producing adenomas could be separated into two types accord-
ing to the proportions of PRL positive cells and the location of PRL in the cytoplasm.

a) Type I (55 cases) (Fig. 1 a,b). PRL was demonstrated in most tumour cells. Intracyto-
plasmic PRL was characteristically found as a small perinuclear mass. Clinically, the type
I adenomas were found from microadenomas to large ones with suprasellar extensions.
Serum PRL concentrations, ranged from 133 to 12,500 ng/ml,and increased significantly
corresponding to the volume of the adenoma; i.e., mean serum PRL levels were 211 ng/
ml in microadenomas, 1,509 ng/ml in small or intrasellar adenomas and 4,340 ng/ml in
large adenomas. Statistical analysis revealed the significant correlation between serum
PRL levels and the stages of tumour growth (R=0.7979, P ( 0.01).

b) Type Il (10 cases) (Fig. I c,d). A few PRL positive cells were sparsely found in the
type 1l adenomas. Intracytoplasmic PRL was demonstrated diffusely throughout the
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Table 1. Conventional classification of 195 pituitary adenomas using haematoxylin and eosin and/or
PAS orange G stainings

Results of Chromophobe Mixed  Eosinophilic Basophilic Total
H-E stain

Function

of adenoma

PRL 58 (89) 23) 5(8) 0 65

G H 18 (24) 30 (41) 26 (35) 0 74

+ GH-PRL

ACTH 11 (58) 0 2 (10) 6 (32) 19

+ ACTH-PRL

TSH 2 (100) 0 0 2

Non-function 33 (94) 0 2 (6) 0 35
195 cases
(%)

Table 2. Immunohistochemical classification of 195 pituitary adenomas

Function of Subdivisions in the No. of cases
adenoma immunohistochemical
classification
Type 1 55
PRL Type I1 10 65
Diffuse type 26
GH Sporadic type 32 58
GH-PRL — 16
Diffuse type 7
ACTH Sporadic type 6 13
ACTH-PRL - 6
TSH -
Non-function - 35
Total 195

cytoplasm of each PRL positive cell, which resembled the non-tumourous PRL cells.
Clinically, all of the type II adenomas showed moderate to large suprasellar extensions.
Serum PRL levels were mildly elevated, ranging from 33 to 107 ng/ml (mean; 68.9 ng/
ml).

GH Producing Adenomas (58 cases)

Immunohistochemically, GH producing adenomas were also divided into two groups
according to the proportion of GH positive cells.
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a) Diffuse Type (26 cases) (Fig. 2 a,b). GH cells, diffusely distributed, were the chief
component of these adenomas, i.e., more than half of the adenoma cells were positive
for GH.

b) Sporadic Type (32 cases) (Fig. 2 c,d). A few GH cells were found sporadically in this
type of adenomas.

In either type of adenoma GH cells were round to polygonal in shape, with immuno-
reactive GH throughout the cytoplasm. These findings were similar to those of GH cells
in the anterior pituitary gland. Clinically, both types of adenoma were distributed from
microadenomas to large tumours, although the former ones were associated with higher
GH concentrations (mean; 164 ng/ml) than the latter (mean; 36 ng/ml). The difference
of serum GH levels was statistically significant (p { 0.01); and was more prominent in
the case of large adenomas.

GH-PRL Producing Adenomas (16 cases)

Sixteen cases among 74 GH producing adenomas (21.6%) were also positive for PRL.
In an attempt to investigate the morphological relationship between GH and PRL cells,
the double staining method was employed on the same section (Fig. 3a). Generally,
each hormone was located in separate cells, while no definite rule existed as regards
the number and location of the two kinds of cells.

In the next step, the mirror section technique was used for studying the possibility
of dual hormone secretion by a single cell (Fig. 3b). In most instances the both hor-
mones were demonstrated in separate cells as shown by the double stains, whereas a
few cells were shown to contain both GH and PRL. In the double staining and mirror
section methods, anti-GH and anti-PRL sera were absorbed with PRL and GH (5—10
ug/ml) respectively to avoid the effect of cross-reactivities.

Clinically, these adenomas were found from microadenomas to large ones. They were
associated with acromegaly and occasionally with galactorrhoea.

ACTH Producing Adenomas (13 cases)
With immunostains, ACTH producing adenomas were subdivided into diffuse and spo-
radic types.

a) Diffuse Type (7 cases) (Fig. 4a). Most adenoma cells showed the presence of ACTH.
Usually, intracytoplasmic ACTH was demonstrated as granules throughout the cyto-
plasm.

b) Sporadic Type (6 cases) (Fig. 4c). ACTH cells were demonstrated sporadically. Intra-
cytoplasmic ACTH was distributed diffusely in the cytoplasm, while in some adenoma
cells it was situated along the cell membrane. These adenomas sometimes contained a
few small foci of ACTH cells which resembled those of the diffuse type.

Clinically, most of the adenomas associated with Cushing’s disease belonged to the
former type, while those with Nelson’s syndromewere apt to be of the latter type.

ACTH-PRL Producing Adenomas (6 cases)

Six cases out of 19 ACTH producing adenomas (31.5%) were also positive for PRL.

In every case ACTH cells were far more frequent than PRL cells, while no specific re-
lation between two cell types could be found. With double staining and mirror section
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techniques, both hormones were demonstrated in separate cells. Clinically, ACTH-PRL
producing adenomas were associated with Cushing’s disease or Nelson’s syndrome, and
sometimes with galactorrhoea.

TSH Producing Adenomas (2 cases) (Fig. 4d)

By conventional stainings, these adenomas were chromophobe ones. With immunostains,
many adenoma cells were positive for TSHp. Both patients showed clinical and biochemi-
cal evidences of hyperthyroidism associated with mild elevation of serum TSH levels.

Non-Functioning Adenomas (35 cases)

As a rule, tumour cells were negative for every anterior pituitary hormone. However,
a very few cells were sometimes positive for PRL, ACTH, or LH. Their clinical signi-
ficance has yet to be elucidated.

Discussion

Though the conventional classification of pituitary adenomas roughly correlates with
the endocrinological functions, it fails to provide the specificity for each of the anterior
pituitary hormones. Hence the core of morphological studies on pituitary adenomas
has been based on electronmicroscopy or immunohistochemistry. Horvath and Kovacs
(12, 14) classified a large series of adenomas mainly from the ultrastructural findings
and referred to some immunohistochemical observations. However, ultrastructural iden-
tification of cell types on purely morphological ground is hazardous at best; and in the
case of any given cell, may be impossible (6). On the other hand, the immunohistoche-
mistry has been used merely as a method to demonstrate the presence of hormones.
Thus this may be the first report on the immunohistochemical classification of pituitary
adenomas in a large series.

PRL producing adenomas were divided immunohistochemically into two types. The
type I adenomas are more common and account for 84.6% of PRL producing adenomas.
Since these tumours consist entirely of PRL cells and are distributed in every stage of
tumour growth, they are regarded as the primary PRL producing adenomas. With elec-
tronmicroscopy, they are categorized as sparsely granulated cell adenomas (12), which
are characterized by a few secretory granules with misplaced exocytosis, prominent
Golgi apparatus and well-developed rough endoplasmic reticulum (ER) (22). With the
use of immunoelectronmicroscopy, the authors demonstrated the presence of PRL in
the cistern of the Golgi apparatus and rough ER (28, 30), which corresponds to “the
perinuclear mass” seen in light microscopy. In the type II adenomas, PRL cells, the
lesser component of the adenoma, show a close resemblance to those of the anterior
pituitary gland. The type II adenomas cannot always be grouped with the densely
granulated cell adenomas described by Horvath and Kovacs (12), since densely granu-
lated cells in our cases are very scarce. Clinically, all of the type II adenomas showed
marked suprasellar extensions, while serum PRL levels were mildly elevated as com-
pared with the tumour volume. Hence it is suggested that the interruption of PRL
inhibizing factors, caused by the damage to the pituitary stalk and/or hypothalamus,
might activate the PRL secretion in originally non-functioning adenomas. For the pre-
sent the type II adenoma has not been found in the smaller tumours.
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GH producing adenomas were also divided into two types. GH cells of both types showed
similar findings to those of non-tumorous GH cells. Since immunoreactive GH has been
demonstrated on the secretory granules (30), GH positive cells in the light microscopy
correspond to the densely granulated cells. Consequently, each of the immunohsitochem-
ical types can be consistent with densely and sparsely granulated cell adenomas respec-
tively. Clinically, both types are distributed from microadenomas to large ones. Though
adenomas of the diffuse type are usually associated with higher serum GH levels than
those of the sporadic type, exceptional cases are not rare especially in the micro- or
small adenomas. Thus, it is assumed that a transitional or mixed type may exist.

It is known that 20-30% of acromegalic patients are associated with mild hyperpro-
lactinaemia. Since such cases are found even in the stages of microadenomas, the aetio-
logy of hyperprolactinaemia can be attributed to the adenoma itself. It has long been
discussed, whether these two hormones are derived from a single cell (16), or from se-
parate cells (2, 9, 10, 14, 34). Against the classical one cell-one hormone theory some
examples of multihormonal cells are known, such as FSH-LH cells in the human pitui-
tary gland (20) and GH-PRL cells in the rat pituitary adenoma (23, 25, 32). Several in-
vestigators, using the doubel staining method, have reported the simultaneous presence
of two hormones. However, the technique is not adequate for this purpose, for the
multihormonal cell does not always show the neutral tint between the colours of the
two substates (28—30). In this study the mirror section technique revealed that a few
cells could secrete both GH and PRL, although the respective hormones were usually
present in separate cells.

It has been reported that adenomas associated with Nelson’s syndrome are aetiologi-
cally similar to those of Cushing’s disease. Landolt (16) stated that there was no basic
difference in the ultrastructure of adenomas of the two syndromes. Immunohistochemi-
cally, ACTH producing adenomas were divided into diffuse and sporadic types, which
corresponded mostly to the adenomas of Cushing’s disease and Nelson’s syndrome, re-
spectively. Some transitional types can be observed; small foci of ACTH cells like those
of the diffuse type are scattered in the adenomas of the sporadic type. Adenomas with
Cushing’s disease are generally assocatiated with a mild elevation of serum ACTH levels
in spite of a higher proportion of ACTH cells. It may result from the poor autonomy
of these adenomas. For example, Crooke’s degeneration is found not only in the non-
tumorous pituitary gland, but even in the adenoma itself (28, 30). It suggests that these
adenoma cells are subject to the influence of the negative feedback system.

Authors have reported the presence of ACTH-PRL producing adenomas similar to
GH-PRL producing adenomas, in which the respective hormones were detected in the
separate cells. A lot of combinations in multihormonal adenomas were described in
the literature; i.e., PRL and gonadotropin (3), PRL and TSH (5, 11, 31), GH and TSH
(13), et al. (17, 24). Further study is required to assess the genesis and the clinical
features of these multihormone producing adenomas.

Recently several cases of TSH producing adenomas have been reported (21, 31), al-
though they are still rare. These adenomas are classified into two categories; primary
TSH producing adenomas and those associated with long-standing hypothyroidism.
Both of our cases belong to the former type. They were chromophobe by conventional
stainings, while numerous adenoma cells were positive for TSHB with immunostains.
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The latter adenomas are regarded as a kind of hyperplasia of TSH cells and even of PRL
cells. Similar genesis of pituitary adenomas is known in the cases of long-standing hypo-
gonadism (4, 15, 33).

As a rule, non-functioning adenomas were negative for all of the anterior pituitary
hormones, while a very few cells, one or two cells in a low power field of light micros-
copy, sometimes showed positive stainings for PRL, ACTH or LH. Although they should
have originated from the adenoma itself, their clinical or pathological significances are
not known.

Conclusion

In order to establish the pathological classification of pituitary adenomas, based on their
endocrinological functions, 195 cases were studied by peroxidase-labelled antibody me-
thod. These adenomas were classified into seven groups; namely:
1. PRL,
2. GH,
3. GH-PRL,
4. ACTH,
5. ACTH-PRL,
6. TSH producing adenomas,
7. non-functioning adenomas.

According to the immunohistochemical findings, PRL, GH and ACTH producing ade-
nomas were further separated into the subdivisions. The immunohistochemical classi-
fication revealed the specific correlation with the endocrinological functions.
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Fig. 1 a-d. PRL-producing adenoma. a, b Type I; ¢, d Type IL

a Most adenoma cells are positive for PRL. b Intracytoplasmic PRL is seen as a small perinuclear
mass. ¢ A few PRL cells are scattered in the adenoma. d Intracytoplamic PRL is distributed
throughout the cytoplasm. Immunostains for PRL (a, ¢ x100;b,d x 200)
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Fig. 2 a-d. GH producing adenoma. a, b diffuse type; ¢, d sporadic type. a GH cells, diffusely dis-
tributed, are the chief component of the adenoma. b Each adenoma cell contains GH throughout
its cytoplasm. Reaction products are somewhat prominent at the periphery in some cells. ¢ A few
GH cells are found sporadically in the adenoma. d The distribution of intracytoplasmic GH is simi-
lar to that of the diffuse type. Immunostains for GH (a, ¢ x100; b, d x200)
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Fig. 3 a,b. GH-PRL producing adenoma. a Double staining for GH and PRL. Both hormones are
usually demonstrated in separate cells. In this photograph, GH cells are dark ones, while PRL cells
are light ( x200). b Mirror section technique for GH (right) and PRL (left).Both hormones are found
simultaneously in a few adenoma cells (arrows) ( x200)
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Fig. 4 a-c. ACTH producing adenoma. d TSH producing adenoma, a Diffuse type. ACTH is demon-
strated as granules throughout the cytoplasm of most adenoma cells. b Crooke’s cells in the non-tu-
mourous pituitary gland of Cushing’s disease. A small amount of ACTH is located near the nucleus
or at the periphery in these cells (arrows). ¢ Sporadic type. ACTH cells are scattered in the ade-
noma. Intracytoplasmic ACTH is distributed diffusely, whereas it is located at the periphery in
some adenoma cells, d TSH producing adenomas. Many adenoma cells are positive for TSHf, Im-
munostains for ACTH (a-c) and TSH (d) ( x200)

172



Fifteen Years Experience with Transnasal Trans-Sphenoidal Operation
for Pituitary Tumours

R.W. Rand

Introduction

Although Koenig in 1898 developed a bucco-nasal transnasal approach to the pituitary
gland, operations using a superior nasal approach became more popular. For example,
the Giordano superior nasal approach as modified by Schloffer in 1907 was used success-
fully in patients (10, 12). Moszkowicz (20) also modiefied Schloffer’s operation by do-
ing the procedure in two stages, trying to reduce the infection rate by making the entry
into the sphenoid sinus at a second stage. A year later, Borchard used Schloffer’s tech-
nique successfully in a patient. Hochenegg also described a superior nasal approach
which Cushing used in three cases (9, 10). The operative mortality was reported to be
25—38% with these techniques due to uncontrolled infections.

Chiari (6) in 1912 proposed the transethmoidal approach to the sphenoid sinus in
order to reach the floor of the sella turcica more directly. This was accomplished by
a small incision about the inner border of the orbit and resection of the ethmoid sinuses.
Kanavel in 1909 (17, 18) developed the inferior nasal approach to allow entry to the
sphenoid sinus and the floor of the sella turcica. Success in patients followed. However,
the mortality with this technique was 21%.

Hirsch (13) then introduced in the same year a two-stage operation utilizing a single
nostril entrance and nasal septum resection under local anaesthesia and reported a suc-
cessfully treated case. The procedure was modified so that it came more to the midline
and an additional series of patients was operated upon (25). In 1926 100 cases were
reported by this technique with the lower mortality of 12% (14). A sublabial approach
was introduced by Halsted (10) in 1910 under the upper lip. The nasal septum was mo-
ved upward and laterally. The lower turbinates, vomer and perpendicular plates of the
ethmoid were removed and the sphenoid sinus was entered successfully in two cases.

Cushing (9) combined this inferior nasal approach leaving the septum intact and re-
moved the anterior wall of the sphenoid sinus in order to obtain entrance to the sella
turcica. The high infection rate and the limited field of operative exposure as well as
the substantial mortality led generally to the discontinuance of both the superior and
inferior nasal approaches. Some surgeons including Cushing, however, did continue to
use these procedures as an alternative to intracranial operations, if the chiasm was
thought to be prefixed or if the patient was acromegalic.

Hirsch (15) remained the strongest advocate of the transnasal trans-sphenoidal opera-
tion and reported the results in 413 cases. Once antibiotic therapy had been developed
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the mortality in this series dropped to less than 2% using an endonasal approach to
the sphenoid sinus between the septal membranes. The disadvantage of this operation
was the narrow surgical exposure and other operations to the sphenoid sinus were des-
cribed to improve visibility.

To improve the surgical exposure and manipulative ability of instruments, Bateman
(4) developed a double approach to the sphenoid sinus which allowed him to view the
area using the transethmoidal incision and sinus resection and manipulate the surgical
instruments through the transnasal trans-sphenoidal approach. This operation, however,
has never become popular (16).

Several European surgeons continued to use a transnasal trans-sphenoidal approach
to the sella turcica for excision of pituitary tumours. This technique was improved by
Hardy (11) using the sublabial transnasal trans-sphenoidal microsurgical operation
employing the operative microscope to enhance the visual field by magnification and
to improve the lighting (23). Furthermore, by performing a partial pneumoencephalo-
gram during the operation, lateral fluoroscopy allowed the surgeon also to reach into
the suprasellar recess safely to extract tumour tissue.

As a result of the efforts of Hardy and others the transnasal trans-sphenoidal opera-
tion, using the surgical microscope and closed television fluoroscopy has currently be-
come more the standard operation, with antibiotic coverage to prevent infection, and
special techniques to reduce the risk of cerebrospinal fluid rhinorrhea.

Certain aspects of the anatomy of the sphenoid sinus and sella turcica are worth con-
sideration (1, 5). The sphenoid sinus varies significantly in length and height. The sep-
tum within the sinus may be thick or thin, in the midline or off to the side and can
therefore mislead the surgeon (7). In the majority of situations the sphenoid sinus is
pneumatized so that the floor of the sella turcica can be reached without drilling the
sphenoid bone but in those instances where only slight aeration is present, drilling
through the bone of the sella floor will be found to be necessary. In the lateral walls
of the sphenoid sinus the carotid groove can be identified and it is important to recall
that the medial wall of the optic canal is in the lateral portion of the upper part of the
sphenoid sinus (8, 21). .

Consequently, in the majority of patients done at UCLA Hospital, AP carotid angi
grams are performed prior to operation to identify the position of the carotid arteries
within the cavernous sinus and sphenoid sinus in order to be sure that arteriosclerosis
or some other congenital changes have not caused the artery to lie close to the midline
and also to rule out aneurysms simulating non-functional pituitary adenomas. In the
future a direct carotid angiogram can be avoided by using intravenous digital computeri-
zed radiography which will show the carotid arteries quite well without doing an intra-
arterial study. This technique will be used in the future at UCLA Hospital.

The sella turcica of course varies in size and shape normally and it changes especially
with intrasellar tumours. If there is a microadenoma one may only see a thinning of the
wall of the sella turcica usually in one side or the other with a small bulge. On the other
hand the pituitary gland may harbour a microadenoma without any change in the size
or shape, or calcification of the sella turcica, especially in Cushing’s disease.

As CT brain and skull scanning has become more refined and sophisticated, such chan-
ges, including small micro-adenomas can be seen by using thin sections with high resolu-
tion and contrast.
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From the point of view of the transnasal trans-sphenoidal operation the important vascu-
lar structures in the region are the carotid arteries laterally as well as the vessels in the
surrounding dura mater and the cavernous sinuses. At times the pituitary tumour will
actually invade the cavernous sinus and when it is removed there can be rather vigorous
venous bleeding. This can be controlled by using such substances as Surgicel or muscle.

If the tumour is limited to the sella turcica this author tries to avoid producing a ce-
rebrospinal fluid leak which entails repair of the floor of the sella turcica and therefore
tends to prevent potential recurrent tumour growth coming inferiorly into the sphenoid
sinus and it may go superiorly in the superchiasmatic area against the optic chiasm.

At UCLA Hospital prior to operation, the majority of patients harboring pituitary tu-
mours receive a fairly extensive endocrine evaluation by members of the Department of
Medicine, Division of Endocrinology. The routine endocrine evaluation includes FHS,
LH, HGH, Cortisol, Prolactin, FT4 Index, testosterone (male), oestrodiol (female) and
glucose. Other special endocrine studies are ordered as seems indicated.

If the patient is showing any evidence of hypopituitarism either with a hypersecreting
syndrome or in a non-functioning tumour, supplementary cortisone support is given
prior to diagnostic radiographic studies such as carotid angiograms or pneumoencepha-
lograms to overcome any excessive stress that may occur.

Operative Technique

Once the operation has been decided upon the patient is given the usual pre-operative
medication for sedation and given a general anaesthetic with intubation while in a supine
position on the operating room table. The oral cavity is packed to reduce the amount of
blood going into the region of the superior portion of the larynx. The face and nasal ca-
vities and oral cavities are prepared with antiseptic soap and the anterior portion of the
right thigh or groin is prepared with an iodine solution in case a muscle and/or fat tissue
is required to reconstruct the floor of the sella turcica to prevent a cerebrospinal fluid
leak. If the patient has a suprasellar extension of the tumour then a small indwelling
catheter is placed in the lumbar subarachnoid space in order to deliver increments of
filtered oxygen to the supraoptic chiasm to outline where the microsurgical instruments
may be passed safely into the suprasellar extension of the tumour.

We believe that preservation of the anterior portion of the septum is a critical part of
the operation in order to preserve the appearance and function of the nose. Consequent-
ly, after appropriate draping, a 22 gauge needle is used to infiltrate the submucous super-
chondrial area with appropriate local anaesthetic solution with 100 to 200,000 epine-
phrine. This same solution is used to infiltrate the sublabial area.

The septum is approached through the right nares with a vertical incision made to
the mucoperichondrium which is then elevated from the left side of the cartilaginous
and bony septum preserving the right mucoperiosteum and blood supply to this area.
The mucoperiosteum of the nasal fossae is elevated from both floors and the attach-
ment of the septal membrane to the maxillary crest is sectioned. The cartilage is incised
vertically at the junction of the bony nasal septum and then the mucoperiosteum is dis-
sected bilaterally to the vomer of the sphenoid sinus.
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A sublabial incision is made in a horizontal manner as has been described by others and
subperiosteal dissection is performed to open into the septal spaces previously dissected.
In this manner the serrated Hardy speculum which has been fashioned after Cushing and
others is inserted through the sublabial opening between the septal membranes, pressing
the preserved quadralateral cartilaginous plate to the right. The lower part of the middle
turbinates may be outfractured in gaining adequate exposure but this has not caused any
complication postoperatively in the patients.

A closed high resolution television fluoroscopy unit C-arm system is then activated in
order to guide the speculum properly to the sphenoid sinus, which is then opened. Once
this has been accomplished, the surgical microscope is introduced and further opening
of the sphenoid sinus is carried out with resection of the septa of the sinus and the mu-
cous membrane. As much of the mucous membrane as possible is preserved in case a
small cerebrospinal fluid leak requires repair.

The speculum can be moved into the sphenoid sinus if the opening is wide enough,
nicely exposing the floor of the sella turcica. Occasionally it may appear, especially in
acromegalic patients, that there is an infection in the sphenoid sinus. Under these cir-
cumstances the operation should be discontinued at this time, cultures taken, appropri-
ate antibiotics given and the patient treated conservatively until the infection is under
control.

The surgical findings at the floor of the sella turcica depend on the size and shape of
the intrasellar tumour and its influence on the surrounding structures. At times no re-
maining osseous floor remains, and at other times, if the tumour is very small in one
area within the pituitary gland it may be quite normal. In those instances where the
floor of the sella is paper-thin this bone is removed and aspiration is carried out using
a disposable spinal needle. If dark fluid is obtained it indicates that there has been a
previous hemorrhage in the tumour. If the posterior wall of the sphenoid sinus is par-
ticularly thick then high speed drilling is required. On the other hand, the usual floor
of the sella can be opened with small chisels and then using an angled punch to enlarge
it to its widest diameters.

Generally the dura is opened in a vertical and then horizontal manner and specimens
of the tissue are obtained for frozen section, electronmicroscopy and permanent sec-
tions for special hormone staining. The dura can then be opened in a more circular
manner and using intensified light the contents of the sella turcica can be quite readily
viewed at higher magnification (19). Thus appropriate surgical resection of the tumour
is carried out. If the tumour has basically occupied the entire sella causing it to be bal-
looned, one can expect that any residual normal pituitary tissue would be found pos-
teriorly and superiorly in the region of the pituitary stalk. Naturally, every effort is
made to preserve any residual normal pituitary tissue in this situation.

In those instances where one is looking for a microadenoma and there is no gross
tumour detectable upon opening the dura, it would then be necessary to open the
pituitary gland horizontally. Rather than open both sides of the dura of the sella this
author limits the opening to the suspected side and removes the microadenoma using
special microtechniques including the cryoprobe, which can destroy any residual cells
in the bed of the pituitary gland.

One technique that has been quite useful when there is a suprasellar extension is to
use a specially designed curved cryoprobe which employs compressed nitrogen as a
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coolant. This cryoprobe can be attached to the inferior surface of residual tumor in the
suprasellar space and once an adherence is adequate the mass can be pulled down into
the sella viewing the procedure on closed circuit television. This technique has been
highly successful in bringing suprasellar tissue into the sella for subsequent resection.

In my opinion even with a radical excision of a pituitary tumour mass within the
sella and this is especially true in a suprasellar position, total removal is not accom-
plished as small areas of pituitary adenoma will remain. In order to try and decrease
the risk of recurrence of the tumour, another special cryoprobe is used to freeze the
internal boundaries of the sella turcica with overlapping cryogenic lesions to —90°C
or below.

Even then it may be necessary to give postoperative radiation to reduce the risk of
recurrence of the tumour. It is well established in the literature that in tumours that
occupy a large extent of the sella turcica, especially those with suprasellar extensions,
a recurrence will generally occur unless some type of postoperative radiation is used.

In the future since we now have acquired the Leksell Stereotactic 60Cobalt Gamma
Radiation Unit we shall be giving certain selected pituitary tumours primary radiation
without a transnasal operation (2, 3). In other situations this type of one-dose highly
collimated gamma radiation will be used in patients postoperatively to take the place
of the previous radiation techniques using other 80Cobalt sources and linear accelera-
tors (22, 24).

Discussion of Results

During the 15 years between 1966 and 1981, 203 transnasal trans-sphenoidal operations
have been done for pituitary tumours. In this group of patients there were slightly more
females than males due to the preponderance of prolactinomas which are more common
in females than males. The ages varied from 16 to patients in their 70’s with an average
age around 40 years. Approximately 14% of these patients suffered from acromegaly
due to increased growth hormones secreted by the adenoma. In the early years prior
to the diagnostic techniques of detecting prolactin the majority of the patients were
classified as non-secretory pituitary adenomas but with more sophisticated endocrine
tests the classification of prolactinoma became more common. With the advent of Bro-
mocriptineR there has been a decrease in the number of patients operated upon for pro-
lactinomas because an arrest, if not a cure, of a number of these adenomas has been
achieved by the use of various doses of Bromocriptine, even up to 25 grams per day.
Although this drug may indeed not produce a cure there have been reliable reports in
the literature of definite shrinkage of the tumour mass with improvement of the endo-
crinopathy syndrome and the neurological deficits such as bitemporal hemianopsia.
We have seen dramatic improvement in some cases. A total of thirty additional patients
underwent transnasal trans-sphenoidal operations for craniopharyngioma, hypophysec-
tomy for metastatic breast cancer and some unusual conditions such as intrasellar angio-
fibroma and meningioma.

The postoperative course for pituitary tumour patients has been fairly benign in the
majority of individuals although one patient did develop a persistent cerebrospinal fluid
leak in spite of reconstruction of the sella floor. Meningitis developed and death sub-
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sequently occurred due to vascular cerebritis with rupture of vessels. Another patient
who was shown preoperatively to have a small aneurysm on the anterior cerebral artery
died in the recovery room from rupture of the aneurysm which was attached to the
dome of the suprasellar mass of the pituitary adenoma. It would have been more prudent
in retrospect to have done this case by craniotomy in order to treat the cerebral aneu-
rysm first and then do a decompression of the pituitary tumour. In the majority of our
patients AP angiograms have been performed to determine the position of the internal
carotid artery and to rule out large aneurysms in the region of the sella which might be
mimicking a pituitary tumour. In actual practice this has worked out well without com-
plication. The newer techniques of digitalized computer angiography may replace stan-
dard angiography in this situation.

Every effort was made to avoid re-building the floor of the sella in patients with large
pituitary tumours so that the suprasellar contents could prolapse into the sella and thus
limit the field of postoperative radiation. Therefore, although radical resection of these
tumours was performed a total resection was not attempted because of the inability to
do such an operation with piecemeal removal of tumour tissue and the risk of producing
a serious cerebrospinal fluid leak. This would necessitate rebuilding the floor of the sella
with muscle and cartilage. Approximately one-third of the patients had to have some re-
construction of the floor of the sella because of the risk of cerebrospinal fluid leak. This
was done by a technique similar to that described by Hardy.

Cerebrospinal fluid rhinorrhea is a complication in approximately 8% but is usually
transient and controlled by the use of lumbar punctures postoperatively if the floor of
the sella had been reconstructed. If not a subsequent operation was performed to rebuild
the floor of the sella in a few patients.

In the early years prior to CT brain scanning, pneumoencephalograms were performed
in the vast majority of patients using a partial technique often performed as an outpa-
tient. With the advent of CT brain scanning and particularly with the newer techniques
using colour coding and three dimensional reconstruction, there have been fewer cases
in which a partial pneumoencephalogram has been needed.

The operative mortality has been less than 2%. In one patient there was a death due
to myocardial infarction and in another patient an arrest occurred when the patient
wished to have a general anaesthetic to remove the nasal packing. This was the patient’s
request. Ordinarily the packing is removed readily without any anaesthetic or even nar-
cotic.

The transnasal trans-sphenoidal approach to pituitary tumours has replaced the trans-
frontal craniotomy in the majority of patients with pituitary tumours. This author be-
lieves that the transnasal trans-sphenoidal procedure should be considered and used in
the majority of patients including those with suprasellar extensions. However, tumours
which have been extremely long-standing with potential severe adherence to the hypotha-
lamus and mesencephalon so that inversion of the diaphragm sella will not occur may be
better served by a transfrontal trans-sphenoidal operation.

The majority of pituitary tumours are quite resectable using the trans-sphenoidal ope-
ration because of their soft consistency and especially with the advent of special probes
to help displace the tumour tissue into the sella turcica from the suprasellar position.
The cryosurgical probe can also destroy residual tumour tissue in the walls of the caver-
nous sinus.
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In addition, midline small craniopharyngiomas and cystic pituitary lesions can be ma-
naged satisfactorily by the transnasal trans-sphenoidal approach. This has been accom-
plished in several of our patients.

There remain, however, some patients where a transfrontal operation is definitely
indicated. This is particularly useful if it is combined with a transfrontal trans-sphenoidal
operation pushing the mucous membrane of the sphenoid sinus away to allow a greater
access to the sella turcica, in those cases where the optic chiasm is pre-fixed and danger
to vision may be predicted if manoeuvres are made to the optic nerve or optic chiasm.

We have been pleased by the special surgical techniques in managing the nasal septum
preserving the quadrilateral cartilaginous plate. With this technique we have neither ob-
served nasal deformities such as “saddle nose” nor been troubled by septal defects caus-
ing discomforting nasal symptoms.

If residual tumour tissue cannot be managed by the use of a cryoprobe and thus avoid
postoperative radiation, this author continues to recommend postoperative radiation in
those situations where it is evident that tumour tissue was probably left behind. This
dose should not exceed 180 rads tumor dose per day.

This programme of postoperative radiation is in contrast to the microadenoma where
one can dissect out the neoplasm and then freeze the base of the tumour. In these situ-
ations postoperative radiation may indeed not be necessary because we have followed
patients after stereotactic cryohypophysectomy for over 17 years without evidence of
recurrence of their tumour after profound freezing of the tumour tissue.

With the arrival of the Leksell Stereotactic ©Cobalt Gamma Unit to UCLA Hospital
from Stockholm, Sweden, we shall be treating some microadenomas, particularly those
causing acromegaly and Cushing’s disease by this successful technique (22, 24). This
treatment is unique in that the radiation can be delivered at one dose up to 7000 to
10,000 rads to the microadenoma via 179 needle sources thus reducing radiation to
the entire brain as ordinarily is done with conventional radiation.

Conclusion

The transnasal trans-sphenoidal operation using microneurosurgical and closed television
fluoroscopy is the preferred surgical technique for microadenomas and intrasellar tu-
mours. Stereotactic cryosurgery is an excellent alternative in these situations. Stereo-
tactic ©0Cobalt Gamma radiation is especially satisfactory in Cushing’s disease with a
normal sella turcica. For suprasellar extensions the transfrontal trans-sphenoidal approach
is an alternate to the transnasal trans-sphenoidal approach in selected cases.

References

1. Alyea, O.E.V.: Sphenoid sinus — anatomic study with consideration of the structural characteris-
tics of the sphenoid sinus. Arch. Otolaryngol. 34, 225—-253 (1941)

2. Backlund, E.O., Rihn, T.. Sarby, B., de Schryver, A., Wennerstrand, J.: Closed Stereotaxic Hypo-
physectomy by means of 60CO Gamma Radiation. Acta Radiologica Therapy Physics Biology
2, 545-555 (1972)

3. Backlund, E.O., Rihn, T., Sarby, B., Wennerstrand, J.: Stereotaxic Gammahypophysectomy. Acta
Neural Scand. 48, 261—262 (1972)

179



11.

12

13.

14.

15.

16.
17.

18.
19.
20.
21.
22,
23.

24,

25.

. Bateman, G.H.: Trans-sphenoidal hypophysectomy, a review of 70 cases treated in the past

two years. Trans. Am. Acad. Ophthalmol. Otolaryngol 66, 103—110 (1962)

. Bergland, R.M., Ray, B.S., Torack, R.M.: Anatomical variations in the pituitary gland and

adjacent structures in 225 human autopsy cases, J. Neurosurg. 28, 93—99 (1968)

. Chiari, O.: Uber eine Modifikation der Schlofferschen Operation von Tumoren der Hypophyse.

Wien, Klin. Wochenschr. 25, 5-6 (1912)

. Congdon, E.D.: The distribution and mode of septa and walls of the sphenoid sinus. Anat. Rec.

18,97-116 (1920)

. Cope, Z.V.: The internal structure of the sphenoidal sinus. J. Anat. Physiol. 57, 127—-136 (1917)
. Cushing, H.: The pituitary body and its disorders, p. 298. Philadelphia: J.B. Lippincott Co. 1912
. Halstead, A.E.: Remarks on the operative treatment of tumors of the hypophysis. Surg. Gynecol.

Obstet. 10, 494502 (1910)

Hardy, J., Wigser, S.M.: Trans-sphenoidal surgery of pituitary fossa tumors with televised radio-
fluoroscopic control. J. Neurosurg, 23, 612—-619 (1965)

Heuer, G.J.: The surgical apparoach and the treatment of tumors and other lesions about the optic
chiasm. Surg. Gynecol. Obstet. 53, 489-518 (1931)

Hirsch, O.: Diskussion in: Offizielles Protokoll der K.K. Gesellschaft der Arzte. Wien Klin.
Wochenschr. 22, 473 (1909)

Hirsch, O.: Tumeurs hypophysairés basée sur 100 cas apérés par 'auteur d’apres sa propre méthode
endonasale. La Presse Med. 7, 578—580 (1926)

Hirsch, O.: Pituitary tumors, a borderland between cranial and trans-sphenoidal surgery. N. Engl.
J. Med. 254, 937-939 (1956)

James, J.A.: Transethmosphenoidal hypophysectomy. Arch. Otolaryngol. 86, 256—264 (1967)
Kanavel, A.B.: The removal of tumors of the pituitary body by an infranasal route. J.A.M.A.
53,1704—1707 (1909)

Kanavel, A.B.: A consideration of final results in hypophyseal surgery. Surg. Gynecol. Obstet.
16,541-548 (1913)

Kaplan, H.A., Browder, J., Krieger, A.J.: Intercavernous connections of the cavernous sinus. J.
Neurosurg. 45, 166—168 (1976)

Moszkowicz, L.: Zur Technik der Operationen an der Hypophyse. Wien Klin. Wochenschr. 20,
792-795 (1940)

Peele, J.C.: Unusual anatomical variations of the sphenoid sinus, Laryngoscope 67, 208—237
(1957)

Rihn, T., Thorén, M., Hall, K., Backlund, E.O.: Stereotactic radiosurgery in Cushing’s syndrome:
Acute radiation effects, Surg. Neurol, /4, 85—92 (1980)

Rand, R.W.: Microneurosurgery. 2nd ed. St. Louis: C.V. Mosby Co. 1978

Thorén, M., Rihn, T., Hall, K., Backlund, E.O.: Treatment of pituitary dependent Cushing’s syn-
drome with closed stereotactic radiosurgery by means of 60Co Gamma Radiation. Acta Endo-
crinologica 88, 7—17 (1978)

West, J.M.: The surgery of the hypophysis from the standpoint of the rhinologist. J.A.M.A. 54,
1132-1134 (1910)

180



Complications of Trans-Sphenoidal Microsurgery for Pituitary Adenoma

E.R. Laws, Jr.

During the past 15 years, radical changes have taken place in the diagnosis and manage-
ment of pituitary adenomas (1). Pituitary tumours are being detected and treated much
more frequently than in the past. Treatment, which once consisted of craniotomy or
radiation therapy, is now primarily by trans-sphenoidal microsurgery or medical thera-
py. At present, approximately 96% of the pituitary tumours treated surgically at our
institution are approached trans-sphenoidally rather than by craniotomy.

Although the mortality and complication rates for most large series of craniotomy
for pituitary adenoma were quite acceptable (12), the prospect of such an operation
for the patient and the referring physician is still terrifying. The trans-sphenoidal ap-
proach is more acceptable psychologically and has proved to be considerably safer for
the patient. This is a review of the complications encountered during a nine year period
in the management of nearly 800 patients with pituitary adenomas using trans-spherioi-
dal microsurgery.

In previous reports (9, 10), we have grouped the potential complications into various
categories.

Intracranial complications consist of hypothalamic injury (6), intracranial vasospasm,
injury to intracranial branches of the circle of Willis, ischaemic or haemorrhagic stroke,
meningitis, and complications related to extension of a large tumour into the anterior
or middle fossa (5). These complications are the most common cause of operative mor-
tality (2, 4).

Carotid artery complications may also be fatal or lead to serious disability. They in-
clude laceration, perforation, avulsion and occlusion of the cavernous carotid artery,
rupture of an unrecognized carotid aneurysm (8, 11, 12), and spasm provoked by mani-
pulation or damage to the vessel.

Complications involving the visual system may occur in a variety of ways. The optic
nverves and chiasm may be traumatized directly or may be injured by interference with
their blood supply. They may be compressed by muscle or other agents used to pack
the sella and obtain haemostasis, and they may be damaged by prolapse into the second-
ary empty sella. The instruments used for surgery may produce fractures of the orbit
or optic forame<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>