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Preface

Demands on a Neurosurgeon Under Routine Clinical Conditions*

“Hardly any other field of surgery requires such meticulous asepsis.
No other field requires such a protection of the tissue and such reliable
hemostasis. No one will question that neurosurgery makes exceedingly
high demands. However, the degree of the demands on the personal-
ity of the surgeon who has to carry out very serious operations to the
exclusion of all others and has little opportuinity to recover psycholog-
ically by working on simpler cases is concealed from the outer world.
The mental strain which the coworkers and staff have to tolerate may
not be denied”.

So wrote Wilhelm Tonnis in 1939. Although fifty years have now
elapsed, his appraisal is still relevant today — hence my intention to
discuss the everyday demands placed on neurosurgeons. My aim is
not self-glorification to engender sympathy; rather it is to highlight
the effects and repercussions of such demands for the well-being of
the patients entrusted to us. The major onerous demands include:

— those in the operating theater

— those resulting from staff problems in nursing

— those resulting from legal developments

— those resulting from the increasing administrative tasks that cost
valuable time and energy which are lost to our actual work in look-
ing after patients: science and research also suffer from this.

I shall not go into the latter point within this preface.

Let me first turn to the strains occurring in the operating theater.
In 1983 Ogilvie convincingly described the nature of stress in the life
of the surgeon. He stated in conclusion that surgeons are confronted
with demands from all sides which they have to master with decisive-

* Paper presented on the occasion of the 40th Anniversary of the German
Society of Neurosurgery in Wiirzburg, 7 May 1989
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ness, self-confidence, and considerable occupational skill and artistry.
Of course, they bear the sole responsibility for the consequences and
repercussions of their actions and those of their staff. Ogilvie discussed
the stress in the life of a surgeon with all its resultant manifestations,
but on the other hand assumed a very critical posture with regard to
the behavior of surgeons who act very carelessly under stress and yet
are by no means prepared to accept any help, in particular not from
psychologists and behavioral researchers. Of course, this resistance has
a traditional background.

In former times, surgical operations took place in lecture theaters in
front of admiring and mixed audiences. The surgeon had to be bold:
manual dexterity and quickness were the prerequisites. He thus had
to be rigorous or at least appear to be rigorous. With the further de-
velopment of surgical medicine, quickness in the operation became
completely unimportant, and tranquility pervaded the operating the-
ater. Even at that time Harvey Cushing, the creator of modern neuro-
surgery who experienced the beginning of this transformation, insisted
on complete calm during the operation and prohibited any conversa-
tion, in part to avoid droplet infection but above all in order to be able
to concentrate without distractions and with undivided attention to his
work. In the epoch of microsurgery, calmness on the part of the op-
erating surgeon has become a matter of course. Operations proceed in
an oderly way in accordance with a strategic plan, naturally excepting
emergency operations.

Eperience and observation in the operating theater and a series of
multivarious occupational physiological and psychological investiga-
tions on surgeons have shown that despite the progress, operations still
constitute a strain (apart from the tolerable physical effort). There is
no question that neurosurgeons are individuals with a high and long-
lasting performance strain. They are usually already reactive in the
operating theater and have a high catecholamine level in their blood.
They thus begin their surgical work under a raised anticipatory tension.

In six published investigations, pulse rate, ECG, and rate of breath-
ing have been registered continuously in 6-30 surgeons during en-
tire operations. Furthermore, the excretion of catecholamines such as
adrenaline and noradrenaline and of adrenocortical hormones in the
urine, and the secretion of adrenaline and noradrenaline in the blood,
were measured in some investigations.

Foster reports that the pulse rate in eight surgeons averaged 121
during the operations, with maximum peaks above 150 in some cases.
If these average pulse rates were attained by test subjects engaged
in physical work, they could not maintain this for longer than 10—
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15min. It is to be borne in mind that these elevations of pulse rate
are tolerated as a matter of course over many hours by the surgeon,
especially in our specialty. In a comparative study, it could be shown
in the same surgeons that this increase in pulse rate could be abolished
by administration of 40 mg of a beta-blocker, so that the rate reached
values such as those measured in surgeons during their patient rounds.

Timio et al. measured the excretion of catecholamines and of adreno-
cortical hormones in 30 surgeons before and after administration of
beta-blockers. At the same time, a Cross-over experiment was car-
ried out in which one group received placebo and the other group,
40 mg oxyprenolol. During the operation, the excretion of adrenaline
and adrenocortical hormones rose significantly in the placebo group,
but the rise was suppressed by administration of beta-blockers. There
was also a distinct coincidence between the increased excretion of the
hormones mentioned and the rise in the pulse rate.

Even years ago, Weis and Lazarus reported on the pulse rate of
anesthetists performing anesthesia. They also mentioned in this con-
nection that a rise in the pulse rate in normal life is the correlate of
increased aerobic muscular work. However, the rise in pulse rate un-
der psychological strain is a manifestation of an ergotropic reaction
which is mediated by catecholamines and is not accompanied by a
raised oxygen requirement of the entire body but by an increase in the
oxygen requirement of the heart muscle.

In my hospital, Poimann et al. have investigated stress in 19 sur-
geons during operations with varying degrees of difficulty in the con-
text of a field study. The pulse and breathing rates were recorded. In
addition, the surgeons specified the mental and physical strain they
experienced during certain operations on the basis of an interval scale.
The operations were recorded by video in order to be able to ap-
praise the movement intensity of the surgeon. As comparison values
for the raised parameters, the basic values during ward duty or during
assistance at an operation were registered.

The pulse rate is a good parameter of strain in neurosurgical oper-
ations owing to the relatively low physical activity. It shows a high
correlation with the subjectively experienced mental strain. In all op-
erations investigated, the pulse rate in the surgeons was higher (about
20%-25% over the basic values on ward duty, the resting value, or
values during assistance at operations).

Various surgeons show individual pulse rate curves independent of
the kind of operation, which can be regarded as an indication of the
individual coping structure of the surgeon in question. Experienced
surgeons with more than 400 operations of the same kind display a
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significantly lower pulse rate during the entire operation than surgeons
with less experience. However, there are also differences in this regard.
The outer appearance and behavior of the surgeon may be misleading.
A surgeon known to me who appeared to be calm and relaxed (a former
member of the staff of my hospital) and had many years of experience
in the same operations showed extremely high pulse values even in
the preparation for the operation while he was washing his hands and
disinfecting the site of surgery. These raised pulse values were lowered
only in the course of the actual operation when the situation had been
mastered.

Another experienced surgeon showed a high elevation of the pulse
rate in a difficult situation involving hemostasis. The pulse rate im-
mediately fell to initial values when he was supported in the difficult
situation by an additional surgeon.

The above two examples prove that it is the anticipatory tension
and the uncertainty with regard to the success or failure of the opera-
tion which lead to the excessive circulatory situation. Such examples
contradict the general view according to which there is an emotional
distance between the experienced surgeon and his patients. Every sur-
geon confronts his patients every day and in every operation in a state
of anticipatory tension and preoccupied with care and solicitude. It is
correct that the requirement to commiserate, and to feel the ups and
downs of the patient, far exceeds what a person is able to achieve
day in and day out as part of his job. Nevertheless, the thoughts of
the surgeon before and during the operation in vital and function:
important regions are centred on questions as to the success of
treatment.

We know from the results reported and from other investigatic
that excessive secretion of catecholamines (adrenaline) results in de
rioration in all activities secretion and their implementation, especia
in complex activities carried out under stress. This has also been fou
in appearances of artists. The excessive secretion of adrenaline caus
ventricular tachycardia and muscle tremor, and leads to anxiety as w
as to gaps in memory in instrumental virtuosi and actors who have
know their part by heart. In turn, anxiety leads to raised secretion
adrenaline which increases the fear, i.e., a vicious circle is forme
Experience shows that extreme stage fright can be alleviated by bet
blockers but not by sedatives. Naturally, such stress factors are al:
of particular importance in other professions involving the associate
experiences of risk, responsibility, decisional conflicts, and pressu
of time.
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Our knowledge of these new results constrains us to reflect on the
stress on the surgeon and the stress in the operating theater, since there
are numerous ways of alleviating it, e.g., by psychological training
and testing of colleagues in advanced training and by ascertaining the
feasibility of preoperative administration of beta-blockers, which have
proved effective in artists.

The success of a surgical operation can only be ensured by qualified
preoperative and postoperative care of the patiens. For this, we require
suitable and motivated personnel at the doctor’s side as responsible
partners in the care of the patient. Officially, it was reported from
Bonn by a specialist journal in February 1989 that the shortage of
nursing staff reported in the preceding weeks (especially by the lay
press) definitely did not exist. In the further course of the article, staff
problems on a regional level were confirmed, but the seriousness of
the acute situation was not generally recognized.

The increase in the number of patients owing to more sophisticated
diagnostics and surgical methods, with a consequent increase in the
frequency of operations, and the drastic shortening of hospital stays
make hospitals a specialized high-performance enterprise. The dura-
tion of patient stays in the Neurosurgical Division in Wiirzburg was 20
days in 1969 but only 9.6 days in 1989, with a bed utilization of 94%.
Although posts have been assigned to compensate for locum service,
shortening of working time, protection of mothers-to-be and nursing
mothers, etc., as is now usual elsewhere in the economy, these are by
no means sufficient to compensate for the high stress owing to greater
nursing intensity, etc. The high demands on each individual nurse ow-
ing to inadequate staff allocations have led to an increased loss of
nursing personnel (especially recently), necessitating amendments of
job allocation and duty plans. Despite their commitment, these expe-
rienced and qualified staff no longer see any future in their profession
owing to the excessive stress, and opt out. This results in beds in
important functional areas being placed out of service. Already, bed
cancellations owing to the shortage of nursing staff have led to intol-
erably long waiting periods for inpatient admission (at present, more
than 3 months). Long-postponed admission dates understandably en-
counter lack of understanding on the part of the waiting patients and
lead to a burdensome tension between the doctor and patient and to
an unfavorable press. Furthermore, integration into the world of work
is delayed. In addition, we are exposed to the danger that we have
to make a selection of patiens for the operation. This is a conflict
situation entailing an additional burden for the physician, apart from
the legal problems which are yet to be discussed. Naturally, acute
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cases are always admitted immediately; the nursing problems men-
tioned arise from this. Although the German Hospital Association has
recommended an extrapolatory evaluation to determine staff require-
ments, this is not being carried out in our hospitals at present. In an
international comparison, West Germany takes 16th place with regard
to the employment of nursing staff among the 21 OECD countries.

The percentage of hospital costs in the gross national product in
West Germany is 2.8%, as compared to 9.4% for the entire health
service. The corresponding figures in the Netherlands are 5.7% for
hospital costs and 8.5% for the entire health service. From the pre-
ceding figures it can be seen that the share of hospital costs in the
total costs of the health service in West Germany is about 30%, which
is far less than in all other comparable countries. The costs per case
are twice as high in the USA as in West Germany, despite an ex-
tremely low average stay in hospital of 7 days in the USA. On the
other hand, the costs of the other medical care sectors, outpatient care,
dental care, drugs, remedies, and auxiliary aids are very much higher
in West Germany than in comparable countries.

The main cause of the low hospital costs is the staff number per
bed, which in West Germany is the lowest of all comparable countries.
These observations indicate the necessity for measures to alleviate the
shortage of nursing staff. These are:

1. Clear definition of nursing work and dispensation from administra-
tive tasks.

2. Adapted staff alocations enabling regular duty times for nursing
staff.

3. Adequate performance-related pay.

4, Re-recruitment and training of nursing staff who have left the pro-
fession, and the creation of part-time nursing posts.

5. Promotion of job careers, state promotion, and financing of post-
graduate and vocational training measures.

6. In competition with other service sectors, nursing professions must
be rendered more attractive and represented as being attractive in a
deliberate image promotion campaign.

Everyday clinical routine is further aggravated by the forensic risks,
which have become greater. These include conflict situations in the
area of provision of medical information to patients, which constitute
an increasingly intolerable burden for the doctor-patient relationship.
This is threatening to become a question of medical survival, especially
in the high-risk surgical disciplines (including neurosurgery).
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Medical science, with its present-day possibilities, has made more
progress in the last 30 years than in the centuries which have elapsed
since Paracelsus. These successes are imparted to medical laymen al-
most daily, especially by television. On the basis of this information,
the relationship of trust between the patient and the doctor has been
transformed into an expectational attitude. The predominant feature
is faith in human omnipotence, in the power of medical progress, in
technological perfection, and in routine controllability of medical mea-
sures, with resulting excessive expectations on the part of the patient.
Unavoidable fateful event sequences are not accepted. Under the in-
fluence of medical progress, the patient expects an adequate result of
treatment with restoration of full functional integrity.

One-sided antimedical reporting in the press and media has given
rise to a distorted, negative picture of the doctor which is persistently
cultivated by “patient protection associations.” In the April edition of
a well-known economics magazine this year, new rights of patients for
compensation were reported on over 19 pages, and indeed a manual
has been published with a table listing the amounts of money which
patients can claim in the event of liability. However, it has to be added
that lack of sensitivity and inept behavior on the part of the physician
following a complication can also give rise to desires for retaliation
and similar feelings among patients and/or their relatives.

As long as I have worked as a physician, I have always regarded the
informational talk as an essential part of our attention to the patient.
It is a measure to build a relationship of trust on the basis of which
we can save the patient from later disappointments and share respon-
siblity with him or her. We should not regard the duty of providing
information as a formality forced on us by court verdicts and should
also not carry it out primarily with the consequences for legal liability
in mind.

On the one hand, the Chairman of the 6th Senate of the Federal High
Court responsible for medical liability stated in an article in a specialist
journal that information provided by the doctor must be restricted to
important points. On the other hand, the extent of the duty to inform
about risks has been incomprehensibly extended and tightened up by
the Federal High Court in that it requires that patients be informed
about not recognizable typical risks even when these are very rare.

Given their knowledge of the court verdicts, the hospital finance
bodies insist on backing by information in juridical terms. If the heads
of hospitals do not take care that all the doctors under them inform
in accordance with the principles of legal verdicts, they are threatened
by recourse because of contravention of professional duty. If he does
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not wish to lose his job and endanger his reputation, the individual
physician has no alternative but to conform to legal decisions, even if
his medical conscience violently objects to this because of the burden
placed on the patient before consent to the operation is obtained by
providing him or her with knowledge of extensive risks whose sig-
nificance in the case in question cannot be known with certainty. It
is intolerable that anxiety about legal consequences influences the be-
havior of doctors. We are in danger of practicing defensive medicine
which ultimately harms the patient looking for help, i.e., by abandon-
ing a human life which it might have been possible to save by taking
risks.

This development must not be allowed to continue. However, this
presupposes a change in the legal system which enables partnership
and avoids antagonistic positions. The principle of liability for damage
caused by intentional and negligent acts has to be abandoned and
replaced by an insurance solution oriented to the principle of causation.
Patient insurance has proved effective in Sweden over the past 10
years. The study group “Doctors and Lawyers” of the working group
“Medical-Scientific Specialist Associations” introduced this possibility
into the discussion years ago. It helps the doctor and the patient to the
same extent. The claims of the patient are not aimed against the doctor,
but directly against the insurer, and are thus in principle based not on
a negligent act on the part of the doctor, but on the damage which has
arisen owing to treatment. The system has the advantage of managing
without the legislature; only a contract between the medical profession
and the insurer is required. Such a transition from liability insurance
to full comprehensive insurance would promote the relationship of
trust between the doctor and patient, and such an insurance system
has already proved effective for 100 years in respect of the liability of
employers to pay damages with regard to employees’ accidents.

However, besides medical care, major tasks of university hospi-
tals are teaching, science, and research. The current strain referred to
allows little time and space for this at present; it is the task of the min-
istries responsible to provide the necessary staffing and the appropriate
scope for this. Up to now, neurosurgeons have been leisure time and
weekend researchers. Those of us who took part in our annual meeting
for the 40th time have participated in the developmental phase of our
specialty with commitment and enthusiasm, have foregone free time,
and have suffered further restrictions. Since 15 professorial chairs in
our specialty were filled last year, and are to be filled this year and
next year, we hope and wish that the new generation representing neu-
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rosurgery will attain better conditions than those described above and
can continue working on the development of our specialty.

The Advances in Neurosurgery have always been published in English
and this tradition will continue. However, the Current Legal Issues
Section deals with legal matters that will serve as reference material
for medical expertise reports in German courts and for German insur-
ance companies. Since the legal system is specific to each country,
the editors feel that it is important to present these specialized legal
problems in the German language. Furthermore, the exact terminology
in German is invaluable for assessing employee compensation reports.

K.-A. Bushe
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Reflections on the Future of German Neurosurgery:
Further Development on the Foundations Laid by
Tonnis

F. Loew’

Wilhelm T6nnis Memorial Lecture?

Wilhelm Tonnis was the father of German neurosurgery. Every neurosurgical “in-
fant” in Germany knows this. However, knowledge of how he achieved this status
is becoming lost in the mists of the past with the passing away of those who
witnessed it, were involved in it, or at least heard vivid first-hand anecdotes about
it.

No doubt, there were pioneers of neurosurgery in Germany before and alongside
Tonnis. Let me remind you of Fedor Krause and Otfried Foerster. Their memory
is honored by our Society through the awarding of the Otfried Foerster and Fedor
Krause medals. However, they were neurologists or surgeons who also carried out
neurosurgical operations. Foerster simultaneously utilized any operation on the ner-
vous system as a neurophysiological experiment and thus expanded our knowledge
of the function of the human nervous system. Krause developed new methods of
cranial surgery. However, neither had the aim of establishing neurosurgery as an
independent discipline. Nor did they aspire to extend our specialty with the ob-
jective of providing comprehensive care of the population. One of the important
merits of Wilhelm Tonnis is that he not only had this objective but also succeeded
in attaining it.

In 1929 Tonnis was accorded the right to lecture on general surgery at the
University of Wiirzburg. Thanks to a Rockefeller Stipendium, he was able to fa-
miliarize himself with neurosurgery in 1932 under Olivecrona in Stockholm after
working for 6 months under Professors Nonne and Pette in the University Neuro-
logical Hospital in Hamburg in accordance with a stipulation of Olivecrona, and
after simultaneously having learnt Swedish (Fig. 1). He related how on his first
day in the Stockholm hospital, he assisted in an operation on a meningioma which
lasted more than 8 hours and a little later participated in just as long an operation
for the postoperative hemorrhage that occurred. This impressively demonstrates the
stamina which a neurosurgeon had to have at that time.

! Neurochiruréische Universititsklinik, Postfach, D-6650 Homburg/Saar

2 This lecture was presented on the occasion of the awarding of the Wilhelm T6nnis Medal
on 8 May 1989 at the Annual Congress of the Deutsche Gesellschaft fiir Neurochirurgie in
Wiirzburg.

Advances in Neurosurgery, Vol. 18
K.-A. Bushe, M. Brock, and M. Klinger (Eds.)
© Springer-Verlag Berlin Heidelberg 1990
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Fig. 1. Wilhelm Tonnis in 1932, just before
his postgraduate scholarship in Stockholm

Upon his return from Stockholm he achieved a crucial change in procedure in
Wiirzburg: His superior at that time, Professor Fritz Ko6nig, had initially assumed
as a matter of course that he himself would continue to operate on the nervous
system and that Tonnis would merely assist him. This was the usual practice at
German universities. It is proof of a felicitous combination of persuasive power,
diplomacy, and willpower that T6nnis succeeded in convincing Professor Kénig
of the necessity of breaking with the tradition of the omnipotent hospital boss, so
that he gave TOnnis a free hand in neurosurgery. This combination of persuasive
power and diplomacy, stamina, and, if necessary, obduracy, the high demands he
made of himself and his staff (Fig. 2), and finally, in the subsequent period, the
tail wind of excellent surgical successes and scientific results quickly brought the
ship of neurosurgery to full speed under its captain T6nnis:

1934 Lectureship in neurosurgery, assistant professorship, and founding of a neu-
rosurgery department.

1937 Tonnis was asked to accept the first German Chair of Neurosurgery at the
University of Berlin and at the same time to become Head of the University
Neurosurgical Hospital and of the Department of Tumor Research and Ex-
perimental Pathology of the Brain at the Kaiser Wilhelm Institute of Brain
Research in Berlin-Buch (Fig. 3).

Inauguration of the Zentralblatt fiir Neurochirurgie.

International recognition was demonstrated symbolically by the Meeting of
the British Society of Neurological Surgeons in Berlin and Breslau in 1937.
Basically, this was a first European congress of neurosurgeons; apart from the



Reflections on the Future of German Neurosurgery 3

Fig. 2. Pioneer staff at the Neurosurgery Department in Wiirzburg. Left to right: Riechert,
Fischer, Roéttgen

Fig. 3. Hugo Spatz in 1937. The scientific col-
laboration with this prominent brain researcher
in the context of the Kaiser Wilhelm (later Max
Planck) Institute of Brain Research developed
into a lifelong friendship



Fig. 4. Sir Geoffrey Jefferson during the joint congress with the Society of British Neuro-
logical Surgeons in 1937 in Berlin

British — above all mention should be made of their president, Sir Geoffrey
Jefferson (Fig. 4), and Norman Dott (Fig. 5) — the congress was attended
by Olivecrona and other Scandinavians, de Martel from France, Martin from
Belgium, Fasiani from Italy, and Krayenbiihl from Switzerland.

The war brought this development to an abrupt halt, but at the same time also
showed how To6nnis mastered new tasks and found excellent solutions. Whereas
tumors of the central nervous system had been at the center of interest until that
time, brain injuries now became more important. As a consultant neurosurgeon
to the air force, he created an organization for taking care of patients with head
injuries which the Americans considered, alongside rocket technology, to be one
of the few German achievements worthy of imitation after the collapse of the Nazi
regime. The principles were as follows:

— At the front, emergency care only

— Air transport for final surgical treatment in specialized military hospitals (Figs.
6,7)

— Regular training of all physicians working there

— Rehabilitation to the level of occupational reintegration in military rehabilitation
centers created especially for this purpose
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Fig. 5. Herbert Olivecrona, Norman Dott, and Wilhelm Té6nnis during the 1937 congress
in Berlin

— All of the above under a uniform management

Improvement of operative methods and classification of brain injuries were, of
course, other features of this creative period. Thus countless brain-injured soldiers
have Wilhelm T6nnis to thank, directly or indirectly, for their survival and restored
health.

The end of the war and the collapse of the Nazi regime forced our people and
thus also Wilhelm Tonnis to make a completely new start. In accordance with
his realistic appraisal of the situation, he did not return to Berlin, but assumed
the position of head of surgical department in the Knappschaftskrankenhaus in the
Ruhr. Bochum-Langendreer achieved its reputation thanks to him.

I myself joined T6nnis in June 1946 at the suggestion of his former pupil Sorgo.
Tonnis was head of a department comprising 250 beds for general surgery and
100 beds for neurosurgery. Under the senior residents Klug and Hering, who, like
Tonnis, were responsible both for general surgery and for neurosurgery, only Heinz
Bormann and myself were initially responsible for the 100 neurosurgical beds. One
month later, Kurt Schiirmann joined us. Subsequently Hans-Werner Pia, Frank
Marguth, Reinhold Frowein, Wolfgang Schiefer, Werner Krenkel, and Wilhelm



Fig. 6. Preparation of the air transport of patients with head injuries during the war. The
picture shows, among others, the nurses Alice and Gertraud (second and fourth from the
right), who remained important members of Wilhelm Ténnis’s staff even after the war

Driesen also came, to name but a few (Fig. 8). Unfortunately, some of these have
left us before their time.

Only after I myself had become head of a neurosurgical department could I fully
appreciate what Tonnis had achieved at that time. He had a huge daily program
of operations, including practically all neurosurgical and the more difficult general
surgical operations, not to mention outpatient duties, clinical visits, administrative
burdens, and problems of procurement of medical equipment. However, over and
above this he revived the old Kaiser Wilhelm Institute together with Professor
Ziilch in the Knappschaftskrankenhaus, thus creating the basis for the later Max
Planck Institute of Brain Research. He organized scientific programs on which we,
grudgingly, worked at night, presented papers, and reestablished contacts which
were necessary in order to be able to return to a university (Fig. 9).

Among other things the classification of closed brain injuries, on which I worked
as well, dates from this time. Moving away from the static terms of concussion
and cerebral contusion, which were arbitrarily defined according to the duration
of primary unconsciousness, the classification was based on the duration of nor-
malization of all disorders of cerebral function. It thus introduced dynamic clinical
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Fig. 7. Brain operation under war conditions

criteria as a new feature and also took into consideration posttraumatic vegetative
dysregulations, in particular those of the circulation.

Looking back, it is readily understandable why he did not always react with
patience to the permanent stress to which we were exposed at the time, but rather
could explode in anger and demand the ultimate in performance not only from
himself but also from us.

He succeeded in returning to a university. In 1951 work began both at the new-
ly built Neurochirurgischen Universititsklinik in Cologne and at the Department
of Tumor Research and Experimental Pathology of the Brain at the Max Planck
Institute of Brain Research under the same roof (Figs. 10, 11). An animal ex-
perimental laboratory was added. The development of clinical neurosurgery over
its entire spectrum was accompanied by very many scientific studies which led,
among other things, to the development of modem neuroradiology. It should not be
forgotten that radiology owes the methods of contrast imaging of hollow systems
of the body (especially of the blood vessels and the CSF spaces) to neurosurgeons.
Within the context of this lecture it is not possible to recount all the clinical and
scientific contributions made during the Cologne period by Tonnis and also by his
staff, thanks to his initiative, suggestions, and active participation.

International contacts were also reestablished during this period. This was dif-
ficult, since he was unjustly regarded as a militarist and Nazi because of his suc-
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Fig. 8. Staff at the Knappschaftskrankenhaus in Bochum-Langendreer

Fig. 9. Wilhelm Ténnis in Bochum-Langen-
dreer



Reflections on the Future of German Neurosurgery 9

Fig. 10. Important main-
stays of the Cologne hos-
pital: the nurses Hiltraud,
Gertraud, Claudia, Alice,
and Dorothee

cessful work for our wounded soldiers, for which he had been praised by the Nazi
regime. Landmarks in regaining recognition and in reconciliation were visits from
such prominent foreign colleagues as Earl Walker, Paul Bucy, and Percival Bailey
and the First International Congress of Neurological Sciences held in Brussels in
1957 (Fig. 12).

The recognition of neurosurgery as an independent discipline in West Germany,
overcoming the supremacy of general surgeons and neurologists, the introduction
of a separate “specialty” designation (Facharztbezeichnung), and the subsequent
logical creation of neurosurgical chairs at an increasing number of West German
universities also took place during this period.

Visible evidence of Tonnis’s achievements, and the culmination of his successful
development of our discipline, is provided by his presidencies of the Gesamtver-
band Deutscher Nervenérzte and the Deutsche Gesellschaft fiir Chirurgie, numerous
honorary memberships, honorary doctorates, and other distinctions, and his position



10 F. Loew

Fig. 11. Neuropathological demonstration by K.J. Ziilch

as Rector of Cologne University (Fig. 13). Up to his death, shortly after his 80th
year of life (Fig. 14), he was able to follow with pride and satisfaction how the
work he had done in developing and expanding neurosurgery was continued and
consolidated by the next and subsequent generations.

What is the position today and what is the outlook for the future?

In my opinion, we are at the end of the phase of expansion and consoldiation
and at the beginning of a phase of defence, in which we are confronted by the
necessity of some reorientation. Let me state the reasons for this.

Comprehensive neurosurgical care of our population has been attained. In the
1960s it was still necessary to increase the number of neurosurgical departments
in the interest of patients with head injuries due to traffic accidents. Today, we are
confronted by the problem of limiting the number of neurosurgical departments.
The head injury argument is no longer valid: thanks to obligatory seatbelts, their
number has declined. Moreover, the ever-increasing density of the helicopter trans-
port network has shortened the distance to the neurosurgeon. If there are too many
departments, the opportunities for the individual neurosurgeon to gain experience
with rarer and more difficult clinical pictures will be reduced, i.e., standards will
be lowered.

Limitation of the number of neurosurgery departments and simultaneous restric-
tion of the number of postgraduate training posts for neurosurgeons, as implemented
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Fig. 12. At the executive table during the International Congress of Neurological Sciences
in 1957 in Brussels: Paul Bucy, Geoffrey Jefferson, Herbert Olivecrona, and Wilhelm Té6nnis

in an exemplary way a long time ago in the Netherlands and later also in Spain,
are impeded by various conflicting individual interests of which I shall name only
some:

— In the course of the reform of the health service, hospital institutions threatened
by closure of poorly filled wards are discovering their affection for neurosurgery
as a hope of survival.

— Staff members of our university hospitals with limited-period contracts are look-
ing for jobs outside of university. This goes as far as positions in general prac-
titioner wards or practices almost without surgical facilities.

The situation is likely to become more acute when advances in European integration
allow the influx of colleagues who have received neurosurgical training in other
countries of the European Community. It must also be taken into account that on
the one hand a neurosurgical department cannot maintain and raise its standard
with constantly changing staff, while on the other hand, new, younger staff may
introduce fresh dynamism.

We therefore require solutions within our traditional hierarchical hospital system
which enable especially qualified colleagues to be retained in the departments for
specific tasks without our specialty being disintegrated by the creation of depart-
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Fig. 13. Wilhelm Tonnis
as Rector of the Univer-
sity of Cologne

Fig. 14. Wilhelm Té6nnis during the last period
of his life
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ments, and without blocking all posts with staff members who are slowly becoming
rather old.

We need not only a West German but also a European solution to this prob-
lem. I regard it as one of the most important tasks for the officers of our Society
that simultaneous approaches be made to the Lander Governments and the Federal
Government, to the Scientific Council (Wissenschaftsrat), and to the Chamber of
Physicians, within the context of the European Association of Neurosurgical So-
cieties and the administration of the European Community in Brussels, in order
to achieve a reasonable solution. This presupposes the elaboration of an overall
approach and a long-term strategy.

Influence within international organizations does not fall from heaven like manna.
Without commitment even in the tedious, time-consuming, and often frustrating
detailed work, without active participation even in boring meetings, nothing can be
done. I mention our Congress President Karl-August Bushe as a positive example
with regard to work within the World Federation of Neurosurgical Societies. Karl-
August Bushe stepped into the breach for German neurosurgery when the world
congress had to be organized in Europe.

In general, we German neurosurgeons are in the midst of a change of generations
with regard to our figureheads. The trailblazers within the European Association
of Neurosurgical Societies (EANS) are either dead, like Hans-Wemer Pia, retired,
like Kurt Schiirmann, or (like Rolf Wiillenweber and myself) about to retire. You
know that, as a member of the commission which started the preparation of a
constitution in the mid-1960s, I am one of the founding fathers of the EANS,
and that I have been an ever-present member of its Administrative Council. It is
absolutely necessary that the work of the “middle generation” (of whom Mario
Brock, Rudolf Fahlbusch, and Hans-Dietrich Herrmann, in alphabetical order, are
examples) be taken up and continued by the younger generation.

The idea that only the occupants of university chairs can be “figureheads” of
German neurosurgery must also be abandoned. I would mention Madjib Samii as
an example who is at the same time provocative in several respects. Even if he
is not German born, he has become a figurehead of German neurosurgery and
therefore should have an appropriate position in the hierarchy of our society.

The term “phase of defence” which I used before points in another direction.
The struggle for their daily bread among practicing physicians, a consequence of
the irresponsible extension of training capacities which was forced on the medical
faculties, has not yet impinged upon the established heads of larger departments,
but will in one way or another affect the younger members of this audience who
represent the future of our discipline. I would like to present some examples:

The surgical treatment of lumbar and cervical disk prolapses, of spinal root
compression syndromes of other etiology, and of tumors of the spinal cord and
vertebral columns has mainly been developed and improved by neurosurgeons. In
this context, I should like to mention Henk Verbiest as an example for many others.
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My colleague Caspar and myself have also contributed in this field. However, those
neurosurgeons who stare spellbound at a vertebral disk like a rabbit at a snake and
for whom narrow lateral recesses and instability are unknown concepts, who equate
vertebragenic pain with disk prolapse and root compression and do not consider the
many causes of pseudoradicular pain, promote the prevailing tendency to subsume
the whole of spinal surgery within the domain of the orthopedic surgeons under the
heading “neuro-orthopedics.” It is important that we neurosurgeons have mastery
of all forms of surgical treatment and that we can offer them to patients. Only then
is an optimal choice of method of treatment ensured — a choice appropriate to the
special features of the individual case.

The situation is similar for the “failed back syndrome.” As a rule, one can
learn more from failures than from cases with positive progress. If we leave it
to the orthopedic.surgeons to carry out all fusion operations necessary because of
postoperative instability or to the anesthetist to use other methods of pain relief,
we need not be surprised when they conclude that they can also carry out the
original operation better than we can. We can only hold our ground if we are
better. Every day fresh efforts are necessary to become better and to remain better.
This, of course, applies not only to “neuro-orthopedics” but also to all neighboring
disciplines: competition for peripheral neurosurgery with the traumatologists, for
surgery of the base of the skull with the otosurgeon, for tumors of the orbit with
the maxillofacial surgeon and ophthalmologist, for carotid surgery with vascular
surgeons, and for vascular malformations with neuroradiologists. Nobody (not even
a head of a department) should consider himself to be so good that he does not
need to learn anything new or to consult someone who is better in a subspecialty
or refer patients to him. We must also learn to appreciate that for the optimal
solution of some special problems it may be reasonable to look for cooperation
with neighboring disciplines, and, for example, to operate jointly. The very interest
of our specialty and the well-being of the patients entrusted to us come together in
this fundamental attitude.

For any scientific progress, teamwork has become an indispensible prerequisite.
Experience teaches that science is fertilized by contacts with neighboring disci-
plines. This applies both to diagnostic problems and to scientific methods. We can
also learn from To6nnis in this respect. From the beginning, he aimed to relate
clinical problems and sophisticated scientific methods. He was able to achieve this
by the link between the Max Planck Institute and the hospital. Depending on the
local situation, other solutions may be possible, but they all have in common the
integration of methodological knowledge and expertise (e.g., of neuropathologists,
neurophysiologists, and neurochemists as well as the experience of neurologists,
neuroradiologists, and radiotherapists) in the solution of clinically important ques-
tions. Real research can no longer be carried out at half steam, after finishing the
daily routine and on one’s own.
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The term “phase of defence” should not be misunderstood as meaning that we
must hold on to everything which has been initiated by neurosurgeons as a neu-
rosurgical “property asset” under all circumstances. As illustrated by the example
of neuroradiology, which was initially developed and practiced by neurosurgeons,
when close contact is maintained the development of independent disciplines may
be appropriate and make possible further developments which could not otherwise
have been achieved. Tonnis also provided examples of this.

A lot more could be said about appropriate strategies in the “phase of defence”
which has now started. For reasons of time, I will confine myself to two aspects:

1. It is important to participate in our professional organizations, e.g., the Cham-
ber of Physicians (Arztekammer) and the Association of Medicare Physicians
(Kassenirztliche Vereinigung). Many crucial decisions take place there, extend-
ing up to the distribution and evaluation of medical fees (Gebiihrenordnung). Our
professional association (Berufsverband), which has now become independent, will
concern itself with these material questions in future.

Until yesterday, the Deutsche Gesellschaft fiir Neurochirurgie was the mouth-
piece for all the concerns of neurosurgery in our country, from science to the repre-
sentation of economic interests. Our section for professional questions (Abteilung
fiir Berufsfragen), which I inaugurated at the beginning of the 1960s because of
the first amendment of the scale of fees (Gebiihrenordnung), which was impend-
ing at that time, was our professional association, but simultaneously remained an
integral constituent of our Society. In this way, we could always act in unison.
The organizational separation adopted yesterday reduces the German Society of
Neurosurgery to a specialist scientific society — before, it was more comprehensive
and unequivocally more than it is now — and creates an independent professional
association despite personal intercalation. The danger of an inherent trend to de-
velop in different directions, which is intrinsic to all corporations, is great. This
may lead to mutual competition and thus weaken the position of neurosurgery. It
is of crucial importance that such a development be avoided, but this has become
more difficult since the separation effected yesterday.

2. It is also important that as many of us as possible take part in refresher courses
for general practitioners and speak there in terms intelligible to non-neurosurgeons.
It was never beneath Tonnis’s dignity to speak even to a county medical association,
quite apart from specialist congresses of neighboring disciplines. I have myself
invested a great deal of time and effort and remember a year in which I presented
more than 70 papers at medical training meetings. In future, such a burden should
be distributed over many shoulders.

However, let us return to Wilhelm To6nnis, in whose memory this lecture has
been presented. I have reported on the successful neurosurgeon Tonnis. Yet what
sort of a man was he in personal terms? Some personal experiences may shed some
light on various facets of his personality.
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One side was that of the absolute monarch who set exact dates for scientific
papers which could only be met through long nights of work despite clinical work
which more than filled the day, and who angrily told me to pack my bags because
some slides had not been prepared to an adequate quality prior to a medical meet-
ing. Besides her many other merits, it was the calming protective hand of Mrs.
Tonnis which abrogated this disastrous verdict.

He was a boss one could not contradict. For example in an internal staff dis-
cussion the neurosurgical “infant” Loew, inexperienced in dealing with big bosses,
argued ingenuously against the thoughts of Tonnis regarding a scientific project
until Tonnis abruptly ended the discussion with an order as to how we were to
proceed. A little later, during a hospital party and after consuming some alcohol,
he drew me into a corner and said with a slurred tongue, and now I am quoting
literally: “You are-a silly person. You cannot contradict me in the presence of other
people.” The lesson was learnt. On the other hand, he was as sensitive as a seismo-
graph, sensing implicit unarticulated dissent and taking it into consideration. It also
happened that he responded to a new idea presented to him only with indifference
or even rejection, yet a few weeks later asked reproachfully, “Why didn’t you do it
like that, we always do it like that,” referring to the idea, which had been inwardly
accepted in the meantime.

Under excessive stress, as well as under particular surgical tension, he tended
towards outbursts of violent temper: “You are holding the spatula in the brain-
stem” or “You are killing my patient.” The resigned complaint “Nobody is helping
me” also resounded in the ears of patients who were only under local anesthesia.
However, what he had said during the operation was no longer valid afterwards.

A quite different side of this man was his often shyly hidden humanity: during
and after the war, he protected and shielded a communist woman who had been
sought by the authorities; he took in nurses and doctors of his war team in the
Knappschaftskrankenhaus in Langendreer after the collapse of the Nazi regime; he
helped a colleague who had concealed the fact that he had not finished his studies
and wrongly claimed an academic degree to complete his professional qualification
discreetly and without loss of his post; and I shall never forget how he told me
during the initial period of starvation after the war: “As long as I have something
to eat, you will not starve.”

Wilhelm Tonnis was like a king in times gone by. He combined both the claim
of Louis XIV “L’état c’est moi” (“I am the state”) and that of the great King of
Prussia “I am the first servant of my state.”

He radiated natural authority and distance, but identified with his staff and gave
them considerate protection. He was more than a great neurosurgeon. He was a
great, strong personality — a great person.
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Indications and Complications of Cervical Spine
Stabilization

A. Weidner, S.T. Chioe, and H.W. Schumacher'

Introduction

Fusion of the cervical spine is indicated for instability. If instability of the cervical
spine is not treated, kyphosis with neurological deficits may develop. One com-
plication of spinal fusion is pseudarthrosis. This develops when micromovements
prevent vascular budding, which is necessary for incorporating the bone grafts in
the fusion [2]. In a fusion involving one intersegmental level the shearing forces
are moderate. However, in a fusion involving several segments these movements
are more extensive, so that immobilization is indicated. External immobilization,
even with a halo, has only a limited effect in reducing micromovements [6]. By
performing an internal fixation with plates and screws, the shear forces upon the
boundary surfaces to be fused are effectively reduced.

This study reports the complications in 251 internal fusions within the cervical
spine (Table 1). Also, long-term follow-up results of 116 patients with ventral AO
plate fusions of the middle and lower cervical spine are reported.

Table 1. Internal fixation: number of

cases

Craniocervical junction 51

Middle/lower cervical spine
Dorsal 11
Ventral 189

251

1 paracelsus Klinik, Neurochirurgische Abteilung, Am Natruper Holz 69, D—4500 Osnabriick

Advances in Neurosurgery, Vol. 18
K.-A. Bushe, M. Brock, and M. Klinger (Eds.)
© Springer-Verlag Berlin Heidelberg 1990



20 A. Weidner et al.

Fig. 1. Left: Metastasis of carcinoma of the prostate at C2 and C4 with therapy-resistant
neck pain. Right: Removal of metastasis at C4; PMNA block; securing with a ventral AO
plate. In the same operation additional dorsal stabilization with two Roy-Camille occipital
plates [4] was performed

Craniocervical Junction

Internal fixation of the craniocervical junction was performed in 51 patients. In 28
patients the cause of instability was atlantodental laxity with spinal cord compres-
sion documented by MRI. In 14 patients trauma was the etiology for instability and
in four patients an anomaly of the odontoid bone was the cause. Rarely were metas-
tases (in three cases) or postoperative instabilities (in two cases) stabilized with
metal plate and screws. Fusion of the occiput to the upper cervical spine was indi-
cated in 13 cases. In rheumatoid arthritis, occipital-cervical fusion was performed
to manage instability only when considerable destruction of the atlanto-occipital
joint was present, producing impending pseudobasilar impression. Wire cerclage
was employed four times and a Roy-Camille plate was used in nine cases (Fig. 1).
In seven patients stabilization of C2-3 instability was performed with dorsal plates,
which were fixated with transpedicular screws.

Most frequently, C1 was fused with C2 (33 cases). On three occasions, the fusion
was reinforced with a Roosen-Trauschel clamp. In 20 patients wire cerclage was
performed around C1 and C2 bilaterally. This procedure has been described by
Brooks and Jenkins [1]. During the past year, we have exclusively employed the
modified technique of Magerl and Seemann [3] to treat C1-2 instability. From a
dorsal approach the joints of C1 and C2 are screwed together (Fig. 2). Double-
threaded screws are utilized which exert compression on the articular surfaces.
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Additionally, a wire cerclage in the midline is necessary. In metastases we use
bone cement for reinforcement. In all other fusions autologous iliac crest bone
graft is used.

Intraoperative complications did not occur. Pseudarthrosis developed in one pa-
tient with a Roosen-Trauschel clamp and in three patients with Brook’s fusion. To
avoid these complications we now exclusively perform fusions in accordance with
the technique of Magerl and Seemann (Fig. 2).

Median/Lower Cervical Spine

Compared to the upper cervical spine, we rarely stabilize the middle and lower cer-
vical spine from a dorsal approach (Table 1). We recognize indications for the dorsal
approach in the management of pseudarthrosis of vertebral fusions, in dorsally po-
sitioned tumors, and in combined ventral and dorsal instability. The stabilization
technique we employed is the technique of Roy-Camille with transpedicular fixa-
tion of the plates [4]. With this technique, operative complications did not occur.
Loosening of plates or screws has not been observed in our small number of cases.

We have reinforced 187 ventral spondylodeses with AO plates. The operative
technique was identical in all fusions [5]. One advantage of the ventral approach
is easier patient positioning. This is particularly important for polytraumatized
patients. Medial sequesters and bone fragments can be removed with less risk by
employing the ventral approach.

Fig. 2. Dorsal stabilization of C1-2: Transarticular screw fixation with double-threaded
screws and additional wire cerclage in the midline
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Table 2. Reasons for removal of in-
strumentation

Pseudarthrosis

Loosened screws

MRI

Infection

Young age

Bad position of the plate
Surgery one level above

— =N NN

10

Between 1983 and 1986, 116 patients were stabilized with ventral AO plates. The
average follow-up examination was over 37 months (24-72 months). In our series
57 patients received an AO plate to treat instability following spondylectomy.
The indications included progressive kyphosis or stabilization after spinal cord
decompression for cervical myelopathy. Thirty-three patients with postoperative
instability, 17 with trauma, 6 with tumor, and 3 with rheumatoid arthritis required
stabilization.

Removal of the implants was necessary in eight cases within the first 2 years and
in two patients after 2 years (Table 2). In this group two patients developed pseud-
arthrosis. In one patient the plate was not positioned in the midline. We removed
the original plate and replaced it with a new plate and graft with good results. In
another patient with marked osteoporosis fusion could not be obtained. Fo relieve
the patient’s pain we removed the plate and performed a dorsal fusion. A total
of 12 patients died. No deaths were from complications secondary to the cervical
spine operation. Also, complications associated with the metal plate did not occur.

In only four patients was removal of the screws or plate indicated due to loosen-
ing of the screws. This corresponds to 3.4% of the total number of cases. Three of
these four patients were females and one of them had marked osteoporosis.

The position of the screws was measured in every case. The sagittal diameter
of the vertebral body was divided into thirds. In 80% of the cases, the tips of
the screws were positioned within the dorsal third of the vertebral body; in 9%
the dorsal vertebral body cortex was perforated. Only three screws could not be
positioned into or past the middle third. Our results demonstrate that the posterior
wall of the vertebra does not have to be perforated by the screws. However, the
dorsal third of the vertebral body must be traversed by them.

The angle of the plate relative to the midline of the cervical spine is also an
important factor. The average angle for all our cases was 5°. In two patients with
screw loosening, the angle was 8° and 25° respectively. So in these cases the
screw was exposed to increased stress which resulted in screw loosening.
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Screw loosening always occurred within the first 6 months after surgery. Radi-
ological follow-up studies were performed after 6 days, 6 weeks, and 6 months.

Four patients developed dysphagia after plating, which did not last longer than
3 months. In the patients in whom a screw had loosened, dysphagia was not noted.

One patient developed a deep infection within the first postoperative week ne-
cessitating removal of the plate and application of a halo. This patient’s course was
otherwise uneventful.

Indication for Internal Fixation

Marked osteoporosis is a contraindication to internal fixation. Instability of the
craniocervical junction should be stabilized by the dorsal approach. In the middle
and lower cervical spine, the stabilization is performed dorsally if decompression
of the spinal canal can only be performed dorsally or if the instability is exclusively
localized dorsally. All other fusions can be performed by a ventral approach with
an AQ plate.

A ventral diskectomy at one level without further-instability does not require
additional osteosynthesis.

The advantages of internal fixation are that it is a safe method and it produces
sufficient stability that all patients can be mobilized without external fixation.
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Osteosynthesis of the Upper Cervical Spine
and the Craniocervical Junction

P. Kn(iringer1

Introduction

The aim of surgical treatment of instabilities of the upper cervical spine and the
craniocervical junction is the reconstruction of the physiological anatomy. Repo-
sitioning and stability are required to relieve the spinal cord, nerve roots, and
vertebral arteries and to protect them from continuous microtrauma. One concern
with regard to spinal motility is that osteosynthesis should produce no or only
the least possible loss of function. This is of paramount importance, because this
region, with the rotation and the nod joints of the head, has the greatest motility
of the cervical spine.

Fractures of the Dens Axis

Osteosynthetic repair of odontoid fractures with a pair of screws introduced from
the anteriolateral aspect has the advantage over the dorsal methods [4, 8] that the
atlantoaxial joint is maintained or reconstituted [2,3]. Compared with the transoral
procedure [6,7], there is less intra- and postoperative burden on the patient, and
the risk of infection is reduced. Whereas conservative treatment necessitates long
periods of constraint in a halo-fixateur or a Minerva cast, screw fixation of the
axis, without placing undue strain on the patient, leads to quick and stable healing
results after about 6 weeks of wearing a removable neck brace [11]. In the hands of
a practiced surgeon, therefore, screw fixation of acute odontoid fractures presents a
true alternative to conservative treatment and is to be seen as the method of choice
among the surgical procedures. The use of double-threaded screws has resolved
some of the disadvantages inherent in the original procedure.

The heads of the generally employed small fragment spongy bone screws almost
invariably irritate the segment C2/3, leading to painful inhibition of ventral flexion
combined with posterior headaches and osteophytic reactions at C2/3 [13, 14]. The
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double-threaded screws (Fig. 1), which are almost completely embedded in the
axis, do not produce mechanical irritation of the segment C2/3. With regard to
the diameters and length of the threaded portions, the dimensions of the double-
threaded screws are exactly adapted to the anatomical conditions of the fracture
types encountered at the axis. The cannulated prebore for the back thread increases
the diameter of the bore hole from 1.8 to 3.7 mm, so that it can be easily found
when the screw is introduced. This, together with the fact that it is no longer
necessary to prethread the bore hole, serves to simplify the procedure.

Double-threaded screws can also be used to treat injuries with fracture lines
running from the upper back to the lower front of the axis, if the upper vertebral
joints of C2 can be repositioned and the fracture does not reach too deeply into
the anterior, ventral part of the axis body. In these fractures, the posterior thread
prohibits a ventrocaudal dislocation of the odontoid. An antiglide plate, as used in
Bohler’s procedure, is not required.

Hangman’s Fractures

Hangman'’s fractures are generally treated conservatively by repositioning and a 6-
to 12-week course of immobilization in a halo-fixateur. An indication for primary
intercorporeal fusion of C2/3 with instrumentation is usually assumed when there is
considerable damage to the intervertebral disk C2/3 with corresponding dislocation
(fusion according to Cloward and Smith-Robinson with plate osteosynthesis). This
is also the case for fractures which have achieved bony stability after conservative
therapy, but with residual discoligamental instability of C2/3. These cases only
require intercorporeal fusion without metal implants.

If the instability is primarily of a bony nature, as is the case in most injuries,
transpedicular screw fixation [9, 16] can provide stability without loss of function,
so that this method can be considered an alternative to conservative therapy.

Transpedicular screwing is accompanied by risk of injury to the vertebral arteries,
the dura, and the spinal cord. This risk can be decisively reduced if the follow-
ing points are observed. Besides plain X-ray imaging, computed tomography of
C1-3 should be performed with bone window adjustment and 2-mm layers, the
sections being parallel to the line of the upper arch of C2. This not only provides
more precise visualization of fractures but also reveals anomalous vertebral arteries,
recognized by alterations in the transverse foramina. As a rule, preoperative an-
giography is not needed. The exact subperiosteal view of the medial borders of the
arches and the localization of the vertebral artery by intraoperative Doppler ultra-
sonography [15] permit relatively safe preboring and screw implantation between
these two landmarks.

The risk of injury is further reduced by using double-threaded screws (Fig. 2)
instead of the cortical and small fragment spongy bone screws [19] used to date.
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Fig. 1a—. Type II odontoid fracture accord-
ing to Anderson. a Postaccident image of
dorsally dislocated odontoid and atlas. b, ¢
Status after repositioning and stabilization by
double-threaded screws. Both screws are lo-
cated in the odontoid; the hard vertebral str-
cutures are used for anchoring. The segment
C2/3 is unaffected
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The preboring for the implantation of the double-threaded screws is done with a
1.8-mm drill wire with a chisel tip, whereas the other two screw types require
a 2.0- or 2.5-mm spiral drill. While the thread does not need to be precut for
osteosynthesis with double-threaded screws, this is necessary for the other two
screw types. The risk of injury is thus reduced not only by the smaller diameter
of the drill wire and its smooth surface when compared to a spiral drill, but also
by the fact that a threadcutter, which probably presents the greatest intraoperative
risk, can be dispensed with. The double-threaded screw also has a distinct spatial
advantage after implantation. The site with the greatest injury potential is in the
vertebral arch between the vertebral artery and the dura mater. At this site, the
diameter of the implanted double-threaded screw is 2.0 mm, that of the cortical
screw 3.5 mm, and that of the small fragment spongy bone screw 2.4 mm (in the
unthreaded portion) or 4.0 mm (in the threaded portion). Since the small fragment
spongy bone screw has too long a threaded portion for this indication, one can
assume that at least part of this will come to lie in the danger zone, so that this
screw type has the least suitable dimensions. Even if the transverse foramen is
opened, the chisel tip and the smooth drill wire are likely only to displace the
vertebral artery, whereas the spiral drill and particularly the threadcutter are more
apt to cause injury to the vessel.

After the screws are tightened, the vertebral arteries should be examined for pa-
tency by means of Doppler ultrasonography. In the case of stenosis or occlusion by
compression, immediate correction of the screw position can reinstate the patency
of an undamaged vessel. This can prevent serious circulatory problems.

Atlantoaxial Instabilities

Atlantoaxial instabilities due to trauma or to rheumatic or congenital disorders
(Table 1) are an indication for transarticular screw fixation and interarcual fusion
of C1/2 [16,17]. The advantages of osteosynthesis with double-threaded screws
are the same as described in transpedicular C2 screwing (Fig. 3). Compared with

Table 1. Indications for transarticular screw
fixation of C1/2

Jefferson fracture

Combined odontoid and Jefferson fracture
Odontoid pseudarthrosis

Rotatory subluxation of C1

Posttraumatic incongruence of C1/2
Rheumatic arthritis

Atlas assimilation and instability
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Fig. 2 Fig. 3

Fig. 2. Schematic presentation of osteosynthesis of a hangman’s fracture by means of a
transpedicular C2 double-threaded screw. The screw is located medial to the vertebral artery.
At this point it has its smallest diameter of 2 mm. The screw does not affect the segment
C1/2 and its threaded parts are anchored in the anterior and posterior bone of the axis and
the lamina

Fig. 3. Schematic presentation of transarticular double-threaded screw fixation of C1/2. The
screw direction is sagittal and more inclined than for transpedicular C2 screw fixation. The
screw is behind the verteberal artery and is anchored in the cortical bone of the lamina of
C2 and the massa lateralis atlantis. The combination of interarcual fusion with bone graft
and wiring gives a three-point fixation which ensures against loss of repositioning

lateral atlantoaxial screw arthrodesis [5], which needs to be performed bilaterally,
this procedure has the advantage of a single access, which is furthermore generally
known and technically uncomplicated. In contrast to the other methods, like fusion
according to Gallie [8] or Brooks and Jenkins [4] and compression clamp spondy-
lodesis [18], this procedure ensures that once repositioning has been performed,
it will be maintained. Good repositioning and its maintenance are of the utmost
importance, because only then is it guaranteed that the spinal canal will recover its
physiological width and that the spinal cord will be completely free of pressure.
All described fusion procedures concerning C1/2 lead to the loss of the rotation
joint, but preserve the nod joint of the head.
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Fig. 4a—c. Magnetic resonance (a) and X-ray (b) im-
ages of an impression of the cervical spine into the
foramen magnum in a case of rheumatic disease. The
axis and the posterior arch of C1 narrow the foramen
and cause a nearly complete tetraplegia with distur-
bance of breathing. ¢ Status after repositioning by ex-
traction of the spine from the foramen and fixation
with Wolter occiput plate. The axis is partially re-
moved by the anterolateral approach to complete the
decompression. The neurological deficit improved af-
ter this procedure

Atlanto-occipital Instabilities

Occipitocervical fusion with instrumentation is necessary in cases of malignaat
extradural tumors of the craniocervical region, when there is rheumatic or traumatic
impression of the cervical vertebral column into the foramen magnum (Fig. 4), and
in the few patients who survive with traumatic axial instability of C0/1. We prefer
the dorsal approach and use the Wolter occiput plate screwed onto the occiput and
wired with the arches C1, 2, and 3. Permanent fusion is achieved by interposing
spongy bone chips between the occiput and the arches up to the caudal end of the
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plate. This procedure gives great stability but causes loss of the rotation and nod
joints of the head.

Discussion

Among the methods of surgical treatment of recent type II and III odontoid fractures
as classified by Anderson and D’Alonzo [1], osteosynthesis with double-threaded
screws constitutes the procedure of choice. Odontoid screw fixation preserves or
reestablishes proper head motion. Since double-threaded screws are almost com-
pletely embedded into the axis, the irritation of C2/3 movement regularly induced
by the heads of small fragment spongy bone screws or cortical bone screws is
avoided. Double-threaded screws are exactly adapted to the anatomy of the axis and
to the fracture types encountered at this site. The operative procedure is simplified
by the instruments, which include two X-ray translucent retractors [12].

Hangman’s fractures with dominant discoligamentous instability require inter-
corporeal fusion of C2/3, which causes an insignificant loss of cervical motility.
Dorsal fusion of C1-3 [10] is unacceptable because of the loss of the rotation joint.
Like odontoid screw fixation, transpedicular C2 screwing of hangman’s fractures
is a procedure associated with no functional loss of vertebral motility, so that this
method fulfills the demands for an optimal osteosynthesis.

Due to the technique of three-point fixation, transarticular C1/2 screwing com-
bined with interarcual fusion in the treatment of atlantoaxial instabilities of vari-
ous origin provides the advantage of osteosynthesis with stability in all directions,
in which maintenance of repositioning is ensured. The advantage of the double-
threaded screws in the latter two surgical procedures lies not only in their simpler
implantation when compared with the screws used until now, but also in the re-
duction of operative risk.

In cases of craniocervical instability, occipitocervical fusion using the Wolter
occiput plate gives good stability even in cases of ventral defects. This kind of
spondylodesis severely reduces the motility of the head and is therefore to be used
only when an appropriately severe indication is present.
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Surgical Treatments to Stabilize
the Upper Cervical Spine
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Introduction

The occipitoatlantoaxial complex serves as a transitional zone between the standard
vertebral joint structures and the radically different skull. The three columns of lines
of forces from the lower spine change to two columns at the level of the atlas [7, 10].
Nearly horizontal joints, loss of disks, and a special ligamentous fixation allow
extreme head motions [3,7,10] and give the spinal cord and adjacent structures
optimal protection. Instability of this region may occur as a result of accidents,
degenerative diseases, and tumors affecting the atlas, the axis, and their joints
alone or in any combination. The extent of destruction and the clinical symptoms
make necessary differentiated radiological diagnosis followed by conservative and
surgical treatment. We will report our experiences in the treatment of 24 patients
between April 1985 and April 1989.

Clinical Findings

Nineteen patients were admitted to our hospital with traumatic instabilities of the
upper cervical spine. One patient suffered a combined severe head injury and died
of its consequences 2 days after admittance. Another young patient suffered from
paralysis of both arms because of bilateral cervical nerve root extractions. In a
73-year-old patient a fracture of the odontoid process was hidden by Bekhterev’s
disease. Neurological deterioration with hemiparesis caused radiological diagnosis
and transfer to our hospital (Fig. 1). Only one patient suffered from an incomplete
quadriplegia and respiratory impairment that made tracheotomy necessary. Resus-
citation was performed successfully at the scene of the accident. A 27-year-old
patient developed a hemiparesis due to traumatic carotid artery occlusion. In all
other cases only pain and loss of functions were present as main symptoms.

We observed no cases of occipitoatlantic disturbance. There was one Jefferson’s
fracture and three cases of combined injuries with atlas fracture or atlantoaxial joint

1 Neurochirurgische Klinik, Klinikum Ingolstadt, Krumenauer Str. 25, D-8070 Ingolstadt
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instability and odontoid process fractures of type II [1]. An isolated fracture of the
odontoid process was treated in 14 patients. One female patient has developed an
odontoid process pseudarthrosis with severe dislocation 5 years after her accident.
One patient was admitted with an odontoid fracture of type III [1].

A pathological fracture occurred in one female patient with cystic tumor of the
axis. Histology remained unknown. A transient spastic tetraparesis led to radiolog-
ical examination. In the follow-up over a 3-year period the disease healed without
any complications after the complete destruction of the axis.

We treated four patients with odontoid process destruction and dislocation caused
by rheumatoid arthritis. The average age was 70 years. Upon admittance no neu-
rological deficits could be found, but there were some complications (see below).

Diagnostic Procedures

In spite of exact neurological assessment, radiography is the most important diag-
nostic method. Virtually no problems are encountered in handling the conscious
patient while taking plain films. However, great care must be taken in positioning
the unconscious patient to prevent additional neurological complications. Most
fractures in the upper cervical spine can be detected by anteroposterior, lateral, and
oblique radiographic views. Tomography may be helpful in evaluation of fractures
without displacement or for careful functional diagnosis. Computed tomography has
replaced myelography. The patient can be examined in an upside down position
without dangerous maneuvers. The pictures give detailed information about bone
destruction, dislocation, and the width of the spinal canal. For further information
the reader is referred to the literature [6,13]. We have no experience with NMR
findings.

Approaches and Techniques
Anterior Approaches

Twice we used the transoral approach for stabilization. The patient with the Jef-
ferson’s fracture was treated by interposition of a bone graft. In another patient
with fracture of the odontoid process and displacement of the atlantoaxial joint
we fixed the atlas and axis by means of a metal plate. In both cases additional
posterior fixation was performed as described later. The transoral approach is lim-
ited to circumscribed surgery of the atlas and axis. For more extended surgery the
transcervical approach is to be preferred [9].

In 1982 Bohler [2] described the technique of screwing odontoid fractures from
a transcervical approach. With this method it is possible to stabilize these lesions



34 R. Preger et al.

Fig. 1. 73-year-old patient with Bekhterev’s disease and a hidden odontoid fracture of type
II. Dorsal stabilization with compression clamps. The odontoid process is in an ideal position
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without any loss of function. Knoringer [S5] modified the screws and the instru-
mentation. We used this instrumentation in 13 of 14 patients. In 12 patients it was
the only surgical treatment and was used in combination with external fixation by
means of a cervical brace.

Posterior Approach (Fig. 2)

Posterior fixation of upper cervical spine instability is a well-proven method. Wires,
bone grafts, and alloplastic materials have been used. The disadvantage, especially
in fractures of the odontoid process, has been the loss of function of this impor-
tant anatomical structure. For dorsal fixation we used special compression clamps
designed by Roosen et al. [12] with interposed bone grafts. In the patient with the
axis tumor we placed the clamps into the occipital squama and the arch of C3.
We used the same technique to stabilize the odontoid fracture in the patient with
the accompanying Bekhterev’s disease, and in the four patients with rheumatoid
arthritis. One patient with odontoid fracture of type II was treated in the same
way in 1985, before we used anterior screw fixation. As mentioned previously, we
used this additonal fixation in two patients with ligamentous and atlantoaxial joint
instability. In the patient with the Jefferson’s fracture we performed fixation with
a metal sheet on the arch of the atlas.

Screw fixations of the axis to the lateral mass of the atlas are described in the
literature [14]. We have never yet used this technique.

Halo Brace

Only one of our 24 patients was treated without surgery by the halo-fixateur externe
(Fig. 3). This patient suffered an odontoid fracture of type III which healed in good
position within 8 weeks. The halo device is very comfortable in the early treatment
of instabilities of the upper cervical spine. Traction, repositioning, and fixation are
well controlled by radiography [4]. For this reason we often use the halo brace as
an initial means of stabilization. The halo is always applied under local anesthesia.
With the halo orthosis, patients can be mobilized immediately. It is possible to
prepare patients for intubation and surgery without any danger and to perform
stabilization from each approach.

In some cases of anterior approach for surgery we only used a Gardener head
clamp extension for repositioning of the dislocated fracture and fixation.
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Fig. 2a—c. Odontoid fracture of type II (a) combined with atlantoaxial displacement (b) in
a 17-year-old patient. Treatment with transoral and posterior fixation (c)
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Fig. 3a, b. Transverse dislocation of an odontoid fracture of type II combined with a torn
atlantoaxial joint in a 76-year-old patient (a). The odontoid process and atlantoaxial joint
were replaced by a halo brace and fixed with dens screws in the normal position; dorsal
fixation gave additional stabilization (b)

Complications

We have never observed any complication using anterior approaches and tech-
niques. In some cases the radiological findings after odontoid screwing showed
small gaps that healed within 6 months. Only the female patient with pseudarthrosis
of the odontoid fracture retained her gap, and some slight dislocation of no clinical
importance can be seen 3 years after operation.

When the posterior approach was employed, we observed three complications.
The patient with the axis tumor showed secondary wound healing. In two of the
four patients with odontoid destruction due to rheumatoid arthritis a second opera-
tion was necessary because of dislocation of the clamp. Unfortunately one patient
died of an intraoperative brain stem infarction during the second operation. Com-
pression clamps dislocated because bone grafts as well as the vertebral arches were
weakened by long-term cortisol treatment [8].
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Conclusion

Although lesions in the upper cervical spine can be very dangerous, as demonstrated
by the case of tetraparesis caused by odontoid fracture and the intraoperative com-
plication of brain stem infarction, most of our patients had no neurological deficit.
If instability of the upper cervical spine is diagnosed, two questions have to be
answered: (a) Is it possible to stabilize the fracture conservatively or surgically
without loss of function, especially in young patients? (b) Is it necessary to immo-
bilize the whole region because of fracture combined with joint and ligamentous
lesion?

There are two possible ways of immobilizing patients before surgical treatment
is performed. In young patients it is possible to stabilize the fracture temporarily
by means of a head clamp extension. Elderly patients should not be immobilized.
The halo brace is a useful device in these patients; we demonstrated its advantages
especially during anesthesia and surgery. After surgical stabilization of the spine,
patients received plastic braces to avoid early mobilization of this region.

In our opinion type II fractures of the odontoid process should only be treated
by axis/odontoid screws. In our hospital we use Knoringer’s double-threaded com-
pression screws. The decision regarding surgical technique for tumors of the upper
cervical spine must be reached on an individual basis. Our case report is only one
example of treatment. The same problem is faced in treatment of combined atlas
and axis fractures or ligamentous and joint lesions. It has to be decided individually
whether surgical stabilization, for example by odontoid screwing or the halo brace,
is sufficient or whether anterior and posterior stabilization is necessary. In circum-
scribed lesions the short way to C1 and C2, via the transoral approach, should be
used if necessary.

If complete immobilization of the upper cervical spine is required, best re-
sults can be achieved by dorsal stabilization techniques performed with Roosen-
Trauschel compression clamps, especially in patients with rheumatoid arthritis. As
mentioned above, combination with anterior stabilization techniques can be neces-
sary.

An additional nonsurgical form of treatment is available in the halo-fixateur
externe, which in our case report was used to stabilize a type III fracture of the
odontoid process.
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The Caspar Plate as a Means of Stabilizing
the Upper, Middle, and Lower Cervical Spine —
Results in 45 Cases

A. v. Stockert, R. Schulthei8, and D.-K. Boker!

Ventral stabilization of the cervical spine by means of the Caspar plate, comple-
mented by interbody fusion of the vertebrae after Cloward, Smith, and Robinson,
is an established and proven method for the treatment of cervical instabilities of
heterogeneous origin. From June 1984 through September 1988, 45 patients were
operated on using this method at the Neurosurgical Clinic of Bonn University
(Neurochirurgische Universititsklinik Bonn). The distribution between the sexes
was fairly even, with 53% female and 47% male patients. The average age of the
female patients was 53 years — 12 years older than the average of the male patients,
at 41 years; the overall average lay at 46 years.

In 35 cases the indication for operation was based on a fracture/fracture-
dislocation. In two cases it was performed because of degenerative instability,
in two cases because of PCP causing osteolysis, in two cases after surgery on a
cervical disk with subsequent dislocation of the seal, and in four cases because of
osteolytic metastases in various cervical vertebrae.

The height of the fusion lay 6 times at C2/3, 6 times at C3/4, 7 times at C4/5,
20 times at C5/6, 8 times at C6/7, and once at C7/T1.

In 23 cases only two vertebrac were fused, while in 18 cases the fusion bridged
more than two vertebrae; not in all cases were all the disks within the length of
the fusion removed. In four cases a complete vertebral body had to be supplanted
because of tumor metastases.

The material used for the interbody fusion was Sulfix in 31 cases, bone in 8
cases, and hydroxyapatite in four cases. In three cases no material was used.

The primary neurological diagnosis was a complete paraplegia in 8 cases, without
a postoperative tendency to improve, and in 13 cases an incomplete paraplegia
which improved to varying degrees after the operation in 70%. Radicular defects
(in 12 cases motoric, in 16 cases sensory) also improved, in 67% and 81% of cases
respectively. Subjective complains of cervicobrachialgia and tension, reported by
50% of the patients, improved in well over 70%. Forty percent of our patients had
concomitant injuries, and some were polytraumatic.
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Roentgenograms obtained immediately after the operation showed good repo-
sitioning and stabilization in 98% of the cases. In one case the result was not
satisfactory. Further radiological monitoring in the weeks and months following
the operation showed a loosening of the implanted plate or renewed instability
necessitating reoperation in 8 of the 45 cases (just under 18%).

Loosening of screws was seen in ten cases, i.e., 22%. Forty-four percent (8 of
18) of the multiple fusions bridging more than two vertebrae were thus affected,
yet less than 9% (2 of 23) of the simple fusions of just two vertebrae.

In four cases we found neurological deterioration; a temporary respiratory insuffi-
ciency also affected four patients. Five patients died during the further postoperative
course, yet in only one case did the cause of death remain doubtful, and in none of
the cases was it linked with the operation itself. We found sinterings of the vertebral
bodies in three cases, dislocation of the Sulfix seal in two, and an infection of the
wound in two. A CSF fistula, an allergic reaction, and postoperative hemorrhage
were complications in one case each.

In 14 cases additonal operative treatment was necessary: in five cases to remove
material, in eight cases to achieve a re-fusion because of renewed instability, and in
one case for a laminectomy. In just under 70% postoperative treatment was carried
out in other hospitals, while in 26% it was performed in the Neurosurgical Clinic
of Bonn University. The length of our catamnestic monitoring averaged 31 months.

Results

The postoperative treatment resulted in immediate and complete rehabilitation in
14 cases; further clinical rehabilitative treatment was given in eight cases, and
outpatient physical therapy in seven cases. Seven patients were placed in other
hospitals; in four patients no further treatment was given; and in four patients the
further treatment is unknown.

A questionnaire reached nearly half of the patients or at least their general
practitioners or orthopedists. A catamnestic check within the context of the aims
of this study was made in 22%, and roentgenography of the cervical spine was
performed in over 50% of the patients. Neurological deficits remained in 75% in
the form of pareses and numbness, and in 81% reflexes were weakened or absent.

Definite stability of the cervical spine could be established in 70% of the cases.
Eleven percent of the patients have died, and we have no knowledge about the
further development in 14%. Five percent are still under treatment.

The subjective appraisal of the results by the patients is positive in 50%, negative
in 20%, and indifferent or unknown in 30%.
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Conclusions

1. The radiological and functional stability of the cervical spine has only a limited
influence on the neurological outcome. Insofar as there is any influence at all, one
may find a connection between spinal stability and pain syndromes.

2. Stabilization of the cervical spine by surgical means is also indicated after
primary paraplegia as it allows sufficient stability for training and thus helps early
mobilization. A precondition for this, however, is a reduction of the rate of compli-
cations. Some complicating factors have already been eliminated, as most of them
stem from the pioneer days of this surgical technique. It is to be expected that
the results will improve even further along with a better mastery of this surgical
method.

3. Postoperative loosening of screws was found five times more often in bridgings
of more than two vertebrae than in simple fusions of only two. The distance bridged
by fusion ought therefore to be kept as short as possible; if the indication is not
unequivocal, only a simple fusion should be undertaken. In any case of multiple
fusion all the disks within the length of the fusing distance must be removed and
supplanted by interbody fusion, as the otherwise possible micro-movements work
on a longer leverage and thus heighten the risk of loosening of screws.

4. The slotted holes of the Caspar plate themselves further micro-movements and
can contribute to the relatively frequent loosening of screws in multiple fusions.
A modified form of the Caspar plate ought to be considered, in which the slotted
holes are replaced by several interlinked holes.

5. On the whole, stabilization of instabilities of the cervical spine using the
Caspar apparatus is a well-established method. The surgical technique, however,
and the instruments used, can be improved upon.

References

Caspar W (1986) Anterior cervical fusion and interbody stabilisation with the trapezial
osteosynthetic plate techniques. Aesculap Scientific Information Leaflet S-039, edn VII,
P 36. Aesculap Instruments Corp., Burlingame CA

Smith GW, Robinson RA (1958) The treatment of cervical spine disorders by anterior
removal of the intervertebral disc and interbody fusion. J Bone Joint Surg 40A:607-624



Anterior Reconstruction and Stabilization
After Cervical Vertebral Body Resection

G. Meinig, W. Kahl, K. Leyendecker, P. Eysel, and M.J. Melzer"

Introduction

Prerequisites for the regeneration of compressed or traumatized structures of the
spinal cord and nerve roots are rapid repositioning and the best possible decom-
pression, i.e., the restoration of the anatomical structure of the cervical vertebral
column [4]. In many cases generous ventral vertebral body resection with subse-
quent substitution of spinal vertebrae and anterior plate fixation is the logical and
adequate treatment.

Patients and Methods

Between 1986 and 1988, 155 ventral fusions of the spine were performed at the BG
Unfallklinik, of which 40 involved additional anterior plate fixation necessitated
by trauma; in a further 37 patients anterior plate fixation followed vertebral body
resection and substitution of spinal vertebrae. Of these 37 patients, 23 had spinal
trauma, nine had tumors, and five had degenerative disorders with spinal stenosis.
In the patients with tumors the substitution of spinal vertebrae was completed using
Palacos; in all other cases it was achieved with corticospongiosa bone grafts from
the region of the pelvic crest.
In none of the cases was additional dorsal stabilization undertaken.

Results and Discussion

In all of the cases of tumor with incomplete paraplegia the neurological symptoms
improved. However, we found improvement in only one-third of traumatically
inflicted conditions.
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Fig. 1. Spinal stenosis caused by a C6/7 fracture

Figure 1 demonstrates a fracture of C6/7 with high-grade spinal stenosis. By ref-
erence to this case almost all aspects of the treatment of vertebral column injuries,
including complications, may be illustrated.

Immediate surgery was performed, which involved resection of the body of
C6 and partially also that of C7. Because of segment instability a diskectomy at
C5/6 followed. At C5/6 a stabilizing lock was installed by means of a square
dowel (according to Smith-Robinson). The iarge defect at C6/7 was bridged by a
rectangular dowel which was extracted from the pelvic crest with the help of an
oscillating saw. Subsequently extended anterior plate fixation was completed.

Three weeks after the operation a fistula developed in the region of the postop-
erative scar. A conservative approach involving excision of the necrotic area and
the insertion of a Septopal chain failed. Finally a revision was performed under
halo extension. The entire transplant was removed. Three weeks later, after the
inflammatory symptoms had subsided, a spongiosa refill was performed.

The patient, who had initially suffered complete motor paralysis, was able to
walk without the use of crutches 6 weeks after the accident. Figure 2 shows the
stable situation 3 months after the accident. By this time the right leg had regained
normal strength. Only the left leg still showed a minimal diminution in strength.

In the case of metastasis or spinal tumor the treatment is, as a rule, ventral
vertebral body resection rather than laminectomy. Substitution of spinal vertebrae
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Fig. 2. Situation 3 months after vertebral body resection; substitution of spinal vertebra and
ventral osteosynthesis, revision under halo extension because of infection, and restructuring
by means of a spongiosa transplant (same patient as in Fig. 1)

involves the use of Palacos. Additional stabilization is achieved by anterior plate
fixation.

Also in some instances of unsuccessful initial ventral fusion, as in cases of high-
grade spinal stenosis because of degenerative conditions, vertebral body resection
and stabilization by means of anterior plate fixation was successful. In this context
it is to be kept in mind that kyphotic angulation after ventral fusion according
to Busch [1] occurs in one-quarter of cases (average kyphotic angle: 15°). Since
vertebral body resection poses the danger of secondary kyphosis, we regard ad-
ditional anterior plate fixation as inevitably necessary. Even though Worsdorfer
[8] supports dorsal stabilization on the basis of the results of experimental biome-
chanical research, long-term clinical observation in the case of more than 100
ventral fusions with anterior plate fixation has shown that ventral treatment alone
generally guarantees sufficient stabilization, so that in some cases an additional
orthosis is dispensable. Nevertheless there are several preconditions which need to
be respected when the operation is undertaken: The plate — installed at the utmost
convexity — ought to be bent forward so that it is slightly kyphotic, and under
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certain circumstances even a bit farther than the physiological lordosis normally
permits so that tensional and bending forces may be transformed into axial pressure
forces. Among others, Weller [7] is to be mentioned in this respect. Finally the
cortical screws definitely ought to engage the rear spinal corticalis.

Figures 3 and 4 show CT scans of a 46-year-old patient who fell when cycling
and who was completely paraplegic at admission. Immediate repositioning under
Crutchfield extension followed diagnosis by CT, and subsequently ventral fusion
and anterior plate fixation were performed. Within a few days the paraplegia had
resolved. Three weeks after the accident the patient was able to walk normally.
There is no residual paresis.

Generalizations cannot be drawn from this one example, but it is in agreement
with the experimental results of Tarlov [6] and Dolan et al. [2], who not only
ascertained that the ability of paraplegia to resolve is dependent on the compres-
sion on the spinal cord or the intensity of the traumatic forces involved, but also
established an interdependence between the resolution of paraplegia and the dura-
tion of the compression. Our conclusion in respect of clinical procedures is: the
sooner decompression is accomplished, the better the chance of regeneration of
the spinal cord, especially when paraplegia is incomplete. This means immediate
repositioning and decompression, which in our opinion should be ventral, since
a complete decompression of the spinal cord is only possible in this way and it
also seems of major importance that the anterior spinal artery is decompressed.
Certainly, for the resolution of neurological deficiencies, reperfusion and restora-
tion of the microcirculation are decisive, and it seems as if the most important
events happen in the postcapillary region. At this point reference must be made
to the pathophysiology of spinal cord lesions and the contribution of Leyendecker
and Schirmer [5], among others, in this area. Finally, precise research is necessary
concerning the use of adjuvant medication to counteract the development of serious
secondary reactive changes of the marrow.

Summary

Complete decompression of the spinal cord can be achieved by vertebral body re-
section in patients with fractures of the spine, tumors, serious degenerative stenosis,
or an unsuccessful initial operation for complete spinal stenosis. In the case of in-
complete paraplegia due to a tumor, we experienced significant resolution of the
neurological symptoms. Only in ¢ne-third of the cases of vertebral trauma were we
able to observe an improvement in the paraplegia accompanied by an improvement
in the radicular compression symptomatology. Clinical findings and experimental
research impressively confirm that both the intensity of the traumatic forces and
the duration of the compression are of decisive importance for the recovery of the
spinal cord. Obviously reperfusion, for instance via decompression of the anterior
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Fig. 3

Fig. 4

Figs. 3, 4. Marked displacement after fall from bicycle with primary complete sensorimotor
paraplegia, but full neurological recovery after immediate surgery and ventral fusion
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spinal artery, is significant. As a consequence of these considerations, in many
cases we perform immediate surgery with complete decompression and stabiliza-
tion, as long as there is no evidence which allows us to establish the prognosis
immediately after the trauma.

Only in one case did a surgical complication develop, due to an infection which
led to a revisional operation under halo extension. However, even in this case an
optimal clinical result was achieved at the second attempt.
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Long-Term Results After Cervical Interbody Fusion
with Polymethylmethacrylate

D.-K. Boker, E.M. Probst, and R. SchultheiB'

Introduction

Twenty years after its introduction, the technique of cervical interbody fusion using
polymethylmethacrylate (PMMA) is still controversial. The main points of criticism
are:

— Fear of insufficient stabilization of the cervical spine [6]

— Carcinogenic potential of PMMA [8,9]

— Possible damage to neural or bony structures due to the exothermal reaction
during the polymerization of PMMA

One result of this study may be anticipated: Damage to neural structures attributable
to the exothermic polymerization reaction has not been registered. This is thought
to be due to the excellent thermoinsulating ability of the gelfoam which is routinely
used to cover the dura and the nerve roots prior to introduction (pouring) of PMMA
into the intervertebral space [12].

Materials and Methods

Between 1967 and 1973 cervical interbody fusion with PMMA was performed in
409 patients. Of these, 100 could not be contacted at the time of this study; the
remaining 309 patients were sent a questionnaire and asked to come for a follow-up
examination. A total of 176 patients or their relatives answered our questions.

In the meantime 41 of the contacted patients had died; moreover, 44 patients did
not agree to a reexamination, but of these 31 sent recent X-ray films of the cervical
spine. Ninety-one patients could be reexamined in this clinic. Overall, plain X-ray
films for evaluation were obtained from a total of 103 patients. Follow-up time
was 16-21 years. For distribution of patients into different subgroups according to
clinical symptoms, see Table 1.
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Table 1. The distribution of patients into different subgroups
according to clinical symptoms

Diagnosis n Male Female Age Level
(years)

Local cervical pain 70 33 37 40-50 C4/5

Radiculopathy 186 113 73 40-60 C5/6

Myelopathy 109 65 44 40-70 C5/6

Trauma 4 32 12 20-30 C5/6

Table 2. Our results compared with the literature (Odom classification)

Diagnosis Authors Odom

1+2 3 4

Radiculopathy Cloward (1963) 98.0 2.0
Robinson et al. (1962) 727 218 55
Dereymaeker et al. (1963) 64.5 355
Hirsch et al. (1964) 83.0 17.0
Our results (1989) 78.0 220

Local cervical pain  Roosen (1984), 26 authors 72.4 164 129

Radiculopathy Our results (1989) 73.4 26.6

Trauma

Myelopathy Roosen (1984), 9 authors  55.7 17.6  26.7
Our study (1989) 579 53 368

In accordance with Odom the clinical outcome was classified as: excellent (1),
good (2), satisfactory (3), or poor (4) [7].
The X-ray films were evaluated for the following criteria:

1. Posture of the cervical spine

2. Height of fused vertebral bodies

3. Stability of fusion

4, Presence, absence, or development of spondylotic spurs
5. Position of PMMA implant

6. Phlogistic/resorptive alterations of vertebrae

7. Development of neoplastic disease.
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Results

Using the Odom classification, 78% of our patients with radicular phenomena had
an excellent or good outcome, whereas 22% showed a poor result. These results
were better than the ones achieved by the patients with myelopathy. In this group
57.9% had an excellent or good outcome, 5.3% showed a satisfactory result, and
36.8% a poor result.

In 1984 Roosen reviewed the literature and reclassified the results from 26 au-
thors using the classification of Odom [13]. He classified the patients with disco-
genic symptoms, radiculopathy, and spinal cord symptoms into one group. To be
able to compare our results with the literature we did the same with our patients.
We found that 73.4% had an excellent or good outcome, while 26.6% showed no
difference or were worse than before the operation. For results, see Table 2. These
results were comparable to the subjective judgment of the patients themselves.

One main criticism of cervical fusion using PMMA is the development of phlo-
gistic/resorptive alterations of the vertebrae. In 32 cases plain films taken before
and soon after surgery could be compared. In ten cases we had films showing
the findings before surgery and at follow-up, and in another 25 cases we were
able to evaluate films taken before and soon after surgery as well as at the time of
follow-up. Thus a total of 139 vertebrae adjacent to PMMA implants in 67 patients
could be examined. In 12 patients, and 16 vertebral bodies, we found a diminution
in size immediately following surgery, which was due to operative conditions. In
these cases more cuneiform shapes of the affected vertebrac were registered. At
follow-up we found a diminution in size in a total of ten vertebrae, which had not
been observed before. Specifically, this was characterized by a parallel approach
of the cranial and caudal borders of the vertebral body.

Bony engraftment of the PMMA implant is the essential criterion for a stable
fusion. X-rays suitable for evaluation were obtainable from 76 patients, 55 of whom
had had vertebral interbody fusion in one segment, 20 in two segments, and one in
three segments, resulting in a total of 98 fused segments. A maximal ossification
was seen in 90% at the dorsal and in 65% at the ventral aspect of the implant.
Figure 1 gives an example of an optimal postoperative result.

In those patients who had had vertebral fusion in more than one segment, radio-
logical results were generally better than in those operated on only in one segment.

Complications

As permanent complications there were three cases of Homer’s syndrome and one
of tinnitus. One patient showed a fistula 3 years after surgery while another patient
had aseptic putrid necrosis which we considered to represent a rejection of the
implant. In both cases a cure was achieved after removal of the PMMA implant.
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Fig. 1. Vertebral interbody fusion of
C5/6. Optimal engraftment

Discussion

Our excellent and good long-term clinical results after cervical interbody fusion
with PMMA are comparable with those found in the literature [2,3,5, 10]. How-
ever, with respect to total numbers we found a higher percentage of patients with a
poor result. In our opinion this is due to the longer interval of observation, i.e., 16—
21 years after surgery. During this time the natural degeneration process continues.
This independently confirms our observation that symptoms reappear several years
after surgery.

The main points of interest are the bony changes in the fused segments, stability
of cervical fusion, and the development of neoplastic disease after implantation of
PMMA. The latter has not been found in any case, but the follow-up period as well
as the number of investigated cases may not be sufficient to make a final judgment
on this point.

In 1979 Distelmaier et al. described radiological signs of resorption/necrosis in
parts of the vertebral bodies adjacent to the PMMA implant [4]. They found these
alterations in about 2% of their patients. Alterations of the size of the vertebral
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Fig. 2. Radiological signs of resorption/necrosis which heals and proceeds into a stable
fusion. Top left: before fusion. Top right: 2 months after fusion. Bottom left: 3 years after
fusion. Bottom right: 15 years after fusion
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body that can be observed immediately after surgery are likely to be caused by
the surgical procedure and technique. On the other hand, resorptions which might
be due to the exothermic polymerization reaction of PMMA can be first registered
some months after surgery and are characterized by a parallel approach of the
cranial and caudal borders of the vertebral body, whose demarcation shows a foggy
appearance. This process, however, does not continue but heals and proceeds into
a stable fusion (Fig. 2).

Stable fusion with PMMA was achieved in 90% of the cases, which is compa-
rable to the results obtained by fusion with autologous bone grafts or without any
implant [1]. However, this technique avoids the complications related to removal
of the bone graft from the iliac spine. Complications are mainly due to the anterior
approach during the surgical procedure and are therefore not specific to the PMMA
implantation technique [11].

Our results show that, among the techniques of vertebral interbody fusion, the
implantation of PMMA is an alternative that deserves to be seriously considered.
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Cervical Spine Injuries in Childhood: Long-Term
Results After Surgical and Conservative Therapy;
Morphological and Functional Aspects

F. Rauhut, H. Wiedemayer, L. Gerhard, and W. Grote'

Introduction

During infancy and childhood, cervical spine injuries are rare; in our group of
patients with cervical spine lesions they represent less than 5% of cases. Surgi-
cal treatment in childhood was assessed critically bearing in mind the potential
iatrogenic disturbances of growth and posture.

Patients and Methods

Thirty-five children (10 girls, 25 boys) with cervical spine injuries were treated over
a period of 17 years. Their ages ranged from 3 to 17 years, with a median of 10.3
years. Twenty-one patients received conservative treatment involving Crutchfield
extension or external stabilization, while 14 underwent surgery. Different surgical
methods were carried out depending on the type of spinal lesion (Tables 1, 2). The
disks and surrounding ligaments were investigated histologically in 14 cases, and
in two cases autopsies were carried out.

Table 1. Surgical methods. PMMA, polymethylmethacrylate

Treatment n

Anterior interbody fusion (autologous bone graft) 3
Anterior interbody fusion (PMMA) 1
Anterior interbody fusion + osteosynthesis 4
Posterior fusion (compression clamp or wiring cerclage) 5
Combined anterior + posterior fusion 1

! Universititsklinikum Essen, Neurochirurgische Klinik, Hufelandstr. 55, D-4300 Essen
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Table 2. Types of cervical spine injury

Injury n

With spinal fracture 9 (26%)
Without spinal fracture 17 (48%)
Pseudosubluxation 9 (26%)

n = 35 Patients

10
[J Pseudosubluxation

C1/2 Cc23 C3/4 C4/5 C5/6 Ce/7

Fig. 1. Incidence and location of cervical spine injuries

Results

Overall 77% of the injured segments were located in the upper half of the cer-
vical column (C1/2-C3/4). A total of eight cases involved the segments C4-C7
(Fig. 1). The types of injury are shown in Table 2. There were four radicular le-
sions, three incomplete transverse lesions with ability to walk, three incomplete
transverse lesions with inability to walk, and four complete transverse lesions.
Three patients died within 12-24 h postinjury, and one after 3 weeks. Two children
(autopsies) suffered from cervical myelonecrosis without lesions of the bone and
ligamentous structures. Two patients with initially severe transverse lesions were
able to walk postoperatively, and in one case radiculopathy receded. In the case
of a 4-year-old girl with a C1/2 fracture-dislocation, a severe transverse lesion
with tetraparesis developed. Although the neurological deficit has remitted slowly,
the child is still unable to walk. A 12-year-old boy suffering from a mechanical
complication initially showed no pathological findings on X-ray examinations. A
slight C2/3 dislocation had developed 4 weeks later. Despite external stabilization,
dislocation progressed, and as a result an anterior interbody fusion of C2/3 was
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performed. A progressive C3/4 dislocation arose several weeks after surgery which
required ventral (C3/4) and dorsal (C2/4) stabilization. In 12 cases no neurogenic
or mechanical complications were observed. Figure 2 shows the follow-up times,
with a median of 69 months.

In the conservatively treated group, the primary neurological deficit remained
constant in 20 cases but was found to be aggravated in one case with secondary
vertebral deformation.

Morphological examinations of the intervertebral disks showed that the disk
structure in 3- to 4-year-olds is equivalent to that in young adults.

Discussion

The morphological characteristics are the cause of physiological hypermobility in
childhood. The ligamentous and bone elasticity seems to be the main reason for the
preponderance of discoligamentous lesions without spinal fractures. We believe that
the incomplete maturation of collagen affects the elasticity. The intervertebral disks
show fine ruptures in the annulus fibrosus in 3- to 4-year-olds and no vasculariza-
tion, corresponding to the histological findings in young adults. Tondury reported
that disk rupture develops between the 7th and 20th years [8, 9]. The hypermobility
is maximal in the C2/3 segment, which leads to difficulties in diagnosis because
there is no exact distinction between physiological and pathological mobility [2].
The physiological atlantodental distance is up to 5 mm in childhood [3,4]. As in the

Months
150 9

Median = 69 Months

1001 n = 14 Patients
50. | I | | |

Fig. 2. Length of follow-up after surgery. One patient (?) could only be followed up for 3
years

o
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case of congenital interbody fusion, surgical stabilization induced no deformation
of the vertebral column and the interbody fusion did not lead to growth inhibition
[5,6]. The age of the child is very important in the examination of the C1/2 region.
The fusion between the dens axis and the dens body is completed after 7 years.
Therefore, some authors have reported that epiphysiolysis is possible only up until
this time [1,2]. In contrast to discoligamentous lesions in adults, the conservative
treatment of such injuries in childhood, especially in the upper cervical spine, yields
good results but requires immobilization (Crutchfield extension) over a period of
12-14 weeks. After primary C1/2 lesions, renewed dislocation occurs in up to 10%
of cases [4]. The present study allows no comparison to be made between surgi-
cal and conservative treatment. In our experience surgery should be carried out
in cases of (a) intraspinal hematomas or bone fragments, (b) unstable ligamentous
lesions without spinal fractures after unsuccessful external fixation or extension
(dislocation), ¢c) unstable fracture-dislocations with deformation, and (d) defective
vertebral positions with secondary myelopathy. Compared with conservative treat-
ment, surgery makes early rehabilitation possible, which is very important in cases
of severe transverse lesions.

Summary

A total of 35 children with cervical spine injuries were treated over a period of 17
years. Overall 14 patients received different forms of surgical treatment depending
on the type of spinal lesion. Long-term results after surgery and conservative treat-
ment are presented and discussed; in addition morphological features have been
investigated.
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Bracing of the Dens Axis

D. Tertsch and M. Schneider’

Bracing of the dens axis was introdyced in Halle at the Martin Luther University in
1984. The technique involves compression synthesis achieved by means of a plug
screw which is pressed apart at its tip (Figs. 1, 2). M. Schneider was responsible
for the construction as well as the technology of the device.

The screw is available with a total length of 4.5 or 5.5cm. It is centrally punched
and can be threaded onto a Kirschner’s wire. This combination of screw and central
wire can be subsequently introduced into the drill hole. The center carries a thread
which presses apart the head of the screw. The head of the screw consists of a
self-cutting thread. Distortion of the screw is prevented by a claw-like disk. After
spreading out, the screw is drawn back by a hexagon nut. This is continued until
the dens fragment located at the tip of the screw is pulled onto the vertebral body
by the spreading out of the wire thread. Finally, a thread cap is screwed onto the
end of the screw.

The advantage of this method is that one screw only is used. In addition, the
operative procedure is performed via a Kirschner’s wire in situ. Hence, bony con-
solidation is attempted, compressing the fragments and completely immobilizing
them. The fracture is resistant to distortion and is stable under load.

The operative approach is performed according to Cloward. With the patient in
a supine position, after repositioning, the cervical disk C2/3 is approached via a
skin incision at the right side of the collum between the vessel-nerve bundle and
the trachea/esophagus. Under X-ray guidance, the Kirschner’s wire is drilled into
the dens axis from the lower side of the body of C2. Drilling of the screw canal
is performed using a crown drill, running along the Kirschner’s wire. The dens
screw is also inserted via the Kirschner’s wire in position and led to the fragment.
When the screw is correctly positioned, the Kirschner’s wire is removed and the
screw is secured against distortion by the claw-like disk. The expansion of the
thread-bearing screw head by means of the center can be visually controlled on the
X-ray screen. The pulling on of the fragments is monitored in the same way.

1 Neurochirurgische Klinik der Martin-Luther-Universitit, Leninallee 16, DDR-4020 Halle
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Fig. 1. Dens screw as a model

Fig. 2. Dens screw in detail. Top to bottom/left to right: center for pressing apart the head
of the screws; screw; claw-like disk; lock nut; cap nut
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Fig. 3. Instruments. Top to bottom: Kirschner’s wire; sharp hollow probe to guide Kirsch-
ner’s wire; hollow crown drill; screwdriver for dens screw; screwdriver for center; screw-
driver for lock nut

The entire instrumentation required consists of the Kirschner’s wire, the hollow
probe to guide the wire, the hollow crown drill, and the three screwdrivers for the
dens screw, center, and lock nut (Fig. 3). The screw in situ is displayed in Fig. 4.

Sixteen patients have been operated on in this way to date. One of the patients
died on the 9th day due to a stress ulcer. In addition, he had suffered from in-
complete tetraplegia. In all other patients, bony consolidation occurred. Three of
them showed pseudarthrosis. The indication for operation is a repositioned, sagittal
fracture close to the base. However, one female patient was operated on for a frac-
ture of the odontoid vertebra. She had persistent cervical pain due to the operative
wiring of C1/2. A second patient was free of complaints after operative screwing of
the dens. The 62-year-old patient was then free of his persistent cervical syndrome
which had been caused by pseudoarthrosis of the dens. One local complication was
the obliteration of the disk space C2/3. The functional results in respect of flexion,
rotation, and lateroflexion of the head were either excellent or very good.
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Fig. 4. Screw in situ
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The Surgical Treatment of Atlas, Axis,
and Combined C1 and C2 Fractures

R. Verheggen, J. Jansen, and E. Markakis'

Introduction

Between October 1984 and April 1989 23 patients suffering from fractures of the
atlas and/or the odontoid vertebra underwent surgical stabilization in our depart-
ment. Of these patients, 69% sustained injuries in automobile or motorbike/cycle
accidents. The number of accidents with frontal collison exceeded those with lat-
eral or rear impact or overturning of the vehicle. With regard to our patients, it is
striking that a high percentage (43%) were passengers. With two exceptions, all
injuries happened despite suitable precautions such as seatbelts, head rests, or crash
helmets. In 17% of the cases a fall preceded the injuries. In 8% the cause of the
trauma could not be reconstructed.

This study discusses our preferred osteosynthetic techniques and describes the
functional restitution of our patients 4 months after surgery.

10 - [:] Jefferson fracture (1)
I Dens axis fracture (10)
N\ Hangman's fracture  (6)

Combined injuries (6)

No. of patients

0_

0-20 21-40 41-60 61-80 >80
Age (years)
Fig. 1. Surgically treated C1 and C2 fractures in relation to age
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Patients

Twenty-three patients aged 15-85, suffering from fractures of the atlas and/or odon-
toid vertebra, were treated operatively. In the age group up to 20 years, in which
there was a predominance of dens fractures, road accidents were the sole cause of
the trauma, whereas in the age group above 60 years the upper spine injuries —
mostly dens and hangman’s fractures — were the result of falling (Fig. 1).

On hospital admittance, the neurological condition of 17 patients was unremark-
able. They complained only of neck and shoulder pain with an occipital trigger
point. In one patient a C6 symptomatology was observed in addition to the neck
pain. One patient showed signs of incomplete quadriplegia while four suffered from
complete quadriplegia.

Results

As assessed according to the classification of Anderson and d’Alonzo [1], eight
cases of a type II fracture at the junction of the dens and the body of the axis
and two cases of a type III fracture extending into the body of the axis with
dislocation were secured by compression screw fixation as described by Bohler [2].
In order to reposition the dens, the head was clamped into the Mayfield fixture. In
hyperextension an anteromedial approach was adopted with a half collar incision
at the right side just above the cricoid cartilage to expose the anterior and upper
borders of the odontoid vertebra. Using two image intensifiers, fusion of the dens
was achieved using two converging screws.

In eight cases postoperative radiological control revealed appropriate, axis-
oriented osseous consolidation. One case was complicated by pseudarthrosis due to
the poor compliance of the patient. In another patient we removed the screws after
3 1/2 months because of their suboptimal position, at which time there was radio-
logical proof of bony fusion. The further postoperative treatment involved wearing
a plastic collar according to Kamp continuously for an average of 10 weeks.

With reference to Judet et al. [4], a screw fixation was carried out in six patients
with fractures of the arch of the axis. By means of a dorsal approach two compres-
sion screws were fastened lateromedially through the pedicle in order to connect
the arch with the body of the axis (Figs. 2, 3).

In two cases, a frontal collision with a submental impact caused an undisplaced
bilateral fracture of the arch with sole involvement of posterior elements or a
hangman’s fracture type I according to Pepin and Hawkins [6] (Fig. 4).

In the four patients with a hangman’s fracture type II, the demolition of the
arch was combined with anterior displacement of C2 on C3, and therefore as a
concomitant injury the anterior ligaments were disrupted and there was involvement
of the C2-C3 disk bond.
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Fig. 2 Fig. 3

Figs. 2, 3. A hangman’s fracture type I in a 66-year-old woman before and after screw
fixation

Fig. 4. Schematic diagram of the classification of hangman’s fractures according to Pepin
and Hawkins
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As described, the further postoperative treatment included the wearing of a plastic
collar. Control examinations 4 months later showed normalized mobility of the
cervical spine, and the neurological status was unremarkable; only one patient
complained of neck pain.

In six cases we preferred internal stabilization by the use of a Palacos wire-mesh
fixed on the nodules of the occiput and extending to the sixth or seventh cervical
vertebra, as described in detail by Jansen and Kunze [3]. There were five combined
injuries: three atlas fractures associated with a hangman’s fracture, one hangman’s
fracture type II with a dislocation of C2 on C3, and one burst fracture of the atlas
involving both arches and the right lateral mass. In addition there was one case of
a young woman requiring dialysis with osteomyelitis of C2 and osteolysis of the
dens.

The mobility of the head was completely curtailed in the upper spine although
anteflexion and retroflexion of about 65° and 40° respectively were made possible
by the lower segments; the rotation of the head to the right and to the left was
reduced to as little as 5°.

Four to six months after this operation the Palacos wire-mesh was removed.
After that only the right and left rotation of the head was reduced.

Summary

Twenty-three patients suffering C1 and C2 fractures were treated surgically. Post-
operative complications were pseudarthrosis in one case and a bony consolidated
non-axis-orientated dens fracture in another. In the other 21 cases the osseous con-
solidation was correct, as proved by roentgenographic and computer tomographic
control examinations.

A later examination of patients with a screw fixation according to Bohler [2]
and Judet et al. [4] revealed normal ante- and retroflexion, whereas the right and
left rotation was free up to 65°.

The patients with combined injuries stabilized with a Palacos wire-mesh showed,
after removal of the mesh, insignificantly limited ante- and retroflexion although
the rotation to the left and right was generally reduced by 35°-70°.
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Association of Injuries to the Head and Spine:
34 Consecutive Cases over a 3-Year Period*

D. Moskopp, D.-K. Boker, L. Solymosi, M. Kurthen, and E. Elatan'

Introduction

Because of the specialized emergency system in the Bonn area, an increasing
number of patients with severe and multiple injuries are reaching the University
Hospital with at least residual vital signs. Furthermore, the necessity to simultane-
ously manage traumata to the neurocranium and the spinal column is not at all rare.
Nevertheless, the literature of the last decade contains no quantified information
concerning the epidemiology with respect to neurosurgical purposes. The aim of
this report is to provide data on this subject.

Patients and Method
Inclusion Criteria

For the period of February 1986 to January 1989 all inpatients with the diagno-
sis of head injury (including at least a short period of proven unconsciousness)
were registered prospectively. For the analysis under discussion, only those with
additional trauma to the suprasacral spine were selected (n = 46).

Exclusion Criteria

Of these 46 patients, a dozen were excluded for four reasons:

1 Poor data regarding the primary event (delayed transport from abroad: n = 5)
2. Insufficient documentation of the combined injury (no X-rays because of brain
death on admission: n = 2)

! Neurochirurgische Klinik der Universitit Bonn, Sigmund-Freud-Str. 25, D-5300 Bonn
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Fig. 1. Age and outcome (n = 34). dead: Corresponds to deaths as a direct result of the
injury. * Two additional patients had died at the end of the observation period (4/89) due
to KCN intoxication or pancreatic carcinoma. paraplegic: Summarizes both tetra- and para-
paresis (n = 6, each). Most of the tetrapareses remained complete, whereas most of the
parapareses were incomplete at the end of the observation period. others: Includes the out-
come of at least four disabled patients at the end of the observation period: two hospitalized
and two dependent at home

3. Transoral missile injury (n = 1)
4. Head injury and cervical root lesions without spinal fractures (n = 4)

Over the period in question an additional group of 56 patients suffering from a
spinal cord injury without any clouding of consciousness were not reexamined
for discrete neurological deficits as a result of the direct injury [6,9,16-19,29] or
cervical vessel lesions [12,27].

Results

In general: Over the period of 3 years, 430 inpatients with head injuries were ob-
served. Of these, 90% suffered from a primary and 10% from a secondary coma. On
admission, the percentage ratio of coma/somnolence/mild clouding was 60/10/30.
In a total of 8% (n = 34), the head trauma was accompanied by a spinal injury,
regardless of whether the patient was still in coma on admission (n = 259). The
cervical spine was affected in two-thirds of the cases (21/34). Information on the
correlation between the clinical outcome (10 deaths, 12 paraplegics, 12 others)
and some further traumatological parameters is given by the four figures. Figure 1
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Fig. 2. Type of trauma and outcome (n = 34); cf. legend to Fig. 1. “underground” : Acciden-
tally caught by the underground. Note that two-thirds of the accidents were traffic accidents,
with motorcyclists not being the main group. In addition note the severe prognosis of co-
drivers, whose seating position within the car could not be evaluated after the event. Of
the “falls from height,” three were with a suicidal intention. At least two accidents were
influenced by alcohol
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Fig. 3. Pathological vertebral segments (n = 63); cf. legend to Fig. 1. Note that the num-
ber of the indexed vertebral segments exceeds the number of human vertebrae because of
numbering the vertebral (e.g., Sth cervical) and intervertebral spaces (e.g., cervical 5/6)
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shows the double-peaked age distribution (median: 27 years; males:females = 5:2).
Figure 2 summarizes the circumstances of the accidents. Figure 3 depicts the topo-
logical pathology of the spinal injuries, and Fig. 4 shows the main diagnoses with
regard to head and brain pathology. Basically, the main injury was either spinal
(n = 15), cerebral (n = 10), or indistinguishable in this respect (n = 9). Neurosurgi-
cal operations were performed because of either urgent spinal (n = 15) or cerebral
indications alone (n = 7). Twice a bilocular procedure proved necessary.

In detail: Because of the variability of these complex injuries, only half of the
patients can be subdivided into fairly typical subgroups, each containing four to
five patients:

1. Fatal injuries to the craniocervical junction, which were survived for only 1-7
posttraumatic hours, irrespective of the brain scan findings [7,13, 15,20,25, 30,
31]

2. Dislocated fractures of the fifth cervical vertebra with persistent tetraparesis in
association with closed head injuries (coma between 15 min and 3 days)

3. Fractures of the thoracolumbal junction in association with multiple injuries

4. Fractures of the lumbar transverse process, as an epiphenomenon of the consid-
erable force of the injury (survival time: 2 to 4 days).

brain edema

skull fracture
contusion infratent
subdural hematoma
traumatic SAH
epidural hematoma
contusion supratent
open head injury
CT scan clean

o 11
0 2 4 6 8 10 12 14

Bl dead (n=10) paraplegic (n=12)
[ others (n=12)

Fig. 4. Main diagnoses with regard to head and brain pathology (n = 34); cf. legend to
Fig. 1. CT, cerebral computerized tomography; infratent, infratentorial; SAH, subarachnoid
hemorrhage; supratent, supratentorial
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Discussion

There were some early publications on the subject based on animal models
[11,23,24]. As regards human traumatology, with few exceptions [e.g., 28] spinal
and cerebral injuries have been reviewed separately. Insofar as this combined
pathology is discussed at all, most authors avoid presenting data from their own se-
ries [e.g., 2, 5]. The terms, as well as the manner of classification of these injuries
and their incidence, show considerable variation from one observer to another,
seemingly depending on the author’s specialty (neurosurgery, orthopedics, max-
illofacial surgery, general surgery, or traumatology [1,3,4,8,10,14,21,22 26]).
This survey merely aims to quantify the probability and topological distribution of
these complex injuries, in the hope of providing helpful information for doctors
on duty. In the state of unconsciousness, or in the presence of pharmacological
residues from preceding resuscitation, clinical signs (e.g., motor response) may be
doubtful or misleading. Therefore, an injury to the vertebral column is not unlikely
to be overlooked prima facie.

The principal problem of overlapping clinical signs in coma patients can easily
be demonstrated by the aforementioned head injuries associated with lesions of the
cervical nerve roots: Half of these nerve lesions were detected secondarily, either
due to an ipsilateral Colles’ fracture (immobilization) or a contralateral subdural
hematoma with central hemiparesis.

Conclusion

An associated vertebral fracture can be expected in about 10% of all head-injured
patients (with at least a short period of unconsciousness). Two-thirds of these lesions
occur in the cervical spine. In general, the risk of overlooking this diagnosis can
be reduced by some simple methods: meticulous analysis of cerebral CT scans or
conventional lateral X-ray of the skull and cervical spine, down to the seventh
vertebra.

Acknowledgments. The authors are indebted to Mrs. Karin Mutlaq for providing
the literature.
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Operative Treatment of Metastatic
Cervical Spine Instability

W. Grote, R. Kalff, W. Kocks, K.-P. Schmit-Neuerburg,
J. Pospiech, and M. Schax'

Introduction

Vertebral metastases occur in about 5% of patients during the course of can-
cer [1,2,11,12]. In almost all cases, local or radicular pain is the initial symp-
tom [2,5,10]. If there is vertebral instability or compression of the spinal cord
due to osteolytic destruction of the anterior or posterior elements of the cervical
spine, progressive neurological deficit is unavoidable (Fig. 1). Therefore opera-
tive removal of the tumor in combination with internal stabilization is indicated
[3,4,6,7,13,14,19,20]. Because of the impossibility of total surgical removal,
local postoperative radiation therapy is necessary.

Patients and Methods

Thirty-three patients with metastatic cervical spine tumors were treated by operative
stabilization because of cervical instability and impending neurological deficits
(15% of all our cervical stabilization procedures). The mean age was 58 years,
with a balanced sex distribution.

Breast cancer (12 cases) was the most frequent primary tumor. Only in two cases
was the origin of the metastatic tumor unknown.

At the time of diagnosis of cervical spine metastasis, the mean duration of cancer
was 4 years, with the mean duration of cervical symptoms being 5 months.

Clinical findings were classified into five groups (Table 1). Twenty-four patients
had pain or radicular deficits. Five patients showed incomplete paraparesis, while
another four were already unable to walk.

The distribution of metastatic localization showed a peak in C5 and C6 as well
as in the axis. Monosegmental osteolysis was present in 20 patients. Two adjacent
vertebrae were affected in six cases, while seven patients had a multisegmental
involvement.

1 Neurochirurgische Klinik, Universitétsklinikum der Gesamthochschule Essen, Hufelandstr.
55, D—4300 Essen 1
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Fig. 1. CT scan showing tumoral infiltration of the vertebral body and into the spinal canal

Spondylectomy with subsequent anterior spondylodesis (Fig. 2) was performed in
15 cases, posterior spondylodesis only in five. A combination of ventral and dorsal
stabilization was necessary in 13 patients because of global instability (Fig. 3).

Results

Two patients with-radicular neurological deficits recovered completely. Another
three patients with incomplete paraparesis were able to walk again after decompres-
sion and stabilization. Three patients died in the immediate postoperative course,
one because of severe pneumonia and two because of acute pulmonary embolism.
In one patient with normal neurological status preoperatively, radicular pain devel-
oped in the postoperative course.

The remaining 23 patients showed no change in their neurological status. Nine-
teen patients are still alive without any worsening of their neurological findings. In
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Fig. 2. Ventral plate stabilization of C3—C5 after removal of the body of C4 and recon-
struction with a homologous bone graft

the meantime 14 patients have died; only in two of them did paraparesis occur in
the final phase of their cancer (Table 1). The mean survival time was 10.5 months.

Discussion

In our opinion in cases of cervical spine metastasis, surgical stabilization is indi-
cated at the onset of neurological deficits and/or in the event of instability of the
spine. Life expectancy should be at least 6 months.

We regard as contraindications involvement of the cervical spine at multiple
levels, rapid growth of the tumor under medical treatment, and complete paraplegia.

Nowadays ventral spondylodesis should be achieved with plates after removal
of the vertebral body and reconstruction using bone cement or homologous bone
graft. Ventral decompression and stabilization is often insufficient because of com-
plementary dorsal instability caused by infiltration of the tumor into the pedicles
and spinal canal. In these cases additional dorsal stabilization is necessary. For this
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Table 1. Neurological deficit at time of admission and follow-up
I, normal; II, radicular pain or deficit; III, incomplete paraparesis
— able to walk; IV, incomplete paraparesis — unable to walk; V,
complete paraparesis

Admission  Breakdown at Classification at  Deaths

follow-up follow-up

I =11 I =9 I =12 — 1
o=1
vV =1

o =13 I 2 o =12 — 6
o =11

III=5 I =1 Iﬂ=4 ——y2
m= 2
vV =2

IV = 4 m 2 IV = 2 — 2
IV = 2

vV =0 vV =3 — 3

(postop.)

we prefer the compression clamps of Roosen and Trauschel [15-18], as mentioned
in preliminary reports [8,9].

The aim of surgical treatment of cervical spine metastases is the avoidance of
deterioration of neurological deficits. This can be achieved by rapid decompression
of the spinal cord and nerve roots with subsequent internal spondylodesis. External
fixation has to be avoided to allow rapid mobilization of the severely ill patients.
The quality of life in the remaining short survival time can be preserved by saving
the patients from confinement to bed. In our opinion progressive paraparesis in
patients with cervical spine metastases does not need to be accepted as inevitable.
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Fig. 3. Ventral plate stabilization and dorsal spondylodesis by means of compression clamps
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On the Symptomatology and Neurosurgical Treatment
of Senile Ankylosing Hyperostosis
of the Spine (Forestier)

W.-D. Siedschlag, G. Nisch, and H.P. Molsen'

Spondylosis hyperostotica as an isolated ossification of the anterior longitudinal
ligament of the vertebral column was first mentioned in 1824 by Wenzel and
was described by Forestier and Rotes-Querol as an independent disease in 1950
[1]. Spondylosis hyperostotica occurs mainly in male patients during middle age.
Ossification of the anterior longitudinal ligament in the cervical region is very rare,
and for this reason we wish to describe some observations of our own:

1. A 56-year-old man had been suffering from dysphagia and dyspnea for 1
year. Twenty-six years previously he had had an accident involving the cervical
vertebral column. Clinically we found somewhat reduced mobility in the cervical
region. Neurologically we found a normal status. The indication for the operation
was the severe dysphagia. The X-ray films of the cervical vertebral column showed
an extended position with extreme ventral ossification from C2 to C4 and a diameter
of the lumen of the trachea of 5 mm. Cervical myelography yielded no pathological
findings. During surgery to remove the exostosis, we found marked degeneration
of the disk C3/4. This disk was removed, and fusion after Cloward was performed
in this region (Figs. 1-3).

2. A 59-year-old man had been suffering from a worsening cervicomedullary
syndrome for 2 years. The X-ray films of the cervical vertebral column demon-
strated marked ossification of the anterior ligament from C3 to the upper thoracic
region. In the region of C5/6 there was a dorsal osteophyte with narrowing of the
spinal canal. We performed a laminectomy from C5 to C7 and attained a remarkable
improvement.

For the diagnosis of this disease, we favor the following steps: After an exact neu-
rologic examination we take X-rays in two positions. In cases of extreme spondy-
lophytes, X-ray examination of the esophagus with the aid of contrast medium
should be performed. Myelography is no longer employed in our clinic. We now
prefer CT examination, which makes possible very precise measurement of the
transverse section of the vertebral canal.

1 Neurochirurgische Klinik im Stidtischen Klinikum Berlin-Buch, Karower Str. 11,
DDR-1115 Berlin
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Fig. 1. Spondylosis hyperostotica in a 56-year-old man; myelography

Treatment of spondylosis hyperostotica in the cervical region has two aims:

1. To remove the spondylophytes if they compress the esophagus or trachea
2. To achieve stabilization of the vertebral column. This is possible by fusion after
Cloward or, in cases of fracture, by osteosynthesis with metal pates.

Within the last 10 years we have seen four male patients with spondylosis hyper-
ostotica. All were more than 50 years old; three of them suffered from diabetes
mellitus and from hypertension. In two cases medullary symptoms predominated,
twice respiratory embarrassment was the first symptom, and twice there was severe
trauma of the cervical region in the anamnesis.

In all four cases symptomatology was reduced by our treatment.
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Fig. 2. Extreme stenosis of esophagus and trachea

W.-D. Siedschlag et al.
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Fig. 3. Situation after removal of the exostosis and fusion in the region C3/4
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Cervical Spine Fractures in Ankylosing Spondylitis —
An Imperative Indication for Surgical Spondylodesis

W. Kocks, R. Kalff, K.-P. Schmit-Neuerburg, J. Pospiech,
W. Grote, and M. Schax’

Introduction

Ankylosing spondylitis is a chronic and usually progressive inflammatory disease
of joints and connective tissues [3]. The disease predominantly affects young men,
with a sex ratio of 10:1. Hereditary factors play an important role in the develop-
ment of ankylosing spondylitis, as indicated by the presence of HLA-B27 antigen
in 95% of spondylitic patients [3,4].

Histopathological changes such as cartilage destruction and later fibrosis and
ossification affect the intervertebral disks, the paravertebral connective tissues, the
diarthrodial joints of the spine, the sacroiliac joints, and in 30% of the patients, the
hip, knee, and shoulder.

Ankylosis of the vertebral column changes its biomechanical properties and,
alongside osteopenia and kyphosis, is one of the causes of the extreme susceptibility
of these patients to vertebral injuries [2].

Patients and Methods

Particulars of cervical fractures and their therapy in spondylitic patients are de-
ducible from the patients’ data (Table 1). All patients had only minor trauma, but
generally a long delay to diagnosis and treatment of the fracture (mean duration:
164 days). The lower cervical segments are predominantly affected. Fractures and
dislocations are located typically at the level of an ossified disk (Fig. 1) and usually
affect the whole vertebra (ventral and dorsal parts).

Two patients had minor neurological deficits, while four patients had incomplete
para- (tetra-)paresis, one of whom was unable to walk. One patient had immediate
tetraplegia.

Six of the seven patients underwent external traction therapy using the Crutch-
field device, but in two cases repositioning had to be performed by facetectomy.

1 Neurochirurgische Klinik, Universititsklinikum der Gesamthochschule Essen, Hufelandstr.
55, D—4300 Essen 1
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Table 1. Patients’ data
Age Dura- Trauma Duration Local- Ext.  Surgical procedures Neurological
Sex  tion Trauma  ization trac- status
of ank. - Op. tion pre- out-
spond. op. come

43y 22y Fallwhile 13 m Cc4 - Ventral plate C3-5 m I
man walking Laminectomy C4 + 5
43y 12y Fall from 3m C6/7 7d  Ventral plate C6-7 m I
man bicycle Facetectomy
30y S5y Falldown 2d C4/5 1d  Ventral plate C4-5 v v
man stairs
64y 43y Mild 2lm C6/7 1d  Ventral plate C6-T1 m m
man traffic Laminectomy C6

accident Compression clamp
42y 10y Fal 15d Co6/7 1d  Ventral plate C6-T1 I I
man Compression clamp
64y 30y Fal 19d C6/7 1d  Ventral plate C6-T1 1 I
man Compression clamp
57y 10y Fal 1d C6/7 1d  Ventral plate C6-T1 IV IV
man Facetectomy,

Laminectomy C6
Compression clamp

Only in the case of complete tetraparesis was ventral spondylodesis in combina-
tion with external fixation sufficient. In all other cases combined ventral and dorsal
operation was necessary, for decompressive laminectomy, facetectomy, or global
spondylodesis (Fig. 2).

Results

That such extensive surgical procedures were indicated is supported by the good
neurological outcomes (Table 2). Five patients showed improvement of their neu-
rological deficits, while two patients remained clinically unchanged. All had im-
mediate relief of pain. Two patients who preoperatively were unable to look in a
horizontal plane benefited from correct anatomical repositioning.
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Fig. 1. Fracture-dislocation at the
disk level C4/5. Note the typical
“bamboo spine.” The fracture af-
fects the ventral and dorsal parts of
the column

Discussion

Patients with ankylosing spondylitis need special attention in respect of vertebral
fractures:

1. About 12% of all spondylitic patients incur a vertebral fracture at some time
in their lives [7], 57% of which involve severe neurological deficits [S].

2. Spinal fractures in such patients are often diagnosed with remarkable delay
[2,4,5,8]. The reasons for this delay are complex: Generally, the fractures are the
result of a minor trauma, which normally does not cause any severe damage. The
relatively mild force is amplified by the rigid lever arm of the ankylosed neigh-
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Fig. 2. Ventral and dorsal stabilization is
necessary in the case of global instability

boring segments and is sufficient to cause a fracture in the osteopenic spine. The
second reason is the predominant localization in the lower cervical segments [2, 5];
such fractures are often not well-visualized on radiographs or are misinterpreted
because of distorted anatomy and osteopenia [2].

3. Healing of the injured segment in a dislocated position not only causes late
neurological disturbances but also can reduce the quality of life by rendering the
patient unable to look in a horizontal plane. Repositioning of the dislocated seg-
ments must be achieved, either by careful external traction or by facetectomy if
necessary.

4. A high degree of instability is caused by the ankylosis of the adjacent segments
(lever arm) and the fact that vertebral injury almost always involves the whole
vertebra. Spondylodesis therefore has to be performed at the ventral as well as
the dorsal parts of the injured segments [1,6]. Facetectomies and decompressive
laminectomies must also be performed if necessary. The surgical procedures are
extensive but, as shown by our results, rewarding.
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Table 2. Neurological course

Neurological grading Preop. Outcome
I Normal 42
IO  Radicular deficits 2
I0I Incomplete paraparesis 3 1°
— able to walk
IV Incomplete paraparesis 1 2°

v

— unable to walk
Complete paraparesis 1

2 Two preoperatively graded as II, two as III
b Preoperatively graded as III
¢ Preoperatively graded as IV and V
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Primary Autologous Bone Transplantation
in the Treatment of Cervical Spondylitis

D. Scale and E. Schmitt'

Although as recently as 1962 Max Lange warned against the operative removal of
spondylitic foci of the cervical spine [2], this approach is today a routine procedure.
The aims of the operation are the removal of diseased tissue resulting from the
inflammatory processes, the procurement of suitable biopsy specimens with the ad-
vantage of being able to differentiate the spondylitis histologically, bacteriological
analysis of smears, and the implant-free establishment of primary stability by an
autologous bone transplant.

Materials and Methods

Twenty-six patients with cervical spondylitis were operated upon between 1971
and 1988. We chose left sided anteromedial access with ventral removal of foci
and insertion of a corticospongiosa transplant taken from the pelvis. In five cases
the operation was restricted to an exploratory excision since the bone substance of
the affected segment in these patients proved to be firm.

A Minerva surgical plaster cast or plaster of Paris-strengthened Schanz bandage
was applied postoperatively for 5-8 weeks in nonspecific spondylitis and for 8-
12 weeks in specific spondylitis, in accordance with the intraoperative stability.
Time of removal of the plaster cast and the duration for which the final head-neck
orthotic device was carried depended on X-ray, clinical, and laboratory parameters.
Antibiotic therapy, given for up to 12 weeks in patients with nonspecific spondylitis
and for up to 18 months in patients with tuberculous spondylitis, was carried out
according to principles of treatment of ostcomyelitis. The operated patients, 14
female and 12 male, had an average age of 56.2 years. A graphic analysis of the
age distribution at the time of operation (Fig. 1) shows that the risk of contracting
the disease increases with increasing age. The frequency distribution of spondylitis
in regard to the different segments of the cervical spine involved (Fig. 2) shows
that there is a tendency for the lower vertebrae to be more readily affected. In the
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Fig. 1. Graphic analysis of age distribution at time of operation
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four cases with multisegmental spondylitic changes the classification was based on
the segment involved in the primary disease.

Results

The most impressive results of the operation, occurring in 12 patients and seven
patients respectively, were the disappearance within a few days of local pain, in
most cases severe, and of nerve root stimulation. Furthermore, in five of six patients
with root compression symptoms and loss of sensory and/or motor responses there
was a full recovery, as was the case in a patient with preoperative paraplegia due
to polysegmental involvement of the cervical spine in whom it was necessary to
carry out a spondylodesis on C2 to T1. A no less important gain from the operation
was being able to obtain representative tissue biopsy specimens. The histological
differentiation of spondylitis carried out (Table 1) was important in the subsequent
therapeutic strategy for two reasons:

1. Antibiotic therapy was confined to patients having suppurative subacute and
chronic spondylitis; it was not given in nonpurulent, above all noninfected cases,
where there was no evidence at the cellular level of inflammatory changes.

2. A change in treatment was carried out in four patients when it was found nec-
essary to alter the initial, preoperative suspected diagnosis. Two patients with a sus-
pected primary tumor had tuberculosis. A case of suspected nonspecific spondylitis
with corresponding osteolytic changes proved to be a mixed infection tuberculo-
sis. In a further patient a suspected diagnosis of primary tuberculosis based upon
isolated narrowing of the disk space and a highly positive tine test was shown to
be nonspecific spondylitis.

Bacteriological investigations were less useful. Evidence for the presence of
pathogens was found in only 45.5% of the cases investigated in this way (Staph.
aureus 3x, Mycobacterium tuberculosis 1x, Pseudomonas aeruginosa 1x), but
these findings enabled targeted antibiotic therapy to be carried out.

Whereas a good postural correction could be attained when the autologous graft
was inserted next to firm bone in the spondylitic segments, some loss of this
correction occurred later. With an average preoperative kyphosis of 10° (min. 0°,
max. 20°), an average intraoperative correction (Fig. 3) of 4° could be obtained
(min. 0°, max. 15°). Following bone fusion and incorporation of the graft, however,
the average kyphotic angle was 8° (min. 0°, max. 15°). This indicates that an
average intraoperative improvement of 6° (min. 0°, max. 20°) was followed by an
average postoperative correction loss of 4° (min. 0°, max. 12°). This correction
loss, insofar as it can be estimated on the basis of our radiographic records, occurred
within the first 3 postoperative weeks. Two factors were responsible for these
observations:
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Table 1. Results of histological investigation

Cervical osteomyelitis n
Tuberculous 5
Bacterial 21
Subacute/chronic (purulent) 9
Chronic 7
Bland 5

1. The cervical column in the plaster cast was not always in the fully erect position.
2. Complete immobilization, even using a Minerva plaster cast, could not be
achieved [4].

Residual movement in the cast and faulty erection of the cervical spine result in
increased mechanical loads on the graft and graft site, causing absorption processes
and a loss of correction. In view of this fact it is important to achieve the best
possible immobilization of the cervical spine and in the right position. According
to present-day practices this is best guaranteed through use of a halo body splint.

The complication rate was low, with one case of recurrent paresis (a case in-
volving a fracture graft) and one fistula requiring attention.

The operative treatment of five cases in which there was no clear histological
evidence of spondylitis raises the question of present-day differential indications

Degree
20 A
16
10 -
5 -
. o
pre-operative operative post-operative

Fig. 3. Average degree of segmental kyphosis before, during, and after operation (minimum
and maximum indicated)
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in the treatment of spondylitis. The presence or worsening of neurological symp-
toms, X-ray or CT findings of instability due to excessive bone destruction, cases
of abscess in which there is a need to prevent multisegmental spondylitis, prob-
lems associated with the differential diagnosis, and patients who fail to respond
to conservative therapy represent absolute indications for operative treatment. We
conservatively treat those patients with a high operative risk, e.g., patients with
spondylitic syndromes of rheumatic origin and patients who show an improvement
of the inflammation with radiographic evidence of supportive reactions following
a short period of immobilization. Since inflammation parameters are unreliable for
assessing local inflammatory activity [1], we tend, as a general rule, to set our
indications for operative intervention relatively widely. There is also the poten-
tial advantage of achieving histological and bacteriological differentiation of the
spondylitis and a reduction in the duration of treatment, especially in regard to tu-
berculous spondylitis, as we have been able to show from treatment of the thoracic
and lumbar vertebral column [3].

Summary

The operative removal of spondylitis with subsequent primary stabilization through
autologous bone grafts has a number of advantages: rapid improvement of the sub-
jective and objective clinical symptoms, shortening of the healing process, at least
in regard to tuberculous spondylitis, the possibility of histological and bacteriolog-
ical differentiation of the spondylitis, and application of the findings in therapy. A
postoperative loss, on average 4°, in the initial angle of correction of the vertebral
locomotor segments must be taken into account.
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Treatment of Craniocervical Instabilities
with the Halo-fixateur

R. SchultheiB, A. v. Stockert, and D.-K. Boker'

Introduction

The treatment of craniocerebral instabilities has become more and more an oper-
ative one. The newer osteosynthetic techniques have proved to be very effective,
SO conservative treatment seems to assume a minor role. On the other hand, there
might be individual or local reasons for considering conservative treatment of a
craniocervical lesion. The halo-fixateur externe, first described by Perry and Nickel
[14], has proved to be the most effective device for ensuring maximum immobi-
lization [11, 15], reducing flexion/extension and lateral bending to 4% and rotation
to 1% of the normal motion between the occiput and first thoracic vertebra [10].
Restriction of rotational movement is the most important aim of external fixation
considering the possible range of motion in the atlantoaxial joint [16]. The mean
flexion/extension allowed between C1 and C2 is 3.4° [9] with a halo/body jacket.
We reviewed our patients treated with a halo in order to evaluate its clinical value.

Material and Methods

Between 1980 and 1989 we treated 12 patients with a halo (body jacket type) at
the Neurosurgical University Clinic, Bonn — four women (aged 18-54) and eight
men (aged 24-90). Five patients needed external fixation after operative procedures
performed on cervical fractures failed to achieve immediate stabilization. At that
time, cervical fusions had to be performed without anterior osteosynthetic plate
fixation. In three cases infectious complications after anterior fusions because of
cervical disk disease led to a halo treatment. Three odontoid fractures and one
case of atlantoaxial instability represented our group of craniocervical unstable
lesions treated exclusively conservatively, all of them being neurologically without
pathological findings.

The mean duration of halo application was 85 days (17 thereof in the hospi-
tal), the duration being shortest for the “adjuvant” therapy in operated dislocation-

1 Neurochirurgische Universititsklinik, Sigmund-Freud-Str. 25, D-5300 Bonn 1
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Fig. 1. Displaced odontoid fracture in a 24-year-old man before (leff) and 2 months after
(right) halo treatment for 170 days with good stability

fractures (6149 days) and longest in the odontoid fractures (1414 14 days, leaving
out one death 2 weeks after the injury).

Results

Of the patients treated for an instability of the middle and lower cervical spine, a
78-year-old man suffering from a fracture of C5/6 died of pneumonia. Six others
showed perfect stability after removal of the orthoses; only in one case did a
luxation of C3/4 persist, requiring dorsal wiring.

In two patients two fixation pins had to be renewed because they became loose
and were assumed to be starting to perforate the tabula interna of the skull. One
patient missed her last regular checkup for control of the pins and reappeared after
5 weeks’ treatment with a totally displaced halo ring which could be removed, as
stability had already been achieved.

A 90-year-old man died of pneumonia and cardiac insufficiency 8 days after
application of the halo, and 16 days after an injury leaving him with a type TII [2]
odontoid fracture.
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Fig. 2. Odontoid fracture in a 46-year-old man 1 year after halo treatment for 113 days
with complete bony fusion in optimal position (cf. Fig. 3)

A 24-year-old man who suffered from a type II fracture after a car accident was
treated for 170 days. The fracture became stable in a functionally good position
(Fig. 1).

A 46-year-old man with a type II fracture after a bicycle accident remained in the
halo jacket for 113 days. The fracture united in a normal position (Fig. 2). Initial
displacement could easily be reduced by fine adjustment of the device (Fig. 3).

A 54-year-old female patient developed atlantoaxial instability reminiscent of
atlantoaxial dislocation in rheumatoid arthritis [3,6,8,12, 13]. She had undergone
curettage and developed abdominal symptoms with temperature, pain, and leuko-
cytosis after 5 days. As these complaints improved, a severe headache developed
from the 9th day and persisted at an extreme level. X-rays of the craniovertebral
junction showed atlantoaxial dislocation and anterior and posterior defects of the
dens (Fig. 4). No serological evidence of rheumatoid arthritis could be detected at
that time or later, and no other joints showed similar inflammatory signs. A halo
was applied as a first measure and pain subsided immediately. The patient refused
operative intervention; the halo was removed after 72 days. No clinical recurrence
of the severe pain or radiological deterioration occurred during a follow-up period
of 3.5 years to date.
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Fig. 3. Odontoid fracture fixed in a halo vest with displacement before (leff) and correct
position after (right) readjustment of the brace

Discussion

In a survey of the literature, Althoff and Bardholm [1] give a 31% incidence of
nonunions in the conservative treatment of odontoid fractures, i.e., 168 of 535
cases. Anderson and D’Alonzo [2] analyzed their failures in halo treatment and
reported good results for type I and III lesions, with only one nonunion out of 15
cases, whereas 8 of 22 type II fractures did not unite. The figures given by Ekong
et al. [5] (7/17 nonunions), Ersmark and Kalen [7] (1/16), and Chan et al. [4] (1/15)
seem to reflect improving results of conservative treatment. Two of our own cases
document the easy applicability of the method with optimal results even in the type
II lesions more apt to cause persisting instability. From our experience with these
patients and the others treated with a halo we assume that with improved knowledge
of the pitfalls of halo mounting, similar results may be achieved regularly.

Periodical control of all fixation pins with readjustment of the torsion force and
a protocol of the number of turns and/or depth of pin penetration into the skull
is important to secure optimal head fixation and to prevent or immediately detect
perforation of the tabula interna.
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Fig. 4. Atlantoaxial dislocation and partial destruction of the dens in a 54-year-old woman
with acute signs of an inflammatory process of the craniovertebral junction. No serological
or clinical signs of rheumatoid arthritis were found. Clinical symptoms of severe headache
subsided after 72 days of halo treatment. No clinical or radiological deterioration has been
observed during the last 3.5 years

As the fur of the body jacket will give way during the first 2 weeks, regular
controls and readjustments of the total halo geometry may be necessary to ensure
precise positioning of the fractured bone.

Some of the low-profile halo types available neglect simple static principles: axial
extension is the main therapeutic principle and is not guaranteed if short struts to the
halo ring may bend where they should be secured to the transverse shoulder strut.
Likewise, some systems lack a simple counter-screw fixation which allows main-
tenance of extension while readjusting the head position in an anterior-posterior
direction: it may be surprising how many directions of motion are rendered free
after the simple loosening of a sinigle bolt. Thus, the use of a simple construction
with only four axial struts fixing the ring to the jacket seems to solve many of the
practical problems involved by reducing the “fiddling factor” to a minimum and
at the same time freeing the neck from the troublesome transverse material that
interferes with X-ray controls.
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A comparison of conservative and operative treatment of craniocervical lesions
today should be based on halo treatment exclusively as the optimal method; the
older figures achieved with Minerva casts and other orthoses should be regarded
as historical and disregarded as statistical proof. Optimal halo technology and
application technique seem to promise a high rate of good results. Conservative
treatment can still have a place in craniocervical lesions, even in unusual cases, as
in the described atlantoaxial dislocation.
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The Natural History of Unstable Traumatic Injuries
of the Cervical Spine

D.J. Zeilstra, F.B. Niessen, A. ten Brinke, and L. Penning1

Survival and rehabilitation of patients after injury of the cervical spine have im-
proved significantly since World War II due to increased interest in these lesions
and to improved surgical management. Traumatic lesions of the cervical spine may
be classified according to radiological or clinical criteria. The mechanism leading
to the injury can also be taken into account [2]. A luxation is defined as loss of
contact of articular facets, in the case of the cervical spine (C2-7) leading to uni- or
bilateral interlocking of articular facets. Displacement of vertebral bodies is defined
as retrolisthesis (backward slipping) or anterolisthesis (forward slipping). Another
effect of injury may be local kyphotic angulation of the cervical spine. Instability
implies an abnormal mobility in one or more positions [3], also defined as the
inability of the cervical spine to prevent neurological damage under physiological
conditions [6,7]. Instability is found to occur in 6%-12% of all conservatively
treated cervical spine injuries. It is usually the result of a fracture and/or luxation,
frequently of a rupture of posterior ligaments [4]. Unstable lesions become stable
after a period of 10-12 weeks as a result of scar formation and bony fusion [1]. It
is estimated that in 36%—66% of the patients a spontaneous fusion will occur.
Indications for operation are:

— Possibility of open reduction

Damage to posterior elements involving:
Kyphotic angulation [5]

Facet interlocking

Fractures of the articular process
Compression fractures

— Root symptoms [7]

Further arguments in favor of operative stabilization are: rupture of the interverte-
bral disk with failure to heal spontaneously and rapid immobilization with quick
healing of a stable and painless neck. These arguments are mentioned frequently

1 Department of Neurosurgery, Sophie Ziekenhuis Zwolle, Dr. van Heesweg 2,
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Table 1. Types of injury

Sprain 47
Sprain with compression 50
Craniocervical region 39
Other injuries 25

and are widely known as such. However, they lack clear proof and documentation
[1]. There seems to have been a tendency in the last decade, with the introduction
of new fixation methods, to operate at an early stage. We have investigated, in
a retrospective study, the natural history of patients with unstable injuries of the
cervical spine, treated conservatively.

Between 1976 and 1986 161 (128 male and 33 female) patients were admitted
with a cervical spine injury. According to the criteria mentioned above, 94 patients
were considered to have an unstable lesion. The types of lesion are given in Table 1.
Of these patients, 48 were operated on, and 46 were treated conservatively. Patients
with paraplegia were excluded and only injuries below the craniocervical region
(C2-7) were considered. Twenty-two patients (18 male and 4 female) with a fully
documented case history and follow-up were included in the study. The average age
of these patients was 42 years. In 17 cases the cause was a traffic accident. Therapy
consisted of traction (8 cases), a halo jacket (2 cases), or a cervical collar (12 cases).
The patients were all seen on an outpatient basis during which the history was
taken and a neurological examination was performed. All patients were examined
radiologically, including flexion and extension films. On these radiographs the
angles between two adjacent vertebrae were measured in both flexion and extension.

Before the accident four patients were no longer working and receiving com-
pensation. Of the total number of 22 patients, 16 were not restricted in any way
in their daily activities, including work. After the accident 40% of the patients
complained of headache or pain in the neck, 33% of reduced mobility of the neck,
and 27% of loss of sensation in the fingers. The average period of immobilization
was 4.2 months (1-8 months). When asked how long it took the patient to reach
a situation in which no further alteration of his or her condition occurred, this
period varied from O to 48 months (average 11 months). The subjective result was
considered good or very good by 64%, moderate by 9%, and poor or very poor by
27% (Table 2).

On neurological examination there was reduced mobility of the cervical spine
(rotation less than 45° in either direction) in 36%. Nine percent had motor and
23% sensory deficit of the arms. Pain was still experienced by 36% of the patients.
These figures may be compared with an operative series yielding similar results

11
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Table 2. Results

Objective  Subjective

Very good 8 8
(no complaints)

Good 9 6
(minor complaints)

Moderate 3 2
(pain, impaired in some activities)

Poor 2 4
(much pain, unable to do most activities)

Very poor 0 2

(completely disabled)

Table 3. Mobility of the cervical spine

Injured segment  Adjacent segments

(Almost) None 8 6
Reduced (< 5°) 7 11
Normal (5°) 4 2
Increased (> 5°) O 0

The radiological investigations showed loss of mobility in the injured segment in
all cases. Furthermore there was a reduction of the mobility in adjacent segments
(Table 3). There was no case of late instability.

Although the patients with injuries of the cervical spine were not randomized
as to treatment in this study, it may be said that the final results are favorable,
especially when considering the radiological criteria. There was no late instability,
and almost two-thirds of the patients considered the result as “good” or “very
good.” The period of immobilization, on the other hand (average 4.2 months), is
long in comparison to operative treatment with modern fixation methods. The same
holds true for the period required to achieve a final situation (11 months). In our
opinion operative treatment appears to lead to a quicker but not per se to a better
result. In those situations in which conservative treatment for whichever reason is
chosen, it seems to be an adequate therapy.
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Syringomyelia



Evolution of the Neurosurgical Management
of Syringomyelia in the Last Two Decades

R. Van den Bergh1

The neurosurgical management of syringomyelia has undergone very important
evolution in the last two decades, obviously in line with the development of our
knowledge regarding its pathogenesis and with the introduction of new diagnostic
procedures.

Evolution of Theories on Pathogenesis

In the early 1960s syringomyelia was considered mainly as a segmental congenital
dysraphic anomaly of the spinal cord.

In 1965 Gardner [S] directed attention to the posterior fossa. He postulated
that failure of normal perforation of the rhombic roof led to persistence of the
central canal of the spinal cord in communication with the ventricular system. The
arterial pulsations of the choroid plexus were supposed to give rise to dilatation of
the central canal, eventually leading to hydromyelia and syringomyelia. Williams
[15,16] believed that the force which provokes the dilatation of the central canal
originates from venous pressure waves.

In the 1970s, as a result of new neuroradiological techniques and growing neu-
rosurgical experience, it became clear that Gardner’s ideas did not match reality
in many cases. Ball and Dayan [2] and later Aboulker [1] proposed an alternative
explanation of the pathogenesis of syringomyelia. They believed that syringomyelic
cavities are filled from the perimedullary subarachnoid space, either through small
clefts and breaches along the dorsal roots or via the perivascular Virchow-Robin
spaces.

In the meantime more and more cases of posttraumatic syringomyelia were
published. This form of syringomyelia is almost exclusively a complication of
thoracic or lumbar spinal cord injury and can only be explained by penetration of
CSF into the injured cord substance below a block of the subarachnoid space.
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Evolution of Diagnostic Procedures

As long as syringomyelia was considered a segmental dysraphic anomaly, diag-
nostic exploration was limited to plain skull radiography, spine radiography, and
positive contrast myelography.

As soon as the importance of CSF hydrodynamics was known, air myelography
in different positions and iodoventriculography were performed in order to visualize
collapsing cysts, to assess the posterior fossa relations, and to study the connection
of the syrinx with the central canal and the ventricular system.

Computerized axial tomography (CAT), introduced in the 1970s, can visualize the
syrinx, in communication with the central canal or not, mostly by direct penetration
of contrast medium into the cord parenchyma.

Nuclear magnetic resonance (NMR) imaging, performed since 1983, has sur-
passed all other examination techniques. It permits direct and complete visualization
of the syrinx and has demonstrated important facts: syrinxes can occur in patients
without syringomyelia syndrome; there are several distinct spinal cord cavitations
of different pathogenesis and with different prognosis; and the syrinx volume is
not proportional to the severity of the symptoms and signs.

Evolution of Neurosurgical Procedures

The first neurosurgical treatment of syringomyelia was myelotomy, introduced by
Elsberg [4] and Puusepp [12] and consisting in syringostomy, fistulization, and
marsupialization.

After the publication by Gardner of a series of 74 cases, posterior fossa opera-
tions, which previously were applied mostly in arachnoiditis and in Arnold-Chiari
malformation, were employed by Newton [9], Conway [3], and Hankinson [7].
These operations consisted basically in opening the fourth ventricle roof and in
removing adherent membranes.

Because of the mortality and morbidity and the rather frequent recurrences af-
ter posterior fossa surgery, other types of operation were soon proposed. Gardner
himself switched to terminal ventriculostomy [6], which is a variant of myelotomy
with excision of the filum terminale and of the tip of the conus medullaris. Many
indirect palliative procedures were introduced, e.g., the ventriculocardial [8], the
ventriculoperitoneal, and the lumboperitoneal shunt. The former two make sense
only in real communicating syringomyelia and preferably in the presence of hydro-
cephalus; the latter is indicated if there is a block of the spinal CSF compartment
with pressure peaks caused by coughing, straining, etc.

Since 1980 the direct approach to the syrinx has come into vogue again. Taking
advantage of new inert materials, some authors have returned to the use of one or
other variation of syringostomy, for example the syringosubarachnoid shunt [13].
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The syringoperitoneal shunt [10,11] and more recently the syringopleural shunt
have been added to the range of possibilities. The results of syringoperitoneal shunt
are excellent, both in general and in our department. In our series this technique
has a success rate of 80% without any mortality. The success rate of our posterior
fossa operations was less than 50%, with a low mortality and morbidity. The choice
of the cord incision for catheter insertion can be a problem: the incision may be
on the midline between the dorsal funiculi, or in the dorsal root entry zone, on the
left or right depending upon the exact position of the syrinx.

Today the syringoperitoneal shunt is considered the method of choice. We want to
stress that, over and above the choice of operative procedure, the essential decision
is whether to operate at all. In our series more than one-half of the patients were not
operated upon and were treated conservatively. In our opinion formal indications
for operation are: obvious progression of symptoms and signs, intractable pain, and
signs of craniospinal pressure dissociation by paroxysmal tonsillar herniation. In
this last indication a posterior fossa operation remains the procedure of choice [14],
possibly followed later by a syringoperitoneal shunt. It has to be stressed that the
syrinx visualization as such, by CAT scan or by NMR, is of secondary importance
in the decision making.

Conclusion

Both the pathogenesis and the treatment of syringomyelia remain matters of doubt
and controversy. In the first place it has to be stressed that in a large group of
patients the illness does not show unlimited progression, and that spontaneous
stabilization and even improvement can occur.

The syringoperitoneal shunt seems to be the treatment of choice at present. It has
to be preceded, however, by posterior fossa decompression in cases of craniospinal
pressure dissociation. It can be associated with a ventriculocardial or ventricu-
loperitoneal shunt if there is accompanying hydrocephalus.
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Syringomyelia: Aspects of Therapeutic Decisions

M. Westphal, N. Freckmann, D. Winkler, L. Cristante, and H.-D. Herrmann'

Introduction

Many more patients present with syringomyelia than will eventually turn out to
be good candidates for surgery. Many different surgical procedures have been
advocated but no treatment has become standard [2,3,5-9, 11-15]. Preoperative
diagnostic procedures, however, have greatly improved with the introduction of
magnetic resonance tomography (MRT) and gadolinium [1, 10]. Thus the selection
of appropriate surgical treatment from the various advocated methods has been
facilitated. It has been recognized that patients in whom intramedullary, intracav-
itary pressure is present will benefit most from draining/shunting procedures. In
addition there are patients with progressive disease and intramedullary dissection
but without evidence of pressure. Progression of neurological deficits may even
occur long after intramedullary pressure has been successfully treated by shunting.

In this paper we report our experiences in a series of 45 patients with in-
tramedullary cystic lesions but no evidence of tumor at the initial time of diagnosis.
In these patients syringomyelia as a consequence of spinal trauma was present in
8 cases, nontraumatic, noncommunicating syringomyelia was present in 26, and
a syrinx communicating with the fourth ventricle (hydromyelia) was present in
11. These patients were seen and treated between 1984 and 1989, i.e., after the
introduction of MRT.

Diagnostic Criteria

For the reasons stated above, in selecting a patient for treatment there must be
some evidence of intramedullary pressure. This is most conclusively indicated by
obliteration of the subarachnoid space as visualized on MRT. Widening of the
spinal canal on plain X-ray studies is seen only rarely and is an unreliable, often
false-negative indicator. Direct puncture of the lesion and measurement of pressure
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[5] is also unreliable, is associated with morbidity, and is no longer indicated in
the era of MRT. Only myelography in combination with CT scanning may allow
some assessment of the subarachnoid space and may be used if MRT is completely
unavailable.

To select the appropriate surgical procedure for the patient, it is mandatory to
have some indication as to whether the cyst has communication with the fourth
ventricle. In some patients this question can be unequivocally answered by MRT.
Communication has to be suspected in those patients in whom an Arnold-Chiari
malformation is incidentally present [3,4,8, 12].

Finally, before the introduction of gadolinium as a contrast agent for MRT, very
small angioblastomas, which may be the cause of large noncommunicating cysts,
were missed and only found upon later secondary intervention and reinvestigation
for progressive symptoms. Two such cases are part of our series. It is therefore
mandatory nowadays that every nontraumatic, noncommunicating syrinx is thor-
oughly investigated by gadolinium-enhanced MRT.

Therapeutic Approaches and Results

Two alternative methods have been used in this series for drainage of the cysts: (a)
drainage into the subarachnoid space (syringostomy, syringosubarachnoid shunt,
SSS) and (b) drainage into the pleural cavity (syringopleural shunt, SPS). In those
cases in which there is clearly a communication of the syrinx with the fourth
ventricle, be it with or without accompanying Amold-Chiari malformation, we
now advocate primary plugging of the aperture at the obex with muscle and fibrin
glue (Gardner’s procedure) (Table 1).

While performing drainage procedures we have routinely included intraopera-
tive filling of the cavity with contrast medium and X-ray examination. Using this
approach it is possible to assess septum formation within the cystic lesion, which
results in only partial drainage and failure surgical treatment. Most importantly,
however, it is possible to assess upward communication, which in some cases of

Table 1. Therapeutic approaches in 45 patients with syringomyelia

SPS: 21 patients
SSS: 16 patients
Gardner’s procedure: 8 patients
Revisions: 2, revisions of SPS for dysfunction

2, revision of SPS to SSS — pleural effusions
— bilateral hygroma
2, eventually removal of angioblastoma
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Fig. 1. Intraoperative X-ray examination with filling of the intramedullary cavity with con-
trast medium. Upward communication is visible and the patient was selected for SSS

cervical or cervicothoracic lesions cannot be excluded by preoperative neurora-
diological examination (Fig. 1). It has been found that this is a safe procedure
if the latest generation of nonionizing contrast media such as isovist (iotrolan) is
used. Before the advent of these contrast media, occasional seizure-like motor dis-
charges could be observed postoperatively. They were usually easily managed with
intravenous diazepam but should now be avoided by the use of only safe contrast
media.

In those cases in which a noncommunicating syrinx can be clearly demonstrated
intraoperatively or even by preoperative MRT, an SPS is advocated. In our series
21 cases have been treated in this manner with mostly favorable results (Table 2).
Only in one case did the SPS have to be revised to SSS because of massive
recurrent pleural effusions. In two more cases the shunt had to be revised because
of dysfunction. In two cases the shunt became unnecessary because the patients
eventually were shown to be suffering from intramedullary angioblastoma and had
their tumors removed. One patient with a communicating cyst was erroneously
drained by an SPS and as a result developed ventricular collapse associated with
bilateral subdural effusions. In this patient, the shunt was eventually revised into
an SSS.

An SSS was placed in 16 cases in which either there was communicating syrinx
or the SPS or Gardner procedure was not the first choice of treatment (Table 2).
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The results were less favorable. In two cases an SSS was later revised into an SPS
because of progressive disease and failure of the syrinx to collapse.

Gardner’s procedure was performed in eight patients. In seven patients it was
performed as the first therapeutic measure without combination with any drainage
of the syrinx. One patient underwent a Gardner’s procedure 2 years after having
received an SPS with no postoperative improvement and further deterioration later,
albeit without formation of hygroma. In all cases in which this procedure was
performed, there was a rapid decrease in cyst size on MRT. Rapid improvement
of symptoms, especially motor deficits and pain, occurred in six of these eight
patients.

Conclusions and Implications

Preoperative diagnostic procedures should be aimed at demonstrating the presence
or absence of intramedullary pressure, communication with the fourth ventricle, and
the presence of tumor to which the cyst may be secondary. This is best achieved
by way of carefully performed MRT with gadolinium enhancement.

Upon demonstration of a tumor, removal alone is sufficient and no further
drainage procedures are required. In the case of a noncommunicating cyst, we
advocate an SPS. This procedure has the advantage of using the pressure gradients
between two different compartments, thus allowing the intraspinal pressure to drive
the fluid continuously out of the cyst. In the case of communicating syringomyelia
we advocate either an SSS or, preferably, the procedure according to Gardner. If
necessary, this may be performed at a later stage in combination with an SPS. It
can be observed, however, that after closure of the central canal there is rapid and
longlasting reduction of cyst size.

The operative treatment of syringomyelia is aimed primarily at the reduction of
intramedullary pressure. Progressive neurological deficit arising from such pres-
sure as one of the disease components will be reversed or arrested in most cases.

Table 2. Results of surgical treatment of syringomyelia in

45 patients

Improved Unchanged Worse
SPS 14 -5 2
SSS 7 9 0
Gardner’s procedure 6 2 0

27 16 2
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Fig. 2. MRT study of a patient who is not included in the series presented in this report. In
this patient, Gardner’s procedure was performed 8 years prior to MRT study. The patient
experienced improvement of motor function postoperatively but after about 6 years again
noticed a very gradual deterioration. It can be clearly seen that the syrinx has been reduced
to a thin residual cavity and that there is no intramedullary pressure. This case illustrates
the possibility of later disease progression despite alleviation of pressure

However, cavity formation/dissection may progress without cyst formation, causing
further neurological deficit. This is illustrated in a case presented in Fig. 2.
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Pathogenesis and Operative Treatment
of Syringomyelia

H. Wiedemayer, H.E. Nau, F. Rauhut, L. Gerhard, V. Reinhard, and W. Grote'

Introduction

The term “syringomyelia” was first introduced by Charles P. Ollivier d’ Angers in
1827. Pathological and clinical descriptions of this condition were given in earlier
times by Estienne in 1546, Brunner in 1688, Morgani in 1740, and Portal in 1804
[3]. There has been extensive documentation of this entity in the literature. The
clinical picture, diagnosis, and natural course of syringomyelia are well known. The
diagnosis of syringomyelia has been significantly facilitated by the introduction
of magnetic resonance imaging. In contrast, the pathogenesis and treatment of
syringomyelia still present unsolved problems.

Pathogenesis of Syringomyelia

As regards the pathogenesis of syringomyelia, three conditions have to be clearly
distinguished: syringomyelia due to intramedullary tumors, syringomyelia follow-
ing spinal cord trauma, and so-called idiopathic or communicating syringomyelia.

In the first condition syringomyelia is simply an accompanying phenomenon of
the fluid producing the tumor itself. Treatment and prognosis do not differ from
those of other noncystic tumorous lesions.

Syringomyelia following spinal cord trauma was first studied extensively by
Barmnett et al. [2]. Delayed myelopathy occurring months or years after the initial
trauma is caused by progressive spinal cord cavitation which most often develops
upwards from the level of injury. The first important factor seems to be traumatic
myelomalacia or hematomyelia. Local vascular components, spinal arachnoiditis
with tethering of the cord causing chronic mechanical irritation, and glial structures
surrounding the cavity presumably producing fluid are considered to be secondary
factors contributing to the progressive extension of the cord cavitation [2, 3, 5].

1 Neurochirurgische Universititsklinik am Klinikum der Gesamthochschule Essen, Hufe-
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Table 1. Pathogenesis of syringomyelia

Primary factors Abnormalities at the cervicomedullary junction:
— developmental (e.g., cerebellar ectopia)
— acquired (e.g., adhesive arachnoiditis)
Hydrodynamic theory

Idiopathic syringomyelia
Secondary factors  Proliferative reactive gliosis
Local vascular problems

Posttraumatic syringomyelia

Primary factors Hematomyelia
Myelomalacia
Spinal arachnoiditis
Tethering of the cord

Cystic intramedullary tumors
(angioblastoma, ependymoma, glioma)

A most interesting approach to the pathogenesis and operative treatment of
idiopathic or communicating syringomyelia was introduced by Gardner [6] and
Williams [13]. In contrast to earlier theories which considered syringomyelia to
be a developmental anomaly of the spinal cord or a primary degenerative process
with a proliferative component, they considered this condition to be due to a dis-
turbance in the normal circulation of the cerebrospinal fluid. This “hydrodynamic
theory” of syringomyelia is based on operative, radiological, and pathological-
anatomical findings of abnormalities in the cervicomedullary junction. These may
be developmental malformations, like ectopia of the cerebellar tonsils or ineffective
perforation of the roof of the fourth ventricle, or acquired abnormalities, e.g., local
adhesive arachnoiditis or tumors located in this region. As the CSF enters the fourth
ventricle, whose outlets are obstructed, it is forced at the obex via a communication
along the central canal into the medulla. Substantiated pressure differences are fur-
ther necessary to cause progressive dissection of the medullary substance, forming
the syrinx. These pressure differences may be due to the arterial pulsation of the
CSF [6] or to venous craniospinal pressure dissociation [13]. Particularly in later
stages of the disease secondary factors like reactive proliferative gliosis and local
vascular problems may contribute to further progression of clinical symptoms. A
schematic overview of the pathogenetic factors is given in Table 1.
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Table 2. Clinical findings in 24 patients

Age: 7-67 years; mean: 44.8 years
Sex: 14 male, 10 female

Presenting symptoms:

Paresthesia and sensory loss 13
Disturbance of gait 13
Radicular pain 8

Neurological examination:
Radicular lesion only

— motoric

— sensory

— motoric
~ sensory

3
2
1
Involvement of long spinal pathways 21
. 1
7
~ both 13

Localization of the cord cavity:

Cervical

Cervicothoracic 14
Thoracic 1
Thoracolumbar

Patients, Operative Treatment, and Results

Twenty-four patients with spinal cord cavitations and progressive neurological de-
terioration were treated operatively in our clinic. A summary of the clinical findings
is given in Table 2. One patient was considered to be suffering from posttraumatic
syringomyelia: 21 years after fracture of the third lumbar vertebra he developed
symptoms of progressive spinal cord cavitation. Another patient had operatively
verified spinal arachnoiditis following meningitis and developed progressive sy-
ringomyelia 10 years later. All other patients had idiopathic syringomyelia.
Laminectomy was in most cases restricted to one or two levels. Using the oper-
ating microscope an interlaminar approach was usually sufficient. In most instances
a midline myelotomy in a relatively avascular area was performed and a Pudenz
ventricular catheter was inserted several centimeters rostrally into the cavity. An
overview of operative treatment, complications, and results is given in Tables 3-5.
Eighteen patients had follow-up periods of more than one year. Four of these 18
patients improved. In one patient sensory disturbances and in three patients distur-
bances of gait regressed. Full improvement of neurological symptoms was observed
in no case. Eight patients showed arrest of the preoperatively progressive neurolog-
ical deterioration. One patient died several weeks after operation with unchanged
neurological status, having already been transferred to a neighboring hospital for
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Table 3. Operative procedures in the Table 4. Operative complications
24 patients

Neurological deterioration
Syringostomy Temporary
Shunt to cisterna magna Permanent
Syringoperitoneal shunt CSF fistula

Syringosubarachnoid shunt
Syringopleural shunt

Thoracic drainage
Shunt displacement

O NN WA=
WN W= A

Table 5. Results of operative treatment in 24 patients

Length of follow-up

> 1 year® < 1 year
Improved 4 1
Stable/unchanged 8 4
Worse 5 1
Dead 1 0

18 6

2 Follow-up in this group of 18 patients was for 1-14 years;
mean = 3.1 years

physiotherapy. The cause of death was presumed to be pulmonary embolism. Five
patients continued to worsen. In three of these shunt obstruction was detected. In
two cases a second operation was performed because of shunt malfunction, but
the course was further deterioration. In two patients with progressive deterioration
postoperatively, magnetic resonance imaging demonstrated a collapse of the cord
cavity, indicating sufficient drainage of the syrinx.

Discussion

As discussed above, several primary and secondary factors can influence the course
of syringomyelia. The value of these factors may differ between different patients as
well as in the same patient during the course of the disease. Particularly secondary
factors, e.g., reactive spinal gliosis and local vascular problems, may influence the
progression of neurological deficits in later stages of syringomelia. We feel that
these factors contribute to some cases of failure of operative treatment. This is
confirmed by our observation that operative treatment is less effective in cases
with severe neurological deficits.



Pathogenesis and Operative Treatment of Syringomyelia 123

Fig. 1. Magnetic resonance
imaging of syringomyelia
demonstrating multiple “septa”
within the cord cavitation.
Communication throughout the
whole syrinx was demonstrated
intraoperatively when filling
the cavity with contrast
medium

Following the hydrodynamic theory, surgery of the posterior fossa (suboccipital
decompression, drainage of the fourth ventricle, obstruction of the central canal)
was suggested [6]. The reported results seemed to be excellent. Later on, in 1977,
Gardner suggested another operative treatment called “terminal ventriculostomy”
[7]. 1t is not well understood — as stated by Williams [13] — why he changed his
operative strategy. A simple ventriculoperitoneal shunt was proposed by Benini and
Krayenbiihl [4]. Reports of long-term results are missing. Recently, most reports
have dealt with direct exposure of the spinal cord cavity using various shunting
techniques.

In our patients syringopleural and syringosubarachnoid shunts were used most
commonly. As demonstrated by postoperative magnetic resonance imaging, col-
lapse of the cord cavity is attainable using all the different modalities of shunting.
But keeping a shunt system patent and sufficient over a long time constitutes a
problem. We feel that drainage to a low-pressure compartment over a relatively
short distance, as in syringopleural shunt, may offer some advantages, but further
follow-up of these patients is necessary to confirm this.
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Fig. 2. Transverse section of the spinal cord showing cavitation with numerous “septa.”
(Different cases in Figs. 1 and 2)

Comparison between the various reports regarding the results of operative treat-
ment of syringomyelia is difficult because of different patient groups, indications for
operative treatment, and criteria for postoperative evaluation. Overall about 60%—
70% of the patients treated by different shunt procedures have a stable/unchanged
course or improvement and are classified in the literature as “good” and “ex-
cellent” respectively [1,9-12]. Some reservation is necessary when counting an
unchanged and stable course as a favorable result. Studies of the natural history of
syringomyelia show that in untreated cases there may be very slow progression of
symptoms and even stable periods [8, 10]. Therefore only cases with progressive
deterioration preoperatively and long-term follow-up over several years can prove
the effectiveness of operative treatment.

Our indications for operative treatment are: the patient must show significant
neurological deficit, there has to be a clear progressive course, and by means of ra-
diological methods a space-occupying spinal cord cavitation must be demonstrable
(Figs. 1, 2). Using magnetic resonance imaging early diagnosis of syringomyelia
is possible. So in our opinion early surgical treatment is advisable as neurological
disturbances, once established, may at best regress only partially after operation.

Summary

Different aspects of the pathogenesis of syringomyelia are discussed. Twenty-four
of our own patients suffering from syringomyelia were treated operatively. Different
shunt procedures were performed. Most often syringosubarachnoid shunts (seven
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cases) and syringopleural shunts (nine cases) were used. Postoperative improve-
ment was observed in five patients, 12 were stable/unchanged, six showed further
deterioration, and one died. Indications for operative treatment were suggested.

Acknowledgment. The authors thank Prof. Dr. Kiihne, Krupp Krankenhaus, Essen, for the
magnetic resonance image.
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Magnetic Resonance Imaging of Syringomyelia:
Idiopathic and Tumor-Associated Cases

P. Schubeus, W. Schoérner, H. Henkes, and R. Felix'

Purpose

In recent years magnetic resonance (MR) imaging has proved to be a useful tool in
the diagnosis of syringomyelia [1,4]. Multiplanar imaging, more pronounced tissue
contrast, and the absence of bone artifacts are advantages of MR imaging over
CT. However, differentiation between idiopathic syringomyelia and syringomyelic
cavities associated with an intramedullary neoplasm may be difficult [2, 3]. In the
present study, we reviewed MR examinations of 38 patients with syringomyelic
cavities, in order to establish MR criteria for differentiating tumor-associated from
idiopathic cases.

Patients and Methods

Thirty patients with idiopathic syringomyelia and eight patients demonstrating sy-
ringomyelic cavities associated with an intramedullary tumor were studied. The
diagnoses were based on clinical, radiological, and/or histological findings. Five
intramedullary neoplasms were confirmed by surgery. Histological examinations
revealed two hemangioblastomas, one ependymoma, and one astrocytoma (one
examination was not conclusive).

Magnetic resonance examinations were performed on a 0.5-T imager (Mag-
netom, Siemens). All patients were studied with sagittal T1-weighted spin-echo
(SE 400/30) or gradient-echo images (FLASH 315-500/14, 90°). Twenty-four pa-
tients were also studied with T2-weighted spin-echo images (SE 1600/70) and 33
patients were also examined with axial images. Other imaging parameters were 5—
10 mm slice thickness and one to four excitations. In five cases of tumor-associated
syringomyelia, T1-weighted sequences were repeated following administration of
0.1 mmol gadolinium (Gd)-DTPA/kg body weight (Magnevist, Schering).
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Fig. 1. Typical MR appearance of tumor-associated syringomyelia on sagittal T1-weighted
image (SE 400/30): Hypointense cavity of the spinal cord from C2 to T8 (here represented
to T2) with even cord contours and abrupt change of cavity diameter between C6 and T2
(arrow); no tonsillar ectopia. Hemangioblastoma in the lower cervical cord, histologically
proven; 43-year-old woman

Results

Idiopathic and tumor-associated syringomyelic cavities were similar in localization
and dimensions. Except for one tumor-associated case, all cavities involved the
cervical region.

All idiopathic syringomyelias demonstrated hypointense cavities on T1-weighted
images with even cord contours (30/30) and without abrupt change of cavity dia-
meter (30/30). Most cases showed even thickness of the surrounding spinal cord
(29/30) and centric cavity position (24/25). In patients with idiopathic cavities the
spinal canal was frequently enlarged (8/29). On T2-weighted images idiopathic
syringomyelias often showed an increased signal intensity surrounding the cavity
(15/30).

Tumor-associated syringomyelic cavities were similar to idiopathic syringomy-
elias in most portions of the cavity. At the tumor site, however, most cases de-
monstrated abrupt change of cavity diameter (8/8) (Fig. 1), abrupt eccentric ca-
vity position (7/8) (Fig. 3), uneven thickness of the surrounding spinal cord (8/8)
(Fig. 3), and increased signal intensity of the spinal cord (not only surrounding the
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Fig. 2. Typical MR appearance of tumor-associated syringomyelia on sagittal T2-weighted
image (SE 1600/70): Increased signal intensity of the spinal cord, not only surrounding the
cavity (arrow). Hemangioblastoma (same patient as in Fig. 1)

ity) on T2-weighted images (8/8) (Fig. 2). Some tumor-associated cases showed
circumscribed areas of cord enlargement (3/8), uneven cord contours (2/8), or dis-
appearance of the cerebrospinal fluid adjacent to the tumor mass (3/7). Following
administration of Gd-DTPA in tumor-associated cases all tumors showed a patho-
logical contrast enhancement (5/5), whereas associated syringomyelic cavities did
not enhance (Fig. 4). Tumor delineation from the surrounding tissue and from the
syringomyelic cavity was improved.

Ectopic cerebellar tonsils were frequently found in patients with idiopathic sy-
ringomyelia (15/30). Syringomyelic cavities in patients with intramedullary tumors
were not associated with any malformations.

Conclusions
In most cases MR imaging provides valuable criteria to differentiate between idio-

pathic and tumor-associated syringomyelia. The most typical findings in idiopathic
cases were:
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Fig. 3. Typical MR appearance of tumor-associated syringomyelia on axial T1-weighted
image (FLASH 400/14) before enhancement: Eccentric cavity position (arrow); uneven
thickness of surrounding spinal cord. Hemangioblastoma (same patient as in Fig. 1)

Tonsillar ectopia (15/30)

Even thickness of the surrounding spinal cord (29/30)
No abrupt change of cavity diameter (30/30)
Enlargement of spinal canal (8/29)

The most valuable criteria in the diagnosis of tumor-associated cases were:

Uneven thickness of the surrounding spinal cord (8/8)

Abrupt eccentric cavity position (7/7)

Abrupt change of cavity diameter (8/8)

Increased signal intensity of the spinal cord (not only surrounding the cavity)
on T2-weighted images (8/8)

|

Administration of Gd-DTPA in tumor-associated cases may improve tumor delin-
eation from the syringomyelic cavity.



130 P. Schubeus et al.

Fig. 4. Typical MR appearance of tumor-associated syringomyelia on axial T1-weighted
image (FLASH 400/14) after enhancement: Pathological contrast enhancement in the spinal
cord (arrow) corresponding with the histologically proven hemangioblastoma (same patient
as in Fig. 1)
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Comparison of Syringoperitoneal and Syringopleural
Shunting in Patients with Syringomyelia

H. Haberl, W. Zimmermann, P. Schmiedek, S. Stelzer, and F. Marguth'

Introduction

Since the precise pathogenesis of syringomyelia is still unknown and a matter of
ongoing debate, it is not surprising that effective surgical treatment remains to be
established [1,2,6]. On the other hand, the introduction of magnetic resonance
imaging (MRI) has allowed much easier direct visualization of spinal cord cavi-
tation than was possible with myelography and delayed CT scanning, which were
previously used to establish the diagnosis of syringomyelia [5]. With this diagnostic
improvement, it can be expected that in the future more patients will be diagnosed
whose clinical symptoms are attributable to cystic changes within the spinal cord.
In view of this, the question of which treatment should be offered to these patients
becomes even more relevant.

Within recent years several, admittedly small, series of patients have been re-
ported on in whom direct shunting of the intramedullary cavity has been recom-
mended. In this study we present our own experience with two consecutive series
of patients in whom either a syringoperitoneal (SPT) or a syringopleural (SPL)
shunting system was employed.

Clinical Material and Methods

During the time period from 1985 to 1989 16 patients with syringomyelia under-
went surgical treatment in our department. Out of the total group of 16 cases, 12
patients had either idiopathic syringomyelia or the spinal cavitation was associated
with obstructive lesions of the foramen magnum as demonstrated on sagittal MRI
views. In this group there were ten female and two male patients with a mean age
of 48 years and an age range between 22 and 64 years. The clinical manifesta-
tion of syringomyelia in these patients disclosed the typical spectrum of combined
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Table 1. Idiopathic and posttraumatic syringomyelia: preop-
erative clinical findings (n = 16)

Nr. Age Sex Pain Paresis Sens.dis. Veg. dis.

Idiopathic syringomyelia

1 40 f ++ - + -
2 23 f - + ++ -
3 5 f + ++ - -
4 47 f ++ ++ ++ -
5 52 m - ++ ++ -
6 64 f + ++ ++ -
7 22 f - ++ + -
8 4 f ++ + + -
9 49 m o+ + ++ +
10 63 f + + + -
11 59 f - ++ ++ +
12 63 f + + ++ -
Posttraumatic syringomyelia
1 55 m - ++° ++ -
2 48 m - ++ + +
3 24 f ++ ++* ++ ++2
4 26 m ++ ++ + ++

2 Traumatic origin

sensorimotor deficits of varying degree as well as vegetative disturbances and pain
syndromes as listed in detail in Table 1.

In four additional patients, three male and one female, syringomyelia had fol-
lowed a spinal cord injury. The mean age of these patients was 38 years, with an age
range from 24 to 55 years. Clinically, patients of this group presented with either
intolerable pain and/or ascending neurological deficits [3,4]. Only patients with
severe clinical manifestation and evidence of progression of their symptoms were
included in this study. Preoperatively, all patients underwent MRI studies using a
spine surface coil on a 1.5-T-Siemens system. Except for the four cases of posttrau-
matic syringomyelia, MRI was repeated following the administration of contrast
medium (gadolinium) in order to rule out the possibility of an intramedullary tumor
underlying the syringeal cavity.

Postoperatively MRI was repeated early after the operation (16 cases) and dur-
ing the later follow-up period (12 cases). For various reasons MRI could not be
repeated subsequently in four patients. Clinical follow-up studies for evaluation of
the patients’ condition were routinely performed in all cases, with the follow-up
period ranging from 6 months to 4 years (Fig. 1).
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vV

Functional neurological status

T
OP Discharge A 2 3 L

years

V No neurological deficit, no pain

IV No neurological deficit, pain

Il Minor paresis, functional compensable

Il Considerable disability, independent

| Major disability, partly independent (wheelchair)
0 Severe disability, dependent

Fig. 1. Postoperative clinical course in 16 patients shunted for syringomyelia (solid lines,
idiopathic; broken lines, posttraumatic)

In ten patients operated on during 1985 and 1986 an SPT shunt was used and in
the remaining six patients who were operated on more recently, an SPL shunt was
inserted. In all cases a Uni-Shunt (Codman) with low opening pressure was used.

Results

Clinically, in 7 out of 16 operated patients a deterioration was noted immediately
following surgery; this deterioration, however, was later reversible in six patients.
These new sensorimotor deficits were thought most likely to be due to the myelo-
tomy required for insertion of the proximal shunting device into the syringeal
cavity. One female patient had a thrombotic complication involving an arm vein
and was treated with heparin. Another patient developed a left-sided stroke 1 week
following surgery, with good functional recovery during the later follow-up pe-
riod. In two patients a complete dislocation of the SPT shunting system into the
peritoneal cavity was noticed, requiring endoscopic removal of the catheter which
was followed by new shunt placement. One patient with an SPL shunt developed a
pneumothorax postoperatively which was treated by drainage for some days. With
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Drainage - mEE 1 T —

Partial drainage - ] — —
Unchanged — — T

Increase of syrinx

Deterioration - L

Unchanged L L1 L I R . L]

Mild improvement - L L ||

Relevant improvement —— L—

Fig. 2. Correlation of postoperative MRI findings (A) with postoperative clinical course (B)
in 12 patients operated on for syringomyelia

regard to long-term follow-up results, a definite and still present improvement in
neurological symptoms was noted in three patients. In 11 patients the neurologi-
cal condition has shown a mild improvement or has remained stable with at least
no evidence of progression of the disease. In one patient who was initially sta-
ble following surgery, new symptoms were observed recently. In this patient MRI
disclosed a persisting spinal cyst, suggesting a dysfunction of the shunt (Fig. 1).

Finally, one patient deteriorated permanently following surgery. While still able
to walk with assistance preoperatively, he became wheelchair bound postopera-
tively. One patient was operated on only recently and therefore was not taken into
consideration with regard to long-term results. Postoperative MRI, which was done
in 12 patients at varying intervals following surgery, revealed a complete collapse
of the intramedullary cyst in six patients. A partial drainage of the cyst was noted
in three patients whereas in the three remaining patients the cystic cavity was found
to be unchanged, suggesting dysfunction of the shunt. Correlation of the postopera-
tive clinical course and MRI findings revealed that only in patients with successful
drainage of the entire cyst can a satisfactory clinical result be expected (Figs. 2,
3).
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Fig. 3. Postoperative MRI study
2 years following SPL shunting
showing excellent result with
complete collapse of the intrame-
dullary cavitation

Comment

Even if one concedes that the aim of operative treatment of syringomyelia is not
a definite improvement in clinical condition but rather the prevention of further
deterioration, the results of this study clearly indicate that a satisfactory operative
treatment is still lacking. This becomes particularly evident in view of the fact that
with the advent of MRI we possess a diagnostic tool to visualize the extent of
the syrinx preoperatively and to evaluate the postoperative result of shunting as
well. In addition, when taking into consideration the significant surgical morbidity,
surgery seems to be justified only in patients with a definite progression of the
disease and in the presence of a marked syringeal cavity on MRI. At present, we
prefer to use the SPL shunt, primarily because it has the practical advantage of a
confined operative field, in contrast to the SPT shunt, which requires repositioning
of the patient for completing the procedure [7]. More satisfying operative results,
however, will probably depend on a better understanding of the pathological factors
causing syringomyelia.
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Microsurgical Treatment of Syringomyelia:
Intraoperative Findings and Results

H. Bertalanffy and H.R. Eggert'

Introduction

The rarity of syringomyelia, the difficulties in diagnosing the disease that were
common prior to the era of computerized tomographic scanning and magnetic
resonance imaging, and the lack of precise knowledge about the mechanism of fluid
accumulation within the spinal cord have led to a diversity of surgical methods for
treating this congenital disease.

The theory of syrinx formation as a consequence of a hindbrain malformation
and the surgical technique proposed by Gardner [7, 8] have gained wide acceptance.
However, the observations made by some authors have led them to doubt that the
relationship between the malformation and syringomyelia is a causal one [10]. In
1980, our institution adopted the surgical technique described by Rhoton [13] to
treat the Chiari I-syringomyelia complex.

Clinical Material

Fourteen patients in whom syringomyelia was associated with a Chiari I mal-
formation were treated surgically at the Neurosurgical Department, University of
Freiburg, between 1980 and 1988. The patients included seven males and seven
females, whose ages ranged from 20 to 71 years (mean, 40 years).

The most common presenting symptoms were characteristic sensory changes,
disturbances of motor function, and dysesthetic pain. The average duration of pre-
operative symptoms was 11 years, ranging from 1.5 to 38 years. All 14 patients
suffered a variable degree of impaired pain, temperature, or proprioceptive sen-
sation; 12 complained of more or less severe motor weakness, and 10 of pain.
Preoperatively a progressive deterioration of the clinical condition was manifest
in each patient. Computed tomography and metrizamide myelography were the
diagnostic modalities used in the first years of treatment, and were performed in
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eight and six patients, respectively. Since 1984, magnetic resonance imaging has
become the diagnostic tool of choice and was applied in 10 of the 14 patients.

Surgical Procedure

The surgical procedure consisted of a suboccipital craniectomy with C1 (and if
necessary C2) laminectomy, removal of the posterior rim of the foramen magnum,
dissection and thus mobilization of caudally displaced tonsils, splitting of arachnoid
adhesions at the outlets of the fourth ventricle, plugging of the obex with a small
piece of subcutaneous fat tissue fixed with fibrin glue, and insertion of a dural
graft. A hemilaminectomy was then performed, usually at the level of the greatest
extent of the syringomyelic cavity and on the side of symptom predominance. The
cord was incised at the entry zone of the dorsal roots and a Silastic shunt tube of
1.5 mm in diameter and 6-8 cm in length was introduced to create a communication
between the syringomyelic cavity and the cervical subarachnoid space. Care was
taken that the lateral perforations of the catheter were placed at a distance from
the dural opening in order to prevent occlusion of the catheter by scar formation.

Intraoperative Findings and Surgical Results

At the craniospinal junction, a Chiari I malformation was present in each patient,
the tonsils being displaced caudally, in some cases as far as to the level of C3. The
fourth ventricle was found to be displaced caudally in seven individuals. Additional
findings included an adhesive velum medullare posterius with obstruction of the
CSF pathways in six patients, a clearly dilated central canal of the cord at the
obex in four patients, and a depressed posterior rim of the foramen magnum with
compressive effect in two patients.

At the level of the posterior cervical approach, in two patients the initially bulging
cord collapsed before myelotomy, immediately after the subarachnoid space was
opened. In nine cases cord collapse occurred only after the syringomyelic cavity
was opened. Details on the hydrodynamics were not provided in three cases.

There was no mortality associated with this operation, and no major complication
was encountered in this series. Control MRI (performed in four patients between
10 days and 1 year postoperatively) disclosed a partial (Fig. 1) or total collapse of
the syrinx.

All but one of the patients were contacted by phone and asked to assess the
current severity of their three major complaints — pain, sensory change, and motor
dysfunction — as compared with the preoperative condition. In no case was there
complete relief of any of the symptoms and signs. However, intensity, incidence,
and character of pain were markedly improved in 90%, the sensory deficits in
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Fig. 1. MRI before and 10 days following the operation in a 71-year-old female

60%, and the motor deficits in 20% of the patients questioned. There had been
no deterioration of neurological deficits. The progression of the clinical signs was
arrested postoperatively in all patients. Improvement of one or more symptoms was
noted in 50%, while 20% remained essentially unchanged. This accounts for an
overall desirable outcome in at least 80% of surgically treated patients.

Discussion

The pathology of the spinal cord and craniospinal junction is accurately demon-
strated by magnetic resonance imaging. Thus, it becomes possible to differentiate
syringomyelia from other pathological entities of the spinal cord such as cystic
tumors. In our opinion, each case of presumed syringomyelia without craniospinal
malformation should be evaluated preoperatively by means of gadolinium-enhanced
MRI in order to exclude a possible tumor.

Considerable differences exist between various published reports with regard to
number of treated patients, indicatior for operation, surgical method, duration of
follow-up, and criteria for assessing the operative outcome. With decompression
of the foramen magnum alone, arrest of the progression of syringomyelia or im-
provement of symptoms and signs was achieved in 72%-83% [3,5,6,9,10, 14].
Other authors preferred a combined surgical treatment, including laminectomy,
myelotomy, and syringostomy, leading to stabilization and improvement rates of
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51%-94% [1,4,11-13,15]. The long-term results in our small series concur with
these results from the literature.

Despite doubts about the necessity of myelotomy and syringostomy [2], we
consider this an important part of the operation. Nevertheless, it remains uncertain
as to which step of the surgical method has the greatest effectiveness.

In conclusion, our experience has shown that the treatment of syringomyelia and
associated Chiari I malformation with medullary and upper cervical cord decom-
pression, plugging of the obex, and syringostomy can be expected to produce good
long-term results in 80% of cases.
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SEPs and Evoked Muscle Responses
After Noninvasive Magnetic Stimulation in Patients
with Syringomyelia

H. Masur, S. Nedjat, C.E. Elger, and A.C. Ludolph1

Introduction

The clinical picture of syringomyelia is characterized by central and peripheral
pareses, sensory loss, trophic disturbances, and a pain syndrome. Pathologically,
the syrinx often occupies the central gray matter of the cervical portion of the
spinal cord. Today, the technique of MR imaging is capable of establishing the
diagnosis with great accuracy [1].

Since the introduction of the technique of noninvasive electrical stimulation
of the motor cortex by Merton and Morton in 1980 and the introduction of the
magnetic stimulation technique by Barker et al. in 1985, it has been possible to
examine the central motor system in the awake human subject [3,4,12,13].

Both methods, investigation of the SEPs and of the evoked muscle responses after
noninvasive electrical and magnetic stimulation of the motor cortex, have proved
to be of diagnostic value in different diseases of the central and peripheral nervous
system [4-8, 11, 14]. Both methods are sensitive for the detection of morphological
and functional lesions in the cervical region of the spinal cord [11, 14, 15]. A study
of median and ulnar nerve evoked SEPs showed absent or reduced amplitudes and
prolonged central conduction times as the prominent findings [2]. To our knowl-
edge, evoked muscle responses after noninvasive stimulation of the motor cortex
have not yet been investigated in patients with syringomyelia.

We report the results of studies of SEPs and evoked muscle responses after
noninvasive magnetic stimulation in relation to clinical findings in ten patients
with radiologically defined syringomyelia.

Patients and Methods

Ten patients with syringomyelia were studied (five females and five males). The
mean age was 50.3 (range, 37-61 years) and the mean duration of the disease,
14.2 years (range, 3-23 years). There was no evidence of a preceding cause. In
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Fig. 1. Sagittal MR scan demonstrating a large cervical syrinx

two patients the diagnosis was made fortuitously. Eight patients showed typical
symptoms. In all patients diagnosis was confirmed by MRI studies. A typical ex-
ample is demonstrated by Fig. 1.

Each patient was individually interviewed and given a neurological examination.
In this examination special attention was paid to symptoms of the central sensory
and motor pathway. The long ascending (sensory) spinal tracts were assessed by
median and tibial nerve SEPs and the long descending (motor) spinal tracts by the
study of evoked muscle responses after noninvasive magnetic stimulation of the
motor cortex.

Somatosensory evoked potentials were obtained by stimulation of the right and
left median nerve at the wrist and the posterior tibial nerve at the ankle (stimuli
adjusted to produce a small twitch at fingers or toes at 4 Hz and 0.2 ms duration).
Evoked potentials were recorded with intradermal needle electrodes over the C7
spinous process and from the scalp at C3 and C4 (international 10/20 system) after
stimulation of the median nerve, and over the L4 spinous process and from the
scalp at Pz after stimulation of the tibial nerve. The reference was placed at Fpz.
Filters were set at 10 Hz and 2 kHz. Typical examples of the recorded potentials are
displayed in Fig. 2. The latencies of the first cortical and first spinal components
were determined and a central latency (interpeak latency) was calculated. Laten-
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Fig. 2. Examples of median nerve SEPs (left) recorded from C7 (upper trace) and from
the scalp (lower trace) and of tibial nerve SEPs (right) recorded from L4 (upper trace) and
from the scalp (lower trace)

cies were subsequently compared with normative data obtained in our laboratory
(n = 30).

The functional integrity of the central motor pathway was assessed by nonin-
vasive magnetic stimulation of the motor cortex [3,4]. For central stimulation the
circular coil was centered over the motor cortex (vertex), while for peripheral stimu-
lation the coil was placed over the vertebral spine at C7 and L1. Electromyographic
responses were recorded from both anterior tibial and thenar muscles. Potentials
were recorded with surface electrodes. The active electrode was placed over the
belly (10 cm below the inner margin of the knee joint for the anterior tibial muscle)
with the reference over the tendon of the muscle.

During central stimulation the subject had to maintain a slight voluntary contrac-
tion of the target muscle. The preinnervation was monitored visually and acous-
tically prior to measurement. The shortest of four latencies was measured at a
stimulus intensity 20% above cortical threshold.

The central (corticomotoneuronal) latency was calculated by subtraction of the
peripheral latency from the total latency. Results were compared with the normative
data of our laboratory [9, 10]. Typical responses are shown in Fig. 3.
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Fig. 3. Examples of evoked muscle responses after peripheral stimulation (upper traces)
and cortical magnetic stimulation (lower traces) recorded from the thenar (left) and anterior
tibial (right) muscles

Results
Clinical Findings

In ten patients 9 of 40 extremities showed signs of upper motor neuron dysfunc-
tion (spastic muscle tone, Babinski’s sign, and sustained ankle clonus). Sensory
symptoms were detected in 21 of the 40 investigated extremities (impairment of
proprioception).

SEP Findings

Studies of SEPs were done in 20 median and 20 tibial nerves in ten patients. Of 40
results, 26 (65%) were abnormal. No cortical component could be identified after
stimulation of 12 nerves (30%). Central conduction time (N14-N20 and N21-P40)
was increased after stimulation of 14 nerves (35%). Of 20 lower extremities, 17
(85%) had a significant abnormality, whereas upper extremity testing was abnormal
in 9 of 20 cases (45%). Figure 4 shows the results of the individual patients in
detail.



145

SEPs and Evoked Muscle Responses After Noninvasive Magnetic Stimulation

oL

(SUOTIBIAQD PIEpURIS 7 + S[BULIOU UL 9N[BA UBSW Y] SIIBDIPUL FU1] [DIUOZ1I0Y dY])
ereAwoduuis woxy Suueyyns sjuared oy Jo sasuodsaI A[OSNW PIYOAR PUB SJHS JO SSIOUE] [BOUD °q ‘Bp 31y

#a1 [J

ol

‘U 'p3W Y4 JO UOIJR)NWI4S JI}JR
d3s

8 L 9 S €

Jeuay} 3y4 wody "33
sasuodsal 3)Isnw PaxoA]

0L

F Sl

- 02
sw

46y

o

ol

6

U QN 3Yy o uoyelnulys Jae
d3s

8 L 9 S y/ €

W oUqy Cjue wody I3
sasuodsad 3)ISNW PayoA]

F ol
-Gl
- 02
S
- 0€
- QE
sw

r 0
FS
F oL
- Sl
02

T4
sw




146 H. Masur et al.
Evoked Muscle Responses

Evoked muscle responses were recorded from 40 muscles in ten patients. Of 40
responses, 20 (50%) were abnormal. In three muscles (7.5%) no potential could be
obtained. For 17 muscles (42.5%) central latencies were prolonged. The number
of abnormal results was comparable for thenar (n = 10) and anterior tibial muscles
(n = 10). The detailed results are summarized in Fig. 4.

Relations Between Findings

There was a definite relation between SEP findings and sensory symptoms. In 21
of 40 limbs sensory symptoms and abnormal SEPs were present. Normal SEP
results were always associated with normal clinical examination (n = 14). In five
recordings SEPs detected subclinical lesions of the ascending tracts.

In all extremities with clinical signs of upper motor neuron dysfunction, increased
central motor latencies could be found (n = 9). The presence of subclinical lesions
could be shown in 11 extremities. In 20, normal central latencies were observed.

Discussion

In the SEP studies the typical abnormal features were absence of cortical potentials
and increase in central conduction time (interpeak latency). This confirms and
extends previous results [2]. Tibial nerve SEPs more often revealed abnormal results
than median nerve SEPs. This finding may be explained by a different spatial
relation between fibers responsible for lower and upper limb SEP transmission and
the cyst.

The main feature of abnormalities in the central motor system was a prolonged
central conduction time (corticomotoneuronal latency). No response was obtained
in three clinically severely affected muscles.

Both methods detected clinical and subclinical deficits. A comparison of the
methods shows that SEP studies are more often abnormal than examination of the
central motor system. Combined use of the two methods reveals more pathological
findings than one alone.

In conclusion, our results show that both techniques can detect clinical and
subclinical deficits of the spinal sensory and motor tracts in patients with sy-
ringomyelia. This may be helpful for precise definition of functional deficits and
evaluation of the effects of surgical intervention.
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Summary

Somatosensory evoked potentials (SEPs) and muscle responses after noninvasive
stimulation of the motor cortex were investigated in ten patients with syringomyelia.
With both methods, clinical and subclinical deficits of the long sensory and mo-
tor tracts could be detected. Both methods may be helpful for the definition of
functional deficits and the evaluation of the effects of surgical intervention.
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Lumbosacral Lipomas and Lipomyelomeningoceles:
Operability and Long-Term Follow-up

K.E. Richard, J. Steinhauer, P. Sanker, and R.A. Frowein!

Introduction

One hundred years ago, Recklinghausen [7] showed that the delayed development
of neurological symptoms in patients suffering from lumbosacral lipoma is caused
not by compression but by tethering of the spinal cord to the lipoma. However,
the detethering of cauda as well as of conus has only been practiced over the last
few years. Several authors have monitored postoperative results and a few papers
have dealt with postoperative follow-up, but up to now long-term outcome has not
been adequately studied.

Patients

In this study we have investigated the long-term results of 37 patients treated
since 1951 at the Department of Neurosurgery, University of Cologne. At the
time of surgical treatment the patients’ average age was 6.5 years (range: 10
months to 65 years) for the 26 cases of lipoma and 11 months for the 11 cases of
lipomyelomeningocele. The female to male ratio was 1.5:1. The median follow-up
period is about 20 years, with a range from 1 to 38 years.

Results

Preoperative Status

The predominant preoperative findings in both groups of patients were gait distur-
bances, motor deficits, and bladder dysfunctions. The incidence of foot deformity
was markedly (twofold) higher in patients with lipomyelomeningoceles.

1 Neurochirurgische Universititsklinik K6In, Joseph-Stelzmann-Str. 9, D-5000 K&ln 41
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Surgery

The type of surgery performed was as follows (Table 1): in 22 cases the lipoma
was totally or subtotally removed without adequate detethering, in six cases the
lipoma was removed extradurally, and in two cases decompression was achieved
by duraplasty; only in five cases was an excision of the lipoma carried out as well
as complete detethering of the conus medullaris. For this reason the following neu-
rological observations are not grouped according to different surgical procedures.

Neurological Functions During Follow-up

Gait Disturbance. Of 17 patients with gait disturbances, 8 showed a postopera-
tive improvement, while 8 of 16 patients with a normal preoperative gait showed
deterioration.

One patient suffering from a postoperative deterioration achieved a restitutio ad
integrum after several years.

Motor Deficit. We observed similar results in respect of motor deficit: 7 of 14
patients showed no improvement, and 9 of 20 patients with no preoperative motor
deficit had postoperative motor disturbances.

Sensory Disturbance. Postoperative improvement was generally transient. Of 22
patients with intact preoperative sensory function, 10 showed no relevant changes
after surgery.

Bladder Dysfunction. Bladder dysfunction present prior to surgery in 14 patients
remained unchanged after surgery in 7 patients and improved in 7 patients. Of 20
patients without preoperative disturbances, 9 showed deterioration.

Bowel Dysfunction. Apart from the usual early postoperative complaints, 30 of 34
patients retained satisfactory bowel function.

Total Evaluation of Follow-up (Figs. 1, 2)

For evaluation of the long-term results we have classified our results as follows: (a)
improvement of functions, (b) unchanged good functions, (c) slight deterioration,
and (d) severe deterioration.

Long-term outcome with improved (a) and with unchanged neurological function
(b) was considered to be favorable, while long-term outcome with deterioration of
function (c/d) was regarded as unfavorable.
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Fig. 1. Length of postoperative follow-up and long-term outcome as regards neurological
function in 25 patients with lumbosacral lipoma. The following groups of long-term results
were differentiated: f, improvement of function; —, unchanged good function; (), slight
deterioration in function; |, severe deterioration in function

A satisfactory long-term result was achieved in 61% of the patients suffering
from lumbosacral lipoma, while 39% of the clinical courses were not satisfactory.
On the other hand, the outcome of treatment in patients with lipomyelomeningocele
was only favorable in 45% of the cases and unfavorable in the remainder.

We found increasingly better results for the postoperative outcome of lipomas
since 1970 (Fig. 1).

'We have been able to demonstrate using magnetic resonance imaging (MRI) that
several of our patients, although healthy, have a very low placement of the conus
medullaris, with lipoma residues being evident in some.

Operative Procedures and Long-Term Results (Table 1)

In relating long-term results to the kind of operative management, we can see
that about 45% of patients without detethering of the conus (Table 1; groups 2-5)
showed a deterioration in neurological function, whereas patients with complete
detethering retained satisfactory neurological function.
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Fig. 2. Length of postoperative follow-up and long-term outcome as regards neurologi-
cal function in 11 patients with lumbosacral lipomyelomeningoceles. For explanation of
symbols, see Fig. 1

Table 1. Operability and long-term results in patients with lumbosacral
lipoma or lipomyelomeningocele. For explanation of symbols, see Fig. 1

Total
no. Tt -1
1. Removal of lipoma (totally/subtotally)
+ adequate detethering of conus 5 1 4 -
2. Removal of lipoma (totally/subtotally)
+ incomplete detethering of conus 22 1 10 11
3. Inoperable lipoma. Duraplasty only 2 - 1 1
4. Extradural removal of lipoma. Cosmetic operation 6 2 2 2
5. No surgery 2 - 1 1

37 4 18 15
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Table 2. Outcome after surgery for lumbosacral lipoma or lipomyelomeningocele. Results
as described in the literature and in our own investigations. For explanation of symbols, see
Fig. 1

Author Year n  Age X Op/ Repeat Max. Outcome
detether- op. follow-up (%)
(years) ing (years) T - |
Bruce and Schut 1979 23 1d-16 - + - 12 35 57 8
Rickwood et al. 1979 74 14d-11.5 125 + - 7 7 68 25
Chapman and 1983 17 5d-17 - + - ? - 82 18
Davis
McLone et al. 1983 42 1 m-16 - + 6 10 31 67 2
Lapras et al. 1985 57 <2-15 - + - ? 44 53 3
Pierre-Kahn et al. 1986 64 <2-52 - + - ? 22 75 3
Stolke et al. 1988 26 1 m-12 - + - ? 27 713 -
Hoffman et al. 1985 73 6d-18.5 - + 11 14.6 12 66 22
1985 24 6d-185 - - - ? - 33 67
Cologne 1989 5 104d-5 2.5 + - 32 20 80 -
1989 31 3 m-65 12 - - 38 10 45 45
Conclusion

The pathobiomechanical concept of tethered conus medullaris in cases of lum-
bosacral lipoma, dating back to Recklinghausen, was confirmed by an improvement
of postoperative results after meticulous detethering of conus medullaris (Table 2).
Our report covers the long-term follow-up of patients with a mean clinical course
of 20 years, independent of operative management. We are not able to compare
our results with those of other authors because of a lack of reports with sufficient
long-term follow-up after detethering of conus.

In the two large series of Hoffman et al. [3], the maximum length of follow-up
was 14 years, and the mean length was only about 7 years. Therefore, the following
questions still remain unanswered:

— How often does retethering of the conus occur due to scar formation in the
long-term follow-up?

— If retethering occurs, what are the indications for reoperation?

— Should a patient with MRI signs of retethering be operated on despite intact
neurological function?

— What is the likelihood of restoring normal function in patients with preexisting
neurological deficit after reoperation?
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The Optimal Time for Operative Treatment
of the Tethered Cord Syndrome

S. Vogel, K. Neumirker, and K. Klepel1

The neuropathology of malformations in the rostral transition area of the neuroec-
toderm has been much better investigated than has that of problems in the caudal
transition area (Figs. 1, 2). Therefore the methods of and indications for neurosur-
gical management are not based on a fetal pathology of the neural tube and the
meninges [5, 6].

The tethered spinal cord is not only a special malformation of the neural tube but
also an inhibition in the development of the caudal neuroectodermal segments, and
an inhibition of the volume formation in the embryonic neural plate in contrast to
the ectodermal somites (Fig. 3). We can definitely state today that a tethered spinal
cord is a transverse caudal malformation, not an axial craniocaudal malformation
with tension on nerve roots and spinal blood vessels. The ascending angle of the
lumbar spinal nerves in relation to the axis of spinal cords is not the cause of
the clinical findings. The clinical manifestations are secondary, resulting from the
posture of the vertebral column after the first 2 years of life with an ischemic lesion
of the caudal spinal segments [7].

Investigations of normal fetuses have demonstrated regression of the caudal
neuroectoderm during the last 3 months of pregnancy. In pathological fetal devel-
opment we can demonstrate a tethered spinal cord with ascendant spinal nerves at
the end of pregnancy. A tethered spinal cord occurs in most babies with myeloceles,
lipomyeloceles, congenital dermal sinus, and pilonidal sinus dimple. But the clini-
cal symptoms vary greatly depending on the grading and the time of manifestation.
In the last 10 years we have operated on:

— 52 newboms with caudal myelomeningoceles

— 4 children with epidural lipomyelomeningoceles
— 4 children with transdural lipomyeloceles

— 10 children with tethered cord syndrome

In six children we observed a secondary tethered cord syndrome following con-
ventional surgery for myeloceles years before.

1 Neurochirurgische Universititsklinik, Leipziger Str. 33, DDR-3090 Magdeburg
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Fig. 1 Fig. 2

Fig. 1. The lumbosacral region in the fetus after 24 weeks of pregnancy
Fig. 2. The lumbosacral region in the fetus with a myelomeningocele, with a meningeal
defect and inhibition of regression in the neural plate

All newborns with myelomeningoceles were operated on immediately after de-
livery. The children with lipomyeloceles or lipomyelomeningoceles were operated
on during the first 4 years after birth. However, the children with tethered cord
syndrome were treated between the 4th and the 13th years of life. In such chil-
dren we have never seen a clinical improvement following the transection of the
filum terminale alone. We believe that this operation comes too late, and that an
irreversible disturbance of the spinal cord is then already present.

In the children with myelomeningoceles we always employ microsurgical tech-
nique. We first dissect the end of the neural plate and then cut off the end of the
neural plate close to the primitive meningeal layer. We subsequently build a neural
tube with a caudal ampulla with a microsuture (7x0) at the membrana limitans
gliae externa. We then cover the spinal cord only with the plain dura, without the
skin. We avoid compression of the spinal cord due to a plastic skin procedure. With
this method we have always been able to prevent further neurological deterioration
of the motor activity of the pelvic musculature and the legs.

We employ the same method in children with lipomyeloceles. We first remove
the tissue causing a compression of the nerves and then mobilize the filum terminale
in the region of the meningeal defect.

In the children with minimal pathology involving regression of the filum ter-
minale, we transect only the filum terminale, but this method is not adequate in
all cases. In all children with neurological signs in the segments L2-5 we carry
out a bilateral transfer of the intercostal nerves from the 11th thoracic segment to
the 2nd lumbar segment for selective reinnervation of iliopsoas muscle (Fig. 4) or
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Fig. 3 Fig. 4

Fig. 3. The lumbosacral region in the fetus with tethered cord syndrome, without a
meningeal defect and with inhibition of regression in the neural tube

Fig.

4. Method of the selective motor reinnervation, with transfer of the 11th intercostal

nerve end to end with the roots of the 2nd lumbar segment

to the 5th lumbar segment for selective reinnervation of m. tibialis posterior. The
best results are achieved with an early operation, before irreversible neurological
symptoms are present. In patients with tethered cord syndrome we are very often
too late. The best time for this operation is the first year, before the child leamns to
walk.
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Tethered Cord Syndrome Following
Spina Bifida Aperta

R.I. HogenEsch, D.J. Zeilstra, S.M.E. Breukers, G.P.A. Wiertsema, J.H. Begeer,
and C.A. Ter Weeme'

The tethered cord syndrome is well known in patients with spina bifida occulta.
It is increasingly recognized that in patients with spina bifida aperta, late onset
neurological deterioration may occur, caused by a tethered cord. This report reviews
the symptoms, operative findings, and results of surgery in 22 patients with tethered
cord syndrome following myelomeningocele repair.

Patients and Methods

At the University Hospital of Groningen 220 patients with spina bifida aperta were
checked on a regular basis from 1980 to 1989. Of these patients 88 were not able to
walk or were not expected to do so on the basis of their neurological deficit, while
132 were good walkers, community or residence ambulators, or were expected
to become walkers. Of the latter group 22 patients (17%) developed progressive
neurological deficit. The history, neurological abnormalities, investigations, surgical
observations, and results of operation were retrospectively studied. The follow-up
period varied from 6 months to 8 years. Some clinical data are given in Table 1.

Table 1. Clinical data of patients with re-
paired myelomeningocele and tethered cord

syndrome

No. of cases 22

Sex (m:f) 12:10
Delay (months) 0-240
— average 13
Age at time of operation (years)  3-37
— average 13.1

1 Department of Neurology, University Hospital Groningen, 9700 RB Groningen,
The Netherlands
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Table 2. Presenting symptoms of neurological

deterioration

Symptoms No. %
Motor dysfunction 20 91
Increasing abnormal foot shape 10 45
Pain in the lower back or the legs 9 41
Bladder dysfunction 3 14

Signs and Symptoms

Our group included 22 patients. In most patients increasing motor dysfunction,
which consisted of progressive weakness and walking problems, was an early
symptom of neurological deterioration (Table 2). Increasingly abnormal foot shape
was another common problem. Bladder dysfunction concerned particularly recur-
rent urinary infections, incontinence, or retention. Reflex changes and increasing
sensory disturbances were also noted.

Neuroradiological Findings

Metrizamide myelography and combined CT-myelography were performed in 16
cases. These revealed abnormalities in a uniform pattern: The conus medullaris had
a low position in the spinal canal, below the normally expected level. The conus
was adherent to the scar of the former operation at the back.

In six patients magnetic resonance imaging (MRI) was performed. In all cases
an abnormally low positioned conus, in the lower lumbar or the midsacral region,
was found. As additional abnormalities MRI showed lipomas in three cases and a
syrinx in one.

Operative Technique and Findings

A semicircular incision is made along one side of the scar, with an extension in
the midline in a cranial direction. The incision reaches the fascia. On the cranial
side laminectomy of the lowest intact neural arch is performed in order to reach
the right cleavage plane and to identify the dura. Around the scar the subcutis is
dissected from the fascia, in order to identify the laminal defects.

At the site of the first operation the dura is dissected free from the cutis. The
extradural intraspinal space is identified. The dura is incised proximally in the
midline and opened in a distal direction. At the site of the defect the adherent
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Table 3. Operative findings

No. %
Scar tissue 18 82
Thickened and tight filum terminale 9 41
Lipoma 5 23
Teratoma 3 14
Diastematomyelia 2 9

structures are released from the cord. By this procedure the tethering is dissolved.
The cord is now in the intradural space. The dura is closed with a lyophilized dural
graft.

The most common finding at operation was scar tissue, which formed adhesions
between the conus and the site of previous repair (Table 3). In nine cases a thickened
and tight filum terminale was resected. Lipoma was found in five patients. In
six patients early complications occurred: CSF leakage in four patients, wound
infection in two. One patient needed revision of the ventriculoperitoneal shunt
system shortly after the operation because of decompensation of the hydrocephalus.

Results

The follow-up period varied from 6 months to 8 years. The aim of the operation was
to stop further progression of neurological deterioration. In Table 4 the results of
operation are listed. Motor dysfunction and pain showed the best improvement. In
most patients more than one symptom improved. Most of the amelioration appeared
within 6 months postoperatively.

Unfortunately, recently three patients had to be operated on because of a reteth-
ering. In two of them the progression continued after the first operation; the third

Table 4. Results of operation

Better Stable Worse

Motor dysfunction 13 7 2
Pain 7 13 2
Bladder dysfunction 5 17 0
Foot deformity 2 20 0
Overall 17 3 2
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was initially stable but neurological deterioration occurred again 4 years after the
first operation. The three of them are stable now, but their follow-up period is too
short to draw any conclusions yet.

Discussion

Much has been written on the tethered cord syndrome in relation to spina bifida
occulta [1,4,7]. Fewer reports have been published in which the tethered cord
syndrome is associated with repaired myelomeningocele [2, 5, 6].

As in patients with spina bifida occulta, deterioration occurs in most patients
in a slowly progressive way with sometimes unexpected accelerations. However,
the detection of deterioration is more difficult than in patients with occult spinal
dysraphism, because of the preexisting neurological deficits. Therefore, early and
carefully documented neurological examination with regular follow-up examination
is necessary for patients with spina bifida aperta, to detect tethered cord syndrome
in an early stage. Our patients presented with increasing motor dysfunction of
the legs, consisting in changes in gait and progressive weakness, increasing foot
deformity, backache, or bladder dysfunction.

CT-myelography was performed in most patients. Ever since MRI was available,
it has usually been used for radiological examination. MRI has several advantages
over CT-myelography: It offers useful additional information for the neurosurgeon,
by demonstrating good tissue differentiation and by clearly showing syringomyelia
when present [3, 8]. Furthermore it is noninvasive and it obviates a radiation load
to a generally young population. In our opinion MRI is the screening technique of
choice when a tethered cord is suspected.

In those cases in which the neuroradiological findings confirmed the diagnosis
of tethered cord syndrome, the patients were operated on as soon as possible to
stop further deterioration.

The untethering procedure was relatively successful; 17 of the 22 patients im-
proved and in three patients further progression was stopped. Unfortunately one
patient who initially showed improvement deteriorated after 4 years. MRI showed
retethering. We have no explanation for this but it might be possible that both
tetherings have been caused by the same factor. The patient was operated on for a
second time and is stable up to now, but it is too early to draw any conclusions.

The fact that retethering can occur makes accurate follow-up necessary, not
only after the myelomeningocele repair but also after tethered cord operations.
Furthermore it seems worthwhile to search for operative procedures which can
prevent postoperative tethering. Operative techniques for this purpose have been
suggested [S, 6], but there is no agreement so far.

At this moment careful and regular neurological follow-up with MRI, when
indicated, is very important, especially in those patients who can walk.
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Intraspinal Lipomas with Tethered Cord Syndrome —
Results of Operative Treatment in 30 Children

M. Zumkeller, D. Stolke, and H. Dietz!

Introduction

The different growth of the vertebral column and the spinal cord leads to a relative
cranial ascent of the cord and to the formation of the cauda equina during the
embryonal development. After the 25th week of embryogenesis the conus has
reached the L3 level, where it remains until the time of birth. During the first 5
years of life the conus migrates upwards to the interspace L1/2. Fixation of the cord
by a filum terminale or by lipomatous subcutaneous tissue is the most common
cause of a tethered cord syndrome. A further cause may be an intraspinal lipoma.

When severe neurological deficits are present, there will be no difficulties in
the diagnosis of dysraphic disorders. But the normal or uncomplicated case will
be overlooked in spite of subcutaneous lipomas or exuberant hair growth at the
lumbar sacral area already present at birth.

The tension of the cord causes weakness and motor imbalance of the foot and
leg which may result in foot deformities and/or scoliosis, and secondary bladder
disturbances may become a leading symptom.

Patients

Thirty infants and children suffering from an occult dysraphism and tethered cord
syndrome were operated on at the Medical School, Hannover, between 1973 and
1988. At the time of diagnosis the patients’ age ranged from 1 month to 12 years.
Seventeen patients (group 1) were below the age of 2 years. Thirteen patients
(group 2) were over the age of 2 years.

1 Neurochirurgische Klinik, Medizinische Hochschule Hannover, Konstanty-Gutschow-
Str. 8, D-3000 Hannover 61
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Table 1. Pre- and postoperative clinical findings in 30 patients with
tethered cord syndrome and spinal lipoma

Preop.  Postop.

Improved Unchanged

Absence of tendon reflexes 22 - 22
One side 10 - 10
Both sides 12 - 12

Bladder and bowel impairment 17 7 10
Primary 9 3 6
Secondary 8 4 4

Foot deformities 13 - 13

Motor weakness 11 - 11

Sensory disturbances 11 - 11

Muscular atrophy 11 - 11

Palpable subcutaneous lipoma 11

Nevus 10

Hemangioma of the skin 5

Exuberant hair growth 6

Back pain 1 1 -

Signs and Symptoms

Skin lesions like nevus flammeus, hyperpigmentation, hypertrichosis, or subcu-
taneous lipomas over the lumbosacral spine were the most common reason for
admission. In 13 of the 17 patients in group 1 these signs were found at birth. Of
the 13 patients in group 2, 10 also presented with similar skin lesions at birth. The
reason for postponing diagnostic procedures despite these obvious dermatological
signs could not be elucidated. The most frequent neurological signs were the ab-
sence of tendon reflexes (22 of the 30 patients), followed by disturbed bladder and
bowel functions together with a sensory disturbance in this area. In 8 of the 13
patients in group 2 this dysfunction occurred only secondarily.

Weakness and motor deficits were equally distributed in the two groups, and
usually consisted of weakness of the foot extensors and flexors in one or both
legs. Muscle wasting was a common clinical sign. Four children presented with
asymmetry of the legs and feet. Isolated foot deformities could be observed in 13
cases, which erroneously led to long-term orthopedic treatment just as secondary
bladder impairment led to urological treatment. In the older children the progressive
neurological deficits with bladder and bowel impairment were the principal signs
which led to admission and to further diagnostic and finally therapeutic procedures.
(A summary of the symptoms is compiled in Table 1.)
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Fig. 1. Intraoperative demonstra-
tion of the lumbar sacral lipoma
in situ together with the tethered
conus medullaris

Diagnostic Procedures

The above-mentioned skin lesions and subcutaneous lipomas were indicative of
occult spinal dysraphism, which was confirmed by plain X-ray examinations re-
vealing anomalies of the lumbosacral arches in all of our 30 patients. In 18 cases
the failed fusion of the arches was localized at the lumbar and sacral levels. In six
patients open lumbar arches and sacral agenesis could be demonstrated. All our
children presented scoliosis as a typical sign of spinal cord tethering.

In 25 out of 30 surgically treated children a radiological examination using a
contrast medium was performed. In four cases computerized spinal tomography
was added. Our latest five cases were diagnosed by MRI alone. In all of these
children a conus medullaris at a low level (below L3/4) was found. Additionally
in 15 cases a megacauda was found. Nerve roots running nearly horizontally to the
periphery were evaluated as a typical sign of a tethered conus medullaris.

The most recent procedures, like MRI, give an excellent anatomical presentation
of the structures that are to be approached surgically.
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Fig. 2. Intraoperative picture of the
same patient as in Fig. 1 following
total extirpation of the lipoma and un-
tethering of the conus. The thickened
filum terminale is well demonstrated

Surgical Treatment

The aim of surgery is to untether the cord, to eliminate the mechanical constraint,
and to release the elongated conus. The simplest way to accomplish this might be
to resect the thickened filum terminale, which would release the elongated conus.
Untethering is more difficult when the lipoma attachments are to be dissected and a
lipomatous mass must be excised. Because of the poorly demarcated layer between
lipoma and neural tissue even when microsurgical techniques are employed the
lipoma bulk may often only be reduced; the dural adhesions, however, have to be
dissected thoroughly, as does the.filum terminale. Since CO5 laser and Cusa are
available in our clinic, they are used for dissection and reduction of the intraspinal
lipoma mass (Figs. 1, 2).

The intraoperative findings can be summarized as follows: In 23 cases we found
an extra- and intradural lipoma growing into the conus and into the thickened
filum terminale. In seven cases an extensive intradural lipoma was found as well
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as adhesions to the posterior dura causing a tethering of the cord. In six cases we
found an occult medullary plate directly beneath the skin and partly adherent to
the lipoma. In seven cases cysts were present in the dissected conus medullaris.
In four cases a diastematomyelia with bony spur and duplication of the dura was
found. Excision of the bony spur was performed, as well as lysis of the surrounding
adhesions. Diplomyelia and a torquated spinal cord were each found twice.

Results

In our 30 patients there were no mortalities and no postoperative complications.
In none of the patients did postoperative neurological deterioration occur. Eight
cases were improved. In only three cases did the bladder and bowel impairment
disappear, while in four older children subjective amelioration of symptoms was
reported. However, preoperative muscular atrophy, absence of the tendon reflexes,
and foot deformities could not be ameliorated (Table 1).

Discussion

The disturbed relative ascent of the spinal cord within the vertebral canal caused
by lipomeningoceles, a thickened filum terminale, or abnormalities like diastemato-
myelia is a severe disease accompanied by progressing neurological deficits as well
as deformities of the lower limbs and scoliosis. These signs and symptoms worsen
with the increasing age of the patient [3,4,8,9]. In addition the already tethered
spinal cord is much more vulnerable to mechanical alterations and injuries to the
vertebral column. The group of children beyond the age of 2 years demonstrated

Table 2. Results of surgical treatment (overview of eight series)

Author Year No. of operated Deterio- Improved Unchanged
patients ration
Lassman and James [7] 1967 22 2 5 15
Andersson [1] 1975 21 0 0 21
Naidich et al. [10] 1983 42 2 0 40
Chapman and Davis [3] 1983 17 0 5 12
Hoffman et al. [6] 1985 62 10 8 4
Pierre-Kahn et al. [11] 1985 55 2 26 27
Bakker-Niezzen et al. [2] 1985 25 7 1 17
Own series [12] 1988 30 0 8 22
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the highest rate of progressive neurological deterioration. This is in accordance
with the experience reported by other authors [3,6,7,10].

The treatment of choice in diagnosed tethered cord syndrome is neurosurgical
intervention. This is the opinion of all authors, especially as the operation using
microsurgical techniques is no longer burdened by severe complications. Different
opinions have been published concerning prophylactic surgical treatment, i.e., sur-
gical untethering of the cord without the evidence of neurological deficits. Some
authors advocate an observing attitude and monitoring of the neurological status [9].
Others tend towards prophylactic surgical treatment in order to avoid the develop-
ment of neurological disturbances and deficits [7,9]. According to our experience,
as soon as dysfunctions has occurred no return to normal can be expected from the
operation.

Analyzing our own patients and those of seven other authors, the results of
surgery in patients without neurological findings are encouraging, and as the rate of
complications is almost negligible, prophylactic early operation is to be advocated
(Table 2).

In our opinion symptom-free patients will be protected against the development
of neurological deficits by early operation. Observing the natural history of these
patients, 60% will present symptoms and signs of a tethered cord during adoles-
cence, whereas operative and postoperative complications range from only 0% to
8% [2,3,6,10]. These facts support our preference for early operation.

References

1. Andersson FM (1975) Occult spinal dysraphism: a series of 73 cases. Pediatrics 55:826—
835

2. Bakker-Niezzen SH, Walder HAP, Merx JL (1984) The tethered spinal cord syndrome.
Z Kinderchir 39:100-103

3. Chapman PH, Davis KR (1983) Surgical treatment of spinal lipomas in childhood. In:
Raimondi AJ (ed) Concepts in pediatric neurosurgery, vol 3. Karger, Basel

4. French BN (1982) Midline fusion defects and defects of formation. In: Youmans JR
(ed) Neurological surgery, 2nd edn. Saunders, Philadelphia

5. Gerlach J, Jensen HP, Koos W, Kraus W (1967) Fehlbildungen des Riickenmarkes.
Thieme, Stuttgart

6. Hoffman HJ, Taecholarn C, Hendrick HB, Humphreys HP (1985) Management of
lipomeningoceles. J Neurosurg 62:1-8

7. Lassman LP, James CCM (1967) Lumbosacral lipomas: critical survey of 26 cases
submitted to laminectomy. J Neurosurg Neurol Psychiatry 30:174-186

8. Lausberg G (1966) Zur Klinik und Differentialdiagnose der Diastematomyelie. Arch
Kinderheilkd 175:14-25

9. Markakis E, Vogelsang H, Heyer R (1978) Neurochirurgisch-neuroradiologische As-
pekte der occulten spinalen Ascensionsstorung im Kindesalter. Aktuel Neurol 5:253—
263



Intraspinal Lipomas with Tethered Cord Syndrome 169

10. Naidich TP, McLone DG, Mutluer S (1983) A new understanding of dorsal dysraphism
with lipoma (lipomyeloschisis) — radiologic evaluation and surgical correction. AJNR
140:1065-1078

11. Pierre-Kahn A, Lacombe J, Pichon H et al. (1986) Intraspinal lipomas with spina bifida.
J Neurosurg 65:756-761

12. Zumkeller M, Seifert V, Stoke D (1988) Intraspinale Lipome mit Malascensus des
Riickenmarkes im Kindesalter. Z Kinderchir 43:384-390



The Use of Calcium Antagonists
Following Subarachnoid Hemorrhage



Pharmacology of Nimodipine — A Review

A. Scriabine’

Among Ca2* antagonists (Ca2* channel antagonists, Ca2* entry blockers, CAs)
several drugs were reported to have anti-ischemic, anticonvulsant, or other effects
on the central nervous system. One Ca%* antagonist, nimodipine, was approved in
the United States for prevention of neurological deficits in patients with subarach-
noid hemorrhage. Some CAs are being used for the treatment of focal and global
cerebral ischemia and other disorders of the central nervous system. This article
reviews pharmacological properties of nimodipine which justify its use in some
disorders of the central nervous system. It updates previous reviews on the same
subject [28-30].

Nimodipine was synthesized at the Research Laboratories of Bayer AG by Meyer
et al. [17] and evaluated pharmacologically by Hoffmeister et al. [11], Kazda et al.
[13], and Towart [32]. The drug was characterized as a cerebral vasodilator, which
was effective in prevention of postischemic impairment of cerebral blood flow in
dogs. In addition, Kazda et al. [14] reported that nimodipine given chronically in
food can prolong life in stroke-prone spontaneously hypertensive rats without any
significant lowering of arterial pressure (Fig. 1).

Subsequently, nimodipine was intensively studied for anti-ischemic activity in
various models of focal and global ischemia [8,29]. In a primate model of global
ischemia, Steen et al. [31] demonstrated that nimodipine can prevent neurological
deficits caused by transient global ischemia (Fig. 2). Using experimental focal
ischemia in rabbits, Meyer et al. [18] demonstrated that nimodipine can reverse
changes in intracellular brain pH in the infarcted area (Fig. 3). Following these
observations, the question was raised whether nimodipine produces its beneficial
effects on the central nervous system by virtue of its cerebrovasodilator or a direct
neuronal action. Although this question is still not definitively answered, recent
studies in our laboratories have shown that nimodipine blocks L-type Ca2* currents
in rabbit dorsal root ganglia (DRG neurons) at very low concentrations (K; =~
1.3nM) [6,16]. A typical tracing showing the effect of nimodipine at 10nM is
reproduced in Fig. 4.

1 Miles Institute for Preclinical Pharmacology, West Haven, CT 06516, USA
Advances in Neurosurgery, Vol. 18
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Fig. 1. Cumulative mortality of stroke-prone spontaneously hypertensive rats (SH/SP) on
high salt diet. Male 5-month-old rats of 250-270 g body weight were placed on standard
rat chow pellets (Sniff-Versuchsdiiten, Soet, FRG) containing 8% NaCl with or without
nimodipine, 300 ppm (approximately 30 mg/kg/day) for 25 weeks. Systolic arterial pressure
was measured before and 4 weeks after initiation of the study. Nimodipine had no significant
effect on the arterial pressure. The systolic pressure was 210 + 9 mmHg in control vs
220 4+ 5mmHg in animals treated for 4 weeks. (Kazda et al. [14])

Nimodipine was repeatedly shown to bind to specific dihydropyridine receptors
in the brains of various species [2,23]. Its ICs in displacing a tritiated dihydropy-
ridine from its binding sites in human brain cell membranes was found to be lower
than that of nifedipine [26]. As an inhibitor of 45ca uptake in neuroblastoma cell
line, nimodipine was more potent than nifedipine, flunarizine, or verapamil [5].

Physicochemical properties of nimodipine may be at least partially responsible
for its beneficial effects in vivo. Nimodipine is more lipophilic than nifedipine. The
higher lipophilicity can explain its higher volume of distribution in the brain of rats
as compared to nifedipine [15]. As reported by Hakim et al. [10], [3H]nimodipine
tends to accumulate in the areas surrounding the experimental brain infarct in rats.
Under conditions of relative hypoxia the binding of nimodipine to its receptor sites
in vivo appears to be increased. The extent of nimodipine accumulation in the brain
tissue depends on the severity as well as on the duration of the hypoperfusion, so
that ! 1C]nimodipine may represent a useful diagnostic tool in the imaging of brain
infarcts.
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Fig. 2. Effect of nimodipine, 10 ug/kg prime, followed by infusion at 1 ug/kg/min for 10h,
on neurological function of pigtailed monkeys during recovery from transient (17 min) brain
ischemia induced by hypotension and neck cuff. The animals were ranked according to neu-
rological function at 96 h after transient ischemia. Normal animals had 100% neurological
function; 0% was apparent brain death. Neurological deficit scoring system involved eval-
uation of consciousness, respiration, cranial nerve function, motor and sensory function,
and behavior. Neurological function was significantly better in nimodipine-treated than in
control animals (P < 0.05 by Mann-Whitney rank sum test). (Steen et al. [31])

Of practical importance for the treatment of stroke patients with a new drug are
adverse effects of the therapy. The drug is expected not to increase intracranial pres-
sure and not to facilitate brain edema. The effects of nimodipine on the intracranial
pressure were studied, therefore, in baboons with occluded middle cerebral arteries
(MCA) [9]. Nimodipine tended to decrease intracranial pressure in these animals.
Effects of nimodipine on the brain water and electrolyte content were studied in
rats with MCA occlusion [33]; nimodipine reduced water and electrolyte content
in the infarcted areas of the rat brain.

By oral administration, Ca2t antagonists, including nimodipine, are very safe
drugs. The most commonly reported side-effect of oral nimodipine is moderate
hypotension, which is dependent on- the dose of nimodipine and on the blood
pressure level of individual patients, since Ca2* antagonists are known to lower
arterial pressure in hypertensive patients to a greater extent than in normotensive
individuals. By intravenous administration the doses of Ca2t antagonists should be
carefully controlled. Animal studies suggest that nimodipine should not be infused
at doses exceeding 2 ug/kg/min.
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Fig. 3. Effect of nimodipine on intracellular brain pH in rabbits subjected to middle cerebral
artery (MCA) occlusion. Average values for ten animals in each group. pH was measured
with pH-sensitive fluorophor. Nimodipine restored brain pH to nearly normal and partially
antagonized reduction in tissue perfusion (not shown). Vertical lines indicate standard errors
of the mean. (Meyer et al. [18])

Recent experimental studies indicated that nimodipine may be useful in the
treatment of age-associated memory as well as in that of functional disorders [4,27].
Anticonvulsant effects of nimodipine in rabbits [19-21], rats [12], and man [3]
were reported. The clinical efficacy of nimodipine in patients with subarachnoid
hemorrhage is well documented [24,25]. Nimodipine was also reported to reduce
mortality and to improve neurological recovery in the male patients following
ischemic stroke [7].

In summary, Ca?t antagonists bind to specific receptors in the central nervous
system and inhibit Ca* fluxes through L-type channels in the neuronal mem-
branes. In this respect, nimodipine is more potent than nifedipine, verapamil, and
many other Ca2t antagonists. Nimodipine is more lipophilic than nifedipine and its
volume of distribution in the brain of rats is larger than that of nifedipine. Nimodip-
ine was found to have cerebrovasodilator and anti-ischemic effects, and to reduce
neurological deficits in various models of focal and global cerebral ischemia. Its
effect is associated with normalization of intracellular brain pH. In animals with
experimental brain infarcts, nimodipine does not increase intracranial pressure and
does not enhance brain edema. Clinical studies demonstrated that nimodipine im-
proves neurological outcome in patients with subarachnoid hemorrhage or ischemic
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Fig. 4. Effect of nimodipine on Ca?* currents through L-type Ca channels in freshly dis-
persed dorsal root ganglion cells of rabbits. Whole-cell current records in the presence of
10 nM nimodipine have been superimposed on control records. The —50 mV holding poten-

tial
see

(+10 mV) was chosen to maximize L-type channel current. (Courtesy of McCarthy RT;
also [16])

stroke. New indications for nimodipine may include epilepsy and age-associated
cognitive disorders.
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The Prognostic Significance of the Concentration
of Nimodipine in the CSF and Plasma
in Subarachnoid Hemorrhage

W.IL Steudel, M. Carvi, S. Tiyaworabun, and R. Lorenz'

A major cause of mortality and morbidity in subarachnoid hemorrhage of aneurys-
mal origin is vasospasm. An analysis of the available placebo-controlled double-
blind and open prospective studies provides statistically significant evidence that the
calcium antagonist nimodipine can reduce the frequency of these spasm-induced
delayed ischemic neurological deficits. However, very divergent percentages are
reported in the various studies, ranging in the randomized studies from 1% with
intravenous administration to 2%—-16% with oral dosage [1-6,8-11]. It is unclear
what intraindividual and interindividual variations in the plasma and CSF concen-
tration are present or are to be expected in medication with nimodipine. A high
level of protein binding and the interaction with other drugs are known with regard
to pharmacokinetics [12].

In the present study, the plasma and CSF levels were determined in patients with
subarachnoid hemorrhage and correlated with various parameters such as grading,
outcome, CSF protein, and plasma albumin.

Methods

In 1988, we measured the plasma and CSF levels postoperatively several times in a
prospective study in 22 patients with subarachnoid hemorrhage. A media aneurysm
was present in five cases, a carotid aneurysm in five cases, and an aneurysm of
the anterior communicating artery in nine cases. The aneurysms were operated on
acutely within the first 72 h after the hemorrhage in nine cases. The nimodipine
treatment was started within the initial hours after the hemorrhage in 12 cases,
within the first week in five cases, and later in six cases. In these patients, the
CSF was sampled via cisternal drainage. In three cases there was subarachnoid
hemorrhage and an intraventricular hemorrhage without detection of an aneurysm;
in these, the CSF was extracted via ventricular drainage. The intravenous admin-
istration (48 mg/day) was carried out by means of a perfusor via a central line.
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Blood samples were taken in the moming, as a rule from the femoral vein. After-
wards, the blood and the CSF were centrifuged immediately, and the test tube was
enclosed in a metal case and deep-frozen. The daily basic medication comprised:
dexamethasone (3 x 125mg), and hydroxyethyl starch (600 ml). Nimodipine was
determined gas chromatographically in the Department of Clinical Pharmacology,
Bayer Ltd., Wuppertal [12]. One hundred determinations (plasma and CSF values)
were evaluated.

The statistical analysis was carried out on the basis of a data sheet comprising
87 variables. The computer analysis was made with the SPSS program. In the
analysis, descriptive correlations were detected. These comprise: the Hunt and
Hess classification (five grades) on admission, the Glasgow outcome scale (six
grades), the time of nimodipine determination in days after SAH, operation and
the beginning of treatment, the nimodipine concentration in the CSF and plasma
on the 1st, 2nd and 7th postoperative days, the total protein content of the plasma
and the CSF, and the daily amount of CSF and the flow rate as determined by
Doppler sonography.

Results
Concentrations

The plasma concentrations of nimodipine averaged 15ng/ml and the CSF concen-
trations 0.93 ng/ml with intravenous administration of 2 mg/h. The ratio of CSF to
plasma concentration was about 1:15. The interindividual range of variation was
considerable. It extended from 7.9 to 26.3 ng/ml in the case of the plasma values,
and from 0.02 to 2.23ng/ml for the CSF values (Table 1). The levels measured
intraventricularly were about one-fourth of the cisternal concentrations (Table 1).

At a lower dosage (three cases), there was a demonstrably lower concentration
of nimodipine in the plasma and in the CSF (Table 2).

Correlations

Follow-up investigations on the 2nd postoperative day did not reveal any detectable
differences from the values on the 1st postoperative day. Comparing the values on
the 7th postoperative day with those vn the 1st postoperative day, it was shown that
the nimodipine levels decreased in the plasma and CSF; however, this difference
was not statistically significant (Spearman correlation coefficients). In addition,
there was no statistically significant relationship between the CSF and the plasma
concentration on the day of the SAH and at the beginning of the nimodipine
treatment.
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Table 1. Mean plasma and CSF concentrations of nimodipine after intravenous administra-
tion of the drug at 48 mg/day

No. Mean Median Minimum Maximum Standard
deviation P*

Plasma 16 15.40 15.06 19 26.29 5.817

. < 0.05
CSF, cisternal 16 093 0.67 0.02 2.23 0.685
Plasma 3 16.04 13.62 12.33 22.16 5.342 <0.05
CSF, ventricular 3 0.257 0.31 0.14 0.32 0.101 )

* Mann-Whitney U-test

Table 2. Mean plasma and CSF concentrations of nimodipine after intravenous
administration of the drug at lower dosage®

No. Mean Median Minimum Maximum Standard

deviation
Plasma 3 5.110 3.720 2.56 9.05 3.461
CSF, cisternal 3 0.287 0.320 0.050 0.490 0.222

2 1 x 24 mg/day and 2 x 12 mg/day

No correlation could be detected between the plasma and the CSF concentrations
and the outcome 6 months after the event as assessed using the Glasgow outcome
scale.

There was a statistically significant relationship between the plasma level and
the total protein in the serum: the higher the protein concentration in the serum,
the lower the concentration of nimodipine measured in the plasma.

In five patients, the flow rate was measured by means of transcranial Doppler
sonography. There was no statistically significant correlation between the highest
measured flow values and the CSF concentration.

Discussion

There are only a few reports on-measurements of the concentration of nimodipine
[12,13]. With administration of 2mg nimodipine as a bolus injection, peak val-
ues were found after 3 min, varying between 39 and 149 ng/ml. There were also
appreciable interindividual and intraindividual variations in our patients.

Our investigations indicate that the nimodipine concentration depends on the
protein value in the plasma. This is explained by the high protein binding (98%)
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of the nonmetabolized nimodipine [12]. However, the same correlation could not
be found between the CSF concentration and the protein concentration. The CSF
protein value obviously is subject to substantial interindividual and intraindividual
variation after an SAH. Together with the small number of cases, this may explain
the lack of correlation.

The values on the 7th day after the operation were on average less than the values
on the 1st day. This unequivocally proves that there is no pharmacokinetically
significant accumulation or raised elimination of nimodipine.

There is also no demonstrable correlation between the CSF levels measured
and the final outcome. This may be explained by the appreciable alterations in
the intraindividual concentrations. The vartiations in the CSF levels evidently do
not affect the flow rate as measured by Doppler sonography. The flow pattern
develops regularly with increase in the values, in particular on the operated side
[7]. However, since Doppler sonographic investigations were only performed in
five patients, a definitive conclusion cannot be drawn. It is possible that short-term
administration of nimodipine in the initial days after the operation and a continuous
low dosage over the first 2 weeks have the same effect.
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Is High Dose Nimodipine Therapy Necessary
Following Subarachnoid Hemorrhage?

A Retrospective Study of 80 Patients with Aneurysmal
Subarachnoid Hemorrhage over the Past 2 Years

G. Bimn and M. Stallmach’

Introduction

The protective role of the calcium channel blocker nimodipine has been verified by
a considerable number of open or double-blind studies over the past few years. In
general a dose of 2mg/ i.v. or 240 mg/day p.o has been used. Here we present a
retrospective analysis of our treatment results with varying intravenous nimodipine
dosages during the past 2 years.

Material and Methods

Between November 1986 and November 1988, 80 patients with aneurysmal sub-
arachnoid hemorrhage (SAH) were treated in our department. Fourteen patients
receiving no or only oral nimodipine therapy were excluded from the protocol.
The continuous intravenous nimodipine treatment given to the remaining 66 pa-
tients did not strictly follow a preset pattern, but was adjusted according to defined
blood pressure levels in order to guarantee a steady cerebral perfusion. The systolic
blood pressure levels for normotensive patients were usually set between 120 and
140 mmHg, and for hypertensive patients between 140 and 160 mmHg. Based on
the clinical course and the hemodynamic changes in the basal cerebral arteries
as monitored by transcranial Doppler sonography (TCD), the blood pressure was
raised by catecholamines if necessary.

The 66 patients were divided into two groups. The first group (A) comprised
43 patients whose average dosage during the treatment period (mean 12.2 days)
stayed below 1 mg/h (mean 0.62 + 0.2 mg/h). The second group (B) consisted of
23 patients with a dosage equal to or more than 1 mg/h (mean 1.45 + 0.42 mg/h)
over 14.2 days. With P < 0.01, the nimodipine dosage of the two groups showed
a significant difference; the treatment interval, however, did not.
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There were no significant differences in respect of the following parameters:
age (A:46.1 4 14.8 years; B: 48.6 + 12.1), sex (A/B: male 32.6%/30.4%, female
67.4%/69.4%), the amount of blood seen on the initial CT scan, localization of
the aneurysms, timing of the operation (A/B within 3 days 66.7%/52.2%, within
7 days 81%/73.9%, within 14 days 88.1%/95.7%), complications (e.g., reblecding,
hydrocephalus, cardiopulmonary), risk factors (e.g., arterial hypertension, diabetes
mellitus), and supplementary medical treatment (dexamethasone, osmotherapy, an-
tibiotics, anticonvulsive drugs).

Evaluation of hemodynamic changes in the basal cerebral arteries by TCD is
part of our standard management after SAH. For this study the time course of the
mean flow velocity in the middle cerebral artery both ipsi- and contralateral to the
side of the surgical approach was selected as the parameter for comparison. The
measured data were summarized in 2-day cycles.

Statistical analysis was performed using the X2 test and the nonparametric U-test
according to Mann and Whitney (significance level, P < 0.05).
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Fig. 1. Glasgow outcome scale (GOS) as related to the neurological status at admission
according to Hunt and Hess (H/H). xz test: P = 0.58 (not significant)



Is High Dose Nimodipine Therapy Necessary Following Subarachnoid Hemorrhage? 187

N
50
41

40t

30t

20+

10

o 3

o ) iy

Nimodipine <Img/h Nimodipine >=img/h

no sVSP sVSP

Fig. 2. Occurrence of symptomatic vasospasm (sVSP) after SAH in both groups (n=66).
X2 test: P = 0.22 (not significant)

Results

Figure 1 shows the score on the Glasgow Outcome Scale upon reexamination as
related to the classification of Hunt and Hess established at admission.

Symptomatic vasospasm occurred in two patients in group A and in three patients
in group B (Fig. 2). One patient from each group made a complete recovery.

The hemodynamic changes after SAH in the middle cerebral artery as monitored
by TCD both ipsi- and contralateral to the side of the surgical approach were similar
in both groups (Figs. 3, 4). Patients with a higher nimodipine dosage showed a
tendency toward lower mean flow velocities.

For the above-mentioned parameters no statistically significant differences could
be found.

Discussion

Since its introduction various authors h&ve been able to prove a positive influence of
the calcium channel blocker nimodipine in comparison to placebo [1,6,9, 10]. The
standard dosage for intravenous administration reported in the literature is 2 mg/h
[4,6-8,11]. There are no comparative studies concerning a lower i.v. dosage. Re-
garding the clinical outcome, the frequency of symptomatic vasospasm, and the
time course of hemodynamic changes monitored by TCD in the presented sub-
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Fig. 3. Hemodynamic changes in the middle cerebral artery after SAH monitored by TCD
ipsilateral to the surgical approach. Nonparametric U-test of Mann and Whitney: P = not
significant

groups and the entire group of 80 patients, our results are comparable to those of
other authors [2,3,5,11-13].

As we did not find any advantage of the higher nimodipine dosage, we suppose
that a dosage lower than 1 mg/h could be sufficient. However, this is a retrospective
evaluation, and a prospective double-blind study with standardized varying dosage
to confirm our results would be desirable.

Summary

Out of 80 patients treated for aneurysmal SAH in our department during the last
2 years, 66 could be evaluated retrospectively with regard to the effectiveness of
different intravenous nimodipine dosages. Fourty-three patients received less than
1 mg/h nimodipine (mean, 0.62mg/h), and 23 a dosage of more than or equal to
1 mg/h (mean, 1.45mg/h).

Comparative criteria employed were: (a) the Glasgow Outcome Scale in relation
to the clinical condition at admission according to the classification of Hunt and
Hess, (b) the occurrence of delayed ischemic deficits, and (c) the hemodynamic
changes in the middle cerebral arteries as monitored by transcranial Doppler sono-
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4. Hemodynamic changes in the middle cerebral artery after SAH monitored by TCD

contralateral to the surgical approach. Nonparametric U-test of Mann and Whitney: P = not
significant

graphy. No statistically significant difference was found between the two groups
in respect of these parameters.
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Interactions Between Nimodipine and Anesthetics
Used in Neurosurgical Procedures

H. Miiller and J. Zierski!

Introduction

In order to reveal interactions between the calcium antagonist nimodipine and
the drugs used in anesthesia during neurosurgical procedures, we have performed
hemodynamic, respiratory, metabolic, and endocrine investigations to address the
following questions:

1. What is the role of nimodipine as well as alcohol, the solvent of its preparation,
in achieving intraoperative hypotension in normo- and hypertensive patients?

2. Where is the site of action of nimodipine in producing hemodynamic alter-
ations, and are there differences from other vasodilative drugs, such as nitroglyc-
erin?

3. Apart from its vasoactive properties, does nimodipine also influence pul-
monary circulation, gas exchange, metabolism, and endocrine responses?

Methods

To answer these questions a total of 102 patients, divided into three different
groups, were studied. All investigations were carried out under standardized gen-
eral anesthesia for neurosurgical operations, with thiopental for induction, fentanyl
for analgesia, pancuronium for relaxation, and artificial ventilation with oxygen
and nitrous oxide. The following parameters were monitored or calculated: sys-
tolic, diastolic, and mean arterial pressure, heart rate, cardiac output and index,
stroke volume and index, systolic, diastolic, and mean pulmonary arterial pressure,
pulmonary capillary wedge pressure, central venous pressure, systemic and pul-
monary vascular resistance, left and right ventricular stroke work or cardiac work
indices, rate-pressure product, triple ifidex, arterial and venous oxygen and carbon
dioxide pressures, hemoglobin, fraction of inspired oxygen, arterial-venous oxygen
difference, oxygen consumption, availability and extraction, pulmonary shunting,
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arterial and venous oxygen concentration, glucose, lactate, free glycerol, albumin,
antidiuretic hormone, adrenocorticotropic hormone, and cortisol. In this paper only
the parameters undergoing significant changes during the investigations will be
presented.

Group 1: Nimodipine was infused in a group of normotensive (n=17) and hy-
pertensive patients (as ascertained from their clinical history, pretreated with anti-
hypertensive drugs, n=14). An additional group of 11 patients received a placebo
infusion containing alcohol in the same concentration as in the nimodipine prepa-
ration. Measurements were made during anesthesia without PEEP ventilation at
intervals of 30 min, first without infusion (I), then after 30 min with 0.4 ug/kg/min
(II), after another 30 min with 0.7 ug/kg/min (or the same volume of placebo) (III),
and 30 min after the infusion had been stopped (IV).

Group 2: Nimodipine was given in the same doses and at the same intervals
(I-1V) during continuous administration of inhaled anesthetics [halothane (n=10)
or isoflurane (n=10) in equipotent concentration of MAC 1]. Besides these groups
with inhaled anesthetics, a control group received nimodipine only during the
already mentioned standardized opiate anesthesia, this time providing PEEP of
5cmH,0 (n=10).

Group 3: A dosage of 1.0 ug/kg/min of nimodipine (n=10) was compared to
nitroglycerin in an equipotent dosage of 2.4 ug/kg/min (n=10) during anesthesia
with PEEP ventilation. A control group (n=10) did not receive either nitroglycerin
or nimodipine. Monitoring was done at intervals of 30 min for a period of 3h
(I = after start of operation, without hypotensive medication; II-VI: with hypoten-
sive medication; VII: at the end of operation without hypotensive medication).

Results

In the first group of patients the hypotensive effect of nimodipine was compared in
normo- and hypertensive patients. Nimodipine reduced blood pressure especially in
hypertensive patients, i.e., similarly reduced blood pressure was obtained in both
nimodipine groups (systolic arterial pressure of almost 110 mmHg at measuring
point III), although the initial values before infusion of the calcium antagonist
were completely different (170 mmHg in the hypertensive and 130 mmHg in the
normotensive group). Stroke and cardiac indices were increased with nimodipine
as a consequence of the reduction of vascular resistance, once again starting from
a higher level in the group of hypertensive patients. A slight decrease was seen
in pulmonary vascular resistance. Cardiac work indices demonstrated improved
conditions for cardiac contraction with less energy consumption. There was a slight
decrease in arterial oxygen pressure due to an increase in pulmonary shunting
(maximum of about 25% instead of the normal value of up to 10%). There was an
increase in glucose, lactate, antidiuretic hormone, adrenocorticotropic hormone, and
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cortisol during the course of hypotension in both groups. There were no changes
in any of the parameters with placebo, i.e., alcohol.

In the second group nimodipine was combined with inhaled anesthetics and the
fall in blood pressure in the control group, receiving only nimodipine, was similar
to that in the first group. In the halothane and isoflurane groups systolic arterial
blood pressure reached 90-100 mmHg at measuring point III. The increase in car-
diac index, still present in the control group, was almost not demonstrable during
the combination of nimodipine and inhaled anesthetics. There was, however, no
difference from the control group (and group 1) with regard to reduction of sys-
temic vascular resistance. Pulmonary shunting and arterial oxygen pressure were
unchanged, but the decrease in oxygen extraction and increase in oxygen availabil-
ity, also seen with all other nimodipine-receiving groups, were still present. The
increase in hormone levels was prevented by the addition of inhaled anesthetics to
the opiate anesthesia during infusion of nimodipine.

In the third group, which compared nimodipine and nitroglycerin in equipotent
dosages, the reductions in blood pressure were similar but the cardiac changes
were different. Nimodipine enhanced cardiac and stroke indices, while nitroglyc-
erin decreased them. Systemic vascular resistance was diminished with nimodipine
and increased with nitroglycerin. The enhancement of pulmonary shunting seen in
group 1 was not present. Decrease in oxygen extraction and increase in oxygen
availability were combined with an increase in the anaerobic metabolic derivate
lactate (maximum of 3.5 mmol/l), which became especially obvious in this group
with long-term measurement for more than 3h and which was not present with
nitroglycerin or in the control group. The increase in stress hormones was similar
in both hypotensive drug groups and not seen in the control group.

Discussion

According to our investigations the hypotensive action of nimodipine is especially
obvious when there is preexisting vasoconstriction, €.g., in hypertensive patients
(group 1). This particular effect may even be used to achieve controlled hypotension
in surgery for cerebral aneurysms [2] and is enhanced in combination with other
vasodilator drugs, such as sodium nitroprusside [1]. The hypotensive effect of
nimodipine is different from that of nitroglycerin (as well as sodium nitroprusside
[1]) and due to arterial vasodilation, which leads to a decrease in systemic vascular
resistance and an increase in cardiac-output. Nitroglycerin acts by venous pooling,
thus reducing cardiac output. Both mechanisms lead to a more economic use of
cardiac work and contractility. With alcohol vasodilation may occur with high
concentrations, but it was not seen in the placebo group (group 1).

Inhaled anesthetics are known to produce a negative inotropic effect by impairing
cardiac calcium influx. Therefore in our combination with nimodipine (group 2)
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we saw a marked drop in blood pressure and the increase of cardiac index, usually
present during nimodipine infusion, could no longer be observed.

Pharmacological vasodilation is present in systemic and pulmonary circulation
and the use of vasodilators leads to an increase in pulmonary shunting, especially
in artificial ventilation. Nimodipine is no exception and PEEP ventilation, which
produces an adequate relation between ventilation and circulation, may be used to
reduce this side-effect (comparison of groups 2 and 3 to group 1).

Calcium antagonists are known to reduce oxygen consumption and mitochondrial
oxidative phosphorylation in muscle and brain. In our patients we saw a decrease in
oxygen extraction and an increase in oxygen availability which was accompanied
by a slow rise in lactate. The clinical importance of this possibly unfavorable action
remains to be established.

In some reports an analgesic effect of nimodipine was discussed according to
changes in the endocrine reaction. We were unable to demonstrate indirect changes
of the stress hormones related to analgesia. On the contrary, during hypotension
(with nimodipine as well as with nitroglycerin, see group 3) endocrine factors
were increased and this increase was only reduced if the basic opiate anesthesia
was combined and therefore deepened by addition of inhaled anesthetics.

In general, our studies have demonstrated that nimodipine, in spite of its so-
called cerebrovascular specificity, is also characterized by the typical qualities of
calcium antagonists, which have to be taken into account whenever nimodipine is
used.
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Influence of Nimodipine on Pulmonary Function

J. Nadstawek, M. Fédisch, D. Schmalohr, and D.-K. Boker'

Introduction

The calcium antagonist nimodipine has been in use for 8 years in patients with
subarachnoid hemorrhage to prevent ischemic neurological deficits caused by cere-
bral vasospasm. Many studies have shown a benefit from preventive nimodipine
treatment. Nimodipine has proved to be a predominantly cerebroarterial dilating
drug that can be administered over a long period and in sufficiently high doses
without severe arterial hypotension. Until now, nothing is known about a possible
influence of nimodipine on pulmonary function, although clinical observations in-
dicate that continuous administration of nimodipine may cause pulmonary venous
congestion and, finally, development of pulmonary edema. A retrospective study
was performed to verify our observations by comparing the initial chest X-ray of
patients with subarachnoid hemorrhage with the subsequent chest X-rays under
continuous administration of nimodipine.

Patients and Methods

One hundred and seventy patients suffering from subarachnoid hemorrhage were
included in a retrospective study. Of these patients, 123 received continuous ni-
modipine at a dosage of 2 mg/h. In 47 patients no nimodipine was administered. In
the two groups, the initial chest X-ray was compared to the subsequent chest X-rays
taken during the treatment course. The development of pulmonary venous conges-
tion was classified according to three phases. Phase 1a was defined as discrete
pulmonary venous congestion with enlargement of the apical veins of the lung,
phase 1b as a further enlargement of the veins in addition to broadened hili, and
phase 1c as diffuse shadowing of the lung; the ultimate stage in development was
interstitial and intra-alveolar edema. Other parameters recorded include changes in
the mechanical ventilation, such as positive end-expiratory pressure and increase in

! Institut fiir Anisthesiologie der Rheinischen Friedrich-Wilhelms-Universitédt Bonn,
Sigmund-Freud-Str. 25, D-5300 Bonn 1
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the inspiratory oxygen fraction, and administration of diuretics and catecholamines.
Deterioration of chest X-rays was rated according to the following scheme. Grade
1 corresponded to patients with a normal chest X-ray on admission who devel-
oped pulmonary congestion as described for phase 1b and patients who had initial
pulmonary congestion as described for phase 1a with further progression to phase
1c. Grade 2 included patients who had a normal chest X-ray on admission and
deteriorated to phase 1c as well as patients in phase 1b on admission developing
pulmonary edema during the treatment. All patients with a normal chest X-ray on
admission progressing to pulmonary edema were classified as grade 3. It should
be mentioned that progression to phase 1a was not considered as significant; thus
these patients were classified as having an unchanged chest X-ray. The statistical
analysis was carried out with the Wilcoxon test. Significance was set at P < 0.05.

Results

On admission 4.8% of the patients treated with nimodipine had pulmonary edema,
37.3% had slight pulmonary congestion, and 57.7% had no abnormalities on the
chest X-rays. During continuous administration of nimodipine, 34% of these pa-
tients did not reveal any changes on chest X-rays, while 66% progressed to a worse
phase (Fig. 1). Of these latter patients, 44% were classified as grade 1, 49% as
grade 2, and 7% as grade 3 (Fig. 2). In 57 patients the mechanical ventilation had to
be changed because of deterioration of ventilation parameters; 16 patients needed
a higher oxygen fraction (Fig. 3). In 45 patients catecholamines were administered
and in 31 patients diuretics. A reduction of nimodipine dosage was necessary in
24 patients. In three patients nimodipine had to be discontinued (Fig. 4).

stationary aggravated
68% 66%

aggravated stationary
32% 34%
without Nimodipine with Nimodipine

Fig. 1. Progression in chest X-rays in patients with subarachnoid hemorrhage treated with
and without nimodipine
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frequency
40%

30%

20%

10%

0% -

reduction stop application of application of
of Nimodipine  of Nimodipine Catecholamines Furosemid

Fig. 4. Changes in medication in patients with subarachnoid hemorrhage treated with ni-
modipine

2, and no patients grade 3 (Fig. 2). None of the patients required a change in
mechanical ventilation or medication such as catecholamines or diuretics, except
for two patients who were given catecholamines for a short period.

Discussion

The results indicate a direct effect of nimodipine on lung circulation that may
promote development of lung congestion and lung edema. In dosages used for the
prevention of cerebral vasospasms in subarachnoid hemorrhage, the lung function
may decrease, thus affecting oxygen supply. A significantly higher percentage of
patients treated with nimodipine, compared with patients who did not receive ni-
modipine, required either changes in mechanical ventilation for deterioration of
arterial blood gases or medication to support hemodynamics. The mechanism of
this effect, however, remains unclear. A decrease in total peripheral as well as
in pulmonary resistance, as described by Bormann et al. [2] in patients undergo-
ing aortocoronary bypass grafting with nimodipine dosages similar to those used
in the treatment of vasospasm in patients with subarachnoid hemorrhage, could
be responsible. Furthermore, an increase in the intrapulmonary right-to-left shunt,
described for nimodipine, may contribute to this phenomenon [1, 3,4]. Effects of
subarachnoid hemorrhage itself on the development of pulmonary congestion and
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are possible. Thus, the mechanism of the described observation has to be investi-
gated as it is important in any patient presenting with subarachnoid hemorrhage
to prevent a decrease in lung function that could further impair cerebral oxygen
supply.
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Tolerability of Calcium Antagonists

D. Tettenborn, J. Dycka, L. Porto, and N. Kurtz

Introduction

Among all classes of calcium antagonists, probably the most important groups are
the dihydropyridines (nifedipine, nimodipine, nicardipine, felodipine, and others),
the papaverine derivatives, verapamil and its analogues, and the benzodiazepine
derivative diltiazem.

As a group the calcium antagonists share several side-effects which can be
related to their pharmacological mechanisms of action, although the intensity and
frequency of these adverse effects differ between the various agents.

In recent years various calcium antagonists have been widely studied in the pre-
vention and/or treatment of neurological disorders such as ischemic complications
of subarachnoid hemorrhage (SAH), ischemic stroke, and migraine. Nimodipine has
now been licensed in many countries for the prevention or treatment of ischemia
following SAH.

Here, we report on the spectrum of side-effects of nimodipine as derived from
clinical studies in patients with SAH. Data from studies on approximately 2600 pa-
tients, including uncontrolled, prospective studies with intravenous followed by oral
nimodipine, one placebo-controlled randomized double-blind intravenous study,
four placebo-controlled randomized double-blind studies, and one double-blind
dose ranging study using oral nimodipine, were analyzed to evaluate the safety
profile of the drug.

1 Medizinische Abteilung, Pharmazeutisches Forschungsinstitut, BAYER AG,
D-5600 Wuppertal 1
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Table 1. Adverse drug reactions (ADRs) in intravenous studies

Sign/symptom No. of all No. of events possibly
events % or probably related
to nimodipine %

Hypotension 54 4.1 44 34
Headache 29 22 16 1.2
Bradycardia 29 2.1 20 1.5
Tachycardia 9 0.7 8 0.6
Extrasystoles 10 0.8 8 0.6
Arrhythmias 7 0.6 4 03
Hypertension 6 0.5 4 0.3
Perspiration 2 0.2 2 0.2
BUN increase . 20 1.5 4 0.3
Transaminases T 31 24 28 2.1
Hyperglycemia 10 0.8 4 0.3
Thrombophlebitis 3 0.3 3 0.2
Vomiting 3 0.2 2 0.2
Hyperkalemia 9 0.7

Laboratory test abnormal 4 0.3

Lactic acidosis 2 0.2

Acute renal failure 2 0.2

Pancreatitis 2 0.2

Rash 2 0.2

Vascular disorder 2 0.2

Single occurrences 21 2.1 15 1.1
Total no. of ADRs 255 162

No. of patients with ADRs 178 13.6 127 9.7
Total no. of patients 1309 1309

Results
Intravenous Administration

In 178 of the 1309 patients (13.6%), 255 adverse reactions were reported. The type
and incidence of these reactions are shown in Table 1. Only 162 reactions which
occurred in 127 patients (9.7%) were considered by the investigators to be either
probably or possibly related to nimodipine; the remaining reactions were considered
either doubtful, undetermined, or of no relationship to the drug. However, for the
purpose of this survey all reported adverse reactions will be discussed.

Mild or moderate decreases in blood pressure were the most frequent reported
side-effects, being reported in 54 of the 1309 patients (4.1%). The effect of ni-
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Fig. 1. Blood pressure (BP) and heart rate (HR) in normotensive SAH patients (n = 410)
during intravenous treatment with nimodipine

modipine on blood pressure appears to be dependent in part on whether or not the
patient is normotensive when therapy is initiated. For normotensive patients, there
was no clear dose-response relationship in the incidence of hypotensive reactions.
The mean changes in both diastolic and systolic recordings were indistinguishable
from baseline (Fig. 1). The conclusion therefore is that in the recommended dose
of 48 mg/h, intravenous nimodipine has a negligible effect on blood pressure in
normotensive individuals. However, in some patients with elevated blood pressure,
due to either preexisting hypertension or the underlying disease, nimodipine ap-
pears to exert a hypotensive effect. In hypertensive patients, intravenous nimodipine
decreased both the mean systolic and the mean diastolic blood pressure recordings
(Fig. 2). This decrease was most pronounced on the 1st day of therapy and then
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leveled off, remaining stable throughout the remainder of therapy. Heart rate was
not changed in either the normotensive or hypertensive group of patients.

Electrocardiographic abnormalities — bradycardia, tachycardia, arrhythmias, or
extrasystoles — were reported as side-effects in 53 of the 1309 patients (4.1%).
There was no dose-response relationship in the incidence of these events either.
Since the association of ECG abnormalities with SAH is well known [3], it is
likely that these are changes occurring during the natural course of the disease,
presumably due to stimulation of the parasympathetic/sympathetic systems by the
hemorrhage [11,17]. This interpretation is supported by the results of placebo-
controlled, double-blind studies using oral nimodipine where the type and frequency
of electrocardiographic changes were identical in nimodipine- and placebo-treated
patients [12].

Headache, which is another symptom that is difficult to assess in patients with
SAH, was reported in 29 patients (2.2%). Abnormal liver function tests were re-
ported in 31 patients (2.4%).

Other more rarely reported adverse drug experiences are shown in Table 1. Most
of them were believed by the investigators to have either a remote or no relation
to the study drug treatment.

In a placebo-controlled, double-blind study in France, no significant differences
in the incidence and type of adverse reactions were reported, hypotensive episodes
being noted in both patient groups with similar rates [10]. This shows the impor-
tance of a control group for assessing adverse reactions.

Oral Administration

In randomized, double-blind studies, a total of 823 patients were treated with doses
which ranged from 180 to 540 mg per day [1, 12, 14-16; data on file]. In 92 patients
(11.2%), 124 side-effects were reported (Table 2). The most frequent adverse drug
reactions were hypotension (4.4%), followed by nausea (1.1%), headache (0.8%),
rash (0.8%), and bradycardia (0.7%). Almost all of the other adverse reactions
occurred with a similar incidence to the placebo group or with very few incidences
only in either treatment group. It may be worth noting that more patients in the
placebo group experienced abnormal liver function tests than in the active treatment
group (1.5% vs 0.5%). This, once again, shows the importance of a control group
when assessing the incidence of adverse drug effects.
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Fig. 2. Blood pressure (BP) and heart rate (HR) in hypertensive SAH patients (n = 109)
during intravenous treatment with nimodipine

Spontaneous Reports of Adverse Drug Experiences

There are a few reports on increased intrapulmonary shunting allegedly related to
nimodipine [5,7]. Some authors [e.g., 13] believe this to be a general response to
vasoactive drugs, similar changes having been found with nifedipine, nitroglycerin,
and dopamine.
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Table 2. Adverse drug reactions (ADRs) in oral studies

Nimodipine Placebo
Sign/symptom No. of No. of
events % events %
Hypotension 36 44 6 1.2
Nausea 9 1.1
Rash 7 0.8 3 0.6
Headache 7 0.8 1 0.2
Bradycardia 6 0.7
Diarrhea 6 0.6 3 0.6
Gl symptoms 4 0.5
Gl hemorrhage 2 0.2 1 0.2
Edema 4 05 3 0.6
Transaminases | 4 05 7 1.5
Thrombocytopenia 3 04 1 0.2
Itching 2 0.2 1 0.2
Diaphoresis 2 0.2
Flushing 2 0.2
Vomiting 2 02
Palpitations 2 02
Muscle cramp 2 0.2
Jaundice 2 0.2
Single occurrences 22 2.7 13 2.7
Total no. of ADRs 124 39
No. of patients with ADRs 92 11.2 29 6.1
Total no. of patients 823 479

Effects on Intracranial Pressure

Intracranial pressure has not been measured regularly in clinical trials. There are
a few reports of slight increases in intracranial pressure [2,4], whereas others
did not find any evidence of change [9]. In animal experiments even decreases
have been described [8]. In patients resuscitated following cardiac arrest, in whom
intracranial hypertension frequently occurs, nimodipine did not cause significant
changes in intracranial pressure [6].
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Conclusions

The overall frequency of side-effects during treatment with nimodipine is relatively
modest, with hypotension being the most frequent, occurring in 4.1% of patients on
intravenous and 4.4% of patients on oral treatment. There is no clear dose-response
relationship in the reported incidence of this reaction, although regular blood pres-
sure measurements indicated that higher doses of nimodipine (i.e., 48 mg/day i.v.)
also caused more pronounced decreases in blood pressure in hypertensive patients.
Drops in blood pressure can be reduced or avoided by stepping up the dose more
slowly to the desired level. Most of the other side-effects were minor and only
a few appeared to have more than a remote relation to the study drug. However,
a full picture of incidence, as for all pharmacological agents, will have to await
further long-term use and evaluation.
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Nimodipine in the Treatment of Subarachnoid
Hemorrhage Secondary to Aneurysm Rupture:
Five Years’ Experience

L. Cristante, N. Freckmann, D. Winkler, and H.-D. Herrmann’

Introduction

The prevention of vasospasm has always been a key issue in the treatment of
subarachnoid hemorrhage (SAH) secondary to aneurysmal rupture. According to
the Towa Cooperative Study [8], this complication is present in 38% of patients
who have suffered an SAH. The subsequent cerebral ischemia has been reported to
be clinically relevant in about 25%-30% of those cases [7,9]. In the last few years
the therapeutic approach to this problem as well as the management of ruptured
aneurysms in general has undergone substantial changes [1-6, 11]. Some of these
recent advances were included in a therapeutic protocol we have been using since
March 1984. The following is a brief summary of our new therapeutic strategy:

— Intravenous and intrathecal application of nimodipine

— Early operation except for patients in grades IV and V of the Hunt and Hess clas-
sification without a relevant intra- or extra-axial hematoma, or patients harboring
aneurysms of the upper vertebrobasilar circulation or with angiospasm

— Use of intraoperative “brain protection” (isoflurane and Brevimytal)

— Use of external ventricular drainage

— Induction of hypervolemia/hypertonia after aneurysm clipping and in the period
thereafter

— Perioperative Doppler sonographic monitoring

Clinical Material

During the period from January 1981 to December 1988, 444 consecutive non-
selected patients who suffered an SAH secondary to the rupture of an intracranial
aneurysm were admitted to our department. Their mean age was 47.2 years; there
was a slight preponderance of female patients (male/female ratio = 1:1.6).

! Universititskrankenhaus Hamburg-Eppendorf, Abteilung fiir Neurochirurgie, Martinistr. 52,
D-2000 Hamburg 20
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Table 1. Selected preoperative characteristics

Group A Group B
(n=135) (n=309)

Re. SAH 34 25%) 59 (19%)
Vasospasm 30 (22%) 52 (17%)
Re. SAH + vasospasm 9 (26%)* 17 (29%)*
Preop. deaths 25 (18%) 30 (10%)
Fatal vasospasm 6 4

Re. SAH, multiple subarachnoid hemorrhage
# Percentage figure related to total number of Re.
SAH cases

Table 2. Surgical modalities and mortality

Group A Group B
(n = 135) (n = 309)

Surgery 103 256
Early surg. 36 35%) 183 (71%)
Delayed surg. 67 (65%) 73 (29%)
Op. mortality 12 (12%) 28 (11%)
Early surg. mortality 8 26
Del. surg. mortality 4 2
Overall mortality 37 27%) 58 (19%)

For the purposes of the study and in accordance with the modification of our
therapeutic strategy we distinguished two groups:

— Group A (Jan. 1981 - Feb. 1984) = 135 patients
— Group B (March 1984 — Dec. 1988) = 309 patients

Results

The relevant clinical data are briefly summarized in Tables 1-4. In group B there
was a 6% decrease in patients suffering multiple SAH. In the preoperative phase,
angiographically demonstrated vasospasm — either local or generalized — was also
less frequent (17%). The preoperative death rate went down by 8%, with a parallel
decrease in fatalities due to severe cerebral ischemia. Further, the ratio of early
vs delayed surgery was reversed. The operative mortality in the early surgical
group went down to 11%; that of “good-risk patients” (grades 1-3) was now 8.5%.
Delayed surgery carried a mortality of less than 1%. In the last 5 years, there was
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Table 3. Outcome after early surgery

Outcome (GOS)

Preoperative grade 1 2 3 4 5 Death

Group A (n = 36)

1(n=17) 7 5 2 2 1
2(n= 9) 3 2 3 1
3(n= 3) 1 1 1
4(n= 5) 1 1 3
5= 2) 2
Group B (n = 181)

1(n=171) 15 29 15 6 6
2 (n =36) .4 15 7 6 1 3
3 (n=47) 3 14 19 5 2 4
4 (n=19) 2 4 4 2 17
5(n= 8) 1 1 6

Preop. grade according to Hunt and Hess
GOS, Glasgow Outcome Score

Table 4. Postoperative neurological deficits related to
temporary clipping/vasospasm

Group A  Group B

Temporary clipping 20 (19%) 78 (30%)

Related neurol. deficits 11 (55%) 21 (27%)
Transient neurol. deficits 6 9
Permanent neurol. deficits 5 12

Postop. vasospasm 11 ( 9%) 37 (14%)
No neurol. deficits 2 10
Transient neurol. deficits 1 17
Permanent neurol. deficits 8 10

more liberal use of temporary clipping, while the occlusion time did not exceed
10 min in most of the cases. Related neurological deficits were now present in
only 27% of the patients. The incidence of postoperative vasospasm, as assessed
by transcranial Doppler sonography, was higher in group B. Its clinical relevance,
in terms of permanent neurological deficits, was much reduced (25%).
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Discussion

A retrospective analysis of our clinical data shows that our present therapeutic strat-
egy has had a positive impact on morbidity and mortality. The objective advantages
of this regimen were particularly striking in grade 3 patients, a substantial group
making up 25% of our population. The preoperative mortality in this group was
as high as 50% in the period 1981-1983. A further improvement in the mortality,
as far as “good-risk patients” are concemed, seems feasible since four out of the
nine patients in grades 1 and 2 who died did so because of complications which
were unrelated to SAH and surgery (pneumonia and kidney failure). On the other
hand, we do not presently see any possibility of improving the outcome in patients
in grades 4 and 5 upon admission.

Since 1984 a decrease in preoperative vasospasm has been paralleled by a sim-
ilar increase in postoperative vasospasm. The incidence of this complication was
therefore not changed by our new policy. The more aggressive treatment of this
complication in the postoperative phase made its clinical course undeniably more
benign. An evaluation of the therapeutic impact of nimodipine is difficult because
of the limits imposed by the design of this study. Nonetheless, we feel able to state
that this impact seems relatively limited. In the preoperative period there was, in
fact, a higher incidence of vasospasm in patients who suffered multiple SAH in
spite of the administration of nimodipine. In the postoperative phase we had the
opportunity to verify in single cases a sometimes clinically relevant change in blood
flow related to manipulations of the infusion rate of nimodipine. On the other hand,
in cases of hypotension, a side-effect of nimodipine we saw in approximately 25%
of our patients, we did not hesitate to cut down drastically the administration of the
calcium blocker and counteract vasospasm by increasing that of plasma expanders
and catecholamines. The clinical outcome of these patients was by no means worse
than that of others receiving higher doses of nimodipine.

Temporary clipping was better tolerated in the second group. We tend to believe
that this increased tolerance to focal ischemia is related not only to nimodipine ad-
ministration, as already demonstrated in experimental models of global and partial
ischemia [10, 12], but also to the intraoperative induction of hypertension and the
administration of 100% O, during that maneuver [11].
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Experience with Deliberate Early Aneurysm Surgery
and Nimodipine

A. Brawanski, W. Ullrich, M. Holzschuh, and J. Meixensberger1

Introduction

During the last decade two innovations have been introduced in the treatment of
aneurysms:

1. Early surgery
2. The administration of nimodipine for the prevention and treatment of vasospasm

However, there is still discussion about several issues: What is the real effect of
nimodipine and how significant are the beneficial effects of calcium antagonists
in combination with early surgery? On this issue several controlled double-blind
studies have been reported with positive results [5,7,8]. In addition to these pub-
lications it seems interesting to consider the results in a series of patients treated
in clinical routine and not under the ideal circumstances of a controlled study.
The treatment results in such a group of patients are reported here, with special
reference to postoperative vasospasm.

Patients and Method

Retrospectively the outcome in 88 patients operated on in our institution between
1986 and 1988 was analyzed 3 months after the operation according to the Glasgow
Outcome Scale (GOS). The clinical condition before the operation was graded
according to the scale of Hunt and Hess (HH) and the extension of the subarachnoid
hemorrhage was scored according to its appearance on CAT scan after Davis [2].

In general patients were operated on, irrespective of the day of admission, as
early as possible. However, there were the following exceptions: We preferred
a delayed operation in patients over 60 years of age with multiple risk factors
and in patients in grades HH4 and HHS. Postoperatively all patients were sub-
jected to hypervolemia and slight hypertension. Pre-, intra-, and postoperatively
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all were treated with nimodipine. Postoperative vasospasm was defined as a clini-
cal deterioration not earlier than 2 days after the operation, whereby other causes
like intraoperative problems, hydrocephalus, and intracerebral hematoma were ex-
cluded. In addition to the clinical symptoms, vasospasm was confirmed by rCBF
studies and/or transcranial Doppler studies in nearly all cases.

Results
Patient Group Description

Of the 88 patients, 57 were female and 31 male. The mean age of the group was
44 .3 1+ 15.2 years. The preoperati<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>